
I '; 

1 1; 

t 
! 

·, 

/"·-· \• 

' 
. J 

.. 
i; 

Aquatic Baseline Report for the 
Athabasca, Steep bank and 

Muskeg Rivers in the Vicinity of 
the Steep bank and Aurora Mines 

Prepared for: 

APPENDICES 

May,1996 

Prepared by: 

) 

952-2307 

Reviewer
OSRIN Stamp



APPENDIX I 

GLOBAL POSITIONING SYSTEM (GPS) 

AND NTS MAP COORDINATES 

FOR SAMPLING SITES IN 

THE STEEPBANK AURORA MINE STUDY AREAS 



Global Positioning System (GPS) and NTS Map Coordinates for Sampling Sites in the Steepbank Aurora Mine 
Study Areas 

- MAPUTM 
GPS WAYPOINT 

EASTING NORTHING FILE EASTING NORTHING 

AX001 Pt. 16.22 472192 6317191 R100620G 472129.2 6317403.7 

AF001 Pt. 16.92 471950 6317645 R100620F 471857.1 6317867.9 

AF002 Sec. (start) 16.92 471979 6317669 R100620E 471874.2 6317841.4 

(finish) 18.83 470781 6319022 R100620B 470850 6319156.4 

AF002-GN1 Pt. 17.84 471399 6318201 R052216B 

AF002-SL1 Pt. -17.17 471920 6317760 R100620D 471863.3 6317956.3 

AF002-SL2 Pt. 17.2 471890 6317805 R100620C 471823.7 6317961.5 

AF003 Sec. (start) 18.6 471545 6319165 R100614A 471569.9 6319244.1 

(finish) 19.91 471298 6319925 

(original start) 18.98 470950 6319341 

(original fmish) 19.56 470441 6319630 Rl00616A 470327.5 6320077.7 

AF003-GN1 Pt. 19.18 470760 6319435 R052215A 

AF004 Sec. (start) 19.25 470489 6319271 R100620A 470531.4 6319427.3 

(finish) 20.96 469622 6320769 R100516B 469490.3 6321024.3 

AF004-GN1 Pt. 20.8 469589 6320525 R052501A 

AF004-SLI Pt. 20.37 469647 6320345 R100516E 469646.8 6320492.8 

AF004-SL2 Pt. 20.4 469645 6320410 R100516C 469544.5 6320664.8 

AF005 Sec. (start) 5.92 473469 6307521 R052222D 

(finish) 8.8 473086 6310462 R100223A 473057.5 6310458 

(original fmish) 7.62 472919 6309152 R052222C 

AF005-MTl /2/3 Pt. 6.96 473130 6308519 R052222A 

AF005-MT4/5/6 Pt. 7.4 473005 6308602 R052222B 

AF006 Sec. (start) 3.92 474625 6305809 R052223A 

(fmish) 4.98 474092 6306719 R052223B 

AF006-SL1 Pt. 4.64 474275 6306468 R100523A 474319.1 6306682 

AF006-SL2 Pt. 4.7 474256 6306514 R100523B 474287.1 6306675.3 

AF007 Sec. (start) -0.2 474139 6301920 R052219B 

(finish) 0 474115 6302097 R052219A 

AF008-SN1 Pt. 0 473925 6302160 R052220A 

AF009-GN1 Pt. 23.76 468624 6323635 R060117C 

AF010-SL1 Pt. 23.82 468667 6323719 R100516A 468564.9 6323941.5 

AF011-PE1 Pt. 0.5 473930 6302150 R052423A 

AF012-PE1 Pt. 1 473440 6303135 R052423B 

AF013-GN1 Pt. 2.2 474260 6304160 R052500A 

AF015 Sec. (start) 20.6 469600 6320850 R060116A 

(finish) 21.5 469050 6321600 R060116B 

AF016 Sec.(start) 21.6 469550 6321840 R060117A 

(finish) 23.5 469340 6323705 R060117B 

AF018 Sec. (start) 14.08 473587 6315485 R101216A 473574.8 6315762 

(finish) 16.9 472526 6317658 R100621A 472500.5 6317799 

AF018-SL1 Pt. 15.6 472805 6316831 R100621B 472700.7 6317107 
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I> - MAPUTM 
:I'[);!NQ~}j:( EASTING NORTHING 

AF018-SL2 Pt. 15.66 472762 6316875 

AF018-GN1 Pt. 14.7 473530 6316110 

AF019 Sec.(start) 11 472184 6312510 
(finish) 13.3 472563 6314798 

AF019-GN1 Pt. 11.5 472260 6313130 
AFO 19-SL 112 Pt. 11.5 472260 6313130 

AF019-SL3 Pt. 12.4 472377 6313959 

AF019-SL4 Pt. 12.28 472315 6313783 

AF019-SL5 Pt. 12.35 472358 6313922 

AF020 Sec.(start) 7.3 473725 6309590 

(finish) 10.9 472368 6312510 

AF020-PE1 Pt. 10.42 472830 6311950 

AF02l-GN1 Pi. 10.61 472820 6312080 

AF022-PE1 Pt lJ .9 472540 6313450 

AF023-SN1 Pt. 12.03 472575 6313510 

AF024-SN1 Pt. 12.2 472590 6313725 

AF025-GN1 Pt. 5.44 473641 6307099 

AF026-GN1 Pt. 5.61 473880 6307349 

AF027-GN1 Pt. 5.85 473920 6307784 

AF028-SL1 Pt. 5.77 473523 6307395 

AF029-SL 112/3 Pt. 4.9 474141 6306681 

AF030-PE1 Pt. 6.54 473375 6308160 

AF031-PE1 Pt. 7.92 472881 6309481 

AF032-GN1 Pt. 1.81 474362 6303940 

AF033 Sec.(start) 0 473390 6302085 

(finish) 2.4 473880 6304360 

AF033-SL1 Pt. 0.25 473355 6302319 

AF034 Sec. (start) 1.31 474035 6302721 

(finish) 2.78 474225 6304199 

AF034-SL1 Pt. 0.64 473965 6303778 

~~ 474050 
·-

AF035-SN1 0.58 6302709 

AF036 Sec. (start) 0.62 474213 6702765 

(finish) 2.86 474569 6304951 

AF036-SL1 Pt. 1.48 474541 6303629 

AF036-SL2 Pt. 3.05 474745 6304842 

AF037-SNJ Pt. 0.2 473948 6302326 

AF038-SN1 Pt. 0 473878 6302079 

AF039-GN1 Pt. 0.94 474285 6303710 

AF041 Sec. (start) 22.9 469073 6322815 
~" " 

(finish) 25 468215 6324671 

IAF042 Sec. (start) 3.41 473966 6304710 

(finish) 6.82 473627 6306984 

IAF043 Sec. (start) 474000 6310141 

Golder Associates 

GPS WAYPOINT 

FILE EASTING NORTHING 

R100621C 472726.2 6317125 

R060215B 

Rl01219E 472185.6 6312537.8 

Rl01219F 472485.6 6314887.3 

R060201C 

R060201C 

R101219E 472321 6314029.7 

R101219C 472246.8 6313836.3 

R101219D 472286.7 6314010.6 

R101218A 473745.1 6310133.3 

Rl01219A 472792.6 6312608.7 

R060201A 

R060201B 

R060201E 

R060201F 

R060201D 

R060200A 

R060200D 

R060200C 

R060200B 

R060123B 

Rl00222C 473350.2 6308371.9 

R060200E 

R060121A 

R100219A 473874 6302135.5 

Rl00219B 473817.2 6304602.3 

R060122E 

R100220E 474006.1 6303023 

Rl00220C 474221.9 6304430 

R060122B 

R060122C 

Rl00220D 474211.9 6302921.3 
~~~--

R100220A 474578.1 6305171.7 

R060121B 

R100220B 474528.5 6305041.4 

R060122D 

R052220A 

R060122A 

R100516G 468997.5 6323061.2 

R060117E 
~ 

Rl00221A 474002.9 6304934.1 

Rl00222B 473605.5 6307135.9 

R0812" ? 
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!;,;;~,~~~ EASTI~~PN~:~HING GPS WAYPOINT 

FILE EASTING NORTHING 

(finish) 473563 6310757 R0812 ? 

AF044 Sec. (start) 11.58 472742 6313158 R101220A 472749.3 6313383.4 

(finish) 13.5 473237 6314884 No file 

AF045-SLI Pt. 3.28 474683 6305240 R100220F 474677 6305579.6 

AF046-GN1 Pt. 476420 63093.8 R081516A 

AF047 Trans. (LDB) 0.65 473370 6302790 R100522B 473455.1 6303061.4 

(RDB) 474245 6302880 R100522A 474213.1 . 6303117.4 

AF048 Trans. (LDB) 3.28 474310 6305390 Rl00522C 474268.5 6305439.8 

(RDB) 474680 6305250 R101217A 474594.1 6305270.1 

AF049 Trans. (LDB) 7.5 473071 6308640 

(RDB) 473830 6308680 R101217D 473548.5 6308927.9 

AF050 Trans. (LDB) 8.7 473040 6310330 R101217E 473091.1 6310614 

(RDB) 473360 6310325 R101217F 473248.8 6310545.2 

AF051 Trans. (LDB) 14.2 473000 6315660 R101216C 473105.7 6316065.4 

(RDB) 14.45 473625 6315910 R101216B 473423.8 6315985.9 

AF052 Sec. (start) 22.9 469040 6322800 R100517A 468931.3 6322796.2 

(fmish) 22.7 469030 6322595 R100516H 468995.4 6323017.1 

AF053-MT1 Pt. 468890 6325695 Rl01222A 468815.2 63325910.4 

AF054-GN1 Pt. 468255 6326075 R101222B 468147.2 6326337.4 

AF055-GN1 Pt. 468085 6326630 R101223A 468027.3 6326754.7 

AF057 Trans. (LDB) 16.9 472000 6317520 R101317B 472104.8 6317589.5 

(RDB) 472560 6317595 R101317A 472432.7 6317712 

AF058 Trans. (LDB) 11.4 472175 6312990 R101318A 472145.5 6313050.2 

(RDB) 472755 6312995 R101319A 472321.6 6313087.7 

AF059 Trans. (LDB) 13.48 472928 6314920 R101320A 472989.5 6315145.6 

(RDB) 13.39 473175 6314795 R101320B 4 73211 6315029.8 

SS1 Pt. 20 482392 6314357 R100722A 482339.8 6314560.6 

SS2 Pt. 18.64 481345 6315229 Rl00723A 481360 6315480.5 

SS3 Pt. 18.19 481010 6315570 R100723B 481037.5 6315798.2 

SS4 Pt. 17.64 480455 6315710 

SS5 Pt. 17.5 480390 6315855 

SS6 Pt. 17.15 480010 6315885 R100815B 479970.9 6316076.4 

SS7 Pt. 16.8 479765 6316180 

SS8 Pt. 16.51 479510 6316285 R100816A 479769.6 6316463.6 

SS9 Pt. 16.22 479215 6316350 R100817A 479233.3 6316518.9 

SSJO Pt. 15.27 478445 6316060 R100818A 478492.9 6316305.9 

ss 11 Pt. 14.27 477875 6316940 Rl00818B 477885.4 6316607.5 

SS12 Pt. 14.14 477760 6316480 Rl00819A 477835.1 6316790.5 

SS13 Pt. 13.29 477160 6316357 R100820A 477163.4 6316609.1 

SS14 Pt. 12.25 476928 6316510 R100820B 476950 6316641.8 

SS15 Pt. 2.1 474790 6318010 R100914A 474740.1 6318251.8 

SS16 Pt. 5.1 473556 6318512 R100916A 473487.4 6318798 

SS17 Pt. 25.2 485000 6309648 R101016A 485179.7 6309799 
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- MAPUTM ;'!:£!;'~ .. . . . . EASTING NORTHING 

SS18 Pt. 24.75 484652 6309930 

SS19 Pt. 24.6 484580 6310044 

SS20 Pt. 24.35 484458 6310276 

SS21 Pt. 24.13 484440 6310490 

SS22 Pt. 23.06 484440 6311316 

SS23 Pt. 21.54 483219 6313075 

AF014 Sect. (start) 474759 6318069 

(finish) 0 471768 6320156 

(original start) 2.41 472120 6319912 

AF017 Sect. (start) 25 485000 6309648 

(finish) 22.8 483868 6312512 

AF040 Sect. (start) 1'"1 1 479945 6315848 1 I. 1 

(finish) 13.93 477580 6316407 

? Sect. (dis) 23.41 484416 6310956 

? (dis) 23.21 484448 6311160 

AF060 Trans. (LDB) 19.6 482008 6314597 

(RDB) 482053 6314618 

AF061 Trans. (LDB) 18.25 481030 6315555 

(RDB) 481045 6315566 

AF062 Trans. (LDB) 16.76 479873 6316200 

(RDB) 489915 6316230 

AF063 Trans. (LDB) 12.45 477038 6316486 

(RDB) 477012 6316518 

AF064 Trans. (LDB) 10.3 475912 6316960 

(RDB) 475900 6316980 

A WOOl Pt. 25.8 485650 6309288 

AW002 Pt. 25.9 485620 6309248 

AW003 Pt. 13.94 477599 6316428 

AW004 Trans. (LDB) -0.71 473720 6301421 

(RDB) 474242 6301420 

AW005 Pt. 474684 6305821 

AW006 Pt. 424033 63070 

AW007 Pt. 473635 6315820 

A WOOS Pt. 473036 6308569 

AW009 Trans. (LDB) 25 468159 6324702 

(RDB) 468473 6324926 

AWOlO Pt. 0.13 470919 6319565 

AWOll Pt. 0.13 470881 6319574 

AW012 Pt. 0.19 470989 6319569 

jAW013 Unnamed Creek 

AW014 Pt. 473686 6310747 
~.-,,,>="".~~..,.~._,--.. ,. 

Golder Associates 

GPS WAYPOINT 

FILE EASTING NORTHING 

R100716A 484630.3 6310225.6 

R100716B 484417.2 6310466.9 

R100717A 484465.9 6310730.9 

Rl00718B 484413.4 6311441.1 

R100721A 483216.5 6313282.4 

R052520A 

R052516A 

R080417A 

R052618A 

R080422A 

R052816A 

R052823A 

R100717B 484377.6 6311136 

R100718A 484388.8 6311381.1 

R101414A 481986.1 6314942.1 

R101414B 481967.6 6315037.6 

Rl01416A 481077 6315742 

R101416B 481114.5 6315769.2 

Rl01418A 479860.3 6316448.4 

R101418B 479881.8 6316469.8 

Rl01514A 477006.2 6316616 

R101514B 476920.3 6316748.1 

R101516A 475861.7 6317124.1 

Rl01516B 475879.7 6317209.4 

R080416A 

R052616A 

R052617A 

R052914A 

R060122F 
·~· 

R060122G 
-· 

R060123A 

R060123C 

R060215C 

R052222B 

R060117E 

R060117D 

R060118B . 
R060119A 

R060118A 

R081221A 473794.8 6310824.6 
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MAPUTM GPS W A YPOINT 

EASTING NORTHING FILE EASTING NORTHING 

AW015 RI00621D 473069.9 6316893.5 

AW016 RI00621F 473033.5 6315514 

AW017 R100623B 472213.3 6313690.4 

AW018 Trans. North 467768 6326985 R101314A 467745.2 6327199.8 

South 468520 6325843 R101314B 468452 6326082.7 
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Map and U.T.M Coordinates of Sampling Sites for the Aurora Mine Study Area 

STATION •--···•· .--•••• _e;L >MAP !J,TJ'vt •·•· > i•<3PSW:AYPQINT•·· -···· 
• SITEID TYPE .j EASTING 1·• • NORTHING 1•---. FILE > < I EAStiNGj NORtHiNG •I LoNGitUDE .(N)\ ·1···· LAtltt.JDE (W) < 1·· ELEVATION (m) 1· • DATE .. :: .. ·.· .. ·· ..... · .. ······ .·.·.· .... · .. · .. ·.·.· .. ·.·.·.· ..... ·.· ... · ... ·.· .. . ·.· .... .· ...... ·.· .. · .. ··.·· .·.· ..... ··.·.· .. ·.· .... ·.· ... ·· .. ·.·.· .... ·.· .. ·.· .. · ...... ·.·.· .. · ... · ... ·.· .. · .... · · .. · ... ·.·.· .. · .. · .. ··.· .. · .... · .. · .. · .. · .. · ... · ...... -.... · .......... ·.. ... . . ....... ·.··. 

Muskeg (Site 30) Pt. 466550 63387501 R092323AI - I - I - I - I -- I 8-May-95 
Jackpine (S-4) Pt. 475300 

Pt. 483700 N. Muskeg (Site 9) 
6343850 R092319A 
6346600 R081022A 484076.6 6346815.3T 111.264 

18-May-95 
57.2661 302.5731 21-May-95 

Muskeg R. (Site 18) Pt. 469971 6345620 R092421A - - 21-May-95 
Jackpine Cr. (Site 17) Pt. 471642 6346605 R081020A 476440.2 63509711 111.391 57.3031 255.6011 22-May-95 
Khahago Cr.(Site 14) Pt. 480440 6342451 R092120A 480435.4 6342155.51 111.324 57.2241 302.2411 27-May-95 
Muskeg R. (Site 4) Pt. 476194 6351411 - - - 28-May-95 
Stanley Cr. (Site 60) Pt. 479000 6355800 R080919A 478875.6 6355856.11 111.351 57.3471 257.6461 28-May-95 
Blackfly Cr. (Site 55) Pt. R092119B 484413.2 6340134.71 111.258 57.2061 316.7991 11-Aug-95 
lynimin Cr. (Site 8) Pt. R081116A 489379.8 63450171 111.176 57.251 336.1291 16-Aug-95 
Kearl Lk. (Site 80) Pt. 13-Aug-95 
Notes 
- data not available 

r:\ 1995\2308\REPORT\GPSSYN.XLS\Sheet 1 
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Naphthenic Acids - Oil sands wastewater and fine tailings originate from extracting bitumen from 

oil sands, so it is not surprising that the predominant issues identified to date are related to organic 

compounds. The most important issue with respect to acute toxicity to aquatic organisms is 

elevated concentrations of naphthenic acids in oil sands tailings recycle and pore waters. 

Naphthenic acids, which are a complex group of naturally-occurring organic acids/surfactants 

leached from the oil sands during the hot water extraction process, account for nearly all of the 

acute toxicity to aquatic organisms of tailings pond water and porewater from Suncor's and 

Syncrude's wastewater ponds. These compounds naturally detoxifY in aerobic environments due to 

biodegradation, however, it is not known whether significant detoxification occurs within anaerobic 

groundwater. In addition, these compounds are highly soluble and it is unlikely that they readily 

partition to solid-phase material. Hence, they are likely persistent and mobile in groundwater, so 

seepage of naphthenic acids to surface waters is of potential concern. 

Benthic invertebrates (small, bottom-dwelling animals) and fish are the primary organisms at risk 

with respect to exposure to these compounds. The mode of toxicity may be related to adherence of 

the compounds to organism membranes, thus disrupting oxygen transfer and resulting in 

suffocation. 

Limited naphthenic acids data exists because of the difficulty in measuring naphthenic acid 

concentrations. However, Syncrude Canada Ltd. has developed a promising method for 

quantifYing total naphthenic acid concentrations using Fourier Transform Infra-Red 

Spectroscopy (FTIR) and absorbance at two wave numbers present in the 1700-1800 cm"1 range. 

Typical naphthenic aids concentrations based on the FTIR method range from 1-2 mg/L in the 

Athabasca River to over 100 mg/L in fresh tailings water. 

Substituted PAHs and PASHs - While concentrations of unsubstituted polycyclic aromatic 

hydrocarbons (PAHs) are generally low or below detection limits even in tailings pond recycle 

water, the presence of alkyl-substituted P AHs is an emerging issue. In many oil sands waste 

samples, concentrations of alkyl-substituted P AHs are considerably higher than the parent 

compounds. The lower molecular weight PAHs (2-3 rings such as naphthalene and phenanthrene) 

Golder Associates 
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are generally more acutely toxic to aquatic organisms than the higher molecular weight PAHs. 

However, the higher weight P AHs have a greater affinity to lipids and therefore bioconcentrate 

more in animal tissue. Hence, they are a potential issue with respect to food chain 

biomagnification. Further, alkyl-substituted PAHs are a particular concern because alkyl 

substituents may enhance both the carcinogenic potency and the persistence of these compounds. 

Another issue is the potential for tainting of fish flesh, primarily associated with polycyclic 

aromatic sulphur heterocycles (PASHs) such as dibenzothiophene and alkyl-substituted 

dibenzothiophenes. These compounds have been detected in oil sands wastewater and in the 

Athabasca River downstream of Suncor' s lease. PASHs are generally more persistent and more 

toxic than other P AHs. In addition, they readily bioaccumuiate in animal iissues . 

PANHs - Polycyclic aromatic nitrogen heterocycles (P ANHs) such as quinoline and alkyl

substituted quinolines have been identified in both natural and synthetic crude oils. These 

compounds have been detected in oil sands wastewater and in the Athabasca River downstream of 

Suncor's lease. PANHs can be toxic, teratogenic, mutagenic, and/or carcinogenic. 

Non-Chlorinated Phenols - Concentrations of phenols and cresols ranging from 25-152 11g/L 

have been measured in samples from Syncrude's settling pond. A number of simple alkylphenols 

were also identified in the pond samples. Samples from dyke drainage, groundwaters and 

surface waters contained <1 11g/L of the simple phenols analyzed and did not contain any of the 

simple alkylphenols identified in the MLSB samples. A sample of surface water that drained 

over exposed oil sands contained low concentrations of phenol ( 4 iJ..g/L) but no detectable 

concentrations of cresols or simple alkylphenols. Low concentrations of simple phenols are of 

concern because of the potential for tainting fish flesh. 

Volatile ~ Low molecular weight, non-polar, volatile organic compounds represent 

another potential issue as they account for up to 20 % of the acute toxicity of Suncor' s Pond lA 

surface water. The exact compound(s) causing the toxicity have not been identified, however, 

naphtha, which is used as a dilutant in the bitumen froth treatment, is likely the source of these 

light-end hydrocarbons. 

Golder Associates 
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Oil and Grease/Total Extractable Hydrocarbons - TEH is a parameter that indicates of the 

quantity of hydrocarbons in a sample. Typically, the bulk of hydrocarbons in process-affected 

waters are in the C 15 to C28 range, which is consistent with the presence of naphthenic acids. In 

addition, work on Sun cor's constructed wetlands indicates that the GC chromatographs can serve 

as a useful marker to monitor oil sands wastewater and to assist in identifying the source of 

hydrocarbons in water. However, since (1) most of the TEH in process-affected waters and in 

natural waters exposed to bitumen is naphthenic acids and (2) naphthenic acids are being 

measured on all water samples collected from the site, it would be redundant to measure TEH in 

water samples. We are, therefore, proposing to measure oil and grease, gravimetrically, 

following silica gel clean-up. Silica gel removes polar compounds (such as naphthenic acids)2 

thus, the residual represents the non-polar component of the hydrocarbons. 

Cyanide and Phenolics - These groups of compounds are associated with oil sands water and are 

potentially toxic to aquatic life. 

Organic Carbon and Particle Size - Organic carbon content and particle size of soils are key 

parameters to assist in understanding partitioning between water and sediments and are required 

for modelling contaminant-fate processes. 

Nutrients - The nutrients nitrogen and phosphorus are essential elements for growth of plants in 

aquatic environments. However, high levels of these nutrients can lead to excessive plant growth 

in lakes and streams. In addition, ammonia-nitrogen is toxic to aquatic life at high 

concentrations. 

Metals and Trace Elements - Metal concentrations in Suncor's process-affected waters are 

typically within the range observed in background groundwater and surface waters; the only 

notable exception appears to be arsenic. Arsenic is, however, toxic to aquatic life and wildlife 

and is classed as a human carcinogen. Lead has also been observed at relatively high 

concentrations in emergent insects from Suncor's constructed wetlands. 

Golder Associates 
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1.0 INTRODUCI'ION 

This combined Quality Assurance Project Plan (QAPP) and Data Management Guidelines (DMG) is 

designed to ensure data quality for the collection, analysis, and management of a range of environmental 

samples for the Steepbank Mine Environmental Impact Assessment (EIA). The_ discipline-specific issues, 

technical approach, and scope of work for each component of the EIA study are described in detail in 

Section 9.0. 

The QAPP identifies quality assurance (QA) and quality control (QC) procedures that will be 

implemented to ensure that data are of sufficient quality to be used in support of the EIA. This QAPP 

has been prepared based on guidance given in "QNQC Guidance for Sampling and Analysis of 

Sediments, Water, and Tissues for Dredged Material Evaluations: Chemical Evaluations" (U.S. EPA, 

1995). Sections 2.0 - 9.0 of this document provide detail on the background and quality assurance 

requirements for the EIA studies. A glossary of terms used in the QAPP is given at the end of this 

document. 

The Data Management Guidelines describe the division of data management tasks between the EIA team 

members, the data flow process, and the database structures to be used. These issues are described in 

detail in Section I 0.0. 

This document has been produced in a binder format so that, if changes or additions to procedures occur, 

only those pages containing new information will be distributed. All pages will be dated to ensure that 

the most current procedures are followed. This current QAPP-DMG supersedes the draft report dated 

April7, 1995. 
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2.0 PROJECf DESCRIPTION 

Silllcor's proposed Steepbank Mine expansion to a new lease on the east side of the Athabasca River in 

northern Alberta (Figure I) will require an_EIA to be conducted before approval will be granted from 

regulatory agencies. As described in the "Silllcor Steepbank Mine EIA Project" report (Golder 1995), 

the EIA study team will consider impacts associated with preparation and development of a new mine 

on Lease 97 and Lots 1 and 3 (Figure 2). The scope of the new mine investigation could expand to 

Leases 19 and 25 at a later date; therefore, Silllcor wants to collect baseline data from these areas as well. 

Hydrotransport will be used to move the oil sands via pipeline to the existing extraction facility on Lease 

86. A desanding plant may also be built on the new lease along with necessary service facilities for the 

truck and shovel mining operation. A bridge across the Athabasca River will have to be constructed 

early in the new mine development process and there will be modifications to both the Primary 

Extraction and Froth Treatment Plants. In addition to the new mine development, the EIA will have to 

assess potential impacts related to Reclamation of Leases 86 and 17. Of special concern here is the 

strategy for fmal handling of fme tails. 

Data collection efforts will be made for the following EIA tasks: 

Aquatics (fisheries/benthos/water quality) 

Hydrology 

Hydrogeology 

Biophysical (terrestrial vegetation/soils) 

Wildlife 

Socio-Economics 

Historical Resources 

A number of field surveys will be conducted through January 1996 in support of the aforementioned 

tasks. Some of the data obtained from the field surveys will be used to conduct a risk/performance 

assessment. Impact assessment and reporting tasks will be completed by March 1996, and the fmal EIA 

report will be completed by the end of Jillle 1996. Additional detail on the environmental assessment 

framework adopted for this project is given in Golder ( 1995). 
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Figure 1 EIA Regional Study Area 
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Figure 2 Preliminary Local Study Area 
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3.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

Project organization and individuals responsible for quality assurance and data management are shown 

in Figure 3. Responsibilities of these personnel, as well as for the quality assurance officers/principal 

contacts for contract laboratories are described in the following sections. Addresses and phone numbers 

of key team members are given in Appendix I. 

3.1 Suncor Management 

The technical staff at Suncor are responsible for providing the Golder Project Manager and team leaders 

with technical guidance and direction. The primary technical contacts at Suncor include: 

Don Klym: Suncor Project Manager and Manager of Regulatory Affairs 

• Sue Lowell: Suncor EIA Coordinator; Socio-Economics; Historical Resources 

John Gulley: Aquatics; Land Reclamation; Risk/Performance Assessment 

Christopher Fordham: Hydrogeology 

Gordon Kemp: Air Monitoring 

Don Sheeran: Land Reclamation 

Stephen Tuttle: Land Reclamation; Wildlife; Biophysical 

· • D. Campbell: Biophysical 

Jerry Welsh: Socio-Economics; Historical Resources 

3.2 ~older Project Manager 

Mr. Hal Hamilton, of Golder Associates Ltd. of Calgary, is the senior project manager for the Steep bank 

Mine EIA study. Mr. Hamilton will work with Mr. Don Klym and Ms. Sue Lowell of Suncor to ensure 

the EIA strategy is clearly defmed and the discipline task leaders remain focused on dealing with the 

pertinent issues related to the New Mine development and Lease 86 reclamation. He will be assisted by 

Ms. Brenda Brassard as the project coordinator. Ms. Brassard will ensure the task definition and cost 

control systems are implemented. She will also facilitate communication between the discipline groups 

and Suncor. 
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3.3 Database Management Team 

The Database Management Team, listed in Figure 3, will be responsible for developing the QA program 

and database structure. The individual responsibilities of each team member are listed in Table 1. 

The QA Coordinator has designed activities to provide a formalized system for evaluating the technical 

adequacy of sample collection and laboratory analysis activities. These QA activities begin before 

samples are collected and continue after laboratory analyses are completed, requiring ongoing 

coordination and oversight. Data which has received a QA review will be entered into the appropriate 

database. Two separate databases have been developed to manage the chemical and aquatic organism 

enumeration results as well as the spatial data for the EIA. The flow of data among the EIA teams, 

laboratories, QA Coordinator, and the Data Management Team is given in Figure 4. Additional detail 

on the evaluation and management of data is provided in Sections 8. 0 and 1 0. 0, respectively. 

3.4 Team Leaders 

The EIA project team is diYided into a number of speciality teams, each headed by a Team Leader (see 

Figure 3). The Team Leaders are responsible for the successful direction and completion of their studies. 

Each team will be responsible for producing a stand alone baseline studies report. Each team will then 

conduct ·and document their own impact analysis under the direction of the Project Manager. The Team 

Leaders will, along with Suncor, develop and discuss mitigation measures and potential monitoring 

strategies to evaluate the EIA conclusions. Golder management will integrate this analysis and 

documentati?n into the impact assessment section of the EIA document. 

3.5 Contract Laboratories/Sub-Consultants 

A number of samples will be sent to analytical/toxicological laboratories and to other sub-consultants 

for chemical, physical, and biological analyses. The Project Manager from each laboratory/sub

consultant is responsible for ensuring that all analyses performed meet the project data quality objectives 

specified in this QAPP (see Section 5.6). 
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Table 1 Project Responsibilities of Database Management Team 

QA Coordinator 
Name: Kim Magruder 

EVS Consultants 

Telephone: (206) 217-9337 

I Database Manager: Analytical Data an.d 
Aquatic Enumerations 
Name: Corin.n.e Severn 

EVS Consultants 

Telephone: (206) 217-9337 

Database Ivlaa11.ager: }Jon ... chern.ical Data 
Name: Michael Raine 

Golder Associates 

Telephone: (403) 299-4642 

Remote Sensing Specialist 
Name: Kevin Seel 

Golder Associates 

Telephone: (403) 299-5618 

Res: :ihilitiPc: 

Provide technical quality assurance assistance; prepare 
and initially approve the Quality Assurance Project Plan. 
(QAPP); review and direct the implementation of 
contractor quality assurance plans; ensure data quality 
objectives (DQOs) are met for all data collected; review 
10% of all data from teams and analytical/toxicological 
laboratories; conduct a field audit of field studies; an.d 
notify Golder Project Manager an.d Team Leaders wh:Jn 
problems occur. ...... ---·-

Manage the data associated with analytical results and 
all associated sample collection information including: 
sample location, sample number, an.d the date of 
collection. These data include those related to tissue 
(fish an.d vegetation), water, sediment, and soil samples. 
Also responsible for compiling the results of benthic 
invertebrate, zooplankton, an.d phytoplankton 
enumerations. 

Manage non-chcrr.ical data L;at relate to the disciplines 
of vegetation, wildlife, soils an.d landforms, socio
economics, an.d archaeology an.d traditional land use, as 
well as hydrology an.d other physical measures. 

Responsible for handling remotely sensed spatial data 
within Golder's Geographical Information System (GIS) 
for the non-chemical database. 
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Figure 4 Data Flow Chart Between EIA Teams, Laboratories, QA Coordinator and Data 
Management Team 

Data management 
team discusses with 

laboratory the electronic 
deliverable format 

I 

I Investigator provides data management team with final work plan. l 
-~ 

Sampling conducted by investigating team and samples submitted to 
laboratory with chain-of-custody forms. Photocopy of chain-of-custody 

forms and spreadsheet with sample collection and field data supplied by 
study team leader to data manager within 3 weeks of sample collection. 

t 
Laboratory provides one complete data report to the 

study team leader. Laboratory provides one summary 
report and electronic deliverable to the data manager. 

l 
I Study team leader initiates QNQC checklist 

T 

I 
Study team leader sends checklist and 

complete data report to OA Coordinator. 

J 
Data management team translates I 

I 
OA Coordinator oversees 

I data set into defined data structures. review of the data quality. 

t 
QA Coordinator reports findings of data quality to 

study team leader and data manager. 

t 
Data management team incorporates findings 

I of QNQC review of data. 

j 
Data manager confirms that data meeis 
guidelines set out by QA project plan. 

t 
Data manager releases results of data set in 
Xbase (.dbf) format to EIA team members. 

. t 
Study team leader may request additional output 
of data in one of two defined spreadsheet formats 

from the data manager. 

t 
With agreement of project manager and data manager, 
study team leader may request additional data analyses 

from the data management team. 
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The QA/QC Manager (and/or principal contact) at each laboratory/sub~consultant are identified below: 

Chemical Analyses: inorganic analyses and physical parameters 

Christine O'Grady, primary contact 
Sheldon Stewart, secondary contact 
Nancy M. Maxwell, QA/QC Manager 
Chemex Labs Alberta Inc. 
2021-41 Avenue N.E. 
Calgary, AB T2E 6P2 

Phone: (403) 735-2201 (O'Grady) 
(403) 735-2202 (Stewart) 
(403) 735-2245 (Maxwell) 

Fax: (403) 291-9466 

Chemical Analyses: organic analyses, excluding naphthenic adds; MFO analyses 

Simone Kanash, primary contact 
Doug Johnson, secondary contact 
Beth Weitzel, QA/QC Manager 
Enviro-Test Laboratories 
9936- 67th Avenue 
Edmonton, AB T6E OP5 

Phone: (403) 225-2803 ext. 237 (Kanash) 
ext. 247 (Johnson) 
ext. 257 (Weitzel) 

Fax: (403) 437-2311 

Chemical Analyses: soils 

Jerry Raduy, primary contact 
Keith LePla, secondary contact 
Ansar Qureshi, QA/QC Manager 
Norwest Labs 
9938-67 Avenue 
Edmonton, OP5 

Phone: (403) 438-5522 
(403) 434-8586 

I. 
I. 

r 
I 
L 

r 
[ ' 

[ ' 

[ 
L 

1, 



August, 1995 

Chemical Analyses: QC samples 

James Downie, QAJQC Manager 
ASL Analytical Service Laboratories Ltd. 
1988 Triumph Street 
Vancouver, BC V5L 1K5 

Phone: (604) 253-4188 
Fax: (604) 253-6700 

Chemical Analyses: naphthenic acids 

Munir Jivraj 
Syncrude Canada Ltd 
Edmonton Research Center 
9421- 17th Avenue 
Edmonton, AB T6N 1H4 

Phone: (403) 970-6829 or 970-6888 
Fax: (403) 970-6805 

MicroTox® Testing 

Munir Jivraj 
Syncrude Canada Ltd 
Edmonton Research Center 
9421-17thAvenue 

. Edmonton, AB T6N 1H4 

Phone: (403) 970-6829 or 970-6888 
Fax: (403) 970-6805 

Toxicity Testing (excluding MicroTox® testing) 

Gordon Balch, QAJQC Manager 
Hydroqual Laboratories Ltd. 
#3, 6125- 12th Street S.E. 
Calgary, AB T2H 2Kl 

Phone: (403) 253-7121 
Fax: (403) 252-9363 

Golder Associates 
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Biomarker Analyses: retinol in .fish 

Scott Brown 
Freshwater Institute 
50 l Univeristy Crescent 
Winnipeg, MB R3T 2N6 

Phone: (204) 938-5009 

Biomarker Analyses: sex steriods in .fish 

Tracy Marchant 
University of Saskatchewan 
Depariment of Biology 
V eterniary Medicine 
Saskatoon, SK S7N OWO 

Phone: (306) 966-4420 

Benthic Analyses 

Bob Wisseman, Senior Scientist 
Aquatic Biology Associates 
3490 NW Deer Run Road 
Corvallis, OR 97330. 

Phone: (503) 752-1568 
Fax: (503) 754-2460 

. -12- 952-2307 

The contract laboratories are expected to meet the following minimum terms in their negotiated contracts 

with Golder and any sub-consultants: 

l. Statement of work including references to each analytical procedure 

2. Per analysis price and total price of the analytical services provided (including any 

additional costs for electronic data files) 

3. Specification of any electronic data files 

4. 

5. Implementation procedures, including acc:ent:am~e 

"""'',.'''" testing requirements, 

Golder 
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6. Reference to documentation, chain-of-custody (COC), and sample logbook procedures 

7. Turnaround time for deliverables 

Changes in the QAPP procedures will not be permitted without written documentation of the reason and 

a detailed explanation of the intended change. All changes must be approved by the QA Coordinator 

prior to implementation. 

Golder Associates 
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4.0 TERMINOLOGY 

Throughout this docmnent, specific terminology will be used to designate whether certain actions must, 

should, may, can or might be done. These terms are defined as follows: 

Must 

Should 

May 

Can. · 

Might 

is used to express an absolute, that is, to state that the test or procedure ought to 

be designed to satisfy the specified condition, unless the purpose of the test or · 

procedure requires a different design; only used in connection with factors which 

directly relate to the acceptability of a test or procedure. 

is used to state that the specified condition or procedure is recommended and ought 

to be met if possible; although violation of one "should" is rarely serious, violation 

of several will render the results questionable. 

is used to mean "is (are) allowed to". 

is used to mean "is (are) able to". 

is used to mean "could possibly" and is never a synonym for "may" or "can". 

Golder Associates 
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5.0 QUALITY ASSURANCE OBJECI'IVES 

This QAPP includes appropriate sampling and analysis procedures and outlines project-specific data 

quality objectives (DQOs) that should be achieved for field observations and measurements, physical 

analyses, laboratory chemical analyses, and biological tests. The DQOs should be adhered to for the 

duration of the project to guarantee_ acquisition of reliable data. Reliable data are also obtained by 

integrating quality control into all components of the EIA, including development of the study design, 

implementation of sample collection and analysis, and data evaluation. QC is the routine application of 

procedures for determining bias and precision. QC procedures include activities such as preparation of 

replicate samples, spiked samples, blanks; calibration and standardization; and sample custody and 

record keeping. Audits, reviews and compilation of complete and thorough documentation are QA 

activities used to verify compliance with predefined QC procedures. These QA activities provide a means 

for management to track project progress and milestones, performance of measurement systems, and data 

quality. 

The overall quality assurance objectives for this project are to develop and implement procedures to 

ensure the collection of representative data of known, acceptable, and defensible quality. The data 

quality parameters used to assess the acceptability of the data are precision, accuracy, representativeness, 

comparability, and completeness. 

5.1 .Precision 

Precision is the measure of the reproducibility among individual measurements of the same property, 

usually under similar conditions, such as replicate measurements of the same sample. Precision goals 

are definable for all parameters of this project (e.g., chemical, bioassay, and benthic analyses). Precision 

can be assessed by duplicate analyses which is expressed as a relative percent difference (RPD). When 

reference materials are not available or spiking the matrix is inappropriate, precision can be assessed by 

replicate analyses which is expressed as a percent relative standard deviation (%RSD). All precision 

measurements are impacted by the nearness of a value to the method detection limit where the percent 

Golder Associates 
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error measurements increase (expressed as either %RSD or RPD). The equations used to express 

precision are as follows: 

easured value- measured duplicate value 
RP D :::: ....:__.,..,_,,..,......-------------..,---......!.X l 0 0 

easured value+ duplicate value 

% RSD = (SD I Dave) x 100 

Where: SD = 
( 

~3 (Dn- Dave)
2

j' 

(n - 1) 

D =Sample value 

Dave= Averagesamplevalue 

n =Number of samples 

Accuracy 

apply to the chemical analysis portion of this project 

to its true value. 

measurements are not possible 

toxicity testing or benthic sorting because true values do not exist. However, for toxicity testing, the use 

of negative and positive controls provides evidence the calibration of the measurement 

aquatic and analyses, taxonomic identifications should verified an independent 

a 

may 

difference), as a 

[_,) 
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analyses where reference materials are not available and spiked samples are used. The equations used 

to express accuracy are as follows: 

(measured value -true value) 
Percent difference= x 100 

true value 

Percent recovery( true vs. measured) 
measured value 
------x100 

true value 

(spiked sample result- unspiked sample result) 
Percent recovery(spiked vs.unspiked)= x 100 

amount of spike added 

5.3 Representativeness 

Representativeness expresses the degree to which data accurately and precisely represent an 

environmental condition. For this program, the compounds selected for analysis have been identified 

as potential contaminants of concern in the study area. For biological collections/surveys, the species 

abundance r~sults are a direct measure of the in situ biotic community (e.g., benthic invertebrates, 

wildlife). Other data collections (e.g., soil analyses) '"ill be from representative areas. Careful 

stratification of the study areas and placement of sampling sites will ensure that representativeness is 

achieved. 

5.4 Comparability 

Comparability expresses the confidence with which one data set can be evaluated in relationship to 

another data set. For the study area, comparability of data is established through the use of: 1) program 

defmed general methodology and reporting formats; 2) common traceable calibration and reference 

materials; and 3) participation in an interlaboratory comparison program (for chemical analyses only). 
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5.5 Completeness 

Completeness is a measure of the proportion of data specified in the sampling plan which is determined 

to be valid. Completeness will be calculated as follows: 

number of valid measurements 
Completeness x 100 

total number of data points planned 

The data quality objective for completeness for all components of this project is 95 percent. Data that 

have been qualified as estimates because the quality control criteria were not met will still be available 

for use. 

5.6 EIA Data Quality Objectives 

Tables 2 - 6 summarize the DQOs for each analysis type. Method detection limits were selected in 

consultation with the analytical laboratories contracted for this project. Limits for precision, accuracy, 

and completeness were selected by the Q A Coordinator; this information was provided to the analytical 

laboratories for their feedback, prior to finalization of these tables. A list of target detection limits, 

obtained by Enviro-Test Laboratories, is given in Appendix II for the following chemicals: P AHs, target 

substituted P AHs, target P ANH compounds, phenolic compounds, and volatile organic compounds. 
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Table 2 Summary of DQOsfor Inorganic Chemicals and Physical Parameters Analyzed in Water Samples 

ti!illliflitliliii,~&Jar~~r~~r~~&i&l-'~':~::,, 
Routine Wat.r Analyses 1"-aebge #3 500mL 95% 

250mL 95% 

Calcium mg/L 0.01 500mL ±25% ±25% ICP EPA-«Xl/4-79-<120, Method 200.7 

Magnesium mg/L 0.01 500mL :!:25% ±25% ICP EPA-«Xl/4-79-020, Method 200.7 

Sodium mg/L 0.01 500mL :!:25% ±25% ICP EPA-«Xl/4-79-<120, Method 200.7 

Potassium mg/L 0.02 500ml ±25% ±25% ICP EPA-600/4-19-020, Method 200.7 

Chloride mg!L 0.5 500ml :!:25% :!:25% Colorimetry 1 (16th Ed., Method 4070) 

Sulphate mg/L 0.5 500mL ±25% :!:25% Colorimetry U.S. EPA 375.2 

Total Alkalinity mg/L 0.5 500mL :!:25% :!:25% Titration 1 (16th Ed., Method 403) 

pH unit 0.01 500mL ±10% ±20% Meter 1 (17th Ed., Method 4500-H+) 

Carbonate mg!L 0.5 NA NA NA Calculated 1 (16th Ed., Method 403) 

Bicarbonate mg!L 0.5 NA NA NA Calculated 1 (18th Ed., Method 403) 

T olal Hardness mg/L 0.5 NA NA NA Calculated 

Specific Conductance J.IITlhoslcm 0.1 500mL ±10% ±20% Meter 1 (16th Ed., Method 120.1) 

Total Dissolved Solids (TDS) mgll 1 NA NA NA Calculated 1 (18th Ed., Method 2540 D&E) 

Aluminum mg/L 0.01 250mL ±25% :!:25% ICP EPA-600/4-79-020, MethQd 200.7 

Barium mgll 0.01 250ml :!:25% ±25% ICP EPA-600/4-79-020, Method 200.7 

Beryllium mg!L 0.001 250mL .±25% ±25% ICP EPA-600/4-79-020, Method 200.7 

Boron mg/l 0.01 250 ml ±25% :!:25% ICP EPA-80014-79-020, Method 200.7 

Cadmium mgll 0.003 250mL .±25% ±25% ICP EPA-600/4-79-020, Method 200.7 

Chromium mg!L 0.002 250ml ±25% ±25% ICP EPA-800/4-79-020, Method 200.7 

Cobalt mg/l 0.003 250ml .±25% ±25% ICP EPA-«Xl/4-79-020, Method 200.7 

Iron mgll 0.01 250ml :!:25% ±25% ICP EPA-600/4-79-020, Method 200.7 

Lead mg!l 0.02 250ml ±25% ±25% ICP EPA-«ll/4-79-020, Method 200.7 
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2 

9£4 

llfuium ~l 0.001 250ml I ±25% ±25% 95% !CIF' IEIF'A-00014-N-Im, ~ 200.1 

Mangsm®S® ~l 0.001 ! 250 ml I .:!: 25% ;!:25% iCF' IEPA-00014-N-Im, ~ 200.1 

Molybdenum l'Tl!l)fl 0.001 250 ml ! ± 25% ±25% iCP IEPA-00014-N-Im, ~ 200.1 

Nickel mg/1. 0.005 I :250 ml ± 25% ±25% !CP IEPA-00014-N-Im, ~ 200.1 

Silver l'Tl!l)fl. 0.002 l 250 ml ± 25% ±25% ICP IEPA-00014-19-0:20, ~ 200.1 

S!roniium mg.ll 0.002 l 250 ml I ± 25% ;!:25% ICP EPA-00014-N-Im, M~ 200.7 

Titlmium mg.ll 0.003 250 ml ± 25% ;!:25% ICP EPA-00014-N-Im, ~ 200J' 

\l!mac!ium mg.ll 0.002 I 250 ml l ± 25% ;!:25% ICP EPA-00014-~. ~ 200J' 

line mg.ll 1:1.001 I 250 ml ± 25% .:!.:25% !CP EPA-00014-79-0:20, Method 200.7 

Nitme + Nitm® (c!~ mg.ll. 0.003. 250 ml I ± 25% ±25% Co!OOmetry 1 (11fu Ed., ~ 4500-N) 

Hydride Me!;mil!l Package ir.! mg.ll ;!:25% .:!.:25% 95% 

Ar:senic 0.0002 250 ml M EPA-00014-N-Im, ~ 200.5 

S®!en!um 0.0002 I 250 ml M EPA-00014-N-Im, ~ 200.5 

Mercury 0.00005 I 125 ml GVM 1 (16th Ed., ~ 3001') 

Arn!mony 0.0002 · I 250 ml M EPA-00014-N-Im, ~ 200.5 

Ammonllll N l'Tl!l)fl 0.01 250 ml i ±25% ±25% 95% Co!OOmetry 1 (11fu Ed.,~ 4500-NHlD} 

T eta! Cyanide mg.ll. 0.001 250 ml ±25% :!:25% 95% Colorimetry 1 (11th Ed., ~ 4500-c:NE) 

Tot;n! Pheno!!cl!l l'Tl!l)fl 0.001 125 ml I ±25% :!:25% 95% Coiorlme!ry EPA-00014-N-Im, ~ 421U 

Carbon ~t 0.2 500 mll ;!:20% :!:20% 95% IR 1 (16th Ed.,~ 505A) 

Total Swspended Solids mg.ll. 0.4 500 ml! ± 10% ;t20% 95% Gmvl!'110!rlc 1 (16th Ed., ~ 2540 D&El 

~~••t!H.,_ ,.Pi?J~gv~~ w.m~ l'Tl!l)fl. 0.001 11. I :!: 25% :!:25% 95% Co!OOI'Mitry 1 (11th Ed., M®ihod 10200 H) 

~t Ill 500mt :!:25% ±25% 95% Winkler 1 (111h Ed., Method 52Hll3) 

?h©sph©ru!! ~t 0.003 250ml ± 25% :t 25% I 95% Co!OOmetry EPA-00014-N-Im, ~ 365.1 
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Table 3 Summary or DQOsfor Inorganic Chemicals and Physical Parameters Analyzed in Soil Samples 

Texture(% sand, silt, clay) % 0.1 1000 g ± 20% NA 95% Hydrometer 

"""'.,.,'11 limits 500g ±20% 95% I Plasticldy Index 

!Available Hz() ±20% 95% I Pressure Plate 

SP 500g 
. ±20% I ±20% I 95% I M 

ER 100g 
1EXCATI5 Package 

Cation Exchange Capacity mglkg I 0.1 I 10 g 4 (Ch. 8, Part 2) 
-

Exchangeable Cations mgt kg 0.1 10 g 4 (Ch. 8, Part 2) 

Exchangeable Sodium % "' 0.01 10 g 4 (Ch. 8, Part 2) 

Total Exchangeable Cations mg/kg 0.1 10 g 4 (Ch. 8, Part 2) 

% Base Saturation 4 (No. 9, Part 2) 

IT. & Organic MaHer wt% 0.01 I 100 g ±20% ±20% 95% Modified Meblus 4 (No. 9, Part 2) 

I Total Nitrogen wt% 0.1 I SP 500 g 
ER 100 g ±20% ±20% 95% Combustion 

lc:N Ratio NA I NA NA NA 95% Calculated 

NUTRS Package 
SP 500 g 
ER 100gl 

±35')(, I ±35% 95% 

Nitrate N (soluble) mg/L 0.05 Colorimetry 4 (No.9, Part 2, Method 10.3.2) 
-

Ammonia N (ex1ractable) mg/L 0.05 ICP 4 (No. 9, Part 2, Method 33-3.2) 
-

Phosphorus 0.02 IC 3 (Section 4 .4) 

-
Sulphate (soluble) mg/L 0.1 IC 4 (No.9, Part 2, Method 10.3.2) 

Avail. Calcium, Magnesium, Sodium meq/100 g SP 500g ±35% ±35% I 95% ICP Cll, Mg: 4 (No.9, Part 2, Method 10.2.3.1} 

by ammonium N acetate ex1ract 0.1 ER 100 g Na: 3 (Section 4.5) 

pH In CaCiz 1:2 ratio std. unit 0.01 ±10% ±20% I 95% Meter 2 

SP 500g I 95% 
ER 100g Salinity Package #13 

pH std. unit 0.01 ±10% ±20% Meter 2 (Ch. 7) 

Electrical Conductivity (EC) JUTlhoslcm 0.1 ± 10% ±20% Meter 2 (Method 8) 
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3 

% Slrlumt!on 

Cll!clum mg/kl! 

;!:10% 

O.!H ;!:35% 

:!:20'% 

I I I 4 

;!:35% !CP I 3 
--

O.lH ;!:35% 

0.02 :!:35% 
-

NA 

M11goosium mg/kl! 

Soo!um mgt kg 

;!:35% 

I I 
ICP I 3 

;!:35% ICP I 3 

NA Cak:ullrloo I 3 SAR 

---
IH i'IA 

0.2 150!11 ±50% 

NA Cllllcuratoo 

I 
5 

:!;50% 95% IR EPA l:l071A 11100 :3550.&. 

Th110rlrlk:a! Gypsum R&qulrt~mom 

Petroleum Hydroc.l!rboi"l 

tomwslac 

0.05 100g :!;35% 

100 Ill :!;35% 

±35% 95% CVM 

I 
1 (18th Ed., Mlrlhod 300F) 

:!;35% I 95% ICP-MS EPA200.1 

'ff 

·14 Element Sc.!!n• 

!iiiJilq;J 

mg/ilg 

I 
A~nic 0.0002 ICP-MS 

--
8!llrlum 0.01 ICP-MS 

---
8!llryl!ium 0.001 ICI"-MS 

---
Cadmium 0.003 IC:P-MS 

---
Chromium O.OOZ ICP-MS 

---
Cobalt !1003 ICP-MS 

---
Copper 0.001 iCI"-MS 

---
lead 0.02 ICP-MS 

---
Molybdenum 0.003 ICP-MS 

--
Nickel 0.005 !CP-MS 

---
Selenium 0.0002 !CP-MS 

---
Thii!iium 0.001 M 

-
\hmmdium 0.002 IC:P-MS 

---
line 0.001 !CP-MS 
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Table 4 Summary of DQOs for Inorganic Chemicals, Organic Carbon, and Chorophyll a Analyzed in Sediment/Tissue Samples 

ICP • 26 El@m@nt Profil@ mg/kg 500 g :t 35% :t 35% 95% ICP-MS EPA SW-SMI, Method 3050 

Aluminum I I 0.01 

Barium I I 0.01 

Beryllium I I 0.001 

· Boron I I 0.01 

0.003 

Calcium O.Q1 

0.002 

Cobalt 0.003 

Copper 0.001 

Iron 0.01 

lead 0.02 

lithium 0.001 

Olf' 0.01 ... 
.. 0.001 fYI4:!11Wt11"'~ 

Molybdenum 0.003 

Nickel 0.005 

0.1 

p LCI:';).:).IUIII O.Q2 

Silicon 0.02 

Silver 0.002 

Sodium 0.01 

Strontium 0.002 

Titanium 0.003 

1c2diu,. 0.002 

Zinc 0.001 

Uranium 0.5 

IHydrid@ M@lals Packag@ 112 ;;;g/kg I 100 g ;!:35% :!:35% 95% 

T o!al Arsenic 0.002 M 

A nth "f 0.002 M 

Selenium 0.002 M 

0.00005 CVM 

v.t%1 0.01 +20% :!:20% 95% Modified Mebius 1 o4 (No. 9, Plllrt 2, Method 29-35.3) 

Mercury 

•urn.iilrnC Carbon 

ILnlnr-nnnvll ... a" mgtkg I 0.001 :!:20% ! 20% 95% Colorimetry l 1 (17th Ed., Method 10200 H, 10300 MC, 1!J.400A) 

Golder Associates 



1995 

2 
3 
4 
5 

··24- 952-2307 

2··4 

/!P!hrvi" Examination of Water and Wastewater 
Forests and Plant Analysis 

Methods Analysis - McKeague 
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Table 5 Summary of DQOs for Organic Chemicals Analyzed in Benthic, Fish, Soil, and Water Samples 

._ . ...,__,__, .. 

IPAHs1 WATER J.IOIL 0.02-0.04 4L 20 80 95% GC/MS EPA 3510/8270 modified 

IPAHs SOIL J.IO!g 0.01-0.02 100 g 20 80 95% GC/MS EPA 3540/8270 mod111ed 

IPAHs FISH J.IO!g 0.02-0.04 95% GC/MS EPA 3540f36.40/8270 modified 

PAHs BENTHIC J!Oig 0.02-0.04 95% GC/MS Polytron\EPA 8270 modified 

1otatiles WATER J!OIL I 1-200 l3x 40 mll 20 I 85 I 95% I GC/MS I EPA 3810/8240 modified 

Non-chlorinated 
WATER (.10/L I 0.1 -20 I 4L I 25 I 50 I 95% I GC/MS I EPA 3510/8270 modified 

Phenolics 
Total Recoverable 

WATER mg/L I 1 I 1L I 20 I 80 I 95% I gravimetric/silica I APHA SS20B, F 
H drocarbons 

' PNlo irl>doo PNlo. PASHt. and Al<)toted PMJ!o. PNlo. PASHt. and PMJ!o. 
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6 ....... "',.,, MicroTox® Bioassays and Naphthenate Analyses 

N!A (1) 5g 95% Microbb Inc. 

mg/l 1 mgtl•• 25-15 Q 95% Syncrud® 
Quan!ilicatlon 

• If !C50 > iOO% !hen no! !!culely !ox!c; Toxic IJnlt (TIJ)'" 100/ICSO 

•• Dependenl on volume of ®Jdrn~clad sample. 

,~ 
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6.0 FIELD PROCEDURES 

A number of field surveys, including collection of samples for chemical, physical and biological analyses, 

will be conducted to support the EIA. This section describes procedures and documentation to be 

provided for handling and shipment. Docum-entation will ensure that all sample handling requirements 

are carried out properly and in a legally defensible manner. Proper chain-of-custody procedures must· 

be used to trace the possession arid handling of samples from field collection thi-ough analysis to fmal 

disposal. Each team involved in field work must have documented procedures for insuring the safety of 

their workers. General safety procedures for field work are listed in Appendix III. The health and safety 

plan for the aquatic baseline study is given in Appendix IV. 

6.1 Sample Collection 

Generation of quality data begins with sample collection, and therefore the integrity of the sample 

collection process is of concern to the laboratory performing the analyses (either biological, chemical, 

or physical). Samples must be collected in appropriate clean containers in such a way that no foreign 

material is introduced into the sample and no material of interest is lost due to adsorption, chemical or 

biological degradation or volatilization. Methods of transportation and preservation (where applicable) 

must also be considered. Sample container labels must maintain their integrity even whc;:n wet. Because 

of the different interpretations of dates in the U.S. and Canada (i.e., "11/06/94" could be November 6 

or June 11), always spell out the month (e.g., Nov. 6, 1994) when writing dates. 

Sufficient volumes of sample must be collected to ensure that tests may be conducted properly, that 

required detection limits can be met for chemical analyses and that quality control samples can be 

analyzed. Always confirm in advance the required sample volumes and handling procedures with the 

laboratory that will be performing the analyses. Costs of collection and transport should be considered 

so that excessive volumes are not collected. 

Sampling procedures for this investigation are to be described in detail in individual sampling plans 

developed by each team. Upon review of the draft workplan, each T earn Leader will be assigned station 

identifiers for sample collection sites (see Section 10.0). The workplan will also identify the laboratory 

conducting analyses of the samples and specify the variables that will be measured. After finalizing the 
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workplan, the field study will commence upon approval of Golder and Su.ncor Project Managers as well 

as L~e QA Coordii1ator. 

6.2 Sample Handling and Custody 

Sample custody is a critical aspect of environmental investigations. Sample possession and proper 

handling of samples must be traceable from the time of sample collection, through laboratory and data 

analysis, to introduction as evidence. This section provides minimal program requirements for sample 

handling and chain of custody procedures. 

6.2.1 Field Sampling Operations 

6.2.1.1 Field Logbook 

All pertinent information on field activities and sampling efforts must be recorded in an appropriate (i.e., 

waterproof) bound logbook. The field project coordinator is responsible for ensuring that sufficient 

detail is recorded in the logbook. The logbook must be complete enough to enable someone unfamiliar 

with the project to completely reconstruct field activity without relying on the memory of the field crew. 

All entries must be made in indelible black ink (a pencil can be used in an emergency), with each page 

numbered, signed and dated by the author, and a line drawn through the remainder of any partly used 

page. All coiTections are made by making a single-line cross-out of the error, entering the correct 

information, dating and initialling the change. Upon return to the laboratory, all field notes must be 

photocopied and placed in the appropriate project file. 

Entries in the logbook must include: 

Purpose proposed sampling effort 

and time starting work 

Names of field supervisor and team members 

Description each sampling including information on any photographs that may 

(including applicable 

··~"''·'"'""' of sampling effort, particularly deviations standard operating · 

f 
' .> 

( 
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Clear identification of site names and sample numbers 

Field observations 

Field measurements made (e.g., pH, temperature, flow, dissolved oxygen) 

Sample shipping information 

6.2.1.2 Field Quality Control Criteria 

Although validation guidelines have not been established for field QC samples, the results are useful in 

ident:if) i.ng possible problems as a result of sample collection and/or sample processing in the field. The 

field QC samples that will be collected during this investigation are discussed in this section. 

Field Replicates 

Field replicates provide information that is useful in assessing sample heterogeneity and variability of 

contaminant concentrations in the field. Field replicates are prepared by taking two co-located samples 

alongside the original sampling station (for a total of three samples from the same station). These 

samples are prepared separately in the field and submitted blind to the laboratory as separate samples. 

A minimum of one field replicate set will be collected per 20 stations sampled or per sampling event (any 

continuous sampling period not interrupted by more than two days), whichever is most frequent. 

Certified Reference Materials 

Analysis of reference materials and certified reference materials provides information on the accuracy 

of the laboratory performing the analysis. At least one reference material sample will be analyzed for 

each an~y.te·group, contingent on availability and at the discretion of the QA Coordinator. 
. .· 

Field Blanks 

Field blanks are useful in assessing whether or not the samples have been contaminated during sample 

collection. Field blanks that will be collected during this investigation are discussed in the following 

sections. 

Bottle Blanks 

To determine whether or not the sample bottles are introducing contamination to the samples, bottle 

blanks are submitted with the sediment and soil samples to the laboratory. One bottle blank will be 

submitted per 50 samples collected, per sampling event, or per bottle lot, whichever is most frequent. 
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6.2.2 Sample Preservation 

Sample preservation requirements must be followed for each type of analyses. For example, sediment 

samples will be placed in coolers with a sufficient number of ice packs (or crushed ice) to keep them cold 

through the completion of that day's sampling, and through transport to the laboratories. Samples for 

other media will have different sample preservation procedures (Appendix V). Each team is responsible 

for insuring proper preservation techniques are used to preserve the integrity of the samples. 

6.2.3 Sample Chain of Custody 

Sa...rnples are considered to be L'1 "custody" if t.~ey are: 1) L~ t.~e custodiru"1's possession or view·; 2) 

retai.11ed in a secured place (u11der lock) \vith restricted access; or 3) placed i<'1 a cc:mtai.."1er and secured 

with an official seal(s) such that the sample cannot be reached without breaking the seal(s). The 

principal documents used to identify samples and to document possession are chain-of-custody (COC) 

records and field notebooks. COC procedures will be used for all samples, no matter where in the 

analytical or transfer process. Figure 5 contains the COC form to be used for the Suncor EIA studies. 

Revisions to this form must be approved by the QA Coordinator before implementation. 

When samples have b.een collected, they will be submitted with a COC form to the laboratory. 

Photocopies of the COC forms will be submitted to Brenda Brassard, Golder EIA Coordinator, for filing 

in the Golder project file. 

63 Sample Shipping 

Appropriate shipping procedures must be used to ensure that is maintained, sample containers are 

properly packaged to prevent damage, and that samples are received within the appropriate time frame 

so that holding times for analyses can be met. 

The designated Field Coordinator for each study will be responsible for all sample tracking and 

procedures samples in the field, as well as for fmal sample inventory. The field coordinator will 

maintain a copy of the sample custody documentation. At the end of each day, and prior to transfer, 

entries will be made for all samples. Finally, information on the labels will be checked against 

sample log entries and forms, and samples will be recounted. All samples will be accompanied 

forms that will be signed at each point of transfer and will include sample numbers. 

forms will be filled out in indelible, black ink. 
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Figure 5 Sample Chain of Custody Record 

Field Sampler: (Signature) 

~31-

Shipment 
Carrier: 

952-2307 

----------------------------Phone No. _ ___, __________ _ Weigh Bill No.:----------

Ship To: 

Project N arne: 

Relinquished by: (Signature) 

Relinquished by: (Signature) 

Relinquished by: (Signature) 

Relinquished from lab by: (Signature) 

Sample ID No. Sample 
Description 

Special Instructions/Comments: 

Rush (surcharge): 

Send Results To: 

Project No. 
P.O. No.: 

Received at lab by: (Signature) Date 

Received at lab by: (Signature) Date 

Received at lab by: (Signature) Date 

Received by: (Signature) Date 

ANALYSIS REQUEST 

Dateffime 
Sampled 

Analysis 
Requested 

Standard Turnaround Time: -----

Time 

Time 

Time 

Time 

Sample Condition 
Upon Receipt 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 
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Prior to shipping, sample containers will be wrapped in bubble wrap, and securely packed inside the 

cooler with ice packs. The original signed COC forms will be placed into a zip-locked bag and taped 

to the outside lid of the cooler. Fiber tape will be wrapped completely around the cooler. On each side 

of the cooler a "This End Up" label will be attached, a "Fragile- Glass" label will be attached to the top 

of the cooler (if applicable), and the cooler will be sealed with custody seal tape. Samples will be 

transported from the sampling area to the designated laboratory by an authorized courier. 
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7.0 USE OF CONTRACT LABORATORIES/SUB-CONSULTANTS 

7.1 Laboratory Documentation 

7.1.1 Analytical Request Form 

This form (Figure 6) is completed in duplicate for all samples which are being sent from the consultant 

to the contract laboratories for analysis. It identifies the client, project number, sample name(s), test(s) 

to be performed and who the results should go to. Send one copy with the sample(s) and submit the 

other copy to Brenda Brassard, Golder, for the Golder project file. This form is useful for following up 

on expected or overdue results. All chemical parameters must be cross referenced to the project 

parameter dictionary (Appendix VI) to ensure the codes are compatible for different parameters. 

7.1.2 Laboratory Work Order Form 

Upon arrival at the laboratory, a laboratory Work Order (WO) Form must be completed for each sample 

(or set of samples) that arrive from a client. Any paperwork accompanying the samples must be attached 

to the Laboratory Supervisor's copy of the WO Form (i.e., COC forms, client's purchase orders, etc.). 

When testing is complete, this information is transferred to the laboratory project file. If any work is to 

be done by other contract laboratories this must be recorded and a copy of any related documents 

attached to the WO form. 

Each laboratory will be requested to use the same sample numbering system used to identify samples, 

based on station and sample identifiers (see Section 1 0.0), rather than assign a code name to the sample. 

If a laboratory insists upon assigning their own code names, a list of codes which correspond to the 

station and sample identifiers must be provided by the laboratory. 
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Figure 6 Analytical Request Form 

Field Sampler: (Signature) 

Phone 

Ship To: 

Project 

Sample lD No. 

Rush 

Sample 
Description 

Shipment 

Send Results To: 

Date!Time 
Sampled 

==-~ "'· 

Project 
P.O. 

Analysis 
Requested 
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7.1.3 Data Sheets and Notebooks 

Data sheets and other information logs must be filled in completely and legibly. Most data sheets have 

spaces for information about sample and project identification at the top. It is important that this 

information is completed for all pages, not just the first one. All entries must be made in indelible black 

ball-point pen, and initialed by the person making the entry. Never use correction fluid (e.g., Liquid.· 

Paper®) or correction tape on data sheets. Make corrections by crossing out the entry with a single line, 

dating and initialing the new entry and providing a reason for the correction. Having this sort of 

permanent record of all entries is especially important ifthe_data will be used in legal actions. 

The information about a particular test must be complete enough so that testing activities can be 

reconstructed by someone unfamiliar with the test. Record all observations and any calculations made, 

particularly for preparing test concentrations. Record these in the notebooks and attach them to the data 

sheets. Initial and date all entries you make. 

All original data sheets and supporting documentation must be filed in the project file at Golder 

after study completion. This includes tests which were terminated before completion for ruu 
reason (i.e., control failure, sample delivery problems). Copies of documentation must also be 

retained in the laboratory project file. 

7 .1.4 Laboratory Sample Logbook 

All samples received at the laboratory must be logged into a sample logbook. This logbook acts as an 

additional check that samples have been received and provides information about the status of testmg 

of samples. Samples not entered in this logbook are considered not to have been received. 

7.1.5 Reagent Preparation Logs 

Documentation of procedures used to prepare various reagents is important to maintain consistency and 

identifY possible errors. Reagent preparation logs are used for recording preparation of synthetic dilution 

water, chemical samples, reference toxicant stock solutions and other reagents. 
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7.1.6 Instrument Calibration Logbooks 

Instrument calibration is required to confirm that accurate measurements are being made during a test 

and that equipment is operating correctly. Each piece of equipment must have a logbook (identified by 

the consultant equipment number) for daily recording of calibration, maintenance, repairs and 

replacement Entries must be made each day that an instrument is used; periods when the instrument is . 

unavailable (e.g., for repairs) should be recorded so there are no information gaps. Equipment should 

be subject to regular inspection and preventive maintenance procedures to ensure proper working order. 

Calibration logbooks have to be kept on file for five years after the instrument is no longer in operation. 

7.2 Sample Handling 

7 .2.1 Sample Receipt 

The QNQC Officer at each laboratory will ensure that COC forms are properly signed over upon receipt 

of the samples and note questions or observations concerning sample integrity on the COC forms. The 

laboratories will contact the QA Coordinator immediately if discrepancies between the COC forms and 

the sample shipment are discovered upon receipt. The Laboratory QNQC Officer will specifically note 

any coolers that do not contain ice packs or are not sufficiently cold (e.g., 4 oc ± 2 °C) upon receipt. The 

laboratory will not dispose of the environmental samples for this project until notified by the QA 

Coordinator and client in writing. 

7.2.2 Intra-Laboratory Sample Transfer 

The Laboratory QNQC Officer will ensure that a sample-tracking record is maintained and that it will 

follow each sample through all stages of laboratory processing. The sample~tracking record must 

contain at a minimum the name/initials of responsible individuals performing the analyses, date of 

sample extraction/preparation, and type of sample analysis. 

Sample 

Any samples which are subcontracted out will follow 

described in the above sections. 

same and sample shipping requirements 
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7.3 Sample Archival 

All excess sample and extraction/digestion aliquots will be archived by the laboratories. The 

laboratories will maintain COC procedures and sample integrity for the entire time that the samples are 

in their possession. Each laboratory will store the archived samples and digestion/extraction aliquots 

for up to 6 months after the QA Coordinator has completed data validation. ·After the 6 months has 

passed, the samples will become the responsibility of Suncor. 

7.4 Analytical Procedures 

Prior to the analysis of the samples, the laboratory must demonstrate proficiency through the analysis 

of a blind certified reference material. The results of performance evaluation samples analyzed under 

the Canadian Association for Environmental Analytical Laboratories (CAEAL) may be used in lieu of 

the QA Coordinator submitting certified reference materials to the laboratory. The laboratory must also 

provide written protocols for the analytical methods to be used for sample analysis; calculate method 

detection limits for each analyte in each matrix of interest and establish an initial calibration curve for 

all . analytes. The laboratory must demonstrate its continued proficiency by participation in 

interlaboratory comparison studies and repeated analysis of certified reference materials, calibration 

checks, laboratory reagent blanks, and spiked samples. The laboratory may be audited during the project 

in order to determine and document if the laboratory has the capability to analyze the samples and is 

performing in compliance with the QAPP. 

7 .4.1 Contaminants of Concern and Method Detection Limits 

The contaminants of concern, methods of analyses, and their associated targeted detection limits are 

identified in Tables 2-6 in Section 5.6. 

7 .4.2 Determination of Method Detection Limits 

The method detection limit (MDL) is defined as the lowest concentration of an analyte or compound that 

a method can detect in either a sample or a blank with 99% confidence. In summary, seven replicate 

samples are fortified at l to 5 times (but not to exceed 10 times) the level expected to be the method 

detection limit. The MDL is then determined by calculating the standard deviation of the replicates and 

multiplying by three. All analytical laboratories must supply :'viDLs for each type of analysis. 
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7 .4.3 Methods of Analyses 

All methods of analyses must comply with required methodologies and guidelines, where applicable. 

Analytical laboratories must have (or be in the process of developing) in-house standard operating 

procedures (SOPs) for each test used in this project. The specific methods of analyses used for the EIA 

study are given in Tables 2- 6 in Section 5.6. 

7.4.4 Laboratory Quality Control Criteria 

ASL Analytical Services Laboratory will be used to analyze a portion of the quality control samples 

generated from this project. This will serve as a QC check of tr'l.e other analytical labs. The percentage 

of QC sa...vnples to be a..1alyzcd by ASL will be determined by the project managers from Suncor and 

Golder in consultation with the QA Coordinator and Team Leaders. 

The quality control samples from each sample group will be reviewed by the analyst immediately after 

a sample group has been analyzed. The quality control sample results will then be evaluated to 

determine if control limits have been exceeded. If control limit exceedances have been identified in the 

sample group, the QA Coordinator will be contacted immediately and corrective action (e.g., method 

modifications followed by reprocessing the affected samples) will be initiated prior to processing a 

subsequent group of samples. 

All primary chemical standards and standard solutions used in this project will be traceable to the 

National Research Council Canada; National Institute of Standards and Technology; or other 

documented, reliable, commercial sources. Standards should be validated to determine their accuracy 

by comparison with an independent standard. Any impurities found in the standard will be doc1m1ented. 

The following sections summarize the procedures that will be used to assess data quality throughout 

sample analysis (e.g., use and frequency of replicates, spikes, blanks, surrogate samples or reference 

materials, and calibration materials). A summary of the types of procedures to be performed by 

Syncmde MicroTox® and naphthenic acid analyses are given in Table 7. The procedures 

other of are discussed in the following ·'""''""''""' 
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Table 7 Summary of Quality Control Samples for MicroTox® and Napthenic Acid Analyses 

each Ht NIA N/A NIA WA 

each batch (b) NIA N/A 1 per 20 (e) 1 per20 
Fatty Acids) 

a. Instrument adjustment. 

b. Standard Calibration Curve based on Kodak naphthenlc acid In Methylene Chloride (0- 1000 ppm) 

c. Standard solutions of naphthenic acids run every 5 samples. 

d. Random selections of samples. 

e. Solvent and extraction system. 
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7 .4.4.1 Initial Calibration 

Multi-point initial calibration will be performed on each instrument at the strut of the project, after each 

major interruption. to the an.alytical instrument, and when. any ongoing calibration. does n.ot meet control 

criteria. The number of points used in the initial calibration. is defined in each analytical method. 

Ongoing calibration will be performed daily for organic analyses and for every sample batch for 

conventional parameters (when. applicable) in order to track instrument performance. 

In.strumen.t blanks or continuing calibration blanks provide information on the stability of the baseline 

established. Continuing calibration blanks \\'ill be analyzed immediately after every continuing 

calibration verification at a frequency of one continuing calibration blank for every ten samples analyzed 

at the ir..strurn.ent. If t..~e on.goi..'lg calibration is out of control, L1.e ai1.alysis must come to a halt 1mtil the 

source of the control failure is eliminated or reduced to within control specifications. All project samples 

analyzed while instrument calibration was out of control will be reanalyzed. 

7.4.4.2 Standard Reference Materials 

Analysis of reference materials and certified reference materials provides information on the accuracy 

of the laboratory performing the analysis. At least one reference material sample will be analyzed for 

conventional parameters per ten samples or per group of samples, whichever is most frequent. All 

certified reference material results must fall within the acceptance range values established for the 

reference material. 

7.4.4.3 Matrix Replicates 

Analytical replicates provide information on the precision of the analysis procedures and are useful in 

assessing potential sample heterogeneity and matrix effects. Analytical replicates are prepared by 

preparing a subsample and submitting it blind to the analyst to be extracted and analyzed as a separate 

sample. A minimum of l duplicate will be run per sample group or for every 20 samples, whichever is 

more frequent. 

Duplicates 

samples provides information on 

duplicate matrix on 
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method is also provided for organic analyses. A minimum of 1 matrix spike will be analyzed for every 

sample group or for every 20 samples, whichever is more frequent. A standard reference material will 

be used when spiked samples are not appropriate, to assess method accuracy for specific parameters. 

7.4.4.5 Surrogate Spikes 

All project samples to be analyzed for organic compounds will be spiked with appropriate surrogate 

compounds as defmed in the analytical methods. Recoveries determined using these surrogate 

compounds will be reported by the laboratories; however, no sample result will be corrected for recovery 

using these values. 

7 .4.4.6 Method Blanks 

Method blanks are analyzed to assess possible laboratory contamination of samples associated with all 

stages of preparation and analysis of sample extracts. A minimum of one method blank will be analyzed 

for every extraction batch for every I 0 samples for conventional parameters and at documented 

frequencies for other parameters. 

7 .4.5 Data Deliverables 

Prior to issuing a final report to Golder Associates, each analytical laboratory must take steps to ensure 

the data are of acceptable quality. All laboratory personnel are responsible for reporting problems that 

may compromise the quality of the data to their laboratory manager who will report it to the designated 

contact from Golder Associates. The QA Coordinator must be informed of all corrective actions, by 
.. ,. 

memorandum, within 5 days of the initial notification. 

Each data file must be thoroughly reviewed internally by the analyst and Laboratory QA/QC Officer to 

ensure completeness of sample chain-of-custody documentation, verification of sample history 

information and analytical requirements, acceptability of QC data and validity of sample results. The 

Laboratory QA/QC Officer must certify each page of data with the date and their initials. The 

Laboratory Project Manager must concur with the data results and sign-off on the report to Golder. 

Each analytical laboratory should have a tum-around-time of 2-3 weeks, depending on test type, from 

the date samples are received at the laboratory to the date the report is delivered to Golder Associates. 

The test report should describe the materials and methods used, as well as the test results. The report 
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should dearly state vvhether the conditions and procedures of the test rendered the results acceptable for 

use. The assignment of any codes used to qualifY the data must be clearly stated. The report must 

include the following information: 

Project Narrative 

This summary, in the form of a cover letter, ''':ill briefly discuss the results. Any problems encountered 

during any aspect of analysis must be described. This should include, but not be limited to, quality 

control, sample shipment, sample storage, and analytical difficulties. Discussion of any problems 

encountered, actual or perceived, and corresponding resolutions made ·will be documented in as much 

detail as necessary. 

Chain-of-Custody Records 

Legible copies of the chain-of-custody forms will be provided as part of the data package. This 

documentation will include the time and condition of each sample received by the laboratory. Any 

additional tracking administered internally by the laboratory shall also be included. 

Sample Results 

The data package should summarize the results for each sample analyzed This summary should follow 

Alberta Environmental Protection or Environment Canada protocols for data reporting, where applicable. 

The summary will include the following information: 

Field sample identification code and the corresponding laboratory identification code 

Sample matrix 

Date of sample extraction 

Date and time of analysis 

Weight a11d/or volume used for analysis 

Final dilution volumes or concentration factor for the sample 

Percent moisture in sediment samples 

Identification of the instrument used for analysis 

Method detection limits and instrument detection limits (IDLs) 

Analytical results reported to three significant figures with reporting units identified 

All data qualifiers assigned and their defmitions 
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Quality Assurance/Quality Control Summaries 

This section must contain the results of all QA/QC procedures. Each QA/QC procedure summary 

should include all the information as indicated in the data package section (see above) for each QA/QC 

sample. No recovery or blank corrections will be applied by the laboratory. Each analytical laboratory 

will be required to conduct a program of 20% quality. control samples for every batch of samples. 

Quality control samples will include calibration and verification standards, standard reference materials, 

matrix spikes, duplicates, method and reagent blanks, transportation and storage blanks and glassware 

proofs. For spiked samples, list the name and concentration of all compounds added, percent recoveries, 

and range of recoveries. 

Electronic Spreadsheet of Test Data 

An electronic spreadsheet of the data, including QC data, must be supplied with the fmal report. The 

Data Manager will discuss the format of data transfer with each laboratory. A labeled, 3.5 inch diskette 

should be used, and a record ofthe data files (and any explanation needed) should be provided. 

Original Data 

Legible copies of the following original data, while not required to be reported, must be available to the 

QA Coordinator if an audit is conducted: 

Sample refrigerator temperature log 

Sample extraction, preparation, and cleanup logs 

Instrument specifications and analysis logs for all instruments used on days of calibration 

and analysis 

Reconstructed ion chromatograms for all samples, standards, blanks,. tunes, spikes, 

replicates and reference materials 

Enhanced spectra of detected compounds with associated best-match spectra for each 

sample 

Summary of calibration data including reporting the concentrations of the initial calibration 

and daily calibration standards and the date and time of analysis. The response factor (RF), 

%RSD, percent difference (%D) and retention time for each analyte should be reported as 

appropriate 

Summary of internal standard areas to show whether they were stable 

Record of the relative retention time of each analyte detected in the samples for both 

primary and confirmation analyses 
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7.5 

Measurement printouts and quantitation reports for each instrument used including reports 

for all samples, standards, blanks, tunes, spikes, replicates ru-.d reference materials 

Original data quantification reports for each sample 

" Original data for blanks and samples not reported 

.Biologital/T oxicological Procedures 

7 .5.1 Quality Assun:mce 

A number of biological and toxicological analyses will be performed to support the EIA. At the present 

time, not all types of a..'1.3lyses r.ave been detenr.i..'1ed yet (e.g., types of toxicity tests). Each Team Leader 

must eP..sure t.~at the sub-=-consultant th(7!j use have doctL.vnented procedures for QA/QC. 

'The following sample analyses and quality control criteria will apply to the collection and enumeration 

ofbenthic samples: 

Sample Sorting and Sorting Efficiency 

~ Identification of Organisms 

Data Validation 

~ Sample sorting quality control report 

~ External taxonomic quality control report 

• Verification report from the outside experts on specimen voucher collection 

Specific sample analyses and quality control criteria will need to be determined for the other biological 

procedures as well. Once all of the types of biological/toxicological studies have been determined, the 

Coordinator will work with the Team and sub-consultant to develop acceptable sample 

analysis and quality control criteria. In most cases, these criteria will be based on published or 

documented procedures. 
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7.5.2 Data Deliverables 

All sub-consultants for biological and toxicological work will be responsible for internal checks on data 

reporting and Will correct errors identified during their quality assurance review. Each sub-consultant 

will be required to report results that are supported by the following: 

A cover letter discussing problems (if any) and procedures· 

• Summary report for any taxonomic work 

• Original data sheets 

• COC and transfer logs 

In addition, other QNQC data pertinent to the work must be included For example, benthic results must 

include: 

Spreadsheet containing replicate abundance data 

QA results for 20% resorting 

Screening logs 

The QA Coordinator will maintain close contact with the sub-consultants to resolve any quality 

control problems in a timely manner. 
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8.0 DATAEVALUATION 

8.1 Data Review 

Upon completion of the sample analyses, the laboratory will supply one complete data package to the 

study Team Leader (see Figure 4). The laboratory will also s_upply one summary data report and the 

electronic deliverable to the Data Manager. The study team leader will initi~te the QA/QC checklist and 

send the complete data package to the QA Coordinator. 

The QA Coordinator will review each laboratories' data to ensure the data comply with this QAPP 

(Figure 7). At least 10% of the sample data and 100% of the laboratory quality control samples will be 

validated. If transcription errors or other concerns (e.g., correct identification of chemicals in the 

samples) are found in the initial check on field samples, then data for an additional 10-20% of samples 

will be reviewed If numerous errors are found, then the data package will be sent back to the analytical 

laboratory for corrections prior to completing the QA review. 

8.2 Corrective Action Procedures 

8.2.1 Corrective At;tion for Field Sampling 

Each Field Coordinator will be responsible for correcting equipment malfunctions throughout the field 

sampling effort. The QA Coordinator will be responsible for resolving situations in the field that may 

result in nonconformance or noncompliance with the QAPP. All corrective measures taken will be 

documented in the field notebook immediately. A corrective actions checklist form (Figure 8) must also 

be filled out and sent to the QA Coordinator within five days of the action. 
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Table 8 Corrective Actions Checklist 

SAMPLEPROGRAMIDENTinCATION: ---------------------------------------

SAMPLINGDATES: --------------------------------------------------------------

MATERIALTOBESAMPLED: --------------------------------------------------

MEASUREMENTPARAMETER: -----------------------------------------------------------------------

ACCEPTABLEDATARANGE: -----------------------------------------------

CORRECTIVE ACTIONS INITIATED BY: ----------------------

TITLE: ----------------------------

DATE: -------------------------------

PROBLEM AREAS REQUIRING CORRECI'IVE ACTION: --------------

MEASURESTOCORRECTPROBLEMS: -------------------------

MEANS OF DETECTING PROBLEMS (FIELD OBSERVATIONS, SYSTEMS AUDIT, ETC.): 

APPROVAL FOR CORRECTIVE ACI'IONS: --------------

TITLE: ----------------------------------------------

SIGNATURE: --------------------------------------------------

DATE: -------------------------------------------------------------
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8.2.2 Corrective Action for Laboratory Analysis 

All laboratories are required to comply with the Standard Operating Procedures (SOPs) or other 

documented methodology given in Tables 2-6. The Laboratory Project Manager will be responsible for 

ensuring that the laboratory initiates the appropriate corrective actions required for conformance with 

the QAPP. All laboratory personnel are responsible for reporting problems that may compromise the 

quality of the data. The QA Coordinator will be notified immediately if any quality control sample 

exceeds the project specified control limits (Tables 2-6). The Laboratory Project Manager will document 

the corrective action by memorandum to the QA Coordinator within 5 days of the initial notification. The 

analyst will identify and correct the anomaly before continuing with the sample analysis. A narrative 

describing the anomaly noted, the steps taken to identify and correct the anomaly, and the treatment of 

the relevant sample batch (i.e., recalculation, reanalysis, re-extraction) will be submitted with the data 

package in the form of a cover letter. 

8.3 Laboratory and Field Performance Audits 

Laboratory and field performance audits consist of onsite reviews of field and laboratory quality 

assurance systems and equipment for sampling, calibration, and measurement. All laboratories are 

required to have written procedures addressing internal QA/QC; these procedures have been submitted 

to the QA Coordinator and are acceptable. All personnel engaged in sarapling and analysis tasks must 

have appropriate training. The contract laboratories will not be audited except for Syncrude' s analytical 

laboratory for naphthenic acid analyses. The other analytical laboratories will not be audited for this 

project due to their recent accreditation by CAEAL which involves a thorough audit process. 

A field audit will be conducted to review field operations including: SOPs or other documented field 

methodology, equipment maintenance and calibration records, chemical application and sampling 

techniques, and record keeping (e.g., chain-of-custody forms). The highest priority will be given to 

review field work which involves the collection of samples for chemical and physical analyses. 

The results of the audit will be discussed with each field team and with Suncor, followed by a formal 

audit report. The audit report will list action items for correction and will provide a tirne~line for 

implementing ron.>'?PF''' 
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FISH INVENTORY AND FISH BIOMARKER METHOD 

1. PURPOSE 

November 1995 
PAGE 1 of23 

This technical procedure establishes the methodology to be used for the standard sampling of fish. Because 
of the nature of fisheries work, decisions regarding the type of sampling gear to use and the timing of 
sampling will depend upon conditions in the field. The following methods are covered in this technical 
procedure: 

• General Fisheries Work 
• Biomarkers 
• Organochlorine Contaminants Sampling 
• Mixed Function Oxidase Sampling 
• Sex Steroid Sampling 
• Biomarker Number 
• Field Records and Logbook 
• Chain-of-Custody Form 

2. APPLICABILITY 

This technical procedure is applicable to all personnel involved in fish surveys. 

3. DEFINITIONS 

3.1 Ageing Structures 

Parts of the fish which are taken for ageing analyses. These structures contain bands (annuli) which 
delineate seasonal variation in growth which can be counted. Primary examples of these structures are 
scales, fin rays, otoliths, eleithra and opercula. The appropriate ageing structures to collect vary according 
to fish species and lifestage and include lethal and non-lethal sampling measures. 

3.2 Tagging 

3.2.1 Anchor (Floy) Tagging 

A practical and inexpensive method of permanently marking individual fish. The tag, shaped like an 
inverted "T", is most commonly inserted in the epipleural bones of the dorsal spine. The posterior of the 
tag is usually brightly coloured and carries a numeric identification code. This method is prefered when 
seeking angler return data to aid in establishing fish movements. 

3.2.2 Visual Implant (VI) Tagging 

A "micro-tag" method suitable for use when a tagging method is required which has minimal effects on the 
swimming and feeding efficiency of the fish. Good for tagging smaller fish than is possible with the anchor 
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tag method, such as small fish species or juvenile fish. Each tag consists of a small metal strip with an 
individual alpha-numeric code which is inserted using an injector into a clear tissue somewhere on the 
fishes body (i.e. post-ocular tissue for salmonids). 

3.2.3 Batch Marking 

A marking method which does not distinguish between individual fish. Common methods are fin clipping 
or dye marking. 

3.3 Archive Samples 

Extra samples which are ta."ken an.d kept in storage for possible later analysis. 

3.4 Bile 

An alkaline secretion of the vertebrate liver, which is temporarily stored in the gall bladder. It is composed 
of organic salts, excretion products and bile pigment. It is responsible primarily for emulsifying fats in the 
small intestine. 

3.5 Biomarker 

Biomarker refers to a chemical, physiological or pathological measurement of exposure or effect in an 
individual organism from the laboratory or the field. Examples include: contaminants in liver enzymes; 
bile; sex steroids. · 

3.6 Chain-of-Custody Forms 

Standardized forms which are used as a means of keeping close track of samples which are taken from the 
field and transported to laboratories for analysis. Whenever the samples are transported from the field, the 
custody is relinquished from the delivery person to the receiver by signatures on the forms. These forms 
substantially decrease the risk of losing samples because they provide a clear record of the chain of 
transport and handling of the samples. 

3. 7 Contaminants 

A general term referring to any chemical compound added to a receiving environment in excess of natural 
concentrations. The term includes chemicals not generally regarded as "toxic", such as nutrients, colour 
and salts. 

3.8 

Catch-Per-Unit-Effort. A measure which relates the catch of fish, with a particular type of gear, to the 
sampling effort expended; it is expressed as: number of fish captured/unit of effort. Results can be 
for a particular species or the entire catch. is used to define species relative abundance and 
compare abundance seasons. can be a number ways depending on 
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the sampling equipment. Some examples are time (sec/hr), area (m3
) and net length (m). If CPUE data is 

required, sampling effort must be recorded. 

3.9 Effluent 

A waste material discharged into the environment. 

3.10 Effluent Plume 

The portion of a water body exposed to discharge; the plume is delineated by tracking concentrations of 
compounds known to occur in the discharge. A plume ends when concentrations are equal to natural 
background levels or when they reach an arbitrary limit, for example 0.1 %. 

3.11 Electroshocking 

The use of electricity to stun and capture fish. An electrical current is passed between electrodes placed in 
the water and attracts passing fish (galvanotaxis) toward the positive electrode (anode). Once fish pass 
close to the anode the current acts as a narcotic and stuns the fish (galvanonarcosis ), allowing them to be 
easily netted. Once captured, the fish may be identified, weighed, measured, tagged and then returned to 
the water. Fish taken by electrofishing revive quickly when returned to the water. Effort is automatically 
recorded by the electrofishing unit as the number of seconds of active electrofishing (i.e. time current is 
applied to the water). 

3.12 EROD 

Ethoxyresorufin-0-deethylase. EROD is a laboratory technique that indirectly measures the presence of 
catalytic proteins that remove a CH3CH2-group from the substrate ethoxyresorufin. The substrate was 
chosen because ofthe fluorescent product formed is very easy to monitor in the laboratory. In the animal, 
various hydrophobic compounds can be transformed by this more polar products, which prepares them for 
eventual elimination from the body. Thus, this is a "detoxification" system that reduces the amounts of 
potentially harmful substances in the body. Cytochrome P450 lA is the scientific designation of the 
dominant protein that carries out this catalytic function in fish and animals. EROD activity refers to the 
rate of deethylation and indirectly reflects the amount of protein present. 

3.13 Fecundity 

The most common measure of reproductive potential in fish. It is the total number of eggs in the ovary of a 
gravid female fish. Fecundity normally increases with the size of the female within a given species. 

3.14 Forage Fish 

A general term applied to smaller species of fish that "forage" on small invertebrate animals or plant 
materials. 

Golder Associates 



TP-8.1-0 Revision 0 
FISH INVENTORY AND FISH BIOMARKER METHOD 

3.15 Game Fish 

Fish used by anglers for recreational fishing, e.g., northern pike, walleye. 

3.16 Gillnetting 
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A method of capturing fish that involves the setting of nets of various mesh sizes (usually from about 2 to 
10 em) anchored in place in a river or lake. The nets function by catching on the gills of fish as they 
attempt to swim through. Effort should be recorded as the number of hours the net is set and expressed as 
either duration (hrs), panel-hours, or meter-hours, dependi.r1g on the type and variety of nets set. 

3.17 Gonads 

Organs which are responsible for producing haploid reproductive cells in multicellular animals. In the 
male, these are the testes and in the female, the ovaries. 

3.18 GSI 

Gonad-Somatic Index. The proportion of reproductive tissue in the body of a fish. It is calculated by 
dividing the total weight of the gonad by the total body weight and multiplying the result by 1 00. It is used 
as an index of the proportion of growth allocated to reproductive tissues in relation to somatic growth. 

3.19 LSI 

r. 

l. 

l 
\.:. ~ 

Liver-Somatic Index. Ratio of liver versus total body weight. Expressed as a percentage of total body l . 
weight. 

3.20 Lesions 

Pathological change in body tissue. 

Cubic metres per second. The standard measure of water flows in rivers, i.e., the volume of water in cubic 
metres that passes a given point in one second. 

3.22 Necrosis 

The death of a tissue due to injury or disease. 

3.23 Reach 

A reach is a relatively homogenous section of stream repetitious sequence assigned 
characteristics and habitat types. A reach is relatively uniform with respect to channel morphology, flow 

habitat xs other reaches by changes in these characteristics. 
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Conventionally, reach numbers are assigned upstream ascending order starting from the mouth of the 
stream. Reach boundaries are identified using maps or air photos, then verified in the field. 

3.24 Reference Site 

A site used for comparison with a site exposed to the discharge being studied. Ideally, reference sites 
should be as similar as possible to the exposed site, but without the discharge. 

3.25 Relative Abundance 

The proportional representation of a species in a sample or a community. 

3.26 Sampling Error 

Sample inaccuracy caused by bias or imprecision in sampling; e.g., bias towards large fish because of the 
type of sampling gear. In statistics, sample error is expressed by the standard deviation, which expresses 
the variability of results around the mean. 

3.27 Secondary Sex Characteristics 

External physical characteristics displayed by fish, particularly during spawning season. Examples are 
tubercles on fins or body coloration. 

3.28 Seine Netting 

The use of a large, fine mesh net to catch fish from shallow (wadable) areas. The net is dragged along the 
bottom or through the water column to collect fish by straining them from the water. This technique is 
typically used to catch forage species, using fine mesh nets. 

3.29 Set Lines 

A series of leaders and baited hooks strung from one central line which is anchored to shore. Set lines are 
usually set out overnight to catch predatory fish .. 

3.30 Sex Determination (Lethal) 

To determine the sex of a fish, an incision should be made on the ventral surface of the body from a point 
immediately anterior to the anus toward the head to a point immediately posterior to the pelvic fins 
exposing the gonads. If necessary, a second incision may be made on the left side of the fish from the 
initial point of the first incision toward the dorsal fin (USEPA, 1993). To observe the gonads, fold back 
the tissue. Ovaries appear whitish to greenish to orange and have a granular texture. Testes appear 
creamy white and have a smooth texture (Texas Water Commission, 1990). 

3.31 Sex Determination (Non-Lethal) 
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For some species, sex may be detetmined from external secondary sexual characteristics, observable either 
during the spawning season (e.g. suckers - tubercles) or at any time of year (e.g. goldeye - anal fin 
morphology). For most fish species, sex can be determined during the spawning season by forcing 
extrusion of the sexual product (milt/roe) 

3.32 Species Composition 

A term that refers to the species found in the sampling area. 

3.33 Species Distribution 

\Vhere the various species in an ecosystem are found at any given time. Species distribution varies vvith 
season and life history stage. 

3.34 Standard Deviation 

I 
\ 

A measure of the variability or spread of the measurements about the mean. It is calculated as the positive 
square root ofthe variance. [ 
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5. DISCUSSION 

5.1 General Fisheries Survey 

A combination of sampling techniques should be used according to river flow conditions lake morphometry, 
season, fish species and previous sampling success. These sampling techniques include: boat 
electroshocking, back-pack electroshocking, gillnetting, seine netting, set lines, minnow traps, fry traps, 
drift traps, underwater videos, counting fence and angling. However, only the sampling techniques 
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specified for in the project fish collection permit are allowed. If a change in sampling techniques is deemed 
necessary, the Project Manager should be informed before altering planned fishing methods. Therefore, all 
techniques that may be required, including those in contingency plans, must be included in the request for a 
collection permit. Note: for targeting a specific species, the sampling gear used can be selective to 
minimize variance in fish size, thus reducing sample size and processing requirements. 

For seine netting, gill netting, back-pack electroshocking, set lines and angling, the sample site should be 
described fully and a sketch map of the location provided in the field book. Sufficient detail on the site must 
be known to enable accurate assignment of grid coordinates. It is preferable to note the location on a 
topographical map directly when in the field. Some studies may require that sites be located by a 
Geographic Positioning System. Specific Work Instructions will note this requirement. Assign a code 
number for each sample site according to the main sites in the study area. For example, if gill net set #2 is 
within site 2, then code number would be #GS2-2. This code is to marked on the topographical map. For 
boat electroshocking, the reach (start point to end point of boat nm) should be recorded on the map. For all 
sampling types, the effort set should be recorded. That is, the start and end times, using a 24 hour clock, 
for each individual effort and the number of fish caught during that effort. In addition, time of active 
electrofishing for each run should be recorded from the counter on the electrofishing unit. Moreover, all 
seine netting effort should be recorded by pacing or measuring the distance seined and recording the haul 
type (upstream or downstream). The dimensions (length/panel, depth, mesh size(s)) of all seine nets and 
gill nets used should be recorded. 

At each site, supporting receiving environment measurements are to be taken and recorded. These 
measurements include: water temperature, pH, dissolved oxygen, conductivity, secchi reading and current 
weather conditions (e.g., cloud cover, air temperature, approximate wind speed, precipitation, etc.). 

All fish that are captured should be identified to species, assigned a fish number, weighed (g), measured for 
length (mm), determined for life history stage (fry, juvenile, adult), sex (refer to Section 3.27) and sexual 
maturity (if possible), noted for abnormal external pathology (e.g., fin erosion, ulcers, skeletal anomalies, 
neoplasms) and aging structures taken. Ageing materials to be collected for each fish species are specified 
in MacKay et al. 1990. For field collections, refer to Table 2 for recommended ageing structures. Non
target species or specimens of target species that do not meet size requirements should be tagged if 
necessary (refer to Specific Work Instmctions) and returned to the water. If required, tag fish with either 
Floy Tags, Visual Implant Tags or Dye Marks depending on age and size of fish. Fish should be identified 
to species by experienced crew members. Taxonomic keys appropriate for the sampling waters, should be 
reviewed. Any fish that cannot be identified in the field should be sacrificed and preserved in 10% neutral 
buffered formalin with the appropriate label showing date and location of capture. Collected fish should be 
marked on the data sheets as unidentified and collected and following identification, the data sheets should 
be updated. For fish selected for biomarker processing, record time (24··hour clock) of capture. Large fish 
that are moribund or dead should be fully processed for biological data (sex maturity, internal pathology). 

Sta11dard abbreviation of fish species names is based on the following rules (MacKay et al. 1990): 

use a four letter base abbreviation 
for a one word name - use the first four letters 

e.g., goldeye 
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c) two word names - use the first letter in each word plus the next consonant in each word 
e.g., ARGR for Arctic grayling, 

LKWH for lake whitefish, and, 
WHSC for white sucker 

d) three word names - use the first letter in the first two words and the first letter and next 
consonant in the last word 

e.g., NRDC for northern redbelly dace 

5.1.1 General Safety 

Refer to Golder Associates Ltd. Safety Manual. 

5.1.2 Electrofishing Safety 

All crew leaders must be thoroughly familiar with electrofishing safety standards. All crew leaders must 
ensure that each crew member is instructed in safety requirements and complies with safety measures. 
Please refer to the Golder Safety Manual and Electrofishing Manual by the United States Department of 
the Interior, Fish and Wildlife Service, section on Electrical Safety and Electrofishing. 

5.2 Fish Biomarkers Collection 

Note: The full biomarker procedure may not be required for a particular project. Refer to the Specific 
Work Instructions for your project. 

Preparation 

1. All new personnel must read the protocol, have it demonstrated and then practice the procedures on at 
least 2 practice fish. 

2. All dissecting instruments and aluminum foil (assuming no metal analysis samples to be taken) should 
be cleaned in a acetone wash followed by a hexane wash. Dirt and tissues should be removed from the 
instruments with organic-free water before the acetone/hexane wash. All dissecting equipment is to be 
wrapped in the washed foil. 

3. Battery operated balances are to be checked daily. Level balance at work area and check calibration 
using standard weights. A vial, weigh paper; anything that has been weighed on a calibrated lab 
balance may be used. Shield from wind if necessary. 

4. All biomarker data are to be recorded in waterproof field notebooks, Biomarker forms (Exhibit A), 
Internal and External Examination forms (Exhibit B and C). 

5. All dissecting equipment, sample containers, sample wrapping and wash equipment must be shipped 
and stored in clean waterproof containers with leak-proof lids. 

Golder Associates 



TP -8.1-0 Revision 0 November 1995 
FISH INVENTORY AND FISH BIOMARKER METHOD 

6. All solvents and preservatives required for field work must be packaged and labelled according to 
WHMIS and TDG regulations. 

Sampling 

1. Put on a clean pair of non-chlorinated, non-powdered latex examination gloves. 

2. Select fish from holding facility. Only live fish are to be sampled. Excessive handling of fish and 
stress is to be avoided. Any fish that has been held after capture for more than an hour must be 
rejected, refer to time of capture. If necessary, fish can be marked with temporary tags for 
identification at time of capture. Ensure that the skin on the specimen has not been lacerated during 
sampling. If there has been laceration and loss of fluids, reject the specimen 

3. Assign a biomarker number to fish based on instructions in 5. 7. 

r 
I , 

4. Take blood from fish via the caudal artery using a 10 cc syringe and an 18-21 gauge needle. Label and 
store blood on wet ice (4°). Within 24 hours, blood tubes are to be centrifuged for at least 10 minutes. 
Decan

1 
t the rdesu~ting s~p1 ahr~ted serum u

1 
sbing a micro-pipette and placed in a 3-5 ml cryovial. Preserve l , 

samp es on ry Ice unt1 s 1pment to a a oratory. 

5. Sacrifice the fish with a blow to the head. Note sacrifice time (24 hour clock) on log sheet. 

6. Weigh and measure tpe fish (to nearest gram and mm) and record results. Use fork length 
measurement except for species with no anal fin indentation which should be measured for total length. 

7. Rinse the fish in ambient water to remove any foreign material from the external surface. 

8. Place the fish on a piece of acetone/hexane washed foil on a clean cutting board. 

9. Make an full incision just below the area between the left pectoral fin and midline. Carefully remove f 
liver and gall bladder. Clamp bile duct with a hemostat. Separate gall bladder from liver. Weigh liver L" 
to nearest 0.1 gr., note colour and firmness and record. analysing for Mixed Function Oxidase 
(MFO), quickly place liver on a small rectangle of washed foil, wrap, place label between folds of foil 
(no contact with liver) and freeze immediately in liquid nitrogen. If mincing of liver is required by 
Specific Work Instructions, rinse the liver first in 0.15 M KCl, mince, wrap in washed foil and then 
freeze in liquid nitrogen (Hodson et al., 1991). MFO analysis requires approximately LOO g liver, 
MFO samples must be taken within 2 ~ 5 minutes of sacrifice of fish. Samples not meeting this 
requirement must be rejected. For species with diffuse livers (e.g., longnose sucker), quickly sample 
a representative portion of the liver from several locations along the intestine.. If analysing for organic 
contaminants non-meL-'11), quickly place liver on a small rectangle of washed foil, wrap, place label 
b"+""'L'n +'o 1 rl~ N.-~0; 1 1n~ Ao~ta~t "'V;+h l;,v=r) "'r~'"' "';tJ, "1ed1."a1 .,...,,.,., anri 1abe1 ""+"rn..,l1" Pl"""' ''"1'1"1"' \,<l,o/VV\,IH J. J.Ui) VJ. J._ U \! V ~ !! \.1 V J.L! ! \.1 ' VV U..fJ VV.H--U H V J. u:.tp\,1 U .H J. \J.f)..t,.\..IJ...I. U !J, (Mv\.! ~")(A...\ fJ-lV 

in cooler of dry ice. NOTE: ANY PORTIONS OF LIVER FOR CONTAMINANTS ANALYSIS 
WHICH COME IN WITH BILE FROM A RUPTURED BLADDER 
BE 0.15 Remove bile from gall bladder with a 5 ml and a 27-28 gauge 
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needle. Note and record bile volume and colour on biomarker form. Place bile sample in a labelled 5 
ml cryovial and store on dry ice. 

10. Complete external examination and record on external examination form. 

11. REFER TO SPECIFIC WORK INSTRUCTIONS · FOR PROJECT APPLICABLE 
PROCEDURES. 

For individual fillet contaminant samples: remove approximately two 100 g fillets with a filleting 
knife that has been washed in acetone/hexane. Remove skin from fillets and ensure that no part of the 
fillet touches a surface that has not been washed in acetone/hexane. Place each fillet on a piece of 
washed foil and record weight. Wrap each fillet in the washed foil, insert label between folds of foil 
taking care not to touch the fillet. Securely tape a label onto the foil, make sure that one fillet per fish 
is labeled as an archive sample for possible later analysis. Place one fillet sample from each fish in a 
cooler with dry ice and store there until shipment to a lab. Place the archive fillet sample per fish in a 
cooler with dry ice clearly marked "archive samples or QC samples". Note: an alternative packaging 
for contaminant samples is organic-free plastic bags. 

For samples taken for metals analysis: take care that the tissues designated as metal samples are 
dissected on a glass (preferably) or washable plastic surface, rather than on the foil. Dissecting 
instruments and knives used to take samples for metals analysis should be made of quartz, PTFE, 
ceramic, polypropylene or polyethylene. Stainless steel dissecting instruments are made predominantly 
of chromium and nicke~. If these metals are not of concern, the use of high-quality, corrosion-resistant 
stainless steel sample processing is acceptable (USEPA 1993). Knives with titanium blades and PTFE 
handles are recommended for performing tissue resections (Lowenstien and Young 1986, USEP A 
1993). For fillets, it is recommended that the fillet destined for organics analysis be taken first on the 
washed foil. Then the fish should be transferred to a plastic dissection surface and the fillet for metals 
taken. The fillet for metals must be placed in a plastic bag. If other organs are also being taken for 
contaminants analysis (e.g. liver, kidney) special care will have to be taken to isolate the section of the 
organ to be used for organics and take it while still on foil and then carefully remove the other section 
of the organ without contacting foil. ALL SAMPLES TO BE ANALYSED FOR METALS MUST 
BE PLACED IN PLASTIC BAGS, NOT FOIL. Utensils and containers should be cleaned thoroughly 
with a detergent solution, rinsed with tap water, soaked in acid, and then rinsed with metal-free water. 
Quartz, PTFE, glass, or plastic containers should be soaked in 50% HN03 for 12 to 24 hours at room 
temperature (USEPA 1993). Chromic acid should not be used for cleaning any materials. A 
minimum of regeant grade acids should be used. Stainless steel parts may be cleaned as stated for 
glass or plastic, omitting the acid soaking step (Stober 1991, USEPA 1993). 

NOTE: THE SAMPLE MUST NOT THAW ONCE FROZEN. ONCE FROZEN, PROTECT 
SAMPLE INTEGRITY BY ENSURING ADEQUATE ICE LEVELS IN COOLER AND THEN 
TAKE MEASURES TO EXPEDITE SHIPPING TO THE ANALYTICAL LABORATORY. 

For composite fillet contaminant samples: remove approximately two 100 g fillets with a filleting 
knife that has been washed in acetone/hexane. Remove skin from fillets and ensure that no part of the 
fillet touches a surface that has not been washed in acetone/hexane. Place each fillet on a piece of 
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washed foil and record weight. Wrap each fillet in the washed foil, insert label between folds of foil 
taking care not to touch the fillet). Place one wrapped fillet per fish into a plastic "zip-Joe" bag and 
then place the Zip-loc bag into a large plastic bag that will hold all the specimens to be made into the 
composite. Put a "composite identification label" on the large plastic bag with tape or string. Place the 
other wrapped fillet per fish into a zip-loc bag and place into another large plastic bag that will hold all 
of the specimens to be archived for possible individual identification or QC analysis. Place an "archive 
sample label" on the large plastic bag with tape or string and store on dry ice until shipment. Note: 
only fillets from same species may make up a composite sample. 

NOTE: IF SAMPLES ARE FOR ANALYSIS OF METALS, THEY MUST BE PLACED IN 
PLASTIC BAGS, NEVER WRAP METALS SAMPLES IN FOIL 

NOTE: THE SAMPLE MUST NOT THAW ONCE FROZEN. ONCE FROZEN, PROTECT 
SAMPLE INTEGRITY BY ENSURING ADEQUATE ICE LEVELS IN COOLER AND THEN 
TAKE MEASURES TO EXPEDITE SHIPPING TO THE ANALYTICAL LABORATORY. 

For composite internal organ contaminant samples: composite homogenates should be prepared 
from equal weights of individual homogenates (internal organ). The same type of homogenate should 
always be used in a given composite sample (USEPA 1993). Remove homogenate sample and any 
associated liquid using a washed scalpel or dissecting scissors. Divide into two 100 g samples (if 
sample is large enough). Ensure that no part of the sample touches a surface that has not been washed 
in acetone/hexane. Place each sample on a piece of washed foil and record weight. Wrap each sample 
in the washed foil, insert label between folds of foil taking care not to touch the fillet). Place one 
wrapped sample per fish into a plastic "zip-loc" bag and then place the Zip-loc bag into a large plastic 
bag that will hold all the specimens to be made into the composite. Put a "composite identification 
label" on the large plastic bag with tape or string. Place the other wrapped fillet per fish into a zip-Joe 
bag and place into another large plastic bag that will hold all of the specimens to be archived for 
possible individual identification or QC analysis. Place an "archive sample label" on the large plastic 
bag with tape or string and store on dry ice until shipment. 

NOTE: SAMPLES TO BE ANALYSED FOR METALS MUST BE PLACED IN PLASTIC 
BAGS; NEVER WRAP METALS SAMPLES IN 

NOTE: THE SAMPLE MUST NOT THAW ONCE FROZEN. ONCE FROZEN, PROTECT 
SAMPLE INTEGRITY BY ENSURING ADEQUATE ICE LEVELS IN COOLER AND THEN 
TAKE MEASURES TO EXPEDITE SHIPPING TO THE ANALYTICAL LABORATORY. 

For whole fish samples to be later in each fish should be 
individually wrapped in extra heavy duty wash aluminum foil. Spines on fish should be sheared to 
minimize punctures in the aluminum foil packaging (Stober, 1991). The sample identification label 
should be taped to the outside of the package, each individual fish should be placed into a ·tvaterproof 
plastic bag and sealed. The Chain~of~Custody form should be attached to the outside of the plastic bag 
with string or tape. Note: for specimens making up a composite sample, keep all composite sample 
specimens together (if possible) in the same shipping container for transport. Once packaged, samples 
should cooled on wet ice or blue ice immediately. Samples are to be shipped to the processing 
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laboratory within 24 hours (Smith 1985; USEP A, 1990d). If the shipping time to the laboratory is to 
exceed 24 hours, dry ice should be used. Note: if analyses will include edible tissue, freezing may 
cause internal organs to rupture and contaminate fillets or other edible tissues (Stober, 1991, USEP A 
1986b). 

12. Examine and record the internal condition of the fish on the Internal Examination Form. Preserve any 
abnormal tissues in 10% neutral, buffered formalin for later histopath analysis. Ensure that histopath 
samples contain both internal labels (waterproof paper and pencil) and external labels. Record tissues 
taken on the internal examination sheet as well as in field notebook. 

13. Examine gonad, remove and weigh to nearest 0.1 g. Note sex (refer to Section 3.27) and assign 
maturity rating (refer to Table 1 for maturity codes). If there is uncertainty regarding the maturity 
code to assign, take a section of the gonad (mid-section) and preserve it in 10% buffered formalin for 
later examination in the laboratory. If collecting for fecundity and egg diameters, then remove 1 gram 
of eggs from the midregion of the ovary and place them in round histology cassettes that are lined with 
foil. Tare the balance to the weight of any empty cassette and then weigh the samples. Label the 
cassette. A minimum of 50% of the total sample size per species per site must have fresh 
measurements of egg diameter. Measure 30 individual fresh eggs/female using a micrometer for egg 
diameter. Record, label and store each egg individually in a histology cassette with 10% neutral, 
buffered formalin. After the minimum sample size for fresh measruements has been reached, store 30 
eggs/female together in a histology cassette with 10% neutral, buffered formalin for analysis at the lab. 
At the lab, the individual eggs measured fresh in the field will be remeasured and calculated for % 
shrinkage. The % shrinkage will be used to correct measurement of the samples that were not 
measured fresh in the field. Volumetric determinations of egg size are made by counting 100 eggs and 
placing in a graduated cylinder with a pre-measured volume of water. Measure the new volume after 
the eggs have been added and record. Eg. Pre-volume= 5 ml. Volume with eggs= 5.5 mi. Volume 
of eggs = 0. 5 ml. Precision of volumetric measurements will be dependent upon the graduated cylinder 
used. NOTE: The precision required for volumetric measurements of egg size in Environmental 
Effects Monitoring studies is ± 1%. (E.g. if a 1 0-ml cylinder is used, measurements are expected to be 
precise to 0.1 ml. This may not be achievable with 100 very small eggs. If not achievable, make note 
in the field notes and record the actual precision- e.g. 0.5 ml). 

14. Observe and record qualitative stomach contents on internal examination form. Qualitative 
measurement of stomach contents is to be done by estimating the % of total volume of contents taken 
up by each food item. Be as specific as possible. For example, mayflies, stonef1ies, caddisflies, water 
boatmen, water striders, beetles, not just "insects". Include % sediment or detritus and % plant 
material. Identify fish to species if possible, e.g., longnose sucker. Identify amphibian, bird or 
mammal prey as accurately as possible. 

15. Collect two different ageing structure materials (i.e., scales, pectoral fin ray, otoliths) as per species 
requirements in Table 2, unless otherwise specified in the Specific Work Instructions. Place ageing 
materials in an "ageing materials" envelope and label. 

16. Discard the remains of the specimen into a sealed bag for later disposal at a landfill. Discard latex 
gloves. 
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17. Rinse off cutting board with ambient water. Put on a clean pair of latex gloves and place a fresh piece 
of washed foil on the board. Proceed to the next fish. 

NOTE: IF YOU ARE COLLECTING CONTAMINANT SAMPLES, USE A FRESH FILLETING 
KNIFE AND DISSECTING EQUIPMENT FOR EACH FISH. FRESH SYRINGES MUST ALSO 
BE USED FOR EACH BILE AND BLOOD SAMPLE. 

18. Once all samples have been taken from one site, ensure adequate ice levels in the cooler, attach a 
Chain-of-Custody (Exhibit D) to the inside lid of the cooler and then seal the cooler using duct tape. 
Do not mix samples from different sites in one cooler. 

19. All used "sharp" dissecting/sampling equipment (needles, scalpel blades, etc.) must be placed in a 
designated "sharps" disposal container. 

5.3 Field Recordkeeping 

For proper interpretation of field survey results, thorough documentation of all field san1ple collection and 
processing activities is required. All logbooks should be perfect-bound and waterproof, forms should be 
preprinted on waterproof paper, and only indelible ink and pencil (ifform or paper is wet) should be used. 

To document field activities, sample identification labels, Chain-of-Custody forms, field logbooks, 
biomarker form, internal/external examination forms, catch records (Exhibit E) and fish sample records 
(Exhibit F) should be used. This will serve as an overall "Chain-of-Custody" documenting all field 
samples and field events beginning with sample collection through biomarker processing and preservation 
and shipment to the laboratory. 

5.3.1 Sample Identification Label 

Individual Contaminant Samples 

All individual samples must be labelled. Each label must be completed in indelible ink for each sample. 
For contaminant samples, the following information must be included on the label: 

Project number 
Collecting Agency or Finn-Golder 
Sampler (name) 
Biomarker number 
Length/weight of specimen 
Sampling date/time (24 hour clock) 
Sarnple type: F == fillet, V/ \Vholc, ungutted, L =: liver, B ==bile, G = 

Time-frame for analysis - immediate or archive 

A completed sample identification label must onto 
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All composite samples must be labelled. Each label must be completed in indelible ink for each sample. 
For contaminant samples, the following information must be included on the label: 

Project number 
Collecting agency or firm 
Sampling date/time (24 hour clock) 
Sample Site 
Sampler (name and signature) 
Composite number 
Species abbreviation 
Sample type: F =fillet, W =whole, ungutted, L =liver, B =bile, G =gonad, S =stomach, K =kidney. 
Chemical analysis requested - or refer to an accompanying Chain-of-Custody Form or Analysis Request 

Form 
Time-frame for analysis - immediate or archive 

A completed sample identification label must be taped securely onto each foil-wrapped or bagged sample. 
An additional label identifying the composite sample must be placed on each plastic bag containing the foil
wrapped or bagged samples. The same type of label may also be used for archive samples; simply indicate 
on the label that the samples are to be archived. 

MFO's, Blood and Bile Samples 

All MFO, blood and bile samples must be labelled. Each label must be completed in indelible ink for each 
sample. For MFO, blood and bile samples, the following information must be included on the label: 

Biomarker number 
Sampling date/time (24 hour clock) 

Then place a label on outside of the dewar, bag or cooler containing several bile, blood or MFO samples 
and including the following information on the label: 

Project number 
Collecting agency or firm 
Sampler (name) 
Time frame for analysis - immediate or archive 
General sample type (eg., bile, liver, etc.) 

Histopathology and Egg Samples 

All histopathology and egg samples must be labelled. Each label must be completed in indelible ink for 
each sample. For histopathological and egg samples, the following information must be included on the 
label: 
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Project number 
Sampling date/time (24 hour clock) 
Biomarker number 
Tissue type: 

0 =ovary 
L =liver 
H =heart 
G =gill 
ST =stomach 
F =fin 

T =testes 
S =spleen 
K =kidney 
I = intestine 
SK =skin 
AB =air bladder 

November 1995 

An additional label must be placed on the jar or plastic bag identifying the several cassettes or jars of 
preserved specimens contained within. The label must include the following: 

Project number 
Collecting agency or firm 
Sampler (name) 
Time frame for analysis - immediate or archive 
General sample type (eg., eggs for fecundity, histopathology san1ples) 

NOTE: THE USE OF PRE-PRINTED LABELS IS STRONGLY ENCOURAGED. 

5.4 Chain-of-Custody For~ 

Sample possession and proper handling of samples must be traceable from the time of sample collection, 
through laboratory and data analysis. A Golder Chain-of-Custody form must be completed and signed in 
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indelible ink for each shipping container (e.g. ice cooler) used. Prior to sealing the cooler, two copies of the j' 
Chain-of-Custody form must be sealed in a plastic bag and taped to the inside cover of the cooler. Ensure · , 
that the carrier responsible for delivering the samples also signs and dates all Chain-of-Custody forms. 

5.5 Field Records and Logbook 

All pertinent information on field activities and sampling efforts must be recorded in an appropriate (i.e., 
waterproof) bound logbook. The field crew leader is responsible for ensuring that sufficient detail is 
recorded in the logbook. The logbook must be complete enough to enable someone unfamiliar with the 
project to completely reconstmct field activity without relying on the memory of the field crew. All entries 
must be made in indelible ink, with each page numbered, signed and dated by the author, and a line drawn 
through the remainder of a.ny partly used page. All corrections are made by a single-line cross .. out of the 
error, entering the correct information, dating and initialing the change. Upon return to the office, all field 
notes must be photocopied and placed the appropriate project files. 

Entries in the field logbook must include: 

"' Purpose ofproposcd sampling effort. 

"' and (2.4 hour clock) sampling. 
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e Names of field crew leader and team members. 
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e Description of each sampling site, including information on any photographs that may be 
taken. 

• Location of each sampling site, name and number, applicable navigational coordinates, 
waterbody name/segment number. 

• Details of sampling method and effort, particularly deviations from Specific Work 
Instructions. 

• Clear identification of site names and sample numbers. 
• Field observations. 
• Field measurements taken (e.g., pH, temperature, flow, dissolved oxygen, secchi, weather 

conditions). 
• Sample shipping information. 

The field logbook should also be used to document any additional information on sample collection 
activities, hydrologic conditions, boat or equipment operations, or any unusual activities observed or 
problems encountered that would be useful to the project manager when evaluating the quality of the 
monitoring data. 

A biomarker logbook should also be kept. All pertinent information on fish biomarkers must be recorded in 
an appropriate (i.e., waterproof) bound logbook. The field crew leader is responsible for ensuring that 
sufficient detail is recorded in the logbook. The logbook must be complete enough to enable someone 
unfamiliar with the project to completely reconstruct fish biomarker field activity without relying on the 
memory of the field crew. All entries must be made in indelible ink, with each page numbered, signed and 
dated by the author, and a line drawn through the remainder of any partly used page. All corrections are 
made by a single-line cross-out of the error, entering the correct information, dating and initialing the 
change. Upon return to the office, all field logbooks and notes must be photocopied and placed in the 
appropriate project files. 

Entries in the fish biomarker field logbook must include: 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 

Date and time (24 hour clock) of sampling . 
Names of field crew leader and team members . 
Site name and number . 
Secchi, water temperature, conductivity, 
Fish number and Biomarker number. 
Capture time/sacrifice time (24 hour clock) 
Length/ Total Weight. 
Sex and stage 
Liver: total weight, sample weights, sample time (24 hour clock), canister storage number, 
colour 
Fillet: sample weights 
Bile: color, volume, canister storage number 
Gonads: total weight (testes or ovaries), egg weights, total fecundity count 
Abnormal tissues collected and preserved 
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@ Ageing structures collected 

Biomarker Forms, Catch Records, Fish Sample Records, External/Internal Examination Forms and Photo
Log Sheets are to be filled out, dated and signed. All forms should be cross-referenced to the appropriate 
field record via the fish number and/or composite number. 

5,6 Fish Biomarker Number 

All fish that are selected for biomarker analysis are to be given an individual biomarker number. This 
number is to be recorded on all individual sample labels. The biomarker number is an unique number 
which identifies the fish by project, species type, site, season and year. 

The following format is to be used for biomarker numbering: 

e.g., 

Project Year Season Site Species Fish No. 

Project - a unique 3 character code relating to the project. 
Year -use the last two numbers ofthe year e.g., 1986 = 86. 
Season - a one character code relating to season. 

P- Spring 
U- Summer 
F- Fall 
W- Winter 

Site- a one or two alphanumeric code relating to the site the sample was caught. 
Species - a four character abbreviation for species, see Section 5 .1. 
Fish No. -a three digit consecutive number. Individual numbering scheme for each species are to be used. 

NOTE: THIS LABELLING SCHEME MAY BE SUPERCEDED BY LABELLING REQUIREMENTS 
SPECIFIC TO A PROJECT. HOWEVER, A SPECIAL LABELLING SCHEME MAY ONLY BE 
USED AT THE AUTHORIZATION OF THE PROJECT MANAGER AND QA OFFICER. 

5.7 Shipping of Samples 

Samples are to be shipped by the fastest possible means to the analytical laboratory. The primary 
consideration in shipping samples is protecting sample integrity. Preserve sample integrity by ensuring 
adequate ice levels in coolers before shipment to laboratory. Coolers are to remain scaled throughout 
shiprncnt. \l/cigh-bill numbers are to be noted on the copies of the Chain-of-Custody form retained after 
sealing the coolers. Each transfer of custody is to be noted and signed for. The coolers should be labeled 
as Perishable/Keep Cold/I'imc-Sensitivc. Clearly indicate the analytical laboratory address as well as a 
Golder contact person phone number. The crew leader is to telephone the processing laboratory and 
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inform them of the upcoming delivery. The crew leader is also required to phone the processing laboratory 
to confirm arrival of the shipment and that analysis instructions are clear. 

5.8 Procedure Alteration Checklist 

Variations from the established procedure requirements may be necessary due to unique circumstances in 
the field. All variations from established procedures shall be documented on Procedure Alteration 
Checklists (Exhibit G) and reviewed by the Project Manager and the QA Manager. 

The Project Manager may authorize the individual Field Crew Members to initiate variations as necessary. 
If practical, the request for variations shall be reviewed by the Project Manager and the QA Manager prior 
to implementation. If prior review is not possible, the variation may be implemented at the direction of the 
Field Biologist, provided that the Project Manager is notified of the variation within 24 hours of 
implementation and the Procedure Alteration Checklist is forwarded to the Project Manager and the QA 
Manager for review within 2 working days of implementation. If the variation is unacceptable to either 
reviewer, the activity shall be repeated or action shall be taken as indicated in the Comments section of the 
checklist. 

All completed Procedure Alterations Checklists shall be maintained in project records. 

6. RESPONSIBILITY 

All aquatic field crew members engaged in conducting fish inventories or fish biomarking studies are 
responsible for compliance with this procedure. 
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7. EQUIPMENT AND MATERIALS 

Boat sum2lies 
Fuel supply (primary and auxiliary supply) 
Spare parts repair kit 
Life preservers 

November 1995 

First aid kit (including emergency phone numbers of local hospitals, family contacts for each crew member) 
Spare paddles 
Spare key 
Floater Coats 
Topographical maps of sampling sites 
Flagging material 
Toolbox 
Electrical tape 
Water pump 

Collection Equipment 
Seine nets 
Electroshocking device (boat and/or backpack unit) 
Gill nets (if required) 
Rubber gloves 
Dip nets 
Fish tubs (if required) 

Recordkeeping 
Field logbook (perfect-bound, waterproof) 
Labels 
Chain-of-Custody forms 
Fish Sample Records 
Unique Catch Records (boat, backpack, gillnet, seine net, etc.) 
Indelible pens 
Pencils 
Applicable MSDS sheets and placards 

Biomarking Eguipment (to be stored in waterproof, sealable eguipment containers} 
Specific Work Instructions 
20 Litre pails for transfer and holding offish 
Fish measuring board (metric) 
Balance (metric), calibration weights, balance levels and 9 volt 
Stainless steel forceps 
Stainless steel filleting lL11ives 
Stainless steel dissecting scissors 
Stainless steel scalpels 
Stainless steel scalpel blades 
Centrifuge (iftaking blood"""""""'~" 
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Small whirlpacks 
Nalgene bottles or small jars for pathology samples 
Histology cassettes 
Hemostats for clamping off gall bladder 
5 ml Cryovials 
Blood tubes 
Tube rack 
Paper towels 
0.15 M KCl 
Non-chlorinated, non-powdered latex surgical gloves 
Aluminum foil (extra heavy duty) 
1 0 ml syringe 
18 g needle 
5 ml syringe 
27 g needle 
Pipettes (if taking blood smears or serum samples) 
Pipette Bulbs 
Goggles for Liquid Nitrogen handling 
Gloves for handling dewar racks (to prevent bums from Liquid Nitrogen) 
"Sharps" disposal containers 
Wash-tubs for field-washing of dissecting equipment in acetone/hexane 
Used acetone/hexane containers 
Cutting boards (washable) 
Fish honker 
Folding tables (for biomarking stations) 
Biomarker tent 
Teflon wash bottle with distilled water 
Medical tape 
String 
Several sizes of plastic bags including garbage bags 
Cage material for holding fish in situ, if live-wells or fish tubs not available or too small 

Sample preservation and shipping supplies 
Ice (wet ice and/or dry ice) 
Dewar (charged with liquid nitrogen if taking MFO samples) 
Dry shipper (iftaking MFO samples) 
1 0% neutral buffered formalin 
0.15% KCl 
Scale envelopes 
Ice chests 
Duct tape 
Clear shipping tape for Chain-of-Custody forms 
Pesticide grade Hexane 
Acetone 
Pre-printed labels 
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Addendum to Golder Technical Protocol TP8-1 

Instructions for making a composite fish fillet sample 
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1) All fish fillet samples for each composite will be placed in a labelled bag. The bag containing the 
samples to be composited will be labelled in indelible ink witb tbe following information: 
lil name of the composite 
010 type of sample (i.e. bile, fillet etc.) 
lil project number 
@ name ofthe collecting company (i.e. Golder) 
010 analysis requested 

2) Upon arrival at the laboratory all samples should be kept in the labelled bag and returned to it upon 
completion of preparation ofthe composite 

For fish fillets the following procedure should be used to prepare the composite: 

010 unwrap the individual samples that are to form one composite 
0 take a portion of fillet from each individual sample to use in the composite 
e make sure to retain a portion of each individual sample and rewrap it 
@ the remaining portion of each individual sample should be returned to the labelled composite bag and 

archived (frozen to -25°·C) 

For bile samples the following procedure should be used to prepare the composite: 

e take a small amount of bile from each cryovial that is to form part ofthe composite 
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w if possible, leave some of the bile in each cryovial to be archived for future analysis. In some f 
circumstances when the volume of bile is small(< 0.1 ml), the whole sample may have to be used L 
the remaining portion ofeach individual sample should be returned to the labelled composite bag and 
archived (frozen to -25° 

For serum samples the following procedure should be used to prepare the composite: 

e take a small amount of serum from each cryovial that is to fonn part of the composite 
w leave some of the semm in each eryovial to be archived for future analysis 
"' each remaining portion of the individual samples should be returned to the labelled composite and 

archived (frozen to ~25° 
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For liver samples from Golder project 952-1308 (Syncrude/Aquatic Baseline/Ft. McMurray) presently 
archived by Environ-test in liquid nitrogen: 

• remove individual samples that are to form part of the composite sample from liquid nitrogen 
• unwrap individual samples that are specified on the Analytical Request forms to be used in the 

composites 
• cut the individual livers in half and retain half of the liver for the required analysis 
• re-wrap each individual sample and place in liquid nitrogen 
• further instructions will be sent to you shortly regarding shipment of these archived samples to another 

laboratory 
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This technical procedure describes the methods to be used for the manual sampling of surface water substrates, commonly 
referred to as sediments. 

2. APPLICABILITY 

This technical procedure is applicable to any persons involved in the manual collection of surface water substrates. 

3. DEFINITIONS 

3.1 Chain-of-Custody Forms 

Standardized forms which are used as a means of keeping close track of samples that are taken from the field and 
transported to laboratories for analysis. Whenever the samples are transported from the field, the custody is 
relinquished from the delivery person to the receiver by signatures on the forms. These forms substantially 
decrease the risk of losing samples because they provide a clear record of the chain of transport and handling of the 
samples. 

3.2 Surface water 

Refers to any water either flowing or still that exists above ground level. 

3.3 Substrate or sediment 

Material at bottom of surface water, includes organic material (detritus), silt, sand, gravel, cobble and bedrock. 

4. REFERENCES AND SUGGESTED READING 

Environment Canada. 1993. Quality Assurance in Water Quality Monitoring. Ecosystem Sciences and Evaluation 
Directorate Conservation and Protection. Ottawa, Ontario. · 

5. DISCUSSION 

5.1 General Safety 

Refer to Golder Associates Ltd. Safety Manual. 

5.2 Methods 

Sampling Site Selection and Identification 

When selecting sampling locations one must select actual field sampling sites based on program design, access and 
logistical considerations. Once the sampling location has been determined it must be accurately located relative to 
permanent landmarks such as groundwater wells, outfalls or distinctive landscape features. Actual measurements with 
long tape measures or electronic distance measuring devices and compass headings are recommended as a rninimun1 to 
accurately determine position. Locations can be easily recorded as the perpendicular distance from the shoreline and the 
distance upstream or downstream of a permanent landmark. If the project requires greater precision in site identification, 
global positioning system (GPS) should be used. 
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To ensure the contaminant -free collection of representative sediment samples, consider the following points: 

e collect as representative a sample as possible based on the local substrate conditions arid safety of access; 
e avoid obvious sources of contamination when collecting samples; 
e use an appropriate sampling device, cleaned consistently with the specific requirements of the sampling program. 

Sample containers (usually provided precleaned by the analytical laboratory) should be rinsed a minimum of two times 
with ambient water. Rinse jars by partially filling, put the cap on loosely and shake. Drain water and rinse again. 
Polyethylene bags should also be rinsed. 

Sample Handling 

Sediment samples should be treated in a manner specific to the parameters that are to be analysed for. Each sampling 
container should be permanently and uniquely marked to avoid confusion. The samples should be submitted to the 
laboratory with the appropriate documentation, i.e. Chain-of-Custody forms and Analytical Request forms .. The bottles 
are to be permanently labelled at the time of sampling with pre-printed, waterproof labels containing the following 
information: 

e Sampling date 
e Sampling time (using a 24 hour clock) 
e Sample location or site 
e Sample number 
e Sampler identification 
e Chemical analysis requested - or refer to an accompanying Chain-of-Custody or Analytical Request form 

In some cases, bottles are identified by code numbers which are referenced on the sample submission sheets (refer to 
Specific Work Instructions (SWis) for specific project requirements). Once labelled, samples should be stored in a cooler 
which was cl~med according to the specific requirements of the study, on wet or dry ice (see below). Analytical request 
forms for all of this information are provided with the empty sample containers. A Chain-of-Custody form is be 
completed and attached to the outside of the cooler with string or adhesive tape. 

Storage and shipping times are very important and must be considered, as many analytical parameters require that the 
sample needs to be in the laboratory for analysis within a specific time frame to ensure sample intet,rrity. As an example, 
BOD samples must. be to the analytical laboratory within 24 hours of sampling. Refer to SWls for specific project 
requirements. Toxicity samples are to be shipped to the laboratory so that they arrive within 2 days of being san1pled. 
Contact the associated laboratory in advance to secure recommended sample storage and transportation times specific to 
the analytical parameters. Crew leader is to confirm shipment arrival at the laboratory and to explain analysis requests if 
needed. 

Samples for analysis need to be treated or preserved according to their specific handling protocols as prescribed by the 
laboratory. As a nile, all should be kept at on wet ice or in a refrigerator. 
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In some cases (refer to Specific Work Instructions for the project requirements) it may be necessary to clean sampling 
equipment between sampling locations. In these cases, equipment should be cleaned using cleaning agents such as 
distilled water or solvents as per Specific Work Instructions. At a minimum and before sampling, rinse the sampling 
equipment thoroughly with ambient water. In general, sample in an upstream direction and start at the uncontaminated 
(i.e. reference or control) sites first. 

5.3 Field Records and Logbook 

For proper interpretation of field survey results, thorough documentation of all field sample collection and 
processing activities is required. All logbooks should be perfect-bound and waterproof, forms should be preprinted 
on waterproof paper, and only indelible ink and pencil (if form or paper is wet) should be used. 

All pertinent information on field activities and sampling efforts must be recorded in an appropriate (i.e., 
waterproof) bound logbook. The field crew leader is responsible for ensuring that sufficient detail is recorded in 
the logbook. The logbook must be complete enough to enable someone unfamiliar with the project to completely 
reconstruct field activity without relying on the memory of the field crew. All entries must be made in indelible 
ink, with each page numbered, signed and dated by the author, and a line drawn through the remainder of any 
partly used page. All corrections are made by a single-line cross-out of the error, entering the correct information, 
dating and initialing the change. Upon return to the office, all field notes must be photocopied and placed in the 
appropriate project files. 

Entries in the field logbook must include: 

• Purpose of proposed sampling effort. 
• Date and time (24 hour clock) of sampling: 
• Names of field crew leader and team members. 
• Description of each sampling site, including information on any photographs that may be taken. 
• Location of each sampling site, name and number, applicable navigational coordinates, waterbody 

name/segment number. 
• Details of sampling method and effort, particularly deviations from Specific Work Instructions. 
• Clear identification of site names and sample numbers. 
• . Pieid observations. 
• Field measurements taken (e.g., pH, temperature, flow, dissolved oxygen, secchi, weather conditions). 
• Sample shipping information. 

The field logbook should also be used to document any additional information on sample collection activities, 
hydrologic conditions, boat or equipment operations, or any unusual activities observed or problems encountered 
that would be useful to the project manager when evaluating the quality of the monitoring data. 

To document field activities, sample identification labels, Chain-of-Custody forms, field logbooks, field record 
sheets should be used. This will serve as an overall "Chain-of-Custody" documenting all field samples and field 
events beginning with sample collection through processing and preservation and shipment to the laboratory. 
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6. EQUIPMENT 

6.1 Sampling Equipment 

The following is a list of the equipment recommended for surface water sediment sampling: 

precleaned sample containers from analytical laboratory · 
sampling protocol specific sampling equipment 
coolers and ice 

6.2 Field Location Equipment and Logs 

The following is recommended for the complete documentation of surface water substrate samples: 

6.4 

maps of area for site locations 
indelible ink pens and felt tip markers and pencils 
50 metre long tape measure 
survey flagging tape 
survey lathe 
Analytical Request forms 
Chain-of-Custody forms 

Health and Safety Equipment 

waders and water proof gloves 
suitable clothing for prolonged water work: heavy socks, warm pants, rain gear, etc. 
approved personal floatation device for deep water or boat work 
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1. PURPOSE 

Tius technical procedure describes the methodology to be used for the manual sampling of surface water. Contained 

within are detailed sampling instructions. 

2. APPLICABIT...ITY 

Tills technical procedure is applicable to any persons involved in the manual collection of surface water. 

3. DEFlNffiONS 

3.1 Chain-of-Custody Forms 

Standardized forms which are used as a means of keeping close track of samples which are taken from their field 

and transported to laboratories for analysis. Whenever the samples are transported from the field, the custody is 

relinquished from the delivery person to the receiver by signatures on the forms. These forms substantially 

decrease the risk of losing samples because they provide a clear record of the chain of transport and handling of the 

samples. 

3.2 Surface water 

Refers to any water either flowing or still that exists above ground level.. 

4. REFERENCES AND SUGGESTED READING 

Environment Canada. 1993. Quality Assurance in Water Quality Monitoring. Ecosystem Sciences and Evaluation 

Directorate Conservation and Protection. Ottawa, Ontario. 

5. DISCUSSION 

5.1 General Safety 

Refer to Golder Associates Ltd. Safety Manual. 
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5.2 Methods 

To ensure the contaminant free collection of surface water quality samples, the following points in the selection of a 

sampling location must be observed: 

$ select actual field sampling site based on program design and access logistics. 

Once the general location has been determined, the specific sampling site needs to be located. When locating the specific 

site the following is to be considered: 

5.3 

for lotic systems, collect water samples using appropriate sampling device cleaned consistently witl1 the 

specific requirements of the san1pling progran1 (refer to Specific Work Instructions for specific prqject 

requirements). Sample collection should be carried out before any disruptions of the water column; 

sample containers (usually provided precleaned by the analytical laboratory) should be rinsed a 

minimum of two times with an1bient water. Rinse the bottles by partially filling, loosely attaching the 

cap and the shaking tl1e bottles. Drain water and rinse again; 

in flowing water collect as representative a sample as possible based on the loc.:'ll flow conditions and 

safety of access 

avoid obvious sources of contanunation when collecting samples, keep hands and fingers dmvnstream 

of bottle opening, sample upstream of bridges, boats and yourself. 

Site Location 

Once the sampling location has been determined it must be accurately located relative to permanent landmarks such as 

groundwater wells, outfalls or distjnctive landscape features. Actual measurements with long tape measures or electronic 

f 
l 

I 
distance measuring devices and compass headings are reconm1ended as a nunimum to accurately determine position. [ ; 

Locations can be easily recorded as the perpendicular distance fmm the shoreline and tl1e distance upstream or 

downstream of a pem1ancnt landmark or by global positioning system. 
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The surface water samples should be treated in a manner specific to the parameters that are to be analysed for. In the case 

of toxicity samples, the vials should be kept cool, either on ice or in a refrigerator. They should be kept from freezing. 

Each sampling cont:'liner should be permanently and uniquely marked to avoid confusion. The sample bottles should be 

submitted to tl1e laboratory with the appropriate documentation (Chain-of-Custody fom1 and Analytical Request Fom1). 

Included in the documentation should be the date, time, location, sample number, sampler identification and analytical 

request. Bottles are to be permanently labelled at the time of sampling with pre-printed, waterproof labels containing all 

of tl1e pertinent san1pling infomlation. In some cases, bottles are to be identified by code numbers which are referenced 

on t11e sample submission sheets (check Specific Work Instructions). Analytical request forms for all of this information 

are provided with the empty sample bottles. 

Storage and shipping times must comply with the specific laboratory time frame for analysis to ensure sample integrity. 

As an exan1ple, BOD samples must be to the analytical laboratory within 24 hours of sampling. Toxicity san1ples should 

be sent to the laboratory within 2 days of being san1pled. Contact the associated laboratory in advance to secure 

reconm1ended sample storage and transportation times specific to the analytical paran1eters. The crew leader to is confirm 

shipment arrival at the laboratory and to ex'Plain analysis requests if needed 

Samples for water quality analysis need to be treated or preserved according to their specific handling protocols as 

prescribed by the laboratory. All samples should be kept at 4°C, where this is not possible then maintain unpreserved 

samples at 4°C. 

5.5 Cleaning San1pling Equipment 

In some cases, refer to Specific Work Instructions for project requirements, it may be necessary to clean san1pling 

equipment between sampling locations. If this is the case, equipment should be cleaned using cleaning agents such as 

distilled water or solvents depending on the specific project and parameter requirements. At a minimum, before sampling 

rinse t11e sampling equipment thoroughly with ambient water. In general, sample in an upstream direction and start at t11e 

clean sites first (i.e.: background). 
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For proper interpretation of field survey results, thorough documentation of all field sample collection and 

processing activities is required. All logbooks should be perfect -bound arid waterproof, forms should be preprinted 

on waterproof paper, and only indelible ink and pencil (if form or paper is wet) should be used. 

All pertinent information on field activities and sampling efforts must be recorded in an appropriate (i.e., 

waterproof) bound logbook. The field crew leader is responsible for ensuring that sufficient detail is recorded in 

the logbook. The logbook must be complete enough to enable someone unfamiliar with the prqject to completely 

reconstruct field activity without relying on the memory of the field crew. All entries must be made in indelible 

ink, with each page numbered, signed and dated by the author, and a line drawn through the remainder of any 

partly used page. All corrections are made by a single-line cross-out of the error, entering the correct information, 

dating and initialing the change. Upon return to the office, all field notes must be photocopied and placed in the 

appropriate project files. 

Entries in the field logbook must include: 

" Purpose of proposed sampling effort. 
" Date and time (24 hour clock) of sampling. 
" Names of field crew leader and team members. 
" Description of each sampling site, including information on any photographs that may be taken. 
" Location of each sampling site, name and number, applicable navigational coordinates, waterbody 

name/segment number. 
" Details of sampling method and effort, particularly deviations from Specific Work Instructions. 
" Clear identification of site names and sample numbers. 
,. Field observations. 
,. Field measurements taken (e.g., pH, temperature, flow, dissolved oxygen, secchi. weather conditions). 
,. Sample shipping information. 

The field logbook should also be used to document any additional information on sample collection activities. 

hydrologic conditions, boat or equipment operations, or any unusual activities observed or problems encountered 

that would be useful to the project manager when evaluating the quality of the monitoring data. 
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To document field activities, sample identification labels, Chain·of·Custody forms, field logbooks, field record r . 
sheets should be used. "fhis \:vil! serve as an overall ~~chain~·of=·Custody?' documenting all field sarnples and field 

events beginning with sample collection through, preservation and shipment to the laboratory. 
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6. EQUIPMENT 

6.1 Sampling Equipment 

The following is a list of the equipment recommended for surface water sampling: 

• precleaned sample bottles from analytical laboratory with necessary preservatives, 

• sampling protocol specific sampling equipment, 

coolers and ice, 

6.2 Field Location Equipment and Logs 

The following is required for the complete documentation of surface water samples: 

perfect bound, water-proof field logbook 

field record sheets (sample included in this section) 

• maps of area for site locations 

indelible ink pens and felt tip markers and pencils 

• 50 metre long tape measure 

survey flagging tape 

• survey lathe 

Analytical Request forms 

• Chain-of-Custody forms 

April 1995 
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6.4 Health and Safety Equipment 

waders and water proof gloves, 

suitable clothing for prolonged water work: heavy socks, warm pants, rain gear, etc., 

approved personal floatation device for deep water or boat work 

April 1995 
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FIELD DATA SHEET 

PROJECT: SITE: 

RIVER/LAKE: DATE/TIME: 

PERSONNEL: SIGNATURE OF FIELD LEADER: 

FIELD NOTES BY: 

WEATHER WIND: AIR TEMP.: PRECIPITATION: CLOUD COVER: 

SITE DESCRIPTION (MAP): 

MEASUREMENTS/OBSERVATIONS 

Diss. Oxygen (mg/L): Conductivity (fLS/cm): Current Vel. (m/s): other: 

pH: Water Temp. (°C): Secchi Depth (m): 

Macrophytes (species, %cover): 

WATER QUALITY SAMPLES 

Sample Label Depth (m) Method Preserved? Person Notes 

SHIPPING INFORMATION 

ADDITIONAL NOTES 



Porewater Sampling 



TP-8.4-0 
POREW ATER SAMPLING 

1. PURPOSE 

Revision 0 April 1995 

PAGE 1 OF 8 

This protocol establishes the technical procedure to be used for the sampling ofporewater by mini-piezometer. Contained 

within are detailed sampling instructions and an equipment list. 

The intent of porewater sampling with mini-piezometers is to monitor groundwater inflow quality at the groundwater

surface water interface. The mini-piezometers are designed to allow for easy installation to this active interface. The 

perforated well point allows "porewater", the water contained in the spaces between the sands, gravels and cobbles in the 

river bottom, to enter the piezometer pipe. The infiltrating water is then sampled and can be tested in any number of 

ways. 

2. APPLICABILITY 

This technical procedure is applicable to any persons involved in the collection ofporewater using miru-piezometers. 

3. DEFINITIONS 

3.1 Chain-of-Custody Forms 

Standardized forms which are used as a means of keeping close track of samples which are taken from their field 

and transported to laboratories for analysis. Whenever the samples are transported from the field, the custody is 

relinquished from the delivery person to the receiver by signatures on the forms. These forms substantially 

decrease the risk of losing samples because they provide a clear record of the chain of transport and handling of the 

samples. 

3.2 Porewater 

This is the water that is contained within the spaces between the substrate particles in the bottom of a river. 

3.3 Mini-J>iezometer pipe 

The hollow stainless steel pipe that is threaded at one end to join to the well point. 
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3.4 Mini-piezometer well point 
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The hollow stainless steel, perforated fitting that is installed between the pipe and the solid tip on a mini-piezometer. 

3.5 Mini-pie'.rometer tip 

The stainless steel, solid tip that joins to the well point. 

3.6 Mini-piezometer 

A metal pipe that has a removable tip assembly. Used in the sampling of the porewater in a river bed. 

4. REFERENCES AND SUGGESTED READING 

5. DISCUSSION 

5.1 General Safety 

Refer to Golder Associates Ltd. Safety Manual. 

5.2 Site Selection 

There are several criteria upon which to base the selection of a porewater sampling site. The t:,rross position of the site is 

detem1ined by: 

any specifications that may have been received; 

relevant landmarks (i.e. t:,rround water wells or outfalls); and, 

previous porewater sampling sites. 

Once the general location has been arrived at, then the specific sampling site needs to be located. When locating the 

spccnic site consider the following: 

water 
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5.3 Methods 

substrate type, avoid obvious depositional zones; 

current velocity, moderate to fast following water is usually the most productive as these areas generally 

have less fine sediment and greater porewater inflow rates; 

proximity to other mini-piezometers, if doing an array of mini-piezometers then the distance between 

the other piezometers needs to be considered. 

Once the sampling location has been determined, it must be accurately located relative to permanent landmarks such as 

groundwater wells, outfalls or distinctive landscape features. Actual measurements with long tape measures or electronic 

distance measuring devices and compass headings are recommended as a minimum to accurately determine position. 

Locations can be easily recorded as the perpendicular distance from the shoreline and the distance upstream or 

downstream of a permanent landmark. 

At the site, select a clean piezometer and ensure that the threaded connections are tight. Place the piezometer tip on the 

river substrate and hold the pipe vertical. Measure the depth of the water and the distance from the water surface to the 

top of the piezometer pipe. Record these two numbers in the field logbook and if applicable, field record sheet. Harnmer 

the piezometer 50 centimetres into the substrate, checking the distance from the water surface to the top of the pipe 

regularly. When the piezometer has been hammered to the correct depth, the sampling procedure can begin. 

The first step, once the piezometer is installed, is to purge the pipe and well point. Wash the vacuum hose and flask with 

river water before the purge. Purge by sliding the vacuum hose down the open top end of the piezometer pipe. When the 

hose hits the bottom of the pipe connect the outside end of the hose to the vacuum flask and begin pumping. Extract 

purge water until either the well goes dry or a 500 ml volume of purge water has been extracted. 

The purge water should be completely described by measuring its conductivity, temperature, colour, volume, sediment 

load, time and location. After the purge, allow the well a period of time to recover. The length of the rest period is largely 

dependent on the rate of porewater infiltration to the piezometer. This is indicated by the amount of water attained during 

the purge. If 500 ml of purge water were extracted then the sampling can commence after 5 minutes. If only 100 ml of 

purge water were obtained then wait 15 minutes. Less than 100 ml of purge water usually suggests a plugged well point. 

While the well is resting install another well or complete field notes. 
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Once the piezometer has been purged and has had a period to recover, it is time to sample. Before sampling, wash the 

vacuum hose and flask well with river water. Insert the hose back down the pipe and pump until 500 ml has been 

sampled or the well goes dry, whichever is less sample volume. If the required sample volume exceeds that of the vacuum 

flask then several samples should be collected and composited in an appropriate container. Fill pre-labelled, river water 

rinsed sample vials or bottles with sample water. Describe remaining sample water by measuring conductivity and f , 
temperature and noting the sample colour, volume and sediment load. Also record the time and sample bottle number for 

each sample. Mark the site using lathe and or survey flagging tape if necessary. Remove the mini-piezometer and clean 

the equipment. 

5.4 Sample Handling 

The porcwatcr samples should be treated in a manner specific to the parameters that are to be analysed for (refer to 

Specific Work Instructions for project requirements). In all cases, whether preserved or unpreserved, the samples should 

be kept cool, either on ice or in a refrigerator. Protect from freezing. Each bottle must be permanently and uniquely 

marked. It is recommended that preprinted, waterproof labels be used for this. The sample bottles must be submitted to 

the laboratory with the appropriate documentation consisting of Chain-of-Custody forms and Analytical Request Forms. 

Included in the documentation should be the date, time, location, project number, sample number, sampler identification 

and analytical request. Analytical request forms for all of this information should be provided with the empty sample 

bottles. 

Storage and shipping times must be considered as many water quality parameters must be in the laboratory for analysis 

within specific time frames to ensure sample integrity. As an example, BOD samples must be to the analyticallaboratmy 

within 24 hours of sampling. Toxicity samples should be sent to the laboratory so that they arrive within 2 days of being 

sampled. Contact the associated laboratory in advance to secure recommended sample storage and transportation times 

specific to the analytical parameters. The crew leader to is confirm shipment arrival at the laboratory and to explain 

analysis requests if needed 

Samples for water quality analysis need to be treated or preserved according to their specific handling protocols as 

prescribed by the laboratory. All samples should be kept at 

samples at 4"C. 

where this is not possible then maintain unpreserved 
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Remove the well point and tip from the piezometer pipe. Clean all three pieces in river water. The well point may require 

cleaning with the bottle washing brush to remove clay from the perforations. Sometimes it is necessary to use something 

sharp, like a knife, to effectively clean stubborn clay from the well point slots. Wash the vacuum hose and flask by 

drawing river water up through the hose into the flask. In some cases, depending on specific sampling protocols, it may 

be necessary to use other cleaning agents such as distilled water or solvents to clean all equipment. 

5.6 Trouble-Shooting 

1. The well purges dry after less than 100 ml are pumped up: 

this is generally a strong indication that the well point is blocked, the easiest solution is to 

remove the piezometer, clean and reinstall. 

2. The piezometer is not going down when it is hit by the hammer: 

• the tip is likely up against a large stone, remove the piezometer, clean and reinstall. 

3. Bent piezometer pipe: 

• straighten on a hard, flat smface by rolling and striking the high points with a sledge 

hammer; 

• make sure the well point and tip are screwed on for this procedure. 

4. Piezometer stuck in substrate: 

• use clamped on visegrips to turn the piezometer in a clockwise direction while pulling up. 

5. No water coming up when vacuuming: 



TP-8.4-0 
POREWATER SAMPLING 

Revision 0 April 1995 
PAGE 6 OF 8 

either the well is dry, in which case it should be abandoned, or the vacuum hose is plugged, 

usually at the bottom end of the pipe; 

raise the vacuum hose up and down in the piezometer, the water flow usually starts when the 

end of the hose is lifted out of the sediments that accumulate in the well point during 

installation. 

6. Piezometer not going into the substrate vertically: 

let it follow its own course, if the angle from vertical exceeds 30 degrees then remove the 

piezometer. 

5. 7 Field Records and Logbool< 

For proper interpretation of field survey results, thorough documentation of all field sample collection and 

processing activities is required. All logbooks should be perfect-bound and waterproof, forms should be preprinted 

on waterproof paper, and only indelible ink and pencil (if form or paper is wet) should be used. 

All pertinent information on field activities and sampling efforts must be recorded in an appropriate (i.e., 

waterproof) bound logbook. The field crew leader is responsible for ensuring that sufficient detail is recorded in 

the logbook. The logbook must be complete enough to enable someone unfamiliar with the project to completely 

reconstruct field activity without relying on the memory of the field crew. All entries must be made in indelible 

ink, with each page numbered, signed and dated by the author, and a line drawn through the remainder of any 

partly used page. All corrections are made by a single-line cross-out of the error, entering the correct information, 

dating and initialing the change. Upon return to the office, all field notes must be photocopied and placed in the 

appropriate project files. 

Entries in the field logbook must include: 

" Purpose of proposed sampling effort. 
" Date and time (24 hour clock) of sampling. 
" Names of field crew leader and team members . 
., Description of each sampling site, including information on any photographs that may be taken. 
" Location of each sampling site, name and number, applicable navigational coordinates, waterbody 

name/segment number. 
Details of sampling method and effort, particularly deviations from Specific Work Instructions . 

., Clear identification of site names and numbers . 

., Field observations. 

L 
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" Field measurements taken (e.g., pH, temperature, flow, dissolved oxygen, secchi, weather conditions). 
" Sample shipping information. 

The field logbook should also be used to document any additional information on sample collection activities, 

hydrologic conditions, boat or equipment operations, or any unusual activities observed or problems encountered 

that would be useful to the project manager when evaluating the quality of the monitoring data. 

To document field activities, sample identification labels, Chain-of-Custody forms, field logbooks, field record 

sheets should be used. This will serve as an overall "Chain-of-Custody" documenting all field samples and field 

events beginning with sample collection through, preservation and shipment to the laboratory. 

6. EQUIPMENT 

6.1 Installation Equipment 

The following is a list of the equipment recommended for mini-piezometer installation: 

mini-piezometers, straight and clean; 

extra well points and tips; 

slide hammers; 

tools (pipewrenchs, visegrips, sledge hammer); 

meter stick or tape measure. 

6.2 Sampling Equipment 

The following is a listing of the recommended equipment for collecting samples from mini-piezometers: 

vacuum flasks (minimum 2); 

vacuum sampling hose (5 x 3-4 metre sections); 

handheld, electrical or gas powered vacuum pumps (depending upon availability); 

battery for electric vacuum pump (only if electric pump used); 

gas and oil for gas power vacuum pump (only if gas powered vacuum pump used); 

sample bottles for toxicity or regular water quality sampling; 

bottle washing brush for well point; 

pocket knife for cleaning clay from well point perforations; 
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marking pen and scribe (to etch plastic lids on glass or plastic bottles). 

6.3 Field Location Equipment and Logs 

The following is recommended for the complete documentation of mini-piezometer sampling: 

field record sheets (sample included in tlus section); 

maps of area for site locations; 

indelible ink pens and felt tip markers and pencils 

@ Chain--of-Custody Forms 

Analytical Request Forms 

perfect bound, water-prooflogbooks 

50 metre long tape measure 

survey flagging tape 

survey lathe 

6.4 Health and Safety Equipment 

waders and gloves 

protective eyewear 

hearing protection 

suitable clotlling for prolonged water work: heavy socks, warm pants, rain gear, etc. 

first aid kit 

April 1995 
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1. PURPOSE 

This technical procedure details the classification system and map coding system to be used for habitat 
mapping a watercourse. The habitat mapping system consists of two components; a general system for 
mapping large mainstem rivers and a more detailed system for mapping discrete channels units which is 
primarily used for smaller streams. 

2. APPLICABILITY 

This technical procedure is applicable to all personnel involved in habitat mapping of all sizes of 
watercourses in Alberta. The technique was developed primarily in Alberta in consultation with Alberta 
Fish and Wildlife. With respect to describing aquatic habitats it is applicable outside of Alberta but may 
be superseded by local criteria (eg. B.C. MOE guidelines). 

3. DEFINITIONS 

The habitat mapping system is divided into a set of habitat types or categories, the definitions of which are 
included in the classification system. Some more general definitions are presented here. 

3.1 Channel 

A natural or artificial waterway which periodically or continuously contains moving water. It has a 
definite bed and banks which normally confine the water, and which display evidence of fluvial processes. 

3.2 Channel Form 

The shape of river confinement. 

3.3 Channel Unit 

Hydraulic and morphological features of a stream channel. A channel unit is a section of channel which 
exhibits homogeneity with respect to water depth and velocity and is separated from other channel units by 
gradients in these parameters. The most common channel units are pool, riffle and run. 

3.4 Channel Width 

The horizontal distance along a transect line from stream bank to stream bank (rooted vegetation to rooted 
vegetation) at the normal high water marks measured at right angles to the direction of flow. 

3.5 Cover 

Aspects of the physical environment which provide cover for fish. Cover consists of two categories: 1) 
instream cover - any feature which provides a velocity shelter (eg. large substrate particles, submerged 

Golder Associates 
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debris, etc.); 2) overhead cover - any feature which provides visual isolation for the fish (eg. overhanging 
vegetation, undercut bank, turbulence, etc). 

3.6 Discharge 

A measurement of the volume of water flowing in the stream channel, measured as the volume flowing past 
a specific point over a given time (i.e. m3/s). · 

3. 7 Stream Habitat 

The physical stream environment which provides a place for aquatic biota (fish, invertebrates, plants, etc.) 
to live, grow and reproduce. Several types of fish habitat should be considered when habitat mapping and 
include spawning habitat, nursery/rearing habitat, feeding habitat and overwintering habitat. 

3.8 Stream Gradient 

The slope of the streambed over which the stream runs. Velocity of the water flow is directly related to the 
gradient; i.e. the steeper the gradient, the greater the velocity of the stream or channel unit. ~ ~ 

3.9 Wetted Width 

The width of the water surface measured at right angles to the direction of flow. Multiple channel widths 
are summed to obtain total wetted width. 

4. REFERENCES AND SUGGESTED READING 

Hawkins C.P., J.L. Kershner, P.A. Bison, M.D. Bryant, L.M. Decker, S.V. Gregory, D.A. McCullough, 
C.K Overton, G.H. Reeves, R.l Steedman, and M.K. Young. 1993. A hierarchial approach to 
classifying stream habitat features. Fisheries 18(6):3-12. 

R.L.& L Enviromnent:1.l Services Ltd. 1986. Fisheries resources upstream ofthe Oldman Dam: Prepared 
for Alberta Environment Planning Division, Edmonton. 131 pp. + App. 

Northern River Basins Study. 1994. A general fish and riverine habitat inventory; Athabasca River, 
October 1993. Prepared by R.L.& Environmental Services Ltd. for the NRBS, Edmonton. Northern 
River Basins Study Project Report No. 40. 129 pp. + App. 

5, 

The habitat mapping and classification system is used to provide an ecologically relevant inventory of 
stream habitats within a designated study area. The mapping procedure is meant to describe the habitats 
available within the stream and to detail the location and extent of each habitat type/class. The habitat 
classification system is intended to be ecologically meaningful with respect to describing cataloguing 
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physical habitats in relation to the requirements of fish species and their various life stages (spawning, 
incubation, nursery, rearing, summer feeding, holding, overwintering, migration); and also to a lesser extent 
the relationship between physical habitat and benthic invertebrate productivity, at least with respect to fish 
food production. Researchers have determined that fish distinguish between the habitat types and sub
classes of babitat types that have been used to map streams and it is intended that this classification system 
provide an ecological association of habitat characteristics and fish use/abundance. 
Streams are habitat mapped to provide an inventory of the available habitats and to show the locations of 
critical habitats, that is habitats that are of importance to a fish population such as migration routes, 
spawning habitat, rearing habitat etc. Habitat maps are used in several applications. A habitat map can be 
used to show the habitat types present at a specific site that may be impacted by a proposed point 
disturbance such as a pipeline crossing or bridge construction. A habitat map of a length of stream can be 
used to evaluate optional locations for such a disturbance to minimize the impacts to the fisheries resource. 
Habitat maps may be used to document changes to a stream environment over time, such as impacts from a 
disturbance or improvements due to habitat rehabilitation or improvement programs. Habitat maps can 
provide an inventory of habitat types present downstream of a discharge/effluent which has a continual 
impact ori those habitats. A primary use of the habitat mapping procedure is to provide an inventory of the 
habitats present in a stream that is subject to a proposed impact in order to ensure compliance with the 
Federal Regulations stating that "No Net Loss" of productive fish habitat is to occur as a result of a 
proposed disturbance or alteration ofthe stream. 

The habitat mapping and classification system is composed of two components. The first is a general 
system called the "Large River Habitat Classification System" which is used to map large mainstem rivers 
such as the Peace or Athabasca rivers where habitat heterogeneity is less than for smaller streams, and use 
of a more detailed system may not be appropriate or required by the project. The second component is a 
the more detailed "Stream Habitat Classification and Rating System", which itself consists of more than 
one component depending on the level of detailed required by the project. 

The habitat map is produced by delineating on a base map the location and extent of each of the habitat 
features. The features to be included, the definitions of these features, and the abbreviations (map symbols) 
used to label each feature on the habitat map are detailed in Tables 1 and 2. Also to be recorded during the 
habitat mapping process is the location of the stream or section of stream being mapped, the project 
number, the date and, if possible, the discharge at the time of mapping. 

Whether the large river classification system (Table 1) is used or the stream classification and rating 
system (Table 2) is used will depend on the size of the watercourse and the level of mapping detail required 
to meet the objectives of the project. For medium to large sized watercourses it may be possible to apply 
both systems to the same mapping program. 

In addition to the two habitat classification systems, additional detail can be recorded on the habitat maps 
which describe, in qualitative terms, the general substrate conditions. Typically, this process would be 
applied during use of the stream habitat classification and rating system to describe the substrate conditions 
for specific areas, such as potential spawning habitats, or to describe the substrate type within each 
individual channel unit. Substrate composition is presented as the percent occurrence (visual estimation) of 
each substrate size category. Substrate particle sizes are presented on Table 3. 
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This is a general system based on gross morphology, surficial and hydraulic characteristics and consists of 
two primary components. These are: l) "maj.or habitat type", which defines the type of channel present, 
and; 2) "bank habitat type", which details the structure of the bank and near shore habitats. Also included 
on the map are "special habitat features" which are significant to fish distribution/use in these large rivers. 
Table 1 presents the details of the large river habitat classification system. 

5.2 Stream Habitat Classification and Rating System 

This is a detailed mapping system based on individual channel units, which are sections of stream of 
homogenous character with respect to depth, velocity and cover. The extent of each habitat unit is 
delineated on the map, as is the class rating for each unit (where appropriate). Some of the channel units 
aiso have modifiers (types) which should also be recorded. Table 2 presents the details of the stream 
habitat classification and rating system. r 
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TABLE 1: LARGE RIVER HABITAT CLASSIFICATION SYSTEM 
(From R.L.&L. 1992 -General Habitat Inventory for the NRBS) 

MAJOR HABITAT TYPES 

Type Abbreviation 

Unobstructed channel U 

Singular island S 
Multiple island M 

Description 

single main channel, no permanent islands, side bars occasionally present, limited development of exposed mid-channel 
bars at low flow 
two channels around single, permanent island, side and mid-channel bars often present at low flow 
more than two channels and permanent islands, generally extensive side and mid-channel bars at low flow 

SPECIAL HABITAT FEATURES 

Tributary confluences 
[sub-classified according 
to tributary flow and 
wetted width at mouth at 
the time of the survey) 

Shoal 

Backwater 

Rapid 

Snye 

Slough 
Logjam 

TC 
TC! 
TC2 
TC3 
TC4 
TC5 
TC6 
SH 
SHC 
SHF 
BW 

RA 

SN 

SL 
LJ 

confluence area of tributary entering mainstem 
intermittent flow, ephemeral stream 
flowing, width <5m 
flowing, width 5-15m 
flowing, width 16-30m 
flowing, width 31-60m 
flowing, width >60m 
shallow (<1m deep), submerged areas in mid-channel or associated with depositional areas around islands/side bars 
submerged area of coarse substrates 
submerged area of fine substrates 
discrete, localized area exhibiting reverse flow direction and, generally, lower velocity than main current; substrate 
similar to adjacent channel with more fines 
area with turbulent flow, broken surface (standing waves, chutes etc.), high velocity(> 1 m/s), armoured substrate 
(large boulder/bedrock) with low fines 
discrete section of non-flowing water connected to a flowing channel only at its downstream end, generally formed 
in a side channel or behind a peninsula (bar) 
non-flowing water body isolated from flowing waters except during flood events; oxbows 
accumulation of woody debris; generally located on island tips, heads of sidechannels, stream meanders; provide 
excellent instream cover 

BANK HABITAT TYPES 

Armoured/Stable 

Canyon 

Depositional 

Erosional 

AI 

A2 

A3 

A4 

C1 

C2 

C3 

Dl 

D2 

D3 

El 

E2 
E3 

E4 

E5 

E6 

largely stable and at repose; cobble/s.boulder/gravel predominant; uniform shoreline configuration; bank velocities 
low-moderate; instream/overhead cover limited to substrate and turbidity 
cobble/s.-l.boulder predominant; irregular shoreline due to cob/boulder outcrops producing BW habitats; bank velocity 
low (BW)-mod; instream/overhead cover from depth, substrate and turbidity 
similar to A2 with more !.boulder/bedrock; very irregular shoreline; bank velocities mod-high with low velocity 
BW/eddy pools providing instream cover; overhead cover from depth/turbidity 
rip-rap substrates consisting of angular boulder sized fill; often associated with high velocity areas; shoreline usually 
regular; instream cover from substrate; overhead cover from depth/turbulence 
banks formed by valley walls; !.cobble/boulder bedrock; stable at bank-water interface; typically deep/high velocity 
water offshore; abundant velocity cover from substrate/bank irregularities 
steep, stable bedrock banks; regular shoreline; mod-deep/mod-fast water offshore; occasional velocity cover from 
bedrock fractures 
banks formed by valley walls, primarily fines with some gravel/cobble at base; moderately eroded at bank-water 
interface; mod-high velocities; no instream cover 
low relief, gently sloping bank; shallow/slow offshore; primarily fines; instream cover absent or consisting of shallow 
depressions or embedded cobble/boulder; generally associated with bars 
similar to D I with gravel/cobble substrate; some areas of higher velocities producing riffies; in stream/overhead cover 
provided by substrate/turbulence; often associated with bars/shoals 
similar to D2 with coarser substrates (cobble/boulder); boulders often imbedded; mod-high velocities offshore; 
instream cover abundant from substrate; overhead cover from turbulence 
high, steep eroded banks with terraced profile; unstable; fines; mod-high offshore velocity; deep immediately offshore; 
instream/overhead cover from submerged bank materials/vegetation/depth 
similar to E 1 without the large amount of in stream vegetative debris; offshore depths shallower 
high, steep eroding banks; loose till deposits (gravel/cobble/sand); mod-high velocities and depths; instream cover 
limited to substrate roughness; overhead cover provided by turbidity 
steep, eroding/slumping highwall bank; primarily fines; mod-high depths/velocities; instream cover limited to 
occasional BW formed by bank irregularities; overhead cover from depth/turbidity 
low, steep banks, often terraced; fines; low velocity; shallow-moderate; no in stream cover; overhead cover from 
turbidity 
low slumping/eroding bank; substrate either cobble/gravel or silt with cobble/gravel patches; moderate depths; mod
high velocities; in stream cover from abundant debris/boulder; overhead cover from depth/turbidity/overhanging 
vegetation 
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TABLE 2: 

Channel Unit 

Falls 

Cascade 

Chute 

Rapids 

Riffle 

Run 

Flat 

Pool 

Impoundment 

Backwater 

Snyc 

Boulder Garden 

STREAM HABITAT CLASSIFICATION AND RATING SYSTEM 
(Adapted from RL&L, 1992 - General Habitat Inventory for the NRBS) 

DepthJV elocity 
Type 

Class l 

Class 2 

Class 3 

Class 1 

Class 2 

Class 3 

Pool Type 

Class l-3 

Dam Type 

Svmbol Description 

FA 

CA 

CH 

RA 

RF 

Rl 

R2 

R3 

FL 

Pl 

P2 

P3 

IP(l-3) 

BW 

SN 

BG 

highest water velocity; involves water falling over a vertical drop; 
impassable to fish 
extremely high gradient and velocity; extremely turbulent with entire 
water surface broken; may have short vertical sections, but overall is 
passable to fish; armoured substrate; may be assoc. with chute (RA/CH) 
area of channel constriction, usually due to bedrock intrusions; associated 
with channel deepening and increased velocity 
extremely high velocity; deeper than riffle; substrate extremely coarse 
(!.cobble/boulder); instrearn cover in pocket eddies and associated with 
substrate 
high velocity/gradient relative to run habitat; surface broken; relatively 
shallow, coarse substrate; limited instremn or overhead cover 
moderate to high velocity; surface largely unbroken; deeper than RF; 
substrate size dependent on hydraulics 
run habitat is differentiated into 4 types; deep/slow, deep/fast, 
shallow/slow, shallow/fast 
highest quality/deepest run habitat; generally deep/slow type; coarse 
substrate; high instream cover from 

r 
! l ., 

( 

I 

substrate/depth r· 
moderate quality/depth; high instrearn cover except at low flow; generally f 
deep/fast or moderately deep/slow type l 

lowest quality/depth; generally shallow/slow or shallow/fast type; low 
instrearn cover in all but high flows f 

I. 

L area characterized by low velocity and near-·larninar flow; differentiated 
from pool habitat by high channel uniformity; more depositional than 
RU3 habitat 
discrete portion of channel featuring increased depth and reduced velocity [ 
relative to riffie/nm habitats; formed by charmel scour ' 
highest quality pool habitat based on size and depth; high instrean1 cover 
due to instrearn features and depth; suitable holding water for adults 
and for overwintering 
moderate quality; shallower than PI with high instremn cover except 
during low flow conditions 
low quality pool habitat; shallow m1d/or small; low instream cover at 
all but high flow events 
several types of pool are specified, depending on the hydraulic factors 
which formed them, they include; eddy, trench, lateral, mid-channel, 
plunge and convergence 
includes pools which are formed behind dams; tend to accumulate 
sediment/organic debris more tha.n scour pools; may have cover 
associated with damming stmcture; identify as Class 1, 2 or 3 as for 
scour pools 
four types of impoundments have been identified based on dmn type; 
debris, beaver, landslide and abandoned channel 

L 

I 
discrete, localized area of variable size exhibiting reverse f1ow direction; r 
generally produced by bank inegularities; velocities variable but I 
generally lower than main flow; substrate similar to adjacent channel L 

with higher percentage of fines 
discrete section of non-flowing water connected to a flowing chmmel 
only at its downstream end; generally fom1ed in a side-cham1e! or behind 
a peninsula 
significm1t occurrence of large boulders providing significant instream 
cover; always in association with an overall channel unit such as a riff1c 
(RF/BG) or mn (eg. Rl!BG) 



Feature Symbol Description 

Ledge LE 
plunge pool habitat 
Overhead Cover OC 
Instream Cover IC 
Undercut Bank UB 
Unstable Bank US 
habitat or producing 

Overhanging Veg. OV 
stream shading 
Inundated Veg. IV 
terrestrial 
Debris Pile DP 
passage 

ADDITIONAL HABITAT MAPPING SYMBOLS 

area of bedrock intrusion into the channel; often associated with chute or 

area of extensive or high quality overhead cover 
area of high quality instream cover (velocity shelter) for all life stages 
area of extensive/high quality undercut bank providing overhead cover 
area of unstable bank with potential to collapse instream, affecting instream 

sedimentation · 
area of high quality overhanging vegetation providing overhead cover and 

area of inundated vegetation; either submergent macrophytes or flooded 

debris pile which influences instream habitat; include effect on cover and fish 

Root Wad R W fallen terrestrial vegetation large enough to provide cover for fish 
Log JamU 
Beaver Dam 
Stream Blockage 

instream log pile; include effect on cover and fish passage 
BD include effect on fish passage 
XX include effect on fish passage 
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TABLE 3: SUBSTRATE CRITERIA 

SUBSTRATE DEFINITIONS, CODES AND SIZE-RANGE CATEGORIES 

' . . '· .... ·. ',·,:· 
·SIZEI<:ANGE. / 

' CLASSNAlVIE .. 

MM 
i ·' · .. ·····' .. 

INCHES•·•·,·•· 

Clay/Silt <0.06 <0.0024 

Sand 0.06-2.0 0.0024-0.08 

Small Gravel 2-8 0.08-0.3 

Medium Gravel 8-32 0.3-1.3 
r· 
' 
l ' 

Large Gravel 32-64 1.3-2.5 

Small Cobble 64-128 2.5-5 r 
l . 

Large Cobble 128-256 5-10 
~-

Small Boulder 256-762 10-30 

Large Boulder >762 >30 

Bedrock - - i 
l ...• 

r 

l 

i .i 
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This technical procedure describes the methods to be used for sampling benthic invertebrates for 
community structure analysis. Contained within are detailed sampling instructions for the use of the Neill 
cylinder and the Ekman and Ponar grabs. 

2. APPLICABILITY 

Tllis technical procedure is applicable to any persons involved in the collection of benthic invertebrates 
from streams, rivers and lakes for community structure analysis. It was developed based on 
recommendations of Alberta Environmental Protection (1990), Environment Canada (1993) and the U.S. 
Environmental Protection Agency (Klemm et al. 1990). 

3. DEFINITIONS 

Benthic Invertebrates (benthic macroinvertebrates, benthos, zoobenthos) 

Animals inhabiting the bottoms of waterbodies, such as insects, crustaceans, worms, and mollusks. 
Benthic· invertebrates may live on the surface of the substratum, between particles, or burrowed into the 
substratum to various depths. 

Chain-of-Custody Forms 

Standardized forms used as a means of keeping close track of samples which are taken in the field and 
transported to laboratories for analysis. Whenever the samples are transported from the one location to the 
next, the custody is relinquished from the delivery person to the receiver by signatures on the fom1s. These 
forms substantially decrease the risk of losing samples because they provide a clear record of the chain of 
transport and handling of the samples. 

Stream Habitat 

The physical stream environment which provides a place for aquatic biota to live, grow and reproduce. 
Invertebrate habitat may be characterized as run, riffle, backwater, pool, erosional and depositional. 

Substratum 

Material at bottom ofwaterbodies, includes organic detritus, clay, silt, sand, gravel, cobble and bedrock. 

g:\aquatics\tp's\tp8-6.doc · 
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Edmonton, AB. 41 pp. 

Environment Canada. 1993. Guidelines for monitoring benthos in freshwater environments. Prepared by 
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256 p. 

5. DISCUSSION 

5.1 General Safety 

Refer to Golder Associates Ltd. Safety Manual. 

5.2 Site Selection 

r: 
! 
I. 
I 
~ . ·J 

Approximate site locations should be identified prior to the field survey. Exact san1pling sites should be 
selected in the field to ensure that sites within a habitat type (e.g. erosional or depositional) are as similar in l. J 

terms of physical characteristics (especially current velocity, depth and substratum composition) as 
possible. 

Sampling sites must be accurately located relative to permanent landmarks, such as man-made structures 
or distinctive landscape features. If possible, actual measurements with long tape measure, electronic [ 
distance measuring devices or Global Positioning System (GPS) should be used to identify site locations. L; 
Whatever system is used for this purpose, detailed notes regarding site locations should be made in the field 
logbook or on the field data sheets. 
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5.3.1 Neill Cylinder Sampling (streams or rivers with moderate to fast currents and hard bottoms) 

The following steps will be used to collect samples using this device: 

1. Select sampling site (Section 5.2). The area to be sampled should be undisturbed, at most 60 em deep, 
in mn or riffle habitat with moderate to high current velocity and gravel/cobble substratum. 

2. Label sample bottle and attach it to the sampler net. (Shoulder-length gloves should be worn following 
this step to protect hands.) 

3. Starting at the downstream limit of the sampling site, drive the bottom of the cylinder into the 
substratum and hold it there for the duration of sampling, with the sample net and attached bottle 
pointing downstream. Ensure that the seal at the bottom of the cylinder is adequate to prevent animals 
from escaping during sampling. Water should be flowing through the cylinder, entering through the 
circular hole at the front and exiting through the sampling net. 

4. Reach into the cylinder and agitate the substratum manually to dislodge invertebrates, which will be 
transported into the downstream net. Gently mb the surfaces of all large rocks within the water 
enclosed by the cylinder and remove them until only smaller-sized particles (gravel/sand/silt) are left 
inside the cylinder. Using a small shovel or a heavy-duty garden trowel, stir up the bottom to a 5-10 
em depth. This entire step should take approximately 1 minute. 

5. Allow S).lspended material to be transported into the net or to settle for 10-20 seconds. Lift the cylinder 
with the net pointing down and dip it into the water a few times to transport all invertebrates clinging to 
the inside of the sampling net into the sample bottle. 

6. Place the sampler on the ground and fold the net over the mouth of the sample bottle. Pour out as 
much of the water as possible. When done, spray a small amount of water on the folded-over net to 
move clipging organisms back into the bottle. 

7. Remove the bottle and add preservative. The 1 L sample bottle should be at most 1/3 full prior to 
adding preservative, consisting of sand, gravel, plant material, algae and invertebrates. Add 95% 
ethanol to obtain approximately 79-80% dilution or buffered formalin to obtain approximately 5% 
dilution. If there is a large amount of organic material in the sample, add more preservative. Cap 
bottle, gently agitate it to distribute preservative evenly, double-check label and place in container for 
transport. 

8. Rinse the cylinder and net in river water thoroughly to remove any clinging invertebrates and plant 
material. 

Additional replicate samples should be collected using the same methods, from an undisturbed area 
upstream from tl1e location of the previous replicate sample. 
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5.3.2 Ekman or Ponar Grab Sampling (standing water or slow streams and nvers with soft 
bottoms) 

The following steps will be used to collect samples using these devices: 

l. Select sampling site (Section 5.2). The area to be sampled should be undisturbed, with slowmoving or 
standing water and soft (sand/silt/clay) or organic substratum. 

2. Label sample bottle. (Work gloves should be worn from this step to protect hands.) 

3. Open grab and set triggering mechanism. 

4. Slowly lower sampler to the bottom until it stops, at the approximate rate of 0.5 m/s. Allowing the 
sampler to free-fall will generate a shock wave which invertebrates can sense and mobile animals will 
evacuate the area quickly. In addition the Ponar grab is susceptible to closing before it reaches the 
bottom if lowered too quickly. 

5. Send the messenger down (Ekman), or press button on top of pole (pole-mounted Ekman), or give the 
rope one quick, but gentle pull (Ponar) to close jaws. Pull sampler to the surface. As it comes out of 
the water check to see if the jaws were completely closed. If plant material or rocks caught in the jaws 
prevented complete closing, discard sample. Otherwise, continue with the next step. 

6. Slowly pour water out ofthe sampler by tilting it and set it down into a metal or plastic tray. Open 
jaws and lift sampler to remove the enclosed sediment. Examine the sample. If the sampler was >60% 
full, with an undisturbed top layer, retain it for analysis; otherwise discard it and repeat procedure. 

7. Use a spoon to scoop sample into a sieve or sieve bucket of appropriate mesh size (to be determined 
prior to field sampling). Lower the sieve into the water or pour water into it from the top to wash out 
silt and clay. If there is a large amount of material, it may be necessary to sieve small fractions at a 
time. Adding a drop of dish-washing detergent and mixing may help if surface tension is preventing 
draining of the sieve. If this step proves to be very time~consuming or impractical, it may be skipped, 
but the an10unt of preservative and the number of sample jars may have to be increased to 
accommodate the larger sample amount. 

8. Spoon the sample into the sample jar and preserve. The 1 L sample bottle should be at most half full. 
Add 95% ethanol to fill the jar, or buffered formalin to obtain approximately 5-10% dilution. It may 
be necessary to use more than one jar per sample; if this is the case label jars as "1 of , " 2 of etc. 
If there is a large amount of organic material in the sample, adjust the amount of preservative. 
bottle, gently agitate it to distribute preservative evenly, double-check label and place in container for 
transport. 

9. Rinse the sampler and 
invertebrates. 
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Additional replicate samples (if required) should be collected using the same methods, from an undisturbed 
area. 

5.4 Field Measurements 

Benthic invertebrate samples should be accompanied by appropriate physical measurements and field 
observations to allow detailed data analysis. At minimum, habitat type, current velocity, substratum 
composition, sample depth and the presence and amount of algae and plant material should be recorded at 
each site. However, if time and equipment are available, it is preferable to record the following 
information: 

• Habitat type (run/riffle/etc.) characteristic of the site; 
• Current velocity and depth at each replicate sample location; 
• Sampler fullness (if grab sampler used); 
• Substratum composition in the general area ofthe site as percent cover by each major particle size; 
• Relative amount of benthic algae on the substratum; 
• Type and percent cover of aquatic macrophytes at the site; 
• General water quality measurements: conductivity, pH, dissolved oxygen, water temperature; 
• Any pertinent observations, such as the presence of visible pollution, disturbance by animals or 

humans, weather conditions, etc; 
• Photograph ofthe sampling site. 

5.5 Sample Handling 

Chain-of-Custody forms should be used to track samples. Sample labels should include the project 
number, sampling date, site location or site code, replicate number (separated by a hyphen from the site 
code) and jar number (if applicable). Preserved benthic invertebrate samples do not require special 
handling and holding time is indefinite at room temperature. However, it should be noted that if ethanol is 
used as the preservative and there is a large amount of organic material in the samples, the preservative 
should be replaced within one day of sampling to prevent sample degradation. 

5.6 Field Records and Logbook 

For proper interpretation of field survey results, thorough documentation of all field sample collection and 
processing activities is required. All logbooks should be waterproof, field data forms should be preprinted 
on waterproof paper, and only indelible ink and pencil (if form or paper is wet) should be used. 

All pertinent information on field activities and sampling efforts must be recorded in the logbook. The field 
crew leader is responsible for ensuring that sufficient detail is provided. The logbook must be complete 
enough to enable someone unfamiliar with the project to completely reconstruct field activity without 
relying on the memory of the field crew. All entries must be made in indelible ink, with each page 
numbered, signed and dated by the author, and a line drawn through the remainder of any partly used page. 
All corrections should be made by a single-line cross-out of the error, entering the correct information, 
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dating and initialing the change. Upon return to the office, all field notes must be photocopied and placed 
in the appropriate project files. 

Entries in the field logbook must include: 

<~> Purpose of proposed san1pling effort; 
"' Date and time (24 hour clock) of sampling and related activities (travel, set-up, equipment calibration, 

etc.); 

"' Names of field crew leader and team members; 
"' Details of sampling method and effort; 
<~> Equipment calibration; 
® Location and description of each sampling site, including information on any photographs that may be 

taken; 
"' Field observations; 
"' Sample shipping information; 
"' Any additional infonnation on sample collection activities; 
"' Hydrologic conditions 
<ll Boat or equipment operation 
e Any unusual activities observed or problems encountered that would be useful to the project manager 

when evaluating the quality of the data. 

If some of the above inforn1ation is recorded on the field data sheets it need not be repeated in the field 
logbook. Specific information pertaining to each sample should be recorded on the field data sheets (one 
per site). An example field data sheet is provided in Exhibit "A" of this technical procedure. 

EQUIPMENT 

The following is a list of the equipment recommended for benthic invertebrate sampling. It should only be 
used as a guideline, since the specifics of a study should dictate exact equipment requirements. 

Sampling 

"' Container for sample jars (plastic tub or cooler) 
"' Extra sampler net (Neill cylinder) 
"' Fine mesh net piece (for pouring water out of sample jar) 
@ Garden trowel or small shovel (for Neill cylinder) 
@ Indelible ink felt tip markers 
<ll Metal or plastic 

Preservative 
e Rope for grab samplers 
Ill Sample containers ( 1 ~L plastic jars recommended) 
@ jar labels 
Ill Sampling (Neill cylinder, Ponar grab, Ekman grab) 
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BENTHIC INVERTEBRATE SAMPLING 

9 Scoops or spoons 
• Sieve or sieve bucket of appropriate mesh size 

Record-keeping and Site Locating/Marking 

• Camera and film 
• Chain-of-Custody forms 
• Field data sheets on water-proof paper and clipboard 
• Indelible ink pens and pencils 
• Long tape measure, electronic distance measuring device, GPS unit 
• Maps of area for site locations 
• Survey flagging tape 
• Water-proof field logbook 

Physical Measurements 

• Calibration solutions and buffers 
• Conductivity meter 
• Current velocity meter and wading rod 
• Dissolved oxygen meter 
• pH meter 
9 Winkler kit (dissolved oxygen calibration) 

Health and Safety Equipment 

• Approved personal floatation device for working in deep, fast water 
• First aid kit 

Personal Gear and Miscellaneous Equipment 

• Appropriate clothing (plus one extra set) 
• Drinking water 
• Knife 
• Rain gear 
• Sun protection 
• Waders (chest or hip) 
• Waterproof gloves (shoulder length for Neill cylinder) 
• Work gloves 

g:\aquatics\tp' s\tp8-6.doc 
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Boat and Associated Equipment (if required) 

"' Air pump (if inflatable boat used) 
@ Approved personal floatation devices 

"' Anchor 
@ Fire extinguisher 
<il Floater coats 
@ Fuel 
<il Paddles 

"' Rope 

"' Spare keys 
® Spare parts 
@ Toolbox 
<il Two-stroke oil 
<I> Water pump 
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EXHIBIT "A" 

FIELD DATA SHEET FOR 

BENTHIC INVERTEBRATE SAMPLING 



GOLDER ASSOC/A TES LTD. 

1011 Sixth Ave S W Calgary Alberta T2P OW1 

PROJECT: 

RIVER/LAKE: 

PERSONNEL: 

FIELD NOTES BY: 

WEATHER WIND: AIR TEMP.: 

SITE DESCRIPTION (MAP): 

MEASUREMENTS/OBSERVATIONS 

Diss. Oxygen (mg/L): Conductivity (J.!S/cm): 

pH: Water temp. (°C): 

HABITAT DESCRIPTION: 

BENTHIC INVERTEBRATE SAMPLE COLLECTION 

FIELD DATA SHEET 

SITE: 

DATE: 

TIME: 

PRECIPITATION: CLOUD COVER: 

SUBSTRATUM(%) 

Benthic Algae (N/UM/H): Sand/Silt/Clay (<2 mm) 

Fine gravel (2-16 mm) 

Macrophytes (species,% cover): Coarse gravel (16-64 mm) 

Small Cobble (64-128 mm) 

Large Cobble (128-256 mm) 

Boulder (>256 mm) 

COMMENTS: 

BENTHIC SAMPLES SAMPLING DEVICE: PERSON SAMPLING: 

MESH SIZE: PRESERVATIVE: 

SAMPLE DISTANCE DEPTH CURRENT SAMPLER NUMBER NOTES 

LABEL FROM BANK VELOCITY FULLNESS OF 

(m) (m) (m/s) (%) JARS 

OTHER SAMPLES I MEASUREMENTS I OBSERVATIONS 

NOTES: N = none; L = low; M = moderate; H = high 
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EPILITHIC c:m.,oROPHYLL a SAMPLING 

6. EQUIPMENT 

6.1 Sampling Equipment 

The following is a list of the recommended equipment: 

• 4 cm2 template 

• tray for rocks 

• waterproof pen 

• MgC03 saturated solution or powdered MgC03 

45 mm diameter GF/C filters (Whatman #1) 

• cooler 

• scalpel and extra blades 

• pre-printed labels of waterproof label tape 

• aluminum foil squares (10 x 10 em) 

• dty ice or ice 

• plastic (Ziploc®) bags 

6.2 Field Location Equipment and Logs 

The following is recommended for the complete documentation of sampling location: 

• field record sheets 

• maps of area for site locations 

• indelible ink pens and felt tip markers and pencils 

• 50 metre long tape measure 

• survey flagging tape 

• survey lathe 

6.4 Health and Safety Equipment 

• waders and water proof gloves 

• suitable clothing for prolonged water work: heavy socks, warm pants, rain gear, etc. 

" approved personal floatation device for deep water or boat work 

Aprill996 
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EPILITHIC CHLOROPHYLL a SAMPLING 

SA Sampling Methods 

Wade along an imaginary transect exiending out from shore, when past the low water line begin sampling. Randomly 

select five rocks from the substrate while moving out along the transect. Take two steps between rock selections. The 

rocks should be large enough to allow for the positioning of the sample quadrat on their surface. Orient each rock on the 

tray in the position that it was found in the substrate. During sampling and processing keep the algae out of direct sun. 

Position the 2 X 2 em quadrat on the upper surface of a rock in an area that is representative of the algal growth on the 

upper smface of the rock Using the scalpel or a knife completely remove all of the attached algae within the quadrat. 

Place collected algae onto a wdted GF !C filter paper on a square piece of aluminum foil. Remove any stones or large 

invertebrates from the sample. Thoroughly cover the sample with MgC03; this buffers the sample neutralising any acids 

that may be present. Also, all sampling equipment and samples should be kept away from acids. 

Repeat the template procedure for the other rocks in the group, put the algal scrapes on the same filter and cover with 

MgC03 each time. Where the layer of algae is exiremely thick, reduce the number of rock scrapes taken for any one 

sample. As a guideline, a one cubic centimetre sample volume is ideal. Wrap the filter in the aluminum foil and label. 

The samples should be frozen immediately. This prevents any degradation of the chlorophyll a. 

Each &'lmple should be permanently and uniquely marked. The san1ples must be submitted to the laboratory with tl1e 

I 
l 

r 

l' 

appropriate documentation. Included in the documentation should be the date, time, location, sample number, s:om1pler L 
identification, the type of s:otmple (epilithic algae), the area sampled in square centimetres and requested analysis 

(chlorophyll a). Ideally waterprooflabels containing all of the pertinent sampling information are pre-printed. Analytical 

request forms for all of this information are provided with the empty sample bottles. 

5oS CleaningSamplin.g Equipment 

Equipment should be cleaned before s;;unpling by rinsing the sampling equipment thoroughly witll ambient water. 



i 
!_. 

;.·,·.· 

TP8.9-0 Revision 0 

EPILITHIC CHLOROPHYLL a SAMPLING 

4. REFERENCES AND SUGGESTED READING 

Aprill996 
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Environment Canada. 1993. Quality Assurance in Water Quality Monitoring. Ecosystem Sciences and Evaluation 

Directorate Conservation and Protection. Ottawa, Ontario. 

Standard Methods for the Examination of Water and Wastewater. 1985. American Public Health Association, American 

Water Works Association and Water Pollution Control Federation. Si)l.1:eenth Edition. 

5. DISCUSSION 

5.1 General Safety 

Refer to Golder Associates Ltd. Safety Manual. 

5.2 Methods 

To ensure the collection of representative samples the following points in the selection of a sampling location must be 

observed: 

• select actual field sampling site based on program design and access logistics; 

• in streams and rivers select a site that is representative of the reach being tested and consider the local flow conditions 

and safety of access. 

5.3 Site Location 

Once the sampling location has been determined it must be accurately located relative to permanent landmarks such as 

!,>roundwater wells, outfalls or distinctive landscape features. Actual measurements with long tape measures or electronic 

distance measuring devices and compass headings are recommended as a minimum to accurately determine position. 

Locations can be easily recorded as the perpendicular distance from the shoreline and the distance upstrean1 or 

downstream of a permanent landmark or by global positioning system (GPS). 
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:t PURPOSE 
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This section describes the template method as used for the sampling of epilithic algae for chlorophyll a analysis. 

Contained within are detailed sampling instructions. 

2. APPLICABILITY 

This technical procedure is applicable to any persons involved in the collection of epilithic algae for chlorophyll a 

analysis. 

3. DEFINITIONS 

3.1 Surface water 

Refers to any water either flowing or still that exists above groillld level. 

3.2 Epilithic 

Refers to material attached to rock substrates in the bottom of surface water bodies. 

3.3 Substrate 

Material at bottom of surface water, includes org;mic detritus, silt, sand, gravel, cobble and bedrock 

3.4 Chlorophyll a 

Plant and algal organic molecule which converts stmlight to energy used for fixing carbon for plant production. Used as a 

me..1sme of the primary productivity. 

3,5 

Used as a preservative in the sampling and analysis of algae. Buffers !he sample so acids do not degrade chlorophyll a. 
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1. PURPOSE 

Revision 0 5/14/96 

5 

This section describes the method used for the sampling of zoo- and phytoplankton by plankton net for qualitative and 

quantitative analysis. Contained within are detailed sampling instructions. 

2. APPLICABILITY 

This technical procedure is applicable to any persons involved in the collection of zoo- and phytoplankton for qualitative 

and quantitative analysis. 

3. DEFINITIONS 

3.1 Surface water 

Refers to any water either flowing or still that exists above ground level. 

3.2 Zooplankton 

Refers to microscopic animals living suspended in the water column. 

3.3 Phytoplankton 

Single celled plants living suspended in the water column. 

3.4 Chlorophyll a 

Plant and algae organic molecule responsible for conversion of sunlight to energy used for fixing carbon for plant 

production. Used as a measure of the primary productivity. 

3.5 Magnesium Carbonate (MgC03) 

Used as a preservative in the sampling and analysis of algae. Buffers the san1ple so acids do not degrade chlorophyll a. 

Golder Associates 



TP- 8.7-0 

PHYTO- AND ZOOPLANKTON SAMPLING 

3.6 Plankton Net 

Revision 0 5/14/96 
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Conical net constructed of material with known opening size for pulling through water column and filtering plankton out 

of the water column. 

3.6 Sampling Bucket 

Rigid cylindrical filter at end of plankton net for final concentration of sample prior to filling of sample container. 

4. REFERENCES AND SUGGESTED READI!"-iG 

Environment Canada. 1993. Quality Assurance in Water Quality Monitoring. Ecosystem Sciences and Evaluation 

Directorate Conservation and Protection. Ottawa, Ontario. 

Standard Methods for the Examination of Water and Wastewater. 1985. American Public Health Association, American 

Water Works Association and Water Pollution Control Federation. Sixteenth Edition. 

5. DISCUSSION 

5.1 General Safety 

Refer to Golder Associates Ltd. Safety Manual. 

5.2 Methods 

To ensure the contaminant free collection of surface water quality samples the following points in the selection of a 

sampling location must be observed: 

@ select actual field sampling site based on program design and access logistics. 

Once the general location has bex.m anived at then the SJ-1Ccific sampling site needs to be located. When locating the 

specific site consider the following: 

Golder Associates 
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• 

select a site that is representative of the reach or the waterbody being tested; 

in flowing water consider the local flow conditions and safety of access . 

5.3 Site Location 

5/14/96 

Once the sampling location has been detennined it must be accurately located relative to pem1anent landmarks such as 

groundwater wells, outfalls or distinctive landscape features. Actual measurements with long tape measures or electronic 

distance measuring devices and compass headings are recommended as a minimum to accurately detemline position. 

Locations can be easily recorded as the perpendicular distance from the shoreline and the distance upstream or 

downstream of a pem1anent landmark or by global positioning system (GPS). 

5.4 Sampling Methods 

Once the sampling location has been established the actual sampling can proceed. Clean plankton net with ambient water 

to remove any material adhering to the net, rinse the plankton bucket thoroughly. Attach sampling bucket to the end of 

the plankton net. In lake situations the recommended technique for qualitative assessments is vertical tows from the 

substrate to the surface. These are best accomplished while anchored to reduce the amount of drift while sampling. 

Lower the net to the bottom and tow hand over hand to the surface at an optimal rate of0.5 metres per second. 

In shallow bodies of water where complete mixing is e>..'peCted hauls can be carried out as either oblique or horizontal. 

The net may be cast and drawn back through the water at the same speed of0.5 metres per second. Care must be taken to 

avoid having the net drag along the bottom. Ideally the net is cast to a distance that allows for the net to sink almost to the 

substrate before the retrieval angle is steep enough to begin lifting the sampler towards the surface, this while a tow rate of 

0.5 metres per second is observed. 

In cases where the distance over which the sampler is being towed is small or the plankton densities are low , several 

distinct have may have to be made to collect a sample. Between individual hauls, the contents of the net and plankton 

bucket must be discharged to the sample container by washing any material adhering to the inside of the net to the 

plankton bucket. The sample bucket is then poured into the sample bottle. 

When the entire san1ple has been collected the required preservative must be added. For phytoplankton use Lugol's 

solution for phytoplankton and 5% formalin for zooplankton. Prepare Lugol's solution by dissolving 20 granlS of 

potassiun1 iodide and 10 grams of iodine crystals in 200 millilitres of distilled water and 20 millilitres of glacial acetic 

Golder Associates 
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acid. Use enough Lugol's to stain the sample to a tea colour. For fonnalin preservation of zooplankton use 40 millilitres 

of buffer formalin per one litre of sample. For preserved samples use either polyethylene or glass sample bottles and 

ensure the sample container is full. For sample docmnentation record the location, date, time, sampler identification, type 

of san1ple, sampling method ;;md total length of hauls. Provide this information on waterproof labels fixed to the sample 

containers as well as on any supporting paperwork. 

Phytoplankton samples for biomass estimates are collected in the same marmer as standards water quality parameters 

(refer to TP-8.3, Surface Water Sampling). In general the sample is collected into a water sample bottle as provided by 

the analytical laboratory. The sample is preserved by adding MgC03 supplied by the analytical laboratory. The sample 

should be collected in the san1e mrumer as the other water quality pru·ameters. The method used is dependent upon the 

details of the project specific work-pla11, consult wiu"'i project mruwger for this information. Provide the correct sample 

documentation and keep the samples cool and dark. 

5"5 Cleaning Sampling Equipment 

Equipment should be cleaned before sampling by rinsing the sampling equipment thoroughly with ambient water. 

6. EQUIPMENT 

6.1 Sampling Equipment 

The J:bllowing is a list of the recommended equipment: 

pla11kton net with bucket and graduated line 

S<unplc bottles 

waterproof pen 

$ MgC03 saturated solution or powdered MgC03 

wash bottle 

cooler and ice 

preservative 

pre-printed labels or waterproof label tape 

Goldlcr Associates 
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6.2 Field Location Equipment and lAgs 

The following is recommended for the complete documentation of sampling location: 

• field record sheets 

• maps of area for site locations 

• indelible ink pens and felt tip markers and pencils 

6.4 Health and Safety Equipment 

• waders and water proof gloves 

• suitable clothing for prolonged water work: heavy socks, warm pants, rain gear, etc. 

• approved personal floatation device for deep water or boat work 

Golder Associates 
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Methods Used by HydroQual toDetermine Plasma Protein, Lactate and Glucose Levels 

Protien, lactate and glucose levels were measured in the plasma. All results were expressed 

in mass units per 100 mL volume (blood or plasma). The analyses were done in 16 x 100 

mm glass tubes which were read directly in a Milton Roy Spectronic Model 21 

spectrophotometer. Ten to twenty per cent of the samples tested were duplicated and a blank 

and standard were analyzed for every 1 0 to 15 samples. The reagents and standards were 

freshly prepared on the day required. All attempts were made to complete the analyses on 

the day of sample collection. The whole blood and plasma were then frozen (-20°C) and 

archived. 

Total plasma protein was measured with the dye, brilliant blue G on an aliquot diluted 100 

times with deionized water (Coomassie blue; Sigma Diagnostic Procedure No. 610). The 

reagent was added to 10 ,uL of the diluted plasma and the absorbence was read at 595 nm 

(1 O,uL of sample plus 2.5 mL or reagent). The protein standard was prepared fresh on the 

day of analysis and discarded after use (Sigma Catalogue No. 61 0-30). 

Total lactate was determined on 10 ,uL of plasma with a quantitative, enzymatic assay 

(Sigma Diagnostic Procedure No. 735). Lactic acid was converted by lactic oxidase to 

pyruvate and hydrogen peroxide. The hydrogen peroxide catalyzed the oxidative 

condensation of chromogen precursors to produce a coloured dye with an absorbence 

maximum at 540 nm. The lactate reagent was added to 10 ,uL of plasma (2.5 mL of reagent 

diluted 2.5 x with deionized water). The reaction was allowed to proceed for one hour at 

room temperature. The absorbence was then measured at 540 nm and lactate levels 

calculated from a standard curve for lactate (Sigma Catalogue No. 735-11). 

R:\ 1995\2307\AQU A TICS .200\5270\B ASEL!NE\ WORD PERF .RP1\APP5. WPD 
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Plasma glucose levels were also determined enzymatically with the Trinder reagent (Sigma 

Diagnostic Procedure No. 315). Glucose was oxidized to gluconic acid and hydrogen 

peroxide by glucose oxidase. The hydrogen peroxide formed reacts in the presence of 

peroxidase with 4-aminoantipyrine and p-hydroxybenzene sulfonate to form quinoneimine 

dye with an absorbence maximum at 505 m. The reagent (2.5 mL) was added to 10 ,uL of 

plasma, the tubes were incubated at ambient temperature for one hour and the absorbence 

read at 505 nrn. Glucose levels were obtained from a glucose standard curve prepared the 

same way (Sigma Catalogue No. 16-300). 
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Soil Parameters 
Texture Class 
The mineral part of the soil is separated into different size fractions of sand, silt and clay. The 
proportions of these fractions are determined by the sedimentation principle based on Stoke's 
law, which relates the radius of the particles to the velocity of sedimentation. A hydrometer is 
used to measure the density of a soil suspension at defined periods of time related to the settling 
time of particles of known size. The initial reading indicates the time at which all sands have 
settled, the second reading is that at whic~ only clay remains in suspension. The soil textural 
class is determined by the % sand and % clay on the soil textural triangle. 

Reference: Methods Manual for Forest Soil and Plant Analysis, Forestry Canada Northwest 
Region 
Northern Forestry Centre, Edmonton, Alberta, 1991, pages 42 to 44, 52. 

Atterberg Limits 
The lower plastic limit of a soil is the moisture content at which a soil will just begin to crumble 
when rolled into a thread approximately 3.2 mm in diameter. A sample of soil is mixed with water 
and rolled into a thread of uniform diameter throughout its length. The amount of water required 
to acheive acceptable consistency according to the method is determined and expressed as a 
plasticity index. 

Reference: Reference: Soil Sampling and Methods of Analysis, Canadian Society of Soil 
Science; Carter, Martin R., 1993, Section 49.3. 

Cation Exchange Capacity 
The exchange complex of a soil sample is first saturated with an index cation, ammonium acetate 
or sodium acetate, then washed free of any excess index cation with several washes of ethanol. 
The amount of index cation adsorbed by the soil is then displaced in a rinsing method with 
sodium chloride or ammonium acetate allowing the index cation to be released into the filtrate. 
The filtrate is then analyzed for NH3 by means of the Berthelot Reaction on an autoanalyzer with 
alkaline phenol, EDTA and NaOCI or for Na using the method described in Inorganic 
Methodology Summaries . 

. Reference: Manual on Soil Sampling and Methods of Analysis, Canadian Society of Soil 
Science, 2 ed.,J.A McKeague, Ed., 1978, Section 3.3. 

Total Organic Carbon I Organic Matter 
Modified Mebus Method, Potassium Dichromate Oxidation 
A soil sample is refluxed with potassium dichromate and sulphuric acid, the excess dichromate is 
titrated with ferrous ammonium sulphate. The amount of oxidized organic matter is proportional 
to the potassium dichromate used in the oxidation process, which in turn is proportional to the 
total organic carbon. 

Detection Limit 0.01 Wt.% 

Reference: Methods Manual for Forest Soil and Plant Analysis, Forestry Canada Northwest 
Region, Northern Forestry Centre, Edmonton, Alberta, 1991, Y.P. Kalra and D.G. Maynard, 
pages 27-30. 

Methods of Soil Analysis Chemical and Microbiological Properties, No. 9, Part 2, 2nd ed., 
American Society of Agronomy, Inc., Madison, Wisconsin, 1982, Method 29-3.5.3. 

Manual on Soil Sampling and Methods of Analysis, Canadian Society of Soil Science, 2 ed. 
McKeague, Ed., 1978, Section 4.22. 



Total Nitrogen .Total Carbon and Total Sulphur 
A preweighed sample undergoes a complete and instantaneous oxidation by flash combustion 
which converts all organic and inorganic substances into combustion products. The resulting 
combustion gases pass through a reduction furnace and are swept into the chromatographic 
column by the carrier gas helium. The gases are separated in the column and detected by the 
thermal conductivity detector (TCD) which gives and output signal proportional to the 
concentration of the individual components of the mixture. From these numbers the C:N:S ratio 
can be determined. 
Subcontracted to Birtley Coal. 

Reference: Nitrogen Analyzer 1500 Instruction Manual, Section 1.3, October 1986. 

Available Nitrogen 
Available Phosphorous 
A dried and ground soil sample is extracted in an ammonium fluoride extracting solution, filtered 
and the extract is measured for nitrogen by means of the Berthelot Reaction on an autoanalyzer 
with alkaline phenol, EDTA, and NaOCi. For phosphorous the extract is run through an 
automated ascorbic acid reduction and measured spectrophotometrically on the LACHAT. 

Reference: 
Standards Soil Manual Produced Water Manual, Chemex Labs Alberta Inc., April1986, 
Prepared by 
Barb Morey, pages 20-22. 

Manual on Soil Sampling and Methods of Analysis, Canadian Society of Soil Science, 
2nd ed., J.A. 
McKeague, 1978, section 4.44 (modified). 

Available Potassium . · 
A dried and ground soil sample is extracted in an ammonium acetate extracting solution, filtered 
and the extract is aspirated and atomized by an air jet as it passes into a controlled air-propane 
flame. The amount of light energy emitted by the potassium in the extract upon returning to the 
ground state is directly proportional to its concentration. 

Reference: Recommended Methods of Soil Analysis for Canadian Prairie Agricultural 
Soils, Prepared By Alberta Agriculture. Method #7, page 25. January 1988. 

~vailable Sulphur 
A preweighed dried and ground soil sample is extracted with calcium chloride for 30 minutes, 
filtered and the extract is run by inductively coupled plasma (ICP) in the water lab. 

Reference Recommended Methods of Soil Analysis for Canadian Prairie Agricultural 
.§oil~. Prepared By Alberta Agriculture. Method #9, page 28. January 1988. 

Methods of Soil Analysis Chemical and Microbiological Properties, 9, Part 2, 2nd 
ed., American Society Of Agronomy, Inc., Madison, Wisconsin, 1982, Section 28-5. 

Approximately 30g of air dried soil is weighed into a beaker and 60 mls of 0. 01 M is 
added. The pH is determined after 12 hours. 
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The pH is measured potentiometrically on a saturated paste or on a specified ratio of water to 
soil. 

Manual on Soil Sampling and Methods of Analysis, Canadian Society of Soil Science, 2 ed. 
McKeague, Ed., 1978, Section 4. 

Electrical Conductivity 
The electrical conductance is measured in umhos/cm on a saturated paste or on a specified ratio 
of water to soil. 

Manual on Soil Sampling and Methods of Analysis, Canadian Society of Soil Science, 2 ed.,J.A 
McKeague, Ed., 1978, Section 4. 

Saturated Paste 
Deionized water is added to a preweighed sample of soil or sediment until saturation is reached 
and mixed thoroughly. The paste is left overnight and the criteria for saturation is rechecked 
after 24hrs. The paste is allowed the stand an additional 4 hrs if greater than 1 0% more water 
needs to be added to bring it back to saturation criteria. 

Manual on Soil Sampling and Methods of Analysis, Canadian Society of Soil Science, 2 ed.,J.A 
McKeague, Ed., 1978, Section 4. 

Sodium Adsorption Ratio 
A soluble extract is made from a dried and ground soil sample and soluble Na, Ca, and Mg 
cations are run. From these values the SARis calculated and the potential sodicity of a soil is 
determined. 

Reference: Manual OF! Soil Sampling and Methods of Analysis, Canadian Society of Soil 
Science, 2 ed.,J.A McKeague, Ed., 1978, Section 3.26. 

Gypsum Requirement 
Dried and ground soil samples are leached with an excess of neutral, 1 N ammonium acetate 
then filtered. The extract is analyzed for extractable Na, K, Ca, and Mg using methods in the 
Inorganic Methodology Summaries. From these values an exchangeable sodium percentage 
(ESP) is calculated. If the ESP is greater than 10% then a further calculation for gypsum 
requireme~t is required. If the ESP is less than 1 0% then there is no qypsum requirement. 

Reference: Manual on Soil Sampling and Methods of Analysis, Canadian Society of Soil 
Science, 2 ed.,J.A McKeague, Ed., 1978, Section 3.25. 



Total Petroleum Hydrocarbons 
Total Petroleum Hydrocarbons are extracted from the soil samples using an ultrasonic extractor 
and Freon and from water using Freon and a separatory funnel. The sample is then shaken with 
silica gel which binds the polar molecules leaving the non-polar molecules in solution. The 
Freon is then analyzed with an infrared finish. (FTIR) 
Water 
Average Percent Recovery- 96.7 at 77.0 mg/L 
Standard Deviation- 3.67 at 77.0 mg/L 
Soil 
Average Percent Recovery - 99.5 at 1700 ug/g 
Standard Deviation -

Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 5038. 

Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (I::.PA-600/4-79-020), Method 418.1. 

Mercury (Soil) NAQUADAT 80401 
Soil samples are digested with strong acid mixture and oxidant (KMn04) at a moderate 
temperature to yield Hg2+ ions. These samples are then reduced with SnCI2/NH20H solution to 
determine total mercury which is measured spectrophotometrically at 253.7 nm and compared to 
identically prepared standards. 
Detection Limit: 20 !Jg/Kg (0.02 j..Jg/g) 
Average Percent Recovery: 104.9 at 0.16 ug/g 
Standard Deviation: 14.7 at 0.16 ug/g 

Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 303 F. 

Drying .and Grindi119 
All soil samples are dried in an 80°F oven for 24 hrs, ground, and passed through a 2mm sieve 
to ach1eve a homogeneous sample. For certain analysis the dried samples are ring ground to a 
fine powder to greatly increase the working surface area. 

Reference: Manual on Soil Samgling and Methods of Analysis, Canadian Society of Soil 
Science, 2 .McKeague, Ed., 1978 

A dried and ground soil sample or wet fish tissue sample is extracted with concentrated nitric 
acid, heated to 95°C and refluxed without boiling to reduce the volume to 2 mls. This is repeated 
again with another aliquot of concentrated nitric acid. The sample is then subjected to an 
hydrogen peroxide reaction until sample appearance remains unchanged. After bulking the 
sample up with deionized water, it is heated again on low temperature for 30 minutes. The 
sample solution is bulked to a volume dependent on initial weight of sample used and filtered 
through a Whatman No. 41 filter paper to remove particulates in the digestate. The filtrate is 
analyzed for metals on the 

Samples high in hydrocarbons are extracted with concentrated nitric acid, heated to 95°C and 
refluxed without boiling, allowed to go to dryness and then ashed. De-ionized water is added 
and the sample heated on low temperature for 30 minutes. The sample solution is bulked up to 
volume and filtered Whatman No. 41 filter paper to remove in the 
digestate. The filtrate is analyzed for metals by ICP. 

Test Methods for Evaluating Solid ltll~•"'v'"'"' 

SW-846, Method 3050. 
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Soil 
ICP 

Detection Limit JJg/g Leachate mg/L 
Aluminum NAQUADAT 13311 1.0 0.01 
Barium NAQUADAT 56311 1 0.01 
Beryllium NAQUADAT 04330 0.1 0.001 
Boron NAQUADAT 05449 1.0 0.01 
Cadmium NAQUADAT 48311 0.3 0.003 
Chromium NAQUADAT 24311 0.2 0.002 
Cobalt NAQUADAT 27311 0 . .3 0.003 
Copper NAQUADAT 29311 0.1 0.001 
Iron NAQUADAT 26311 1 0.01 
Lead NAQUADAT 82311 2 0.02 
Manganese NAQUADAT 25311 0.1 0.001 
Mol~bdenum NAQUADAT 42311 0.3 0.003 
Nickel NAQUADAT 28311 0.5 0.005 
Silver NAQUADAT 47449 0.2 0.002 
Strontium NAQUADAT 38311 0.2 0.002 
Vanadium NAQUADAT 23311 0.2 0.002 
Zinc NAQUADAT 30311 0.1 0.001 
Calcium NAQUADAT 20311 1 0.01 
Magnesium NAQUADAT 12311 1 0.01 
Sodium NAQUADAT 11311 1 0.01 
Potassium NAQUADAT 19111 1 0.01 
Silicon NAQUADAT 14449 2 0.02 
Lithium NAQ UADAT 03311 0.1 0.001 
Uranium 50.0 0.5 
Phosphorous NAQUADAT 15447 10 0.1 
Titanium NAQUADAT 22009 0.3 0.003 
Sulphur 20.0 0.2 
Arsenic 20 0.2 
Selenium 4 0.04 

Samples are nebulized and the aerosol that is produced is transported to the plasma torch where 
excitation occurs. The basis of the method is the measurement of atomic emission by an optical 
spectroscopic technique. Characteristic atomic-line emission spectra are produced by a radio 
frequency inductively coupled plasma (ICP). The spectra are dispersed by a grating 
spectrometer and the intensities of the lines are monitored by photomultiplier tubes. The 
photocurrents from the photomultiplier tubes are processed and controlled by a computer 
system. A background correction technique is required to compensate for variable background 
contribution to the determination of trace elements. 

Cadmium 
Chromium 
Manganese 
Nickle 
Lead 
Vanadium 
Boron 

Average % Recovery 
102.0 
100.3 
100.2 
102.6 
100.6 
101.3 
97.5 

Standard Deviation 
3.81 mg/L 
5.18 mg/L 
7.02 mg/L 
6.91 mg/L 
9.14 mg/L 
3.11 mg/L 
4.23 mg/L 

Further precision and accuracy data available on request. 
Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 200. 7. 



Water Parameters 
ICP 

Aluminum 
4.rsenic 
Barium 
Bervllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Molybdenum 
Nickel 
Selenium 

Detection limit (mg/l) 
0.01 
0.2 
0.01 
0.001 
0.01 
0.003 
0.002 
0.003 
0.001 
0.01 
0.02 
0.001 
0.003 
0.005 
0.04 

Silver 0.002 
Strontium 0.002 
Vanadium 0.002 
Zinc 0.001 
Calcium 0.01 
Magnesium 0.01 
Sodium 0.01 
Potassium 0.02 
Silicon 0.02 
Lithium 0.001 
Uranium 0.5 

NAQUADAT 13109L 

NAQUADAT 56101 L 
NAQUADAT 04102L 
NAQUADAT 05107L 
NAQUADAT 48102L 
NAQUADAT 24052L 
NAQUADAT 27102L 
NAQUADAT 291 05L 
NAOUADAT 26104L 
NAQUADAT 82103L 
NAQUADAT 25104L 
NAOUADAT 42102L 
NAQUADAT 28102L 

NAQUADAT 47102L 
NAQUADAT 38101 L 
NAQUADAT 23102L 
NAQUADAT 30105L 
NAQUADAT 20311 L 
NAQUADAT 12311L 
NAQUADAT 11311 L 
NAOUADAT 19111 L 
NAQUADAT 14449l 
NAQUADAT 03101L 

Phosphorous 0.1 NAOUADAT ICPPHO 
Titanium 0.003 NAQUADAT 22009L 
Sulphur 0.2 NAQUADAT ICPSUL 
Samples are nebulized and the aerosol that is produced is transported to the plasma torch where 
excitation occurs. The basis of the method is the measurement of atomic emission by an optical 
spectroscopic technique. Characteristic atomic-line emission spectra are produced by a radio 
frequency inductively coupled plasma (ICP). The spectra are dispersed by a grating 
spectrometer and the intensities of the lines are monitored by photomultiplier tubes. The 
photocurrents from the photomultiplier tubes are processed and controlled by a computer 
system. A background correction technique is required to compensate for variable background 
contribution to the determination of trace elements. 

Average % Recovery Standard Deviation 
Cadmium 102.0 3.81 mg/L 
Chromium 100.3 5.18 mg/L 
Manganese 100.2 7.02 mg/L 
Nickle 102.6 6.91 mg/L 
Lead 100.6 9.14mg/L. 
Vanadium 101.3 3.11 mg/l 
Boron 97.5 4.23 mg/L 
Methods foc_QJ:t~m1£§.L~nalysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL., Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 200.7. 

r 
L 

r 
I 
\ .• 

r 
L 

I 
\. _) 

l . 
' j 



Chloride - (Autoanalyzer/I.C.) NAQUADAT 17206L 
In an automated system thiocyanate ions (SCN) are liberated from mercuric thiocyanate through 
sequestration of mercury by chloride ion to form un-ionized mercuric chloride. In the presence of 
ferric ion, the liberated SCN forms highly colored ferric thiocyanate in concentration proportional 
to the original chloride concentration. 

Waters analysis by Technicon 
Soils analysis by lon Chromatography 
Detection Limit 0.5 mg/L 
Average Percent Recovery: 100.3 at 36 mg/L 
Standard Deviation: 2.95 mg/L at 36 mg/L 

Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 407 D. 

Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 235.2. 

Sulfate- (Autoanalyzer/I.C)) NAQUADAT 16306L 
Sulfate ion is reacted with barium chloride and methythymol blue at pH 2.3- 3.0. The pH is then 
raised to 12.5- 13.0, where excess barium reacts with methythymol blue to produce a blue
colored chelate. The mount of gray, uncomplexed methythymol blue indicates the concentration 
of Sulfate ion. Absorbances of excess methythymol blue is measured at 460 nm. 

Waters analysis by Technicon 
Soils analysis by lon Chromatography 
Detection Limit 0.5 mg/L 
Average Percent Recovery: 99.5 at 42 mg/L 
Standard Deviation: 2.04 mg/L at 42 mg/L 

Reference: MethOds for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 375.2. 

Alkalinity: 
Total Alkalinity 
Bicarbonate 
Carbonate 
Phenolphthalein 
Hydroxide 

Detection Limit 
0.5 mg/L 
0.5 mg/L 
0.5 mg/L 
0.1 mg/L 
0.5 mg/L 

NAQUADAT 10111L 
NAQUADAT 06201 L 
NAQUADAT 06301 L 
NAQUADAT 10151L 
NAQUADAT 08501 L 

The phenolphthalein alkalinity and the total alkalinity are determined by potentiometric titration of 
an unfiltered sample aliquot with a standard solution of strong acid to pH 8.3 and 4.5, 
respectively, using an automated titration system and pH meter. The carbonate, bicarbonate, 
and hydroxide are calculations made from the total alkalinity and the phenolphthalein alkalinity. 
Total Alkalinity: 
Standard Deviation: 1.60 mg/L at 270 mg/L 
Bicarbonate: 
Standard Deviation: 1.80 mg/L at 330 mg/L 
Reference: Standard Methods for Examination of Water and Wastewater, 18th ed., American 
Public Health Association, Washington, DC, 1985, Method 2320B. 
Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 31 0.1. 



NAOUADAT 10301l 

A glass electrode in combination with a reference electrode, generally a saturated calomel 
electrode, is used for pH measurement. The glass electrode has a membrane, which forms a 
partition between the liquid sample and an internal solution of constant pH. The potential 
developed by" the glass electrode with reference to the saturated calomel electrode is measured 
by an electrometer. 

Detection limit 0.01 units 
Standard Deviation: 0.02 pH units at an average pH of 7.20 

Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 4500-H. 

Total Hardness NAQUADAT 10602 
Hardness is calculated from results of separate determinations of calcium and magnesium. 

Reference: Standard Methods for Examination of WatAr and Wastewater, 18th ed., American 
Public Health Association, Washington, DC, 1992, Method 23408. 

S~ecific Conductance NAOUADAT 02041l 
The standard unit of electrical resistance is the ohm. The standard unit for conductance is its 
inverse, the siemens or the mho. Specific conductivity is defined as the conductance of a 
conductor 1 em long and 1 cm2 in cross-sectional area, and is numerically identical to 
conductivity in umhos/cm. 

Detection limit 0.02 umhos/Cm 
Standard Deviation: 4.22 umhos/Cm at a average conductance of 3600 umhos/Cm 

Reference Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 403 . 

. Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 31 0.1. 

Total Dissolved Solids (NAQUADAT 00201 L) 
Total Dissolved residue (solids) is the amount of dissolved solids in water and is the residue that 
remains in the filtrate after evaporation and drying at 180°C. TDS can be determined 
gravimetrically or by calculation using the sum of the major ions. 

Detection Limit: 1 . 0 mg/l 
Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 2098. 

Methods for Chemical Analysis of Water and Wastes, Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 160.1. 
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Nitrate-Nitrite as Nitrogen) (NAQUADAT 0711 OL) 
A sample aliquot is mixed with a disodium EDTA and passed through a column of Cd filings. A 
sulphanilamide solution, then a N-1-naphthylethylenediamine dihydrochloride solution are added 
to the sample to form an azo dye. The dye intensity is measured spectrophotometrically at 550 
nm and compared with those of standard nitrate-nitrite standards. 
Detection Limit: 0.003 mg/L 
Average Percent Recovery: 99.5 
Standard Deviation: 0.004 at 0.074 mg/L 

Reference: Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 353.2. 

Atomic Absorption: Hydride Metals 
Arsenic (NAQUADAT 33005L) 
Selenium (NAQUADAT 34005) 
Antimony (NAQUADAT 51003) 
Samples are manually digested with sulfuric and nitric acids. Then, in an automated system, 
inorganic arsenic selenium, and antimony are reduced to their respective hydrides. These 
gaseous hydrides are passed to a tube furnace mounted in the light path of an atomic absorption 
spectrophotometer. 

Arsenic 
Selenium 
Antimony 

Detection limits (mg/L) 
0.0002 
0.0002 
0.0002 

Ave.% Recovery 
102.0 
97.4 
99.0 

Standard Deviation 
NA 
NA 
NA 

Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 303E. 

Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 206.5. 

Mercury (Water) - (Cold Vapor) 
A sample aliquot. is mixed with KMn04 and concentrated H2S04, then digested at 90-11 ooc 
This solution is then mixed with hydroxylamine hydrochloride and NaCI, then SnCI and K2S20 8. 

The mixture is sparged with air and the liquid removed by a gas separator. The air flow, 
containing Hg vapor, is then passed through an absorption cell. Absorbance is measured 
spectrophotpmetrically at 253.7 nm and compared to identically prepared standard mercury 
solutidns·.· 
Detection Limit: 0.05 IJg/L 
Average Percent Recovery: 101.5 
Standard Deviation: 0.06 IJg/L 

Reference: Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 245.2 

Standard Methods for the Examination of Water and Wastewater, 16 th ed., American Public 
Health Association, Washington, D.C.,. 1985, Method 303F. 



Ammonia as Nitrogen (NAQUADAT 07555L) 
Ammonia is measured by means of the Berthelot Reaction on an autoanalyzer with alkaline 
phenol, EDTA and NaOCI and compared to identically prepared standards. 
Detection Limit: 0.01 mg/L 
Average Percent Recovery: 
Standard Deviation: 
Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 417C 

Total Cyanide 
The cyanide, as hydrocyanic acid (HCN), is released from cyanide complexes by means of a 
closed reflux-distillation apparatus and absorbed in a flask containing sodium hydroxide and 
magnesium chloride solution. The extract is then put through an automated system where it is 
acidified, distilled and buffered then reacted with chloramine-T and a pyridine-barbituric acid 
reagent. The color is measured spectrophotometrically at 580 nm and compared to KCN 
standard solutions. 
Detection Limit: 0.00·1 mg/L (Water), 0.1 ug/g (Soii) 

Average Percent Recovery: 103% 
Standard Deviation: 6.9% 

Reference: Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 335.2. 

Standard Methods for Examination of Water and Wastewater, 17th ed., American Public Health 
Association, Washington, DC, 1989, Method 4500-CN E. 

Phenol (NAQUADAT 06537l) 
A small aliquot is mixed with H3Po4 and steam distilled in an automated system. The distillate 
is reacted with 4-aminoantipyrine in the presence of an alkaline ferricyanide buffer. The 
resulting color is measured spectrophotometrically at 505 nm and compared to identically treated 
phenol standards. 

For soil samples, a known weight (4 grams) is extracted into a solution of 40 mls of 0.15 M 
sodium hydroxide. The sample is shaken for 10 minutes on a shaker and centrifuged for 5 
minutes at 2000 rpm. The liquid portion is then acidified with 50% H2S04 to a pH of <4. If the 
liquid portion of the extract is colored or turbid, a further dilution must be done to minimize 
interference. 
Detection Limit: 0.001 mg/L (water), 0.01 ug/g (soils) 
Average Percent Recovery: 98.9% 
Standard Deviation: 6.1% at 0.05mg/L 

Reference: Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA--600/4-79-020), Method 420.2. 
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Total Organic Carbon/Dissolved Organic Carbon (NAQUADAT 06005L I 06104L) 
This method determines the quantity of all carbon atoms covalently bonded in organic 
molecules. For TOC, an aliquot of sample is taken from a shaken sample. For DOC (dissolved), 
an aliquot is decanted from an unshaken sample. Filter papers cannot be used to filter an DOC 
sample because they contain acetate which will contaminate the sample. In an automated 
system, the sample is acidified to convert inorganic carbon to C02 which is stripped from 
solution. The remaining liquid phase is passed through a UV coil to oxidize organic carbon 
compounds. The resulting C02 is measured by an IR analyzer and compared with standard 
organic carbon solutions. 

Detection Limit: 0.2 mg/L 
Average Percent Recovery: 104.7 
Standard Deviation: 0. 71 at 20 mg/L 

Reference: Standard Methods for Examination of Water and Wastewater, 16th ed., American 
Public Health Association, Washington, DC, 1985, Method 505A. 
Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection Agency, 
EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 415.1. 

Non-filterable Residue CTSS) NAQUADAT 10401L 
NAQUADAT 10501L (Fixed) 
NAQUADAT 10511 L (Volatile) 

Non-filterable residue is the suspended material in water and is the residue retained by a glass 
fiber filter and dried to a constant weight at 1 05°C. 
Fixed non-filterable residue is the amount of non-filterable residue left after ignition at 550°C for 
30 minutes in a furnace. (NAQUADAT 10501 L) 
Volatile non-filterable residue is the amount of non-filterable residue that is lost during ignition at 
550°C for 30 minutes in a furnace. (NAQUADAT 10511 L) 

Detection Limit: 0.4 mg/L 

Reference:Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 160.2 

Standard Methods for Examination of Water and Wastewater, 17th ed., American Public Health 
Association, Washington, DC, 1989, Method 2540 D&E. 

Chlorophyll A 

Chlorophyll in fresh water is concentrated by filtration of the water onto a glass fibre filter. The 
chlorophyll pigments are extracted from the glass fibre filter using aqueous acetone and a vortex to 
mechanically break down the cells. The optical density (absorbance) of the extracts are determined 
with a spectrophotometer. 

Detection Limit 0.001 mg/L 

Reference: Standard Methods for the Examination of Water and Waste Water. 17th edition, 
American Public Health Association. Washington. D.C .. 1989. Method 10200 H. 



Biochemical Oxygen Demand (NAQUADAT 08202L) 
A sample of water is incubated for 5 days at 20 +/- 2°C under laboratory conditions. The 
reduction in dissolved oxygen over the incubation period provides a measure of the BOD. 
Detection limit- 0.1 mg/L 

Reference: Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), Method 405.1. 

Standard Methods for Examination of Water and Wastewater, 17th ed., American Public Health 
Association, Washington, DC, 1989, Method 5210 B. 

Total Phos12hate asP (NAQUADAT 15406L) (dissolved NAQUADAT 15423L) 
Potassium persulfate and sulfuric acid solutions are added to sample aliquots, which are then 
autoclaved 30 minutes at 15 psi. In a automated system these sample aliquots are then mixed 
with an ammonium molybdate-ascorbic acid-potassium antimonyl tartrate colour reagent. The 
resuling colour is measured spectrophotometrically at 660 nm and compared with those of 
identically prepared standard P04-3 ion solutions. 

Detection limit- 0.003 mg/L P04 asP. 
Average Percent Recovery: 103.6% at 0.39 mg/L 
Standard Deviation: 4.93% at 0.39 mg/L 

Reference: Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection 
Agency, EMSL, Cincinnati, OH 45268, March, 1979 (EPA-600/4-79-020), 365.1 

General Operating instruction Manual Technicon Auto Analyzer, Manual NO.2, Technicon 
Instruments Corporation, Chauncey, New York, 1966. 
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Jl5~ 
METHODOLOGY File No. F4624 

Samples were analyzed by methods acceptable to the appropriate regulatory 
agency. Outlines of the methodologies utilized are as follows: 

Conventional Parameters in Water 

These analyses are carried out in accordance with procedures described in 
"Methods for Chemical Analysis of Water and Wastes'' (USEPA), "Manual for 
the Chemical Analysis of Water, Wastewaters, Sediments and Biological 
Tissues" (BCMOE), and/or "Standard Methods for the Examination of Water 
and Wastewater" (APHA). Further details are available on request. 

Metals in Water 

These analyses are carried out in accordance with procedures described in 
"Standard Methods for the Examination of Water and Wastewater" 18th Edition 
published by the American Public Health Association. 1992. The procedures 
involve a variety of instrumental analyses including atomic emission 
spectrophotometry (ICP) and atomic absorption spectrophotometry (AA) to 
obtain the required detection limit for each element. Specific details are 
available on request. 

Semi-Volatile Organic Priority Pollutants in Water 

The analysis is carried out in accordance with U.S. EPA Method 625 (EPA 1984 
- 40 CFR. Part 136 49:209) and 3510/8270 (Publ. #SW-846 3rd Ed., Washington, 
DC 20460). The procedure involves extraction with methylene chloride 
followed by analysis by capillary column gas chromatography with mass 
spectrometric detection. 

Mineral Oil & Grease In Water 

The analysis involves extraction of the sample with the requested 80% Hexane/ 
20% MTBE followed by a silica gel cleanup. This cleanup procedure removes a 
portion of the heterocyclic hydrocarbons and other non-polar compounds. 
The resulting extract is evaporated to dryness and the residue weighed to 
determine gravimetric oil and grease. 

End of Report 
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Protocol for Seeroid Hormon~ RTA 

General: 

l• RIA BL~FER ~ "Phosgel" 
S.75 g Na2HP04 
1.28 g NaR2P0~·~20 
1 g gelatin 
0.1 g Th:Lmersol 
BOO ml distilled H20 

b~~~ ~r. 4~-)0°C for abcut 15 min to dissolv~ the gelatin 
, Adjust to l litre with distilled H20 

pH should~ 7.6 adjust if r~quired 
Store at 4°C for up to 1 week 

2. Charcoal Solution 
0.5 g activated Charcoal 
o.os g nP~tr~n T-70 Pharmacia 
100 tnl Phosgel 

3. Scintillation Cocktail 
2 lit res toluene 
1 litre Triton K-100 
12 g PPO • 2,5-Diphenyloxazole 
0.6 g POPOP ... 1.4-B:I.s(2··.5-!lhetlyloxc::olyl))BenunQ 

This lllUSt: be stored in a "dork" welt-eealed bottle. ToluenG ia highly 
flammabl~ and oust be handled and stored in a fume hood. 

4. Steroid Stock Solutions: 
For 17~-estradiol, testosterone and 17~20~P prepare stock solutions at 
1000 ng/ml in Absolute Ethanol. 

Note; These must be stored in ~ glass container which 1s tightly seal~d 
so as to prevent evaporation of the ethanol. 

Store at -20°C for up to 1 year. 

5. 3H-labelted Steroids 
2,4,6,7- 3R-eqtradiol 
1,2,6,7- H-testosterone 
17ahydro~ 1,2,6,7-3H Progesterone 

Specific activity of thPse Ateroids should be approximately 100 Ci/mmol. 
Store at -2o"c. 

93=6 



3a-lab0lled 17a20eP i~ not ~vailable commeTc1ally. !t must be prepared in 
your lab from 3R-17ahydroxy progesterone (Reference Scott, Sheldrick and 
Flint, G~n. Comp. Endocrinol. 46~ 444-451; Van De= Kraak ~t al., Gen. Comp. 
Endoc.dnol., 55~ 36-45). - -

1. 
2. 
3. 
4' 

5. 
6. 
7 • 
a. 

9. 
10' 
11. 
12. 

13. 
14. 

15. 

l7. 
18. 

19' 

Place 40 ~1 of 3H-17~hydroxy P=ogesterone in a l6xl25 om Glass tu~e. 
Dry undc~ a $tr~am of N~t~ogen. 
Add 500 ~l of 0.05 M !ris Buffer pR 7.6. 
Add 40 ~J-1 of 3o:20~-hyd:;oxyst.l;'r.ed.d dehyd::ogffnas·e (S:tg·wa Cat ~ H ?:i-!Si.J 
cctl.ta.:.nll!S "'19.2 units/ml. )I.~)JWXJ 
Add J00 ~1 of o.os M Tris containing 2 ~ NADS. 
Incubate for 2 br at 18-Z2 9 C. 'l 
Add 3 ml of ~lher, Vor;e~ £or ~bout l min. 
A:low phases to separate and trans upper (organic) phase to a gl~ss 
vial. 
Repeat steps 7 and 8 and .con:.bine wi.:::.h organic phase from ate-;> 8. 
Eva?orate the ether. 
Add 100 ~l of ethanol to tubes containing the dried etheb er.tract. 
Apply ethanol in a. single spot on a shee= of Wh.at::ll.::.~n U:.5DF Th:l.n hye.r 
chrometogram*. !his should b~ applied 1~ a single lane. You must only 
apply about 1.5-20 Ill at cne t:im.e, dt"j ~ then repea::. 
Repeat steps ll and 12 two ti~es. 
Run chromatograph usi~g 50 ml diclorcmethan~: 20 ml ethc~ until the 
solvent front is 2~4 em froo the top of the gel. Allo~ to dr; in ~ 
fumehood (20 min). 
Di vid.12 the plate into 1 ern fractior.s and carefully scrape the :sections of 
gel into individual 16xl25 ~ glass tubes. 
Add SOO 111 of distilled R20 and t"hen add 5 m1 of ether Vort~x 1 m:in 9 

allo~ phases to separate and tra~sf~r organic layer to glass vial~. 
~Q~O~e a 8m~11 aliquoc fo" cou~ting, 
Once t~e hac::ions containing E.-l7a:2C~F ate identified 
Rapea~ extractinng ~ith ether to mafimi2e the yield. 
Dry ether fractions .and redissolve H-17a20$P in .Absolute et"t":anol. Stat~:: 
t~.t: 4"C. 
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Plasm8. ot Serum 

Preparation of Samples for RIA 

1. Add 500 ~1-1000 ~1 of sample to l6x125 rom glass tube. 
• 2. Add 5 volumes of e \:her, 

3. Vortex for 30 seconds. 
4. Allow phases to sep~ra~e. 

Either 

5a. Freeze tubes in a dry i.ce/eth.anol or acetoLle bath. 
6a. Decant upper organic layer to glass scintillation vials. 

or 

Sb. Carefully remo~e upper (organic) layer to a glass scintillation vial. 
6b. Repeat steps 2-A and Sb. 

Then 

7. Evaporate ether. 
8. Add 1.0 m1 of Ph~$&e1. 

~ou must cot~bli~h th~ effirt~ncy of steroid extraction to ensure that 
recovery of steroid is high. 

For at least one experiment add known amounts of 3H-steroid to tu~es 
be!ore extraction. Ext"ra.ct with er.her and measure the amount: of H 
steroid ptesent in the extract. Recovery should be greater than 90% • 

. ···-···-·· --··-- -· ·- ...... ~··-~· 

R1A Protocol 

Use l2x7S mm Glass tub~~ used for the CtH R!A. 

'For:nat General 

1. 200 ul Sta~dard or Sample 
2. 200 ~l of H-steroid 
3. 200 ~l of diluted antisera 
4. Incubate 
5. Cool tubes on ice for 15 min 
6. Add 200 !J.l Charccal Solution 

'. Vorte'lC and let sit 10 min 
8. Centrifuge in RIA Centrifuge 
9. Carefully decant the supernatant to scintillation vials. 

10. Add Sci~tillat1on fluid and count. 

3 
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' ' 

L Standards are pre.pared by 8-dding 0.1 ml. of stock sohttion to 24.9 ml of 
Phosgel: 

This equals the highest stanu~rd: eoo pg per 200 ~l 
Then do ~ series af 1/2 dilution$ preparins standards of 400 1 200 1 100 1 

50, 25 1 12.5 1 6.25 1 3.125 and 1.56 vs per 200 ~1 of PhossQl, 
Standarads shMld be prepared in Triplicate. 

2. 3H-steroid shvuld be diluted to contain 5000 cpw per 200 ~l 

3. Antisere should be diluted so as to bind 35-45% of added 3R-steroid in 
the absence of comp~titor. 

For anti 17~ Estradiol serum {Yaron) use at h 'SOOCO 

'Fot anti -t.e::n:ost:erone ; )'Cv WiL..l-. i4A v£ To D& rE~ ~"-JNE TME rir~e PEP:1'Nt:JIAI(} oAJ 

'jouR "SouR(U; o~ A.u tdlo t:y. 

4 

4. Incubate at room temperature (20°C) for 12-24 hr. !£ you car.not mlintain 
the tempcratu~Q ~low 20~C incubate at 4°C for 24 hr. 

~. !he tubes must be cold 0-4°C b~fore th~ ~ddition of charcoal. ?lace 
racks with the RIA in ice/~ater bath. 

6. The charcoal solution should be cooled (as in 5) and then placed on a 
!lllagrtetic 6t:1rrer. The char.::oa1 muot b411 stirred 'Wh~n beinij: added, or 
charcoal will settle to th~ bottom of the beaker. Cut the end of the 
pipet tip so the charcoal doe.$ not block th~. tip; 

7. Aft~r addition of charcoal to the last tube~ vortex th~ samplP.s and 
a ten minute incubatlon. During this period, place tubes in the 
centrifuge so that it can be turn~d on 10 min ~£tct th~ ~ddition of 
charcoal to the last tube. 

You must charcoal to more. tubes than can be held in the 
centrU1..q:e at one time. If you have rore thl!.n can be ecnt:d 
in one run~ include a second standard curve ~ith samples. 

s. C"!:nr. r:l fuge for the GtH RIA. 
ri fuge must 

5, 7» 8 is critical. Once you commence the ~ddi~ion 
of charcoal you ~Annot atop. ionally must charcoal to 

ao that time interval between the firat ~nd last 
tubco ie minimi~~d. 

pour off th<! t>Hpf!rn.il.tant 
to 

,. 
i 
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10. Add 5 ml of scintillation fluid and shake well. Count for j-5 min per 
5amp1e. Becau$e e~poaurc of th~ scintillation fluid to light will result 
in flourescence of the dyes, it is necessary to leave the vials for 
1-2 hr prior to countins· 

Validation of Steroid RIAs 

1. Parallelism: T~sc serial dilutions of extracted plasma in each of the 
!!A to ~ngurc that t~P resultant displacem~ut curves are p:=~ll~l ~ith 
the standards. j.(.~ ~r · 

2. Recovery of Added Ho~one: Spike samples with known amounts of 
unlabelled steroid and measur~ RTA. The amounts of steorid added must be 
equal to the amounts of measured steroid. 

NOW Z6-£1:-NI:?.C 



WESTERN COLLEGE OF 
Vt:TERINARY MEDICINE 
DEPARTMENT OF VETERINARY PATHOLOGY 

Dear Beak Associates, 

UNIVERSITY OF SASKATCHEWAN 

_________ .. 

-----------
SASKATOON. CANADA 
smawo 
(306) 966-7280 

September 9, 1991 

Please find enclosed operating procedures and an equipment list used 
in the determination of both Hematology and Chemistry test values on fish 
blood. 

On a cautionary note,. please be advised that wbc· differentials were 
performed largely without reference, relying on the experience of Ms. Joan 
Bernstein for cellular identification. 

If more information or further detail is required, please do not hesitate 
to phone me at 966-7401 during business hours. 

Sincerely, 

~)' i -
n;~.u..( ~ 

Kim Lewis, R. T. 
Hematology, WCVM 



September 9, 1991 

Laboratory Equipment List Used in Fish Blood Testing 

Department of Clinical Pathology, WCVM 

Chemistry Analysis !> 
f 

L 

r 
Dacos Discrete Analyzer with Continuous Optical Scanning Coulter Elec troni\ 

Hematology Analysis 

Coulter Hemoglobinometer 

Coulter Dual Diluter III 

Coulter~Counter Model FN 

IEC/MB Micro Hematocrit Centrifuge 

Ames Hema Tek Slide Stainer 

Hand-Held Refractometer 

l 

Hemoglobin determination 

Dilution for rbc count 

Counting rbc's r 

I 
Determination of PCV's 

( 

Staining of peripheral blood smears I 
l. 

Plasma protein determinations 



) 

FISH CBC PROCEDUR! 

ll Make slides (just in case). 

2) Manual PCV 

3) Manual WBC 

4) Manual Hgb 

- interface of sealant and rbc's on bottom of black line 
- slide clear plastic carrier to where the plasma meniscus 

intersects the diagonal black line 
- move red line to plasma/rbc interface and. read PCV 

- use 2 tubes per dilution 
- 1st tube: 0.1 ml in 0.9 ml Nat+ and Herrick's stain 

2nd tube: 0.1 ml of 1st dilution in 1.9 ml Nat+ and 
Herrick's stain 

~ 

(therefore final dilution is 1:200) 

- let sit 10 minutes 
- flood both sides of hemocytometer 
- let sit for 10 min 

- Look for darkly staining, round cells 
- count both sides of hemocytometer 
- count all 9 squares. Average count. 

calculation: WBC = (Count t 10%) x 200 
1000 

- see attached method 

5) RBC on Coulter FN 
- Run 4c normal on human setting 
-Run fish with attenuation at .354 

aperature at 128. 

a) Run background with isoton only on human setting 
- rinse cup out x 5 before doing background 

b) Put lever on dilutor to wbc 
- hold sample to pipette tip and press to draw up sample 
- press bar again to dispense sample into acuvette. 

c) Put lever on dilutor to rbc 
your wbc dilution is now your sample 

- repeat procedure as in b) 

d) Count the RBC diltion x 2 and record on steno book which is on top 
of the Coulter FN 

- correct for coincidence from chart 
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FA XJ' wo~ l ::.c:·, o~:,r.c.: 

Required: 

Procedure: 

I 

1. 
2 . 

3. 
4. 

DETERMINATION OF FIStl HEMOGLOBIN 

Reagent Lyse II 
Instrument - Caul ter Hemoglobinometer 
1/501) 
Reference Solution - Hemoterge 
Controls - 4C Plus (L,H,N) 

(position: 

Calibration of Hemoglobinometer to do fish Hgb. 

1. 

2 . 

20 ul. of 4C plus Normal Control in 10 ml. of Lyse 
II. 
Adjust Hemoglobinometer to mean value ± 0.2 gjdL. 
Use semi-automated value and range. Repeat with H/L 
controls and insure that values fall within assigned 
expected ranges. 

II To Run Fish/Avian Hgb 

* 
* 

L 
2 . 

3 . 
4 .• 
5 . 

20 ul. of blood in 10 ml. of Lyse II. 
Incubate suspension for 10'(37°C) to insure lete 
Lysing.* 
Spin down (3000 rpm) to remove cellular debris. 
Read supernatant(clear) on Hgbometer. 
Convert gjdL x 10 to gjL. 

This may 
Reference 

necessary '. 
"'"''"' o\.::.%·~;.,"" l 
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DACOS® Analyzer 

plus LYTES Option 

PN 6602743 

An automated analyzer, intended for the quantitative analysis 
of sodium and potassium. 

FOR IN VITRO DIAGNOSTIC USE 

Read the complete manual 
before attempting to operate 

the instrument 

There is no drug-plastic interaction of clinical significance 
under recommended conditions of use. 

HAZARDS AND/OR OPERATIONAL PRECAUTIONS AND LIMITATIONS 

Footnotes identified as WARNINGS, CAUTIONS, and IMPORTANTS alert 
the operator as follows: 

WARNING: May cause injury. 
CAUTION: May cause damage to the instrument. 

IMPORTANT: May cause misleading results. 

PN 4235544 (September 1985) 
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ELECTRODE SYSTEM 

The measurement of the two electrolytes, sodium and potassium, is done by 
ion-selective electrodes (ISEs) Jn the plus LYTES. A general description of 
the ISE principles is given below; however, see the References for addition
al reading material on ion-selective electrodes. 

The ISE performs an electrochemical measurement. The response of the elec
trode is logarithmic and proportional only over a limited range of both the 
concentration of the ion to be measured as well as any competing ions, fhe 
measurement is of an electrical potential developed at the electrode, this 
potential is related to the ion activity which is proportional to the 
concentration. 

An ion-sele.ctiv·e electrode as well as a reference electrode are needed for 
this type of measurement. The sodium electrode is a glass membrane type 
encasing a reference solution of sodium ions and chloride ions, and a 
silver/silver chloride (Ag/AgCl) reference element. It is specifically 
formulated for high selectivity for sodium ions. A potential is developed 
and measured at the inner surface of the ISE when a sample or standard comes 
in contact with its outer membrane surface. This potential is compared to 
that of the reference electrode. The reference electrode consists of a 
Ag/AgCl reference element encased in a reference solution containing chlo
ride ions. The potassium electrode system is similar except that valinomy
cin, an antibiotic, is used for the membrane. Valinomycin is able to replace 
the hydration shell of a potassium cation thereby making the ISE highly 
selective for potassium. 

This measurement can be expressed for ideal situations in which insignifi
cant or no amount of competing ions occur in the solution, by the Nernst 
equation below: 

E ::: t 
0 

+ 2. 303 ( RT ) log A 

Where: 

E ::: the potential developed in millivolts (mV) 

E0 ::: the constant potential 

RT/ZF ::: the "slope". R ::: the gas constant; ::: absolute temperature; 

z: ion charge, with sign (valence); and F =Faraday's constant 

A= ion activity (concentration x activity coefficient). 

Since patient samples do not present ideal conditions, but vary greatly in 
ionic strength, a comparative method of measurement is used. This includes 
the measurement of two standards containing known amounts of the selected 
ion as well as the sample. A two-point calibration is performed using the 
two standards. The slope of the calibration curve is substituted in the 
Nernst equation. For a comparative measurement the equation becomes: 

- E ~ S log ( S X ) 
Where: 

E :: 
X 

the potential developed by the xsr for the. sample 

E the potentiaL developed by s the !SF for the standard 

s 
~ s I ope, with siqn 

X 

A ion r:oncentrstton Hl the sampl~; 
X 

A ion concentration in the standard 

PN 4235544 (September 1985) 
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FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Couller DA~ TOTAL PROTEIN reagent is intended 

for the in vitro quantitative determination of total protein with the 
DAcos® chemistry analyzer. 

CLINICAL SIGNIFICANCE: The quarllitation of the interrelationship 

of total protein concentration to albumin and globulin fractions aids 

in the diagnosis of multiple myeloma, sarcoidosis, dehydration, hepatic 

malfunction, renal disease, malnutrition, third degree burns, and water 
intoxication. 

PRINCIPLES OF REAGENT SYSTEM: In an alkaline solution, cupric 

ions form a violet-colored complex with protein, and the intensity of 

the color produced is directly proportional to protein concentration. This 

color reaction is the basis for the biuret test.' See Figure I. 

The method used by the optimized DART TOTAL PROTEIN reagent is a 

modified Gornall method.' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 

obtained before the reagent is diluted by the DACOS chemistry analyzer. 

Cupric Sulfate ............................... . 

Sodium Hydroxide ........................... . 

Potassium Sodium Tartrate ................ , ... . 

Potassium Iodide ............................ . 

SLabilizer 

24 mmol/L 

500 mmol/L 

85 mmoi/L 

24 mmol/L 

CAUTION: Reagent contains sodium hydroxide and is CORROSIVE, 

causing severe burns on skin and eyes. Wash affacted areas 

thoroughly with water for 1 5 min a~er contact and consult a 

physician. 

PACKAGE CONTENTS: 

DART TOTAL PROTEIN Reagent 20 X 25.5 mL 

REAGENT PREPARATION: DART TOTAL PROTEIN reagent is supplied 

as a single reagent and is in ready-to-use form. 

STABILITY AND STORACE: Store unopened vials of DART TOTAL 

PROTEIN reagent, tightly capped, in subdued light at controlled room 

temperature. Consult expiration date on vial label for shelf life. 

Do not use if the reagent has any precipiLate, this may indicate reagent 

deterioration. Do not use if the reagent blank has an absorbance greater 

than 0.2 50 measured at 5 50 nm. The reagent blank absorbance of 

Alkaline 

4\...,/AilL M A'\~A LAI ~ 

(MODIFIED BIURET METHOD) 

a mixture of 2.0 mL reagent and 1.2 mL DACOS DILUENT may be 

measured in a spectrophotometer against water in a I em light path cuvet. 

This reagent blank absorbance check is an independent procedure. 

Therefore, its limits are not always identical to the absorbance limits 

of the reagent blank (first level calibrator) which are programmed in 

the test definition. This check is provided as a means to separate reagent 

problems from instrument problems. 

Inability to. recover results within the expected ranges of DART 

LlQUITROL or DACOS CONTROL LEVEL 1 and 11 while using 

DACAL* 1, 11, and 111 calibrators to calibrate may indicate reagent 

deterioration. 

SPECIMEN HANDLING: Assay freshly drawn serum to avoid possi

ble specimen conLamination. Serum not promptly assayed may be stored 

at 2 to 8 ° C in a stoppered container for approximately one month 

without appreciable change in total protein concentration.' See the 

Interferences and Limitations section in this package insert. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 

definition located in the system for this reagent. For operating instruc

tions, refer to the DACO~ Analyzer Product Reference Manual.' 

EXPECTED VALUES: Determined with samples from an ambulatory 
population. 

General Population 6.2 to 8.4 g/dL 

Coulter strongly recommends that each laboratory determines its own 

normal range based upon its geographical location and other popula
tion characteristics. · 

ANALYTICAL RANCE: From 0 to 16 g/dL 

PERFORMANCE CHARACTERISTICS: This is typical daLa produced 
by one or more DACOS chemistry a·nalyzers. 

1. PRECISION: IThree samples per runl 

A. Within-Run: 

No. of MEAN S.D. c.v. 
Runs (g/dl) (g/dl) (%) 

20 3.21 0.04 1.3 
20 6.16 0.05 0.9 
20 8.79 0.07 0.8 

Protein + Cu • • ---------~ Violet-Colored Complex 
., 

Solution 

Figure 1 Sequence of Reaction 

PN 7507584-1 R 2-88 ·1· 



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART* CREATININE reagent is intended 

for the in vitro quantitative determination of creatinine with the 

DACOS" chemistry analyzer. 

Cl.INICAL SIGNIFICANCE: The determination of serum creatinine is 

an aid in diagnosing renal disease and dysfunction.' 

PRINCIPLES Of REAGENT SYSTEM: The formation of a reddish 

creatinine-picrate complex, which is proportional to the amount of 

creatinine present, is the basis for the creatinine determination. See 

Figure 1. 

The method used by the DART CREATININE reagent is a modi fica· 

tion of the kinetic Jaffe method.l 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 

obtained before the reagent is diluted by the DACOS chemistry analyzer. 

Reagent A 

Sodium Borate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26.2 mmoi/L 

Sodium Phosphate Dibasic . . . . . . . . . . . . . . . . 52.8 mmoi/L 

Sodium Hydroxide ............................ 537.4 mmol/L 

Stabilizer and Surfactant 

Reagent B 

Picric Acid................................... 57.2 mmoi/L 

CAUTION: Resgent A contain!\! oodlum hydroxide which may 

C41Use lr-rtt.!!Jtlon or bum!\! to Kin ll!nd eye11. Flu11h conl.!ilet s~.orlsce 

with water. If taken.lntem!!illy or rfJye c:ontllct occur.s consult 111 

phy::~icilm. Use with ad&qulllte v®ntill!ltion. Re11gent B contain!! 

picric 11cid; conU!ct with skin should oo avoided. Flush c:onU!ct 

m~rtmce with wlilt®r. If Reagent 13 11!1 permitted to evaporntw to 

dryneM~, tlwl rem~ltlng cry!lt!lh!iarn explrn~ive. Wash all container.s 
thoroughly oofore allowing to dry. 

PACKAGE CONTENTS: 

DART CREA TlNlNE Reagent A 

DART CREA T!NlNE Reagent B 

10 x 16.8 mL 

10 x 16.8 ml 

REAGENT T!ON: DART CREATININE Reagents A and B 

are supplied in a ready-to-use form. 

PN 7507 440-J R 3-88 

CREATININE A 

(KINETIC JAFFE METHOD) 

STABILITY AND STORAGE: Store unopened DART CREATININE 

reagent vials at a controlled room tempera! ure in subdued light. DO 

NOT REFRJGERA TE. If exposed to extreme cold, crystals can appear; 

allow to stand at room temperature with occasional mixing to dissolve 

crystals. Refer to the expiration dates listed on the vial labels for shelf 

life. Reagents are stable for at least 72 hat l5°C after being opened, 

but should be kept tightly capped when not in use. 

Do not use if the reagent blank has an absorbance greater than 0.060 

measured at 520 nm. The reagent blank absorbance Df a mixture of 

800 11L of Reagent A and 800 11L of Reagent Band 1.2 mL of DACOS 

Dl LUENT may be measured in a spectrophotometer against water in 

a l em light path cuvet. This reagent blank absorbance check is an 

independent procedure. Therefore, its limits are not always identical 

to the absorbance limits of the reagent blank (first level c:alibrator) which 

are programmed in the test definition. This check is provided as a means 

to separate reagent problems from instrument problems. 

Inability to recover results within the expected ranges for DART 

L!QUITROL or DAcos CONTROL LEVELS I AND 1!, while using 

DACAl0 !, !1, and Ill calibrators to calibrate might indicate reagent 

deterioration. 

SPECIMEN HANDLING: Fresh serum should be used. If samples are 

to be shipped, serum should be frozen immediately after separation. 

Samples which have been frozen tend to give slightly lower values. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 

definition located in the system for this reagent. For operating instruc

tions, refer to the DACOS" Analyzer Product Reference Manual.! 

EXPECTED VALUES: 

General Population "' 0.8 to 1.6 mg/dL 

Age 

Sex (m= months. 

Male m 99 y 

Female m 99 y 

Range 

(mg/dll 

1.0 

0.8 

1. 7 

1.4 

Coulter strongly recommends that each laboratory determines its own 

normal range based upon its geographical location and other popula

tion characteristic.~. 

ANAl. YTICAL RANCE: From 0 to 2 5 mg/dL 

+ p 



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART<~~ AST (GOT) reagent is intended for 
the in vitro quantitative determination of asparate aminotransferase 
(ASn activity in serum with the DACOS<II and the DACOS XL chemistry 
analyzers. 

CLINICAL SIGNIFICANCE: The quantitation of elevated levels of AST 
is an aid in diagnosing hean and liver diseases. AST activity rises within 
the fLrSt 18 h after myocardial infarction, reaching its highest level within 

PRINCIPLES OF REAGENT SYSTEM: Serum aspanate aminotransferase 
(ASI) catalyzes the transformation of 2-oxoglutarate to l.rglutamate with 
simultaneous deamination of I.raspartate to oxaloacetate. AST activity 
is measured as oxaloacetate, which is reduced to malate by malate 
dehydrogenase (MD). and an equimolar amount of NADH is oxidized 
to NAD in proportion to AST activity. AST activity is detennined spec· 
trophotometrically by measuring the decrease in absorbance at 340 nm. 
Lactate dehydrogenase (LD) is included in the formulation to eliminate 
any pyruvate present in the samples. See Figure I. 

The method used by the optimized DART AST (GOT) reagent is a 
modification of the method recommended by the International Federa
tion of Clinical Chemistry (!FCC).' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
obtained before dilution of the reagents by the DACOS chemistry 
analyzer. 

2-0xoglutarate (a -ketoglutarate) ............... . 
l.rAspartate ................................. . 
Reduced Nicotinamide Adenine 

Dinucleotide (NADH) ...................... . 
Malate Dehydrogenase 

(E.C.J.I.1.37, MD) .......................... . 
Lactate Dehydrogenase 

(E.C.l.l.l.27, LD) .......................... . 
Tris (Hydroxyrnethyl) Arninomethane 
Buffer ...................................... . 
Sodium Azide ............................... . 
Stabilizers 

WARNING 

40 mmol/L 
825 mmol/L 

0.75 mmol/L 

1925 U/L 

1650 UIL 

275 mmol/L 
0.025% 

Contains sodium azide. Sodium azide may react with lead and 
copper plumbing to form highly explosive metal azides. On disposal, 
flush with a large volume of water to prevent azide build-up. 

FOR IN VITRO DIAGNOSTIC USE 

PACKAGE CONTENTS: 

DART AST (GOT) Reagent 20 x 10 mL 

REAGENT PREPARATION: Gently tap each vial of DART AST (GOT) 
reagent several times to loosen contents from the sides of the container. 
To each 10 mL vial add 10.0 mL of water, which meets or exceeds the 
specifications of NCCLS Type II water.• Mix by gently swirling and 
inverting, to avoid foaming, until contents are completely dissolved. 

AST 

DART® AST (con 

(MODIFIED /FCC METHOD) 

STABILITY AND STORAGE: Store unopened DART AST (GOT) reagent 
vials in subdued light at 2 to 8 ° C. Refer to expiration date on vial label 
for shelf life. The reconstituted reagent is stable for at least six days when 
refrigerated at 2 to 8 ° C, or 72 h at 15 ° C. 

Do not use if the dry reagent appears moist, or if the reconstituted reagent 
becomes turbid. Do not use if the reagent blank has an absorbance less 
than 1.2 measured at 340 nm. The reagent blank absorbance of a mix
ture of 1.2 mL reconstituted reagent and 1.8 mL of DACOS DILUENT 
may be measured in a spectrophotometer against water in a l em light 
path cuvet. This reagent blank absorbance check is an independent pro
cedure. Therefore, its limits are not alway~ identical to the absorbance 
limits of the reagent blank (first.level calibrator) which are programmed 
in the test definition. This check is provided as a means to separate 
reagent problems from instrument problems. 

Inability to recover results within c:xpected ranges for DART 
LIQUITROL or DACOS CONTROL LEVEL I and LEVEL II while 
using DACAL® I, II and III Calibrators to calibrate may indicate reagent 
deterioration. 

SPECIMEN HANDLING: The use of fresh or refrigerated serum is 
recommended. If not assayed promptly, freeze samples rapidly and as 
needed, thaw to room temperature with thorough mixing. Do not use 
hemolyzed samples. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 
definition located in the system for this reagent. For operating instruc· 
tions, refer to the DACOS<II Analyzer Reference Manual.' 

ANALYTICAL RANGE: From 0 to 1000 U/L at 37°C 

INTERFERENCES AND LIMITATIONS: 

I. Microbial contamination of water used for reconstitution may pro

duce an apparent elevation of AST activity by the introduction of 

pyridoxal phosphate (PyP). 

2. Hemolyzed sera may interfere with AST determination, since 

erythrocytes contain AST. 

3. For a comprehensive review of interfering substances, consult Young, 

DS et al.: 1975. "Effects of Drugs on Clinical Laboratory Tests. " 6 

EXPECTED VALUES: 

General Population = 7 to 39 U/L at 37°C 

This range was determined from an apparently healthy, fasting, adult, 
male and female population, using nonparametric analysis. This range 
has been verified on the DACOS chemistry analyzer. 

Coulter strongly recommends that each laboratory determines its own 
normal range based upon its geographical location and other popula
tion characteristics. 

L-Aspartate + 2-0xoglutarate --------+- L-Glutamate + Oxaloacetatar 

MD 

Oxaloacetate + NADH + H • L-Malate + NAO • 

Figure 1 Sequence of Reactions 

R 10-89 -1-



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DAR"J"'® UREA NITROGEN reagent is 
intended for the in vitro quantitative determination of urea nitrogen 
with the DACOS* and DACOS XL chemistry analyzers. 

CLINICAL SIGNIFICANCE: The quantitation of urea is useful in 
diagnosing disorders associated with renal and prerenal diseases, 
dehydration, severe GI hemorrhage, infections, diabetes mellitus and 
some neoplastic diseases. 1,2 

PRINCIPLES Of REAGENT SYSTEM: In the presence of water and 
urease, urea is hydrolyzed to carbon dioxide and ammonia. Glutamate 
dehydrogenase (GLD) catalyzes the reaction of ammonia, 
2-oxoglutarate, and reduced nicotinamide adenine dinucleotide (NADH) 
to produce L-glutamate and NAD. See Figure 1. 

While NADH has a high absorbance at 340 om, NAD has virtually no 
absorbance at that wavelength. Over the analytical range of tbe reagent, 
tbe amount of NADH oxidized, and the subsequent decrease in absorb
ance at 340 nm, is proportional to the urea concentration of tbe sample. 

This method used by the optimized DART UREA NITROGEN reagent 
is based on a modification of the Talke and Schubert met.hod. 3 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
obtained before the reagents are diluted by the DACOS chemistry 
analyzer. 

Urease (E.C.3.5.!.5) ......................... . 
2-0xoglutarate (a: -ketoglutarate) .............. . 
Reduced Nicotinamide Adenine 
Dinucleotide (NADH) ....................... . 

Glutamate Dehydrogenase 
(E.C.l.4.1.3, GLD) ......................... . 

Tris (Hydroxymethyl) Aminomethane 
Buffer ..................................... . 

Sodium Azide ............................... . 
Filler and Stabilizers 

WARNING 

2400 U/L 
12.8 mmol/L 

0:6 mmol/L 

48,000 UIL 

128 mmol/L 
0.016% 

Contains sodium azide. Sodium azide may react with load and 
copper plumbing to form highly 11xplosive metal nldt~s. On disposal. 
flush with a largo volume of water to prevent azide build-up. 

PACKAGE CONTENTS: 

DART UREA NITROGEN Reagent 20 X 20 mL 

REAGENT PRE PAllA TION: Gently tap each vial of reagent several 
times to loosen contents from the sides of the container. To each 
20 mL vial, add 20.0 rnL of ammonia-free water which meets or exceeds 
the spec:ificatioru; for NCCLS Type !I water.• Immediately mix by gently 
swirling and inverting, to avoid foaming, until contents are completely 
dissolved. 

DART® UREA NITROGE"' 

(MODIFIED TALK£ AND SCHUBERT METHOD) II 

STABIUTY AND STORAGE: Store unopened DART UREA 
NITROGEN reagent vials in subdued light at 2 to 8'C. Refer to the 
expiration date on the vial label for the shelf life. The reconstituted 
reagent is stable for at least six days when refrigerated (2 to s•q or 
72 hat IS•c. 

Do not use if the dry reagent appears moist or if the reconstituted reagent 
becomes turbid. Do not use if the reagent blank has an absorbance less 
than 2.4 measured at 340 nm. The reagent blank absorbance of a mixture 
of 2.0 mL of recoru;tituted reagent and 1.2 mL of DACOS DILUENT 
can be measured in a spectrophotometer against water in a I em light 
path cuvet. This reagent blank absorbance check is an independent 
procedure. Therefore, its limits are not always identical to the absorbance 
limits of the reagent blank (first level calibrator) that are programmed 
in the test definition. This check is provided as a means to separate 
reagent problems from instrument problems. 

. Inability to recover results within the expected ranges of DART · 
LIQUITROL or DACOS CONTROL LEVEL I and II, while using 
DACAL'" I, ll, and Ill calibrators to calibrate may indicate reagent 
deterioration. 

SPECIMEN HANDLING: It is preferable to use fresh serum. Serum 
that has been stored refrigerated can be used. Materials used for sample 
collection should be ammonia-free. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 
definition located in the system for this reagent. For operating instruc
tioru;, refer to the DACOS* Analyzer Product Reference ManuaLs_ 

EXPECTED VALUES: 

General Population = 7 to 21 mg/dL 

Age Range 
Sex .£..111 = months. y"" years) (mg/dl) 

Both 1m 3- 14 
Both 2m- 1 y 5 15 
Both 2y-14y 5 18 
Male 15 y - 44 y 8 19° 
Female 15 y - 44 y 7 16. 
Male 45 y- 74 y 7 21 
Female 45 y- 74 y 7 19 
Both 75 y- 99 y 7- 29 

Ranges have been extrapolated from the literature. References are 
available upon request. 

$These ranges have been verified on the DACOS chemistry analyzer. 

Coulter strongly recommends that each laboratory determines its own 
normal ranges based upon its geographical location and other popula
tion characteristics. 

• l 

Figura 1 Sequence of Reactions 
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RAICHEMTM 
MAGNESIUM REAGENT 

Product No. 85207 

INTENDED USE 
This reagent is intended for the quantitative determination of 
magnesium in serum or plasma. 

For in vitro diagnostic use only. 

TEST SUMMARY 
Older methods for determination of magnesium were based 
on precipitation in the form of magnesium ammonium 
phosphate, followed by determination of phosphate in the 
precipitate. Complexometric techniques using EDTA have 
been employed. Fluorometric methods have been presented, 
one of which has been automated. The definitive method is by 
neutron activation analysis, while the procedure of choice 
uses atomic absorption (1). Direct magnesium determinations 
employing spectrophotometric methods without deproteiniza
tion of the samples have been described. These use .calma
gite, methylthymol blue, Titan yellow. 

The sodium salt of Xylidyl Blue I (Magon sulfonate-CAS 
registry number: 14936-97 -1l is 4-hydroxy-3-[2-hydroxy-3-(2, 
4-dimethylphenyl amino carbonyl)-1-naphthylazo] benzene 
sulfonic acid (2l and is used in our procedure. This compound 
forms a red complex in alkaline solution with magnesium. The 
absorbance at 520 nm of the red Xylidyl Blue 1: magnesium 
complex is proportional to the concentration of magnesium in 
the sample. lnterierence by calcium is prevented by the use 
of EGTA [ethylenebis (oxyethylene nitrile) tetraacetic acid]. 

REAGENT COMPOSITION 

Component 
Xylidyl Blue I 
EGTA 
TRIS 
Na2COJ 

Approximate 
Concentration 

0.14 mmoi/L 
0.1 mmoi/L 
200 mmoi/L 
100 mmoi/L 

A magnesium standard IS provided with the reagent 

REAGENT PREPARATION 
The reagent is 1n liquid form, ready for use. 

REAGENT STORAGE AND STABILITY 
The reagent in the unopened containers is s1able at 2°C-25°C 
until the exp1ration date indicated on the container. 

PRECAUTIONS 
Do not use the reagent if it becomes turbid or fails to recover 
known serum control values. 

Avoid contamination of the reagents. Magnesium is present 
in a number of products used as detergents, in tap water, etc. 

The reagent is alkaline; avoid contact with skin and mucous 
membranes. If contact occurs, wash affected area with 
copious quantities of water. Use an eye wash if the eyes are 
involved. 

INTERFERING SUBSTANCES 
Any substance which either chelates magnesium or contains 
magnesium will interiere with the assay. 

Young, et al. (3l have published a comprehensive list of 
drugs and substances which may interiere with in vitro 
diagnostic assays, including that for serum magnesium. 

SPECIMEN COLLECTION, PREPARATION AND STORAGE 
The assay may be performed using· serum or heparinized 
plasma. Do not use anticoagulants which are also metal 
complexing agents, such as oxalate, fluoride or citrate. 
Separate the serum or plasma from the formed elements of 
blood as soon as possible to minimize transferral of magne
sium from the cells through the cell membranes. Do not use 
hemolyzed samples as red cells contain a much higher level 
of magnesium than plasma 

Magnesium in serum or plasma is stable for several days 
refrigerated. For long term storage, samples should be kept in 
a freezer. 

MATERIALS REQUIRED BUT NOT PROVIDED. 
1. Spectrophotometer capable of acccurate readings at 520 nm. 
2. Matched cuvets. 
3. Distilled or deionized water. 
4. Accurate pipettes to measure water, reagent and standard. 

MATERIAL PROVIDED 
1. Magnesium Reagent in liquid form. 
2. Magnesium Standard: Concentration reported on vial label. 

CALIBRATION: 
The assay requires the use of a magnesium standard. Use the 
standard provided with the reagent or other commercially 
available standards or calibrators. 

REAGENTS APPLICATIONS, INC. 
8225 Mercury Court • San Diego. California 92111 • (619) 569-8009 • 800-482-3914 • 800-438-6100 (CA Only) 



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART® CK (CPK)-NAC reagent is intended 
for the in vitro quantitative determination of creatine kinase (CK) activity 
with the DACOS* and the DACOS XL chemistry analyzer. 

CUNICAL SIGNIFICANCE: The determination of creatine kinase is 
an aid in diagnosing muscular dystrophy and other diseases of the 
skeletal muscles, myocardial infarction, hypothyroidism, and renal 
disease and/or dysfunction.' 

PRINCIPLES OF REAGENT SYSTEM: CK catalyzes the conversion of 
creatine phosphate and ADP to creatine and A TP. The A TP and glucose 
are converted to ADP and glucose-6-phosphate by hexokinase (HK) 
in the second reaction. In the final reaction, glucose-6-phosphate 
dehydrogenase (G-6-PD) oxidizes the glucose-6-phosphate and reduces 
the nicotinamide adenine dinucleotide (NAD). The rate of increase in 
NADH concentration is proportional to the CK activity. See Figure I. 

This method used by the DART CK (CPK)-NAC reagent is based on 
that of Oliver and Rosalki.'ol The reagent includes AMP and 
diadenosine pentaphosphate to suppress adenylate kinase activity.' 
N-acetylcysteine (NAC) acts as a CK stabilizer and activator.' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
before the reagent is diluted by the DACOS chemistry analyzer. 

[)..Glucose .................................. . 
Magnesium + + .............................. . 
Adenosine- 5 '-Monophosphate (AMP) .......... . 
N-Acetylcysteine Jl'!AC) ...................... . 
Creatine Phosphate .......................... . 
Adenosine- 5 '-Diphosphate (ADP) ........ . 
Nicotinamide Adenine Dinucleotide ..... . 
Glucose-6- Phosphate Dehydrogenase 

(E.C. 1.1. 1 .49, G-6-PD) ................... . 
Hexokinase (E.C.2.7.1.1, HK) ... . 
EDTA... . ......... . 
Diadenosine 5' -pentaphosphate .. . 
Sodium Azide . . . . . . . . . . . . . .. . 
Buffers and Stabilizers 

WARNING 

62.5 mmol/L 
16.25 mEq/L 
12.5 mmoi/L 

50 mmoi/L 
7 5 mmoi/L 

6.3 mmol/L 
5.8 mmoi/L 

3750 U/L 
5000 U/L 
5 mmol/L 

26.5 11mol/L 
0.025% 

Contains sodium azide. Sodium azide may re&et with lead and 
copper plumbing to form 11 highly explosive m®tal azldea. On 
di$p<l!lllll. flush with a large volume of water to prevent azid11 
build-up. 

PACKAGE CONTENTS: 

DART CK (CPK)-NAC Reagent 20x10mL 

REAGENT PREPARATION: Gently tap each vial of DART CK (CPK)
NAC reagent several times to loosen contents from the sides of the 
container. To each 10 mL vial. add !0.0 mL of water which meets or 

(MODIFIED OUVER-ROSALKI METHOD) 

exceeds the specifications for NCCLS Type II water.• Mix immediately 
by gently swirling and inverting, to avoid foaming, until contents are 
completely dissolved. 

STABILITY AND STORAGE: Store unopened DART CK (CPK)-NAC 
reagent vials in subdued light, at 2 to 8°C. Refer to expiration date 
on vial label for shelf life. The reconstituted reagent is stable for at 
least six days at 2 to 8°C or 72 hat l5°C. 

Do not use if the dry reagent appears moist or if the reconstituted reagent 
becomes turbid. Do not use if the reagent blank has an absorbance 
greater than 0.400 measured at 340 nm. The reagent blank absorbance 
of a mixture of 2.0·mL of reconstituted reagent and 3.0 mL of DACOS 
DILUENT can be measured in a spectrophotometer against water in 
a I em light path cuvet. Inability to recover results within the expected 
ranges for DART LIQUITROL or DACOS CONTROL LEVELS I and 
II might indicate reagent deterioration. 

SPECIMEN HANDLING: If serum is not assayed immediately, it should 
be kept in a stoppered container and refrigerated. Avoid exposure to 
bright light. If samples are to be shipped or stored for longer then two. 
days. freeze immediately after separation. Hcmo\yzed sarnp\es shouid 
not be used, although slight hemolysis can be tolerated. See the 
Interferences and Limitations section in this package insert. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 
definition located in the system for this reagent. For operating instruc
tions, refer to the DACOS® Analyzer Product Reference Manual.' 

EXPECTED VALUES: 
General Population = 1 6 to 2 06 U /L at 3 7 ° C • 

"These ranges have been verified on the DACOS chemistry analyzer. 

Exercise or trauma can cause an elevation in CK values. Coulter strongly 
recommends that each laboratory determines its own normal ranges 
based upon its geographical location and other characteristics. 

ANALYTICAL RANGE: From 0 to 2000 U/L at 37°C 

PERFORMANCE CHARACTERISTICS: This is data produced by one 
or more DACOS chemistry analyzers. 

1. PRECISION: IThree samples per runl 

A. Within-Run: 

No. of MEAN S.D. c.v. 
Runs (UIL) (UIL) (%) 

10 95.4 3.3 3.5 
10 324.2 4.7 1.4 
10 635.9 5.4 0.8 

CK 
Creatine Phosphate + ADP ~~~-~"'" Creatine + A TP 

Mg+ + 

HK 



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DAK!"" ALBUMIN reagent is intended to be 

used for the in vitro quantitative determination of albumin with the 

DACOS" chemistry analyzer. 

CLINICAL SIGNIFICANCE: Observation of serum albumin level is 

useful as an aid in diagnosing disease states of the liver and kidneys, 

intestinal malabsorption, and water intoxication! 

PRINCIPLES OF REAGENT SYSTEM: The method used by the DART 

ALBUMIN reagent is based on that of Doumas.' At a controlled pH, 

bromcresol green forms a colored complex with albumin. The intensity 

of color at 630 run is directly proportional to albumin content. The 

instantaneous initial absorbance is obtained as suggested by Webster.' 

See Figure 1. 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 

obtained before the reagent is diluted by the DACOS chemistry analyzer. 

Bromcresol Green ............................ . 

Succinic Acid ................................ . 

Sodium Hydroxide ........................... . 

Sodium Azide ............................... . 

Brij 35, 30% ................................ . 

Ethanol (denatured) .......................... . 

0.36 mmol/L 

12 5.8 mmol/L 

43.8 mmol/L 

2.6 mmol/L 

6.7 mLIL 
3.9 mL/L 

CAUTION: Contains sodium azide; may form explosive metallic satt 
with lead or copper plumbing. If flushed down drain, use copious 

amounts of water. Normal operation of the DACOS chemistry 

anaiyzM provides sufficient water for flushing. 

DART® ALBUMIN 
(MODIFIED DOUMAS METHOD) 

absorbance of a mixture of 3.0 mL of reagent and 1.2 mL of DACOS 

DIWENT may be measured in a spectrophotometer against water in 

a I em light path cuvet. This reagent blank ab~orbance check is an 
independent procedure. There fore, its limits are not always identical to 

the absorbance limits of the reagent blank (first level calibrator) which 

are programmed in the test definition. This check is provided as a means 

to separate reagent problems from instrument problems. 

Inability to recover results· within the expected ranges of DART 

LIQUITROL or DACOS CONTROL LEVEL I and LEVEL II while 

using DACAL• I, II, and III calibrators to calibrate may indicate reagent 

deterioration. 

SPECIMEN HANDLING: Serum stored at room temperature for up to 

one week may be used, provided it remains clear. When refrigerated, 

serum protein is stable for one month. • 

TEST PROCEDURE DEFINITION: Refer to the test preprogrammed 

definition located in the system for this reagent. For operating instruc

tions, refer to the DACOS" Analyzer Product Reference ManuaJ.s 

EXPECTED VALUES: Determined with samples from an ambulatory 

population. 

General Population = 3.4 to 4. 7 g/dL 

Coulter strongly recommends that each laboratory determines its own 
normal range based upon its geographical location and other popula

tion characteristics. 

ANALYTICAL RANCE: From 0 to 6 g!dL 

PACKAGE CONTENTS: 

DART ALBUMIN Reagent 20 X 25.1 mL 

REAGENT PREPARATION:. DART. ALBUMIN reagent is supplied as a 

single reagent and is in ready-t~use form. 

STABILITY AND STORACE: Store unopened DART ALBUMIN reagent 

vials in subdued light at a controlled room temperature; opened reagent 

is stable for at least 72 h at ·IS ° C. Refer to expiration date on vial label 

for shelf life. Do not use if the reagent blank has an absorbance out

side the range of 0.150 to 0.450 measured at 630 run. The reagent blank 

Controlled 

PERFORMANCE CHARACTERISTICS: This is data produced by one 

or more DACOS chemistry analyzers. 

1. PRECISION: !Three samples per runl 

A. Within-Run: 

No. of MEAN S.D. C.V. 
Runs (g/dl) (g/dl) (%) 

10 1.93 0.04 2.1 
10 3.60 0.05 1.3 
10 5.05 0.04 0.7 

BCG + ALBUMIN------~.,.. GREEN BCG/ALBUMIN COMPLEX 

pH 

Figure 1 Sequence of Reaction 

PN 7507441-G R 3-88 -1-



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART'11> ALP IALK PHOS) reagent system 1s 
1n1ended for the in vitro quanutative determ1nat1on of alkaline phos
phaca'e enzyme 1n serum wuh the DACOS~ and DACOS XL chemistry 
~nal yzers. 

CLINICAl.. SIGNIFICANCE: The quantitation of alkaline phosphataSe 
(ALP) is an aid in diagnosing bone, liver, nutritional and intestinal 
disorders. Elevated serum ALP is found in women during their third 
trimester of pregnancy and in children. 

PRINCIPLES OF REAGENT SYSTEM: ALP. in the presence of 
2-amino-2-methyl-1-propanol (AMP buffer) and magnes!um ions 
(Mg • ·, activator), hydrolyzes p-nitrophenyl phosphate to produce 
p-nitrophenol and phosphate. The rate of increase in absorbance at 
420 nm is directly proportional to the ALP activity in the sample. 
See Figure l. 

The method used by the DART ALP (ALK PHOS) reagent is a modified 
Bowers and McComb system optimized for use with the DACOS 
chemistry analyzer. 1 

ACTIVE !lVCRED!ENTS: The values listed aie the vial concentrations 
obtained before the reagent is diluted by the DACOS chemistry analyzer. 

Reagent A 
2-Amino-2-Methyl-l-Propanol Buffer ........... . 

Reagent B 
p-Nitrophenyl Phosphate, Tris Salt .... . 
Magnesium (Mg • ·) ......... . 
Sodium Azide . . . . ......... . 
Filler and Stabilizer 

1.6 mol/l 

32 mmol/l 
0.8 mEq/L 

0.016% 

CAUTION: Do not pipet reagent by mouth. The reaction and product 
(p-nitrophenol) is hazardous to health: US!! caution whan handling. 

WARNING 

Contains sodium azide. Sodium azide may react with laad and 
copper plumbing to form highly explosiva metal azides. On disposal, 
flush with 111 large volume of watar to prevent azida build-up. 

FOR IN VITRO DIAGNOSTIC USE 

PACKAGE CONTENTS: 

DART ALP (ALK PHOS) Reagent A 
DART ALP (AU< PHOS) Reagent B 

1 x 42 5 mL 
20 x 20 mL 

REAGENT PREPARATION: Gently tap each vial of DART ALP reagent 
B several times to loosen the contents from the sides of the vial. To each 
20 mL vial of reagent B, add 20.0 mL of reagent A. Mix by gently swirling 
and inverting, to avoid foaming, until contents are completely dissolved. 
Refer to Interferences and Limitations. 

STABILITY AND STORACE: Store unopened DART ALP reagents A 
and B at 2 to 8 ° C in subdued light. Refer to expiration date on vial 

DAI=IT{E' ALP (ALK PHOS) A+ 

(MODIFIED BOWERS AND McCOMB METHOD) 

label for shelf life. Reconstituted reagent B is stable for at least six days 
when refrigerated at 2 to 8°C or 72 hat l5°C. Keep reagent A tightly 
sealed. 

Do not use reagent B if its contents appear moist. Do not use if the 
reagent blank has an absorbance greater than 0.2, measured at 420 nm. 
The reagent blank absorbance of a mixture of 2.0 mL of reconstituted 
reagent and 1.2 mL of DACOS DILUENT may be measured in a spec· 
trophotometer against water in a I em light parh cuvet. This reagent 
blank absorbance check is an independent procedure. Therefore, its limits 
are not always identical to the absorbance limits of the reagent blank 
(first level cilibrator) which are programmed in the DACOS chemistry 
analyzer test definition. This check is provided as a means to separate 
reagent problems from instrument problems. 

Inability to recover results within expected ranges for DART 
LIQUITROL or DACOS CONTROL LEVEL I and LEVEL II while 
using DACAL® !, II, and Ill calibrators to calibrate may indicate reagent 
deterioration. 

SPECIMEN HANDLING: Assay of fresh serum is recommended. If not 
assayed promptly, serum shou!d be refrigerated at .2 to 8 ° C. If storage 
is to exceed 2to 3 days, serum should be frozen and stored at -20°C.1 

Note that ALP activity recovers slowly after thawing of frozen serum. 
Before assaying, thawed serum should stand for 24 hat 2 to 8°C.' 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 
definition in the system for this reagent. For operating instructions. refer 
to the DACOS~ Analyzer Reference Manual.' 

ANALYTICAL RANGE: From 0 to 2400 U/L at 37°C 

!NTHlfERENCES AND LIMITATIONS: 

I . Serum free from hemolysis is preferred; slightly hemolyzed samples 

may be used. 

2. Anticoagulants such as oxalate, citrate and EDTA inhibit alkaline 

phosphatase activity. 1 

3 . Reagents A and B supplied in this package should not be interchanged 

and used with reagents having different lot numbers. 

4. For a comprehensive review of interfering substances, consult Young, 

DS et al.: 1975. "Effects of Drugs on Clinical Laboratory Tests:'' 

EXPECTED VALUES: 

General Population "' 41 to 133 U/L at 37°C 

Th1s range was determined from an apparently healthy, fasting, adult, 
male and female population, using nonparametnc analysis. This range 
has been venfied on the DACOS chemistry analyzer. 

Coulter strongly recommends that each laboratory determines its own 
normal range based upon its geographical location and other popula
tion characteristics. 

Figure 1 Sequence of Reaction 

PN 7507057 ·I< R 10-89 -1· 



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART® AL T (GPT} reagent is intended for 
the in vitro quantitative determinations of alanine aminotransferase 
(AL Tl activity with the DACOS"' and the DACOS XL chemistry 
analyzers. 

CLINICAL SIGNIFICANCE: The quantitation of elevated levels of AL T 
is an aid in diagnosing liver damage, both primary and secondary.' 

PRINCIPLES OF REAGENT SYSTEM: Alanine aminotransferase 
accelerates the simultaneous transformation of the amino group from 
L-alanine to 2-oxoglutarate with formation of L-glutarnate and pyruvate. 
Pyruvate is then reduced to lactate in the presence of the enzyme lac· 
tate dehydrogenase (LD) with corresponding oxidation of reduced 
nicotinamide adenine dinucleotide. AL T activity can be determined spec· 
trophotometrically by measuring the decrease in absorbance at 340 nrn 
caused by the oxidation of NADH. Lactate dehydrogenase also 
eliminates interference by pyruvate in the sample. See Figure I. 

The method used by the optimized DART AL T (GPT) reagent is a 
modification of the method recommended by the International Federa· 
tion of Clinical Chemistry (!FCC).' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
obtained before the reagent is diluted by the DACOS chemistry analyzer. 

2-0xoglutarate (a -ketoglutarate) 
L-Aianine. 
'teduced Nicotinamide Adenine 
Dinucleotide (NADH) ............... . 

Lactate Dehydrogenase 
(E.C.l.l.l.27 ,LD) ................ . 

Tris (Hydroxymethyl) Amino-
methane Buffer. 

Sodium Azide ..... 

WARNING 

40 mmoi/L 
1 3 7 5 rnmoi/L 

0. 7 5 rnrnoi/L 

2750 U/L 

2 77.5 rnmoi/L 
0.025% 

Contains sodium azide. Sodium azide may react with lead and 
copper plumbing to form highly explosive metal azides. On disposal, 
flush with a large volume of water to prevent azide build-up. 

PACKAGE CONTENTS: 

DART AL T (GPT) Reagent 20 x 10 mL 

ALT 

DART® AL T (GPT) 

(MODIFIED /FCC METHOD) 

REAGENT PREPARATION: Gently tap each vial of DART AL T (GPl} 
reagent several times to loosen contents from sides of container. To 
each 10 rnL vial, add 10.0 rnL of water which meets or exceeds the 
specification for NCCLS Type ll water. 1 Immediately mix by gently 
swirling and inverting, to avoid foaming, until contents are completely 
dissolved. 

STABILITY AND STORAGE: Store unopened DART AL T (GPn 
reagent vials in subdued light at 2 to 8°C . Refer to expiration date 
on vial label for shelf life. Reconstituted reagent is stable for at least 
six days when refrigerated at 2 to 8°C or for 36 hat l5°C. 

Do not use if the dry reagent appears moist or if the reconstituted reagent 
becomes turbid. Do not use if the reagent blank has an absorbance less 
than 1.3 measured at 340 nrn. The reagent blank absorbance of a mix
ture of l .2 rnL of reconstituted reagent and I .8 rnL of DACOS 
DILUENT may be measured in a spectrophotometer against water in 
a I ern light path cuvet. This reagent blank absorbance check is 3ll 

independent procedure. Therefore, tts limits are not always identir.al 
to the absorbance limits of the reagent blank (first level calibrator) which 
are programmed in the test definition. This check is provided as a means 
to separate reagent problems from instrument problems. 

Inability to recover results within the expected ranges for DART 
LIQUITROL or DACOS CONTROL LEVEL l and LEVEL ll while 
using DACAL® l, ll, and Ill Calibrators to calibrate may indicate 
reagent deterioration. 

SPECIMEN HANDLING: lt is recommended that fresh serum be 
assayed. If storage and/or shipment of specimen is necessary, refrigerate 
or freeze. Do not use hemolyzed samples. 

TEST PROCEDURE DEFINITION: Refer to the preprograrnmed test 
definition located in the system for this reagent. For operating instruc· 
tions, refer to the DACOS® Analyzer Product Reference Manual. • 

EXPECTED VALUES: 

General Population = 2 to 54 U/L at 37°C 

Coulter strongly recommends that each laboratory determines its own 
normal range based upon its geographical location and other popula· 
tion characteristics. 

ANALYTICAL RANGE: From 0 to 1000 U!L at 37°C 

L·Alanine + 2-0xoglutarate ------• L·Glutamate + Pyruvate 

LD 
Pyruvate + NADH + H + _____ _,..., NAD + L·Lactate 

Figure 1 Sequence of Reactions 

PN 7507058-G R 12-88 ·1· 



(MODIFIED SCHOENFElD AND LEWEllEN METHOD) 

FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART~ CHLORIDE reagent is intended 

for the in vitro quantitative determination of chloride with the 

DAcos~ chemistry analyzer. 

CLINICAL SIGNIFICANCE: Chloride is a principal serum anion essen

tial in maimaining normal acid/base equilibrium and water balance in 

human metabolism; its determination is well documented in literature.' 

Quantitation of serum chloride is also useful in conjunction with addi

tional electrolyte determinations in diagnosing cases of uremia and 

respiratory. metabolic, or diabetic acidosis and alkalosis. 

PRINCIPLES Of REAGENT SYSTEM: DART CHLORIDE reagent uses 
the colored complex which results from the reaction between iron ( + 3) 

and thiocyanate, the latter having been displaced from mercury ( + 2) 

thiocyanate by the chloride in serum.' This method is a modification 

of the assay described by Schoenfeld and Lewellen. 3 See Figure I. 

The color intensity of the complex formed is proportional to the chloride 

concentration when measured at 520 nm using the DACOS® chemistry 

analyzer. 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 

obtained before the reagent is diluted by the DACOS chemistry analyzer. 

Ferric Nitrate Nonahydrate ...... . 

Mercuric Thiocyanate 

Nitric Acid ...... . 

Surfactanr 

50 mmoi/L 

2 mmol/L 

103 mmoi/L 

CAUTION: DART CHLORIDE reagent contains an acid and a mm· 

cury compound and is both CORROSIVE and TOXIC. It may caus.e 

irritation to skin and eyes. Call a physician if taken internally or 

if aye contact has occurred, and flush contact surface with watM. 

PACKAGE CONTENTS: 

DART CHLORIDE Reagent 20 x 28 mL 

REAGENT PRE PARA r!ON: DART CHLORIDE reagent is supplied 

as a single reagent and is in ready-to-use form. 

CAL! BRA T!ON PROCEDURE: It is recommended that DART 

CHLORIDE reagent be calibrated with DART Carbon Dioxide/ 

Chloride Standard and Control Kit (Coulter PN 7546901, CMS PN 

233..056). 

STABILITY AND STORAGE: Store unopened vials of DART 

CHLORIDE reagent at controlled room temperature. Refer to expira

tion date on vial label for shelf life. Opened vials of reagent are stable 

for at le~st 72 h at !5 °C. 

Do not use if the reagent blank has an absorbance greater than 0.450, 

measured at 520 nm. The reagent blank absorbance of a mixture of 

3.0 mL of reagent and 1.1 mL of DACOS DILUENT may be measured 

in a spectrophotometer against water in a I em light path cuvet. This 

reagent blank absorbance check is an independent procedure. Therefore, 

its limits arc not always identical to the absorbance limits of the reagent 

blank (first leve.l calibrator) which are preprogrammed in its test defini

tion for the DACOS chemistry analyzer. This check is provided as a 

means to separate reagent problems from instrument problems. 

Inability to recover results w.ithin the expected ranges for DART 

LJQU!TROL or DACOS CONTROL LEVELS I and II while using 

prescribed calibrators may indicate reagent deterioration. 

SPECIMEN HANDLING: Collect whole blood by venipuncture and 

allow to clot. Centrifuge and remove serum from clot as soon as possible. 

Do not use hemolyzed specimens. Assay of fresh serum is recommended. 

If storage or shipment of specimens is necessary, separate serum from 

clot and keep refrigerated at 2 to 8°C or freeze. 

TEST PROCEDUREDEFINITION: Refer to the preprogrammed test 

definition in the system for this reagent. For operating instructions, 

refer to the DACOS® Analyzer Product Reference Manual.• 

EXPECTED VALUES: Determined with samples from an ambulatory 

population. 

General Population 98 to 11 0 mmol/L • 

Age Range 

Sex (y =years) (mmoi/L) ---
Male 18 y 39 y 98 107• 

Female 18 y - 59 v 99 - ,,,. 

•These ranges have been verified on the DACOS chemistry analyzer. 

No ranges are quoted for populations outside the above age/sex groups. 

Samples used were from apparently healthy, ambulatory individuals. 

Coulter strongly recommends that each laboratory determines its own 

normal range based upon its geographical location and other popula· 

tion characteristics. 

ANALYTICAL RANGE: From 70 to 1 30 mmol/L 

Figure 1 Sequence of Reaction 

F'N 7507674-E R 5-88 ·1· 
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FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DAR~ BlllRUBIN reagent system is 

intended for the in vitro quantitative determination of Total and Direct 
Bilirubin with the DACOS• cbemi3try analyzer. 

CLINICAL SIGNIFICANCE: The quantitation of bilirubin is a useful 
diagnostic indicator for hepatobiliary clliorders. 

PRINCIPLES OF REAGENT SYSTEM: Bilirubin forms a ~ter soluble 

azo dyestuff with diazotized sulfanilic acid. Sulfanilic acid forms a 

diaionium chloride with sodium nitrite in a strongly acidic solution. 

See Figure 1. 

The formation of the diazo dye is different depending on which of the 

following thm: bilirubin derivatiVC3 is involved (monoglucuronide, 

diglucuronide, or unconjugated bilirubin). 

The optimized DART Bll.lRUBIN reagent system is a modification of 

. the Walters and Gerarde method., 

The bilirubin reactions are as follows: 

I. Direct Bilirubin - bilirubin diglucuronides and a part of the bilirubin 

monoglucuronides give the d.ir1:ct reaction. 

2. Thtal Bilirubin - includes unconjugated bilirubin, bilirubin 

monoglucuronides, and bilirubin diglucuronides. 

Dimethyl sulfoxide (DMSO) is used to solubilize (or accelerate the reac

tion) of unconjugated bilirubin. 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 

obu.ined before: the reagent is diluted by the DACOS chemistry analyzer. 

Reagent A 

Hydrochloric Acid.............................. 835 mmol/L 

Sulfanilic Acid ................................. 34.5 mmoVL 

Reagent B 

Dimethyl Sulfoxide . . . . . . . .. . .. . . . . .. .. .. .. . . . . . 12.6 mol/L 

Reagent C 

Sodium Nitrite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 348 mmoVL 

CARr® BILIRUBIN (A+O+(BJ 

(MODIFIED WALTERS AND GERARD£) 

CAUTION: Reagent A cont:alns hydrochloric eckl which Is COR

ROSIVE and may cauN Irritation or bums to 8kin and ...,. •. Rush 
contact surfaces wtth water. Call 11 phyatcian If tiiUn intemally. 

PACKAGE CONTENTS: 

Direct Bilirubin (A + q: 
DART BILIRUBIN Reagent A 

DART BILIR,UBIN Reagent C · 

"lbtal Bilirubin (B): 

DART Bll..IRUBIN Reagent B 

19 X 12 mL 

1 x 7 mL 

20 x 25 mL 

"lbtal Bilirubin determination also requires the purchase of the Direct 

Bilirubin (A + q reagents. 

REAGENT PREPAI«TTON: The reagent A + C solution is unstable and 

must be freshly prepared daily. Transfer 0.36 mL \1 drops) of reagent C 

into the reagent A vial. Swirl to mix. Reagent B is ready to use. 

STABILITY AND STORAGE: Store uponend vials of DART 

BILIRUBIN reagents A. B. and C at controlled room temperature in 

subdued light. Refer to expiration dates listed on vial labels for shelf 

life. The A + C workina solution is stable for 24 hat 15°C. 

There are no indications of instability and/or deterioration in reagents 

B and C. HoweYer, in reagent A and in the A + C mixture, the forma

tion of a yellow color indicates deterioration; do not Ule if this occurs. 

Do not use if the reqent blank luu an absorbance greater than 0.043, 

measured at 550 om. The reagent blank absorbance of a mixture of 

400 loLL A + C workin&solution,.l.O nlL reagent B, aod ~ DACOS 

Dll.UENT may be mcuured in a spectrophotometer against water in 

a I em light path cuvet. This reagent blank absorbance cbeclc i.J an 

independent procedure. Therefore, its limits are not always identical to 

the absorbance limiu of the reagent blank. (fll'St level calibrator) which· 

are programmed in tbe test definition. This cbeclc is provided u a means 

to separate reagent problems from instrument probleiDI. Inability to 

recover bilirubin results within expected ranges of DART UQUITROL 

or DACOS CONTROL LEVEL I and U, while using DACAL• I, U, and 

m calibnnors to calibnte, may indicate reagent deterioration. 

SPECIMEN H~NDLING: Samples should be analyud soon after 

collection, and should not be exposed to direct li&bt. 

Sulfanilic Acid + NaNO, + HCI ---~~ Diazonium Chloride 

Hydroxypyrromethane 
Diazonium Chloride + Bilirubin __, .. ---t•.,. Carbide (intermediate)----: ... Azo 

~-----------------------~~ ~g~m 

Ftgure 1 Sequence of Reactions 

PN 7507821-B R 3-38 + 



!Nfl!itffR.fNClS AND l.IMITAnGNS.: (Cont'd} 

7. DACAL ca!ibrnton ~~re ~W.ayed with DART BILIRUBIN {1'ot!!.l) 

reagent system to obta.io good agreement between its results on the 

DACOS chemistry malyzer 111M other methodologiea. Nonserum 

ba#ed commercial calibmtors tmd controls may exhibit a slight 

positive biu. 

11. It is recommended th.at patient sem with extreme protein abnormali

ties, u in the case of multiple myeloma, not be run with this 

methodology. Positively bLued Direct !I.Ddlor 1btal Bilirubin results 

IDIIY be produced with these ss.mp1es, which could alro result in Direct 
Bilirubiru reading higher th.an Tht!!.l Bilirubin. 

9. Direct Bilirubin sem with Vlllues higher !.h11.0 the analytical m.nge 

should be diluted with a protein based solution such as bovine sera, 
albumin (6% solution), or low hum11.0 sera. 

10. For a comprehensive review of ioterferinl! substances, consult Young, 

DS. et al.: !975. "Effects of Drugs 011 Clinical Laboratory 'Il:su:' 4 

1. Walters M and Gemrde H: 1970. An Ultmmicro-Method for the 

Determination of Conjugated and Thtal Bilirubin in Serum or 

Pla.sm.a. Microchem 1 !5: 231. 

2. DACOS• Analyzer Product Rde:reoce M!I.Dual, PN 423.5049, PN 

4235543, or PN 4235794, Coulter Electronics, Inc., Hialeah, Florida. 

3. Publication #PSEP-3: September !979. Protocol for Establishment 

of Performance Claims for Clinical Chemical Methods- Replica

tion Experiments. National Committee for Clinical Labomtory 

St!I.Dclards, 771 E. Lao caster Ave., Villao 0'V11, PA. 

4. Young DS. Pest!I.Der LC, and G!Dbertnan V: 1975. Effects of ~ 

on Clinical Laboratory Thsu. Clin Chem 21(5). 

-3-

DART BILIRUBIN Reagent Syste~m 

Di.rect Bilirubin (A + C) 

19 )( 12 mL 
1 )( 7 mL 

COULTER 17546926 CMS 1257-489 

* Thta.l Bilirubin (B) 

Reagent B 20 x 25 mL 

COtJLTER 175~6927 CMS 1257.-490 

•Thtal Bilirubin determination also requires the purchue of the Direct 
Bilirubin (A + C) reagents. 

M11.0ufact ure.d by: 

COULTER DIA.GNOSTICS, 

a division of COULTER ELECTRONICS, INC., 

Hialeah, FL 33014 

Distributed by: 
CURriN MATHESON SCIENTIFIC, INC., 

Houston, TX 77251 

TRADfMMlKS: 

DACOS, DACAL, and DART ~~re tmdemam of 

COULTER El.ECTR.ONICS, INC., 

Hialeah, FL 33010 

'Thclmicon 11.0d SM.AC are tndemw:b 

of 'Thclmicon Instrument Corporation.. 

©1987,1988 by COUIJ'ER ELECTRONICS, INC., 
Hialeah, Fl 330'10 
Printed In USA 7507821-9 R 3-88 
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FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DA~ PHOSPHORUS reagent is intended 

for the in vitro quantitative determination of inorganic phosphorus with 

the DAcos<'~> chemistry analyzer. 

CLINICAL SIGNIFICANCE: Observation and quantitation of 

phosphorus is useful as an aid in the diagnosis of kidney disease, 

hypoparathyroidism, and some bone diseases! 

PRINCIPLES OF REAGENT SYSTEM: In the test reaction, inorganic 

phosphate complexes with molybdate to form unreduced phosphomolyb

date with an absorption maximum at 340 nm. The increase in absorb

ance is directly proportional to the amount of inorganic phosphorus 

in the sample. See Figure I. 

The method used by the DART PHOSPHORUS reagent is a modifica

tion of the Daly and Eningshausen method.' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 

obtained before the reagents are diluted by the DACOS chemistry 

analyzer. 

Reagent A 

Surfactant and Preservative 

Reagent B 

Ammonium Molybdate ............... . 

Sulfuric Acid .... 

0.84 mmoi/L 

0.32 mol/L 

CAUTION: Reagent A is FLAMMABLE: use caution in handling and 

avoid any open flame. Reagent 8 contains sulfuric acid and is 

CORROSIVE. It may cause irritation or bums upon contact with 

sU1 and eyes. Flush contact surface with water. Consult a physician 

if taken internally or if eye contact occurs. 

PACKAGE CONTENTS: 

DART PHOSPHORUS Reagent A 

DART PHOSPHORUS Reagent B 

1 X 6 ml 

19 x 15 ml 

REAGENT PREPARATION: Add five drops of reagent A into a vial of 

reagent B. Mix thoroughly by gently swirling. 

DART® PHOSPHORUS A+B 

(MODIFIED DALY AND ERTINGSHAUSEN METHOD) 

STABILITY AND STORACE: Store unopened DART PHOSPHORUS 

Reagents A and B vials in subdued light at controlled room temperature. 

Refer to expiration date on the vial label for shelf life. The working 

reagent mixture is stable for at least 72 h when refrigerated at IS 0 C. 

Do not use if the reagent blank has an absorbance outside of the range 

of 0.0500 to 0.3000 measured at 340 nm. The reagent blank absorbance 

of a mixture of 2.5 mL reagent and 1.5 ml DACOS DILUENT may be 

measured in a spectrophotometer against water in a I em light path cuvet. 
This reagent· blank absorbance check is an independent procedure. 

Therefore, its limits are not always identical to the absorbance limits 

of the reagent blank (first level calibrator) which are programmed in 

the test definition. This check is provided as a means to separate reagent 

problems from instrument problems. 

Inability to recover results within the expected ranges of DART 

L!QUITROL or DAcos CONTROL LEVELS I and II, while using 

DACAL® I. II, and Ill calibrators to calibrate may indicate reagent 

deterioration. 

SPECIMEN HANDLING: Assay of freshly drawn serum is 

recommended, If not assayed promptly, or if shipment is required, serum 

may be stored at room temperature for 8 h, overnight at 2 to 8'C, or 

frozen for up to one year.' Do not use hemolyzed serum. Refer to the 

Interferences and Limitations section of this package insert. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 

definition located in the system for this reagent. For operating instruc

tions, refer to the DAcos" Analyzer Product Reference Manual. • 

EXPECTED VALUES: 

General Population = 2.2 to 4.5 mg/dl 

Coulter strongly recommends that each laboratory determines its own 

normal range based upon its geographical location and other popula

tion characteristics. 

ANALYTICAL RANGE: From 0 to 15 mg/dl 

Inorganic 

Phosphorus 

Ammonium Phosphomolybdate 
+ Molybdate ----t... Complex 

Figure 1 Sequence of Reaction 

PN 7507435-H R 3-88 -1-



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DAR~ CALCIUM reagent system is in· 

tended for the in vitro quantitative determination of calcium with the 

DACOS" chemistry analyzer. 

CLINICAL SIGNIFICANCE: The quamitation of calcium is useful in 

diagnosing disorders associated with parathyroid and renal functions. 

Several other conditions also influence calcium levels including multi

ple myeloma and leukemia. 

PRINCIPLES Of REAGENT SYSTEM: In alkaline solutions, calcium 

forms a colored complex with o-cresolphthalein complexone propor

tional to the amount of calcium present. 8-Quinolinol suppresses 

magnesium interference and a buffer is incorporated to maimam a 

constant pH. See Fi~ure I. 

The reagent system is based on a modification of the method of Connerty 

and Briggs.' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 

obtained before -the reagents are diluted by the DAtOS chemistry 

analyzer. 

Reagent A 
0-Cresolphthalein Complexone ................ . 

8-Quinolinol .. 

Solvent and acid 

Reagent B 

Monoethanolamine .. 

Ethylenediamine 

Surfactant 

80.2 11moi/L 

17.2 mmol/L 

865 mmol/L 

879 mmol/L 

CAUTION: Reagent A contains 8-Quinolinol. solvent. and acid. 

Do not breathe vapor .. Avoid contact with skin. Flush contact sur

face with water. Call 11 physician if talum internally. 8-Quinolinol 

is reportedly capable of causing .cancer in animal!l. 

PACKAGE CONTENTS: 

DART CALCIUM Reagent A 

DART CALCIUM Reagent B 
10 x 19 mL 

10x24mL 

REAGENT PREPARATION: DART CALCIUM reagents A and Bare 

supplied in a ready-to-use form. 

STABILITY AND STORAGE: Store unopened vials of DART 

CALCIUM reagents at controlled room temperature in subdued light. 

Refer to expiration date on vial label for shelf life. Reagents are stable 

for at least 72 h at 15 o C after being opened. 

Solution 

DA T® CALCIUJ 

(MODIFIED CONNERTY AND BRIGGS) 

Do not use if the reagent blank has an absorbance greater than 0.3500 

measured at 575 nm. The reagent blank absorbance of a mixture of 

1.5 mL of Reagent A, 2.0 mL of Reagent B, and 0.4 mL of DACOS 

DILUENT may be measured in a spectrophotometer against water in 

a I em light path cuvet.. This reagent blank absorbance check is an 

independent procedure. Therefore, its limits are not always identical 

to the absorbance limits of the reagent blank (first level calibrator) which 

are programmed in the test definition. This check is provided as a means 

to separate reagent problems from instrument problems. 

Inability to recover results within the expected ranges of DART 

LIQUITROL or DAtos CONTROL LEVELS I and II, while using 

DACAL• I, II, and lll calibrators to calibrate may indicate reagent 

deterioration. 

SPECIMEN HANDLING: Specimens should be serum, free from 

hemolysis, separated from the dot as soon as possible, and within 

2 h of collection. Calcium is not affected in specimens stored at room 

temperature for up to 8 h, refrigerated overnight, or frozen at - 12•c 

for I year. Calcium chelating agents such as EDT A. oxalate, and citrate 

interfere with calcium assays.' 

TEST PROCEDURE DEFINITION: Refer to the preprograrnmed test 

definition in the system for this reagem. For operating instructions, 

refer to the DACOS" Analyzer Product Reference Manual.' 

EXPECTED RANCE: 

General Population "' 8.8 to 11.1 mg/dL • 

Age Rang1111 

Su (y =years) (mg/dl) 

Male 18 y 42 y 9.1 11.1. 

Female 18 y 43 y 8.6 1 0.9" 

•These ranges have been verified on the DACOS chemistry analyzer. No 

ranges are quoted for populations outside the above age/sex groups. 

Samples used were from apparently healthy, ambulatory individuals. 

Coulter strongly recommends that each laboratory determines its own 

normal ranges based upon its geographical location and other popula

tion characteristics. 

ANALYTICAl RANCE: From 4 10 14.0 mg/dL 

Figure 1 Sequence of Reaction 

PN 7507703-G R 5-38 -1-
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fOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART" CARBON DIOXIDE reagent 
system is intended for the in vitro quantitative determination of total 
carbon diolcidc with the DACOS" and DACOS XL chc.mist.ry analyz.m. 

CLINICAL SIGNIFICANCE: The quantitation of total carbon diolci!ie 
(COJ is useful in the evaluation of acid-base status. High total COl 
may be observed in compensated respiratory acidosis (retention of COJ 
as well as in metabolic alkalosis (increase in bicarbonate). A low total 
col may be observed in compensated respiratory alkalosis Ooss of col 
due to hyperventilation) or in metabolic acidosis (decrease of bicar
bonate). Use of additional laboratory tests, such as pH, can differen
tiate between metabolic and respiratory conditions. • 

PRINCIPLES OF REAGENT SYSTEM: Serum COl (shown in 
Figure I as bicarbonate, HC01 ")and phosphoenol-pyruvate are con
verted to oxalacetate and phosphate catalyzed by the enzyme 
phosphoenolpyruvate carboxylase (PEPq. The oxalacetate formed 
is then reduced to malate with an equimolar amount of NADH being 
olcidized to NAD + , catalyzed by the enzyme malate dehydrogenase 
(MD). The quantitation of total COl can be determined spec
trophotometrically by measuring the proportional decrease in absor
bance at 340 nm.'•'•' The DART CARBON DIOXIDE method is 
optimized for the DACOS chemistry analyzer. 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
obtained before the reagent is diluted by the DACOS cbemi.stry analyzer. 

Phosphoenol-pyruvate Carboxylase 
(E.C.4.1.1.31, PEPq ...................... . 

Malate Dehydrogenase (E.C.I.I.l.37, MD) .. .' ... . 
Phosphoenol-pyruvate ........................ . 
Reduced Nicotinamide Adenine Dinucleotide 

(NADH) .................................. . 
Tris (hydroxymethyl) Aminometbane Buffer ..... . 

PACKAGE CONTENTS: 

DART CARBON DIOXIDE Reagent 

184 UIL 
2240 UIL 

3.28 mmoi/L 

1.07 mmoi/L 
80 mmoi/L 

20 X 10 mL 

IlEA GENT PRE PAllA TION: Gently tap each vial of DART CARBON 
DIOXIDE reagent several times to loosen the contents from the sides 
of the vial. To each vial add 10.0 mL of water, which meets or exceeds 
the specifications for NCCLS Type II water.s Mix by gently swirling 
and inverting, to avoid foaming, until contents are completely dissolved. 

DART® CARBON DIOXIDE 

PEPC 

(ENZYMATIC PEPC METHOD) 

STABILITY AND STORAGE: Store unopened vials of DART CARBON 
DIOXIDE reagent at 2 to 8°C in subdued light. Refer to expiration 
date on vial label for shelf life. Reconstituted reagent is stable for 
8 h at I5°C, open vial. 

Do not use if the reagent blank has an absorbance less than 1.1, 
measured at 340 nm .. The reagent blank may be prepared manually by 
adding equal volumes of wor-king reagent with DACOS DILUENT, 
measured on a spectrophotometer against water in a 1 em light path 
cuvet. This reagent blank absorbance check is an independent prOcedure. 
Therefore, its limits are not always identical to the absorbance limits 
of the reagent blank (first level calibrator) which are preprogrammed 
in its test definition for the DACOS chemistry analyzer. This check is 
provided as a means to separate reagent problems from instrument 
problems. 

Inability to recover results within the expected ranges for control material 
may indicate reagent deterioration. 

SPECIMEN HANDLING: The use of fresh serum is recommended. 
Evacuated blood coUection tubes should be filled completely. The sample 
should be handled with limited exposure to air. Ammonium hydrolcide 
and tert-butylamine have been recommended as additives for alkaliniza
tion of sera to minimize gas exchange; however, do not use preserved 
sera if the preservative interferes with additional testing. '•1 

CAL/8/lATION AND QUALITY CONTilOL PROCEDURES: It is 
recommended that DART CARBON DIOXIDE reagent be calibrated 
with DART Carbon Dioxide/Chloride Standard and Control Kit 
(Coulter PN 7546901, CMS PN 233-056). The 10 mmoi!L, 25 mmoi/L, 
and 3S mmol/L standards are to be used as calibrators; the 20 mmoi!L 
and 30 mmol/L standards are to be used as controls. 

For proper utilization procedures, refer to the DACOS• Analyzer 
Product Reference Manual. 6 

ANALYTICAL RANGE: From 0 to 40 mmol/L. 

TEST PROCEDURE DEFINITION: Refer to the test defmition 
preprogrammed in the system for this reagent. For operating instruc
tions, refer to the DACOS" Analyzer Product Reference Manual.' 

Phosphoenol-pyruvate+ HCo,- -----•oxalacetate + H,PO,-

MD 
Oxalacetate + NADH + H + Mdlate + NAD + 

Figure 1 Sequence of Reactions 

PN 7507844-A R 8-88 · 1 · 



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART® CHOLESTEROL reagent is intended 

for use m the in vitro quantitative determination of total serum cholesterol 

with the DACOS® and DACOS XL analyzers. 

CLINICAL SIGNIFICANCE: Although wide fluctuation in total serum 

cholesterol concentration may occur in some healthy individuals . 1 the 
quantitation of cholesterol in conjunction with the concentrations of 

other lipid components is useful in diagnosing hypoproteinemia. 

hypothyroidism. obstructive jaundice, nephrosis. diabetes mellitus. 

I ipemia. atherosclerosis. malabsorption, malnutrition. :.J and normal 

pregnancy. •.~ 

PRINCIPLES OF REAGENT SYSTEM: In this reaction cholesterol is 

oxidized and simultaneously hydrogen peroxide is formed. The oxidauve 

coupling of ~-amtnoantipyrine and 3.5-dichloro-2-hydroxybenzene· 

sulfonic acid in the presence of hydrogen peroxide and peroxtda.se 
produces a chromogenic quinoneimine dye. The absorbance of the 

chromogen at 520 nm is directly proportional to the concentration of 
totai choiesteroi in the sample. See Figure I. 

Richmond developed an enzymatic procedure which used cholesterol 

oxidase to oxidize serum cholesterol to D. 4-cholesten-3-one and 
hydrogen peroxide• Allain et al. later developed a totally enzymatic 
technique in which hydrogen peroxide formed during the Ol\idation of 

cholesterol is used in conJunction with peroxidase. 4-aminoantipynne 

and phenol to form a quinoneimine dye.' The method used by the DART 

CHOLESTEROL reagent employs 3.5-dichloro-2-hydroxybenzene· 
sulfonic acid. in place of phenol. to produce a quinoneimme dye with 
greater absorbance at 520 nm. 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
obtamed before the reagent IS diluted by the DACOS analyzer. 

4-Aminoanupynne 

3.5- D•chloro- 2- H ydrox ybenzene-
sulfonic Ac1d Na, 

Sodium Cholate 

Peroxidase 

Cholesterol Esterase 
Cholesterol Oxidase 

Buffers . 

1.3 mmoi/L 

11.2 mmol/L 

10.5 mmoi/L 

96,000 UIL 
1040 U/L 

224 U/L 

480 mmoi/L 

CAUTION: Contains 3,5-dieh!oro-2-hydn::urybanzl!nesulfonie 
acid; do not pipet reconstituted re111gent by mo.uth as th~:~ 
effects are unknown. 

ART® CHOLESTERO 
(ENZYMATIC METHOD) 

PACKAGE CONTENTS: 

DART CHOLESTEROL Reagent 20 x 20 mL 

REAGENT PREPARATION: Gently tap each vial several times to loosen 

contents from the sides of the container. To each 20-mL vial of reagent. 
add 20.0 mL of water (room temperature 25°C and above) which meet.s 

or exceeds the specifications of NCCLS Type II water.' lmmediiltEiy 
mix each vial by gently swirfing ;wd inverting, to avoid foaming. 
until completely dissolved. Failure to dissolve ·the reagent as 
directed may result in an incompletely dissolved re.agent and an 
irreversible precipitate. 

STABIUTY AND .STORAGE: Store unopened DART CHOLESTEROL 

reagent vials in subdued light at 2 to 8°C. Refer to expiration date on 

vial label for shelf life. Reconstituted reagent is stable for at least % h 
when refrigerated at 2 to 8°C or 72 h at I5°C. 

!f the dry reagent appears moist. or any color other than white or off. 

white, the product may have deteriorated. Do not use if the reconstituted 

reagent becomes turbid. Do not use if the reagent blank has an absorbance 
greater than 0.150 measured at 520nm. The reagent blank absorbance 

of a mixture of 2.0 mL of reconstituted reagent and 1.2 mL of DACOS 
DILUENT may be measured in a spectrophotf'meter against water in a 
I em light path cuvet. This reagent blank absorbance check is an inde

pendent procedure. Therefore. its limits are not always identical to the 
absorbance limits of the reagent blank (first level calibrator) which are 

programmed in the test definition. This check is provided as a means 
to separate reagent problems from instrument problems. 

Inability to recover results within the expected ranges for DART 
LIQUITROL or. DACOS CONTROL LEVEL l and l!. while using 

DACAL~ I. II. and !ll calibr~tors to calibrate may indica!e reagen! 
detenoration. 

SPECIMEN HANDLING: It is recommended that fresh serum be 

assayed. However, frozen samples are stable for five years at - 20°C.• 

Mix refrigerated or frozen samples thoroughly pnor to assay. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed teSJ 
definition located in the system for this reagent. For operating instruc· 

tions. refer to the DACOS® or DACOS XL Analyzer Product Reference 
Manual. 10 

Cholesterol 

Peroxidase 
H20 2 + 4-Aminoantipyrine + 3,5-Dichloro-2-Hydro:xybenzenesulfonic Acid-------+- Chromogen + H20 

P'N 7507443-l R 4-89 



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DAR~ GAMMA-GT reagent system is in
tended for the in vitro quantitative determination of gamma-glutamyl 
transpeptidase (GGT) enzyme activity in serum with the DACOS® and 
the DACOS XL chemistry analyzers. 

CLINICAL SIGNIFICANCE: Elevated levels of GGT have been reponed 
in serum from patients with disease of the liver, biliary tract, and 
pancreas, and with cenain neurological diseases and burns.' •l Alcohol 
and cenain other drugs, such as barbiturates, cause GGT elevation.' 
Elevated GGT levels also have been observed in patients with myocardial 
infarction and diabetes· mellitus. • 

PRINCIPLES OF REAGENT SYSTEM: The enzyme gamma-glutamyl 
transpeptidase catalyzes the transfer of glutamyl from L-gamma
glutamyl-p-nitroanilide to glycylglycine. As the glutamyl combines with 
glycylglycine, an equimolar amount of p-nitroaniline is generated. GGT 
activity is measured as the rate of absorbance change at 420 nm. See 
Figure I. 

This optimized DART GAMMA-GT method is a modification of Szasz' s 
method.' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
obtained before the reagent is diluted by the DACOS chemistry analyzer. 

Reagent A 
Glycylglycine ........................ . 
Sodium Azide . . . . . . ....................... . 
Tris (Hydroxymethyl) Aminomethane Buffer 

Reagent B 
L-Gamma-Giutamyl-p-Nitroanilide ............. . 

WARNING 

908mmoi!L 

0.040% 

12.2mmoi/L 

Contains sodium azide. Sodium azide m'ay react with lead and 
copper plumbing to form highly explosive metal azides. On dis
posal, flush with a large volume of water to prevent azide build-up. 

FOR IN VITRO DIAGNOSTIC USE 

PACKAGE CONTENTS: 

DART GAMMA-GT Reagent A 
DART GAMMA-GT Reagent B 

10 x 7 mL 
10 x 14 mL 

REAGENT PREPARATION: Gently tap each vial of DART GAMMA
GT reagent several times to loosen contents from the sides of the 
container. To each vial of reagent A add 7.0 mL of water, and to each 
vial of reagent B add 14.0 mL of water which meets or exceeds the 
specifications of NCCLS Type II water. • Immediately mix each v1al 
by gently swirling and invening, to avoid foaming, until contents are 
completely dissolved. 

GGT 

DART® GAMMA-GTA+a 
(MODIFIED SZASZ METHOD) 

STABILITY AND STORACE: Store unopened vials of DART GA.\1MA
GT reagents A and B 1n subdued light at 2 to 8"C. Refer to expiration 
dates on vial labels for shelf life. Reconstituted reagent solutions are 

.>table for at least six days when stored at 2 to 8"C and three days when 
stored at 15"C. 

Do not use if the dry reagent appears moist or if the reconstituted reagent 
becomes turbid. Do not use if the reagent blank has an absorbance 
greater than 0.850 measured at 420 nm. The reagent blank absorbance 
of a mixture of 800 11L of reagent A and 2.0 mL of reagent B and 
400 uL of DACOS DILUENT may be measured in a spectrophotometer 
against water in a I em light path cuvet. This reagent' blank absorbance 
check is an independent procedure. Therefore, its limits are not always 
identical to the absorbance limits of the reagent blank (frrst level 
calibrator) which are programmed in the test definition. This check is 
provided as a means to separate reagent problems from instrument 
problems. 

Inability to recover results within the expected ranges for DART 
LIQUITROL or DACOS CONTROL LEVELS I and II. while using 
DACAL® I. II and III calibrators to calibrate may indicate reagent 
deterioration. 

SPECIMEN HANDLING: Test specimens should be sera, collected in 
the usual manner for enzyme analysis. The stability of GGT 
activity in serum has not been well characterized; however, GGT ac-Jvity 
loss is minimized by refrigerated storage for up to seven days. Frozen 
storage minimizes loss for longer periods. 

TEST PROCEDURE DEFINITION: Refer to lhe preprogrammed test 
definition located in the system for this reagent. For operating instruc
tions, refer to the DACQS® Analyzer Reference ManuaL' 

ANALYTICAL RANCE: From 0 to 1300 U/L at 37°C 

INTERFERENCES AND LIMITATIONS: 

I. Administration of phenobarbitone; phenytoin, methaqualone, 

amylobarbitone, d.ichloroalphenazone, phenazone, quinalbarbitone 

and nitrazepam can cause a false elevation in GGT activity in serum. 

2. Heavy alcohol consumption can cause a false elevation of GGT 

activity in serum. 

3. Hemolysis of 500 mg/dL (red cell lysate) can cause a reduction in 

the recovery of results which can exceed I 0%. 

4. Bilirubin up to 20 mg/dL (crystalline) does not cause a clinically 

significant interference. 

5. Heavy turbidity up to 8.0 absorbance, measured at 700 nm, does 

not interfere with GGT determinations. 

6. For a comprehensive review of interfering substances, consult Young, 

OS et al.: 1975. "Effects of Drugs on Clinical Laboratory Tests."• 

L·Gamma-Giutamyl-p-Nitroanilide + Glycylglycine p-Nitroaniline + Gamma-Giutamyi-Giycylglycine 

Figure 1 Sequence of Reaction 

PN 7507782-H R 1-90 -1-



FOR IN VITRO DIAGNOSTIC USE 

INTENDED USE: Coulter DART® GLUCOSE reagent is intended for 

the in vitro quantitative determination of glucose in serum with the 

DACOS® and the DACOS XL chemistry analyzers. 

CLINICAL SIGNIFICANCE: The quantitation of glucose is chiefly used 
to detect diabetes mellitus. Elevated glucose levels can also result from 
adrenal, pituitary, or thyroid hyperactivity, and pheochromocytoma. 
Abnormally low glucose levels (hypoglycemia) can result from excessive 
insulin administration, pancreatic or other tumors, liver disease, and 
adrenal, pituitary, or thyroid hypoactivity. 1

' 2 

PRINCIPLES OF REAGENT SYSTEM: Hexokinase (HK) catalyzes the 
reaction of glucose with adenosine-5:triphosphate (ATP) to produce 
D-glucose-6-phosphate and adenosine- 5'-diphosphate (ADP}. 
D-glucose-6-phosphate is then oxidized by glucose-6-phosphate 
dehydrogenase (G-6-PD) to 6-phosphogluconate with the reduction of 
nicotinamide adenine dinucleotide (NAD + ). This increase in absorbance 
at 340 nm is proportional to the glucose concentration in the sample. 
5<:;: Figure i. 

The optimized DART GLUCOSE reagent method is a modified 
Hexokinase/Giucose-6-Phosphate Dehydrogenase procedure. a National 
Glucose Reference method.' 

ACTIVE INGREDIENTS: The values listed are the vial concentrations 
obtained before the reagent is diluted by the DACOS chemistry analyzer. 

Magnesium (Mg + +) ......................... . 
Adenosine-5' -Triphosphate (ATP) ... . 
Oxidized Nicotinamide Adenine 

Dinucleotide (NAD +) .............. , ....... . 

Hexokinase (E.C.2.7.1.1, HK) ............. . 
Glucose-6-Phosphate Dehydrogenase 

(E.C.1.1.1.49, G-6-PD) ..................... . 
Tris (Hydroxyrnethyl) Aminomethane Buffer ..... . 
Sodium Az.ide ........................... . 
StabilizerS 

WARNING 

3.4 mEq/L 

1440 pmol/L 

2219 mmol/L 
1440 U/L 

1440 U/L 
160 mmol!L 

0:016% 

Contains sodium azide. Sodium azide may react with lead and 
copper plumbing to form highly wtplosive metal ru:Jdes. On disposal, 
flush with a large volume of water to prevent azide build-up. 

FOR IN VITRO DIAGNOSTIC USE 

PACKAGE CONTENTS: 

DART GLUCOSE Reagent 20 x 24 mL 

I"N 7507302-H R 3-39 

DART® GLUCOS 
(MODIFIED CDC NATIONAL REFERENCE METHOD) 

REAGENT PREPARATION: Gently tap each vial of DART GWCOSE 
reagent several times to loosen contents from sides of container. Add 
24.0 mL of water which meets or exceeds the NCCLS specifications 
for 1)rpe !I water.• Immediately mix by gently swirling and inverting, 
to avoid foaming, until contents are completely dissolved. 

STABILITY AND STORAGE: Store unopened DART GWCOSE reagent 
vials in subdued light at 2 to 8 °C. Refer to the expiration date on the 
vial label for shelf life. The reconstituted reagent is stable for at least 

six days at 2 to 8 ° C, oi 7 2 h at 15 ° C. 

Do not use if the dry reagent appears moist or if the reconstituted reagent 
becomes turbid. Do not use if the reagent blank has an absorbance 
greater than 0.150, measured at 340 nm. The reagent blank absorb
ance of a mixture of 2.0 mL reconstituted reagent and 1.5 mL DACOS 
DIWENT may be measured in a spectrophotometer against water in 
a 1 em light path cuvet. This reagent blank absorbance check is an 
independent procedure. Therefore, its limits are not always identical to 
the absorbance limits of the reagent blank (first level calibrator) which 
are programmed in the test definition. This check is provided as a means 
to separate reagent problems from instrument problems. 

Inability to recover results within the expected ranges of DART 
L!QUITROL or DACOS CONTROL LEVEL l and LEVEL II while 
using DACAL® !, I!, and III calibrators to calibrate may indicate reagent 
deterioration. 

SPECIMEN HANDLING: The use of fresh serum is recommended. To 
avoid loss of glucose by glycolysis, the sample should be separated from 
the clot immediately. The requests of the physician (for example, .fasting, 
postprandial, gluco:se tOICTl!Ule<:) mU3t be strictly adhered to for the results 

to be of diagnostic value. 

TEST PROCEDURE DEFINITION: Refer to the preprogrammed test 

definition located in the system for this reagent. For operating instruc

tions. refer to the DACOS 11 Analyzer Reference Manual.' 

ANALYTICAL RANCE: From 0 to 800 mg/dL 

INTERFERENCES AND LIMITATIONS: 

!. All materials which come in contact with reagent and samples should 

be kept clean and free of contamination by heavy metals, detergents 

and other chemicals. 

2. No interference in recovery of va.lues from hemolysis up to 

500 mg/dL 

3. No interference in recovery of values from total bilirubin up to 

20 mg/dL or direct bilirubin up to !0 mg/dL. 

4. No interference in recovery of values from turbidity up to an 

absorbance of 8, measured at 700 nrn. 



STAT PROCEDURE FOR DART® GLUCOSE 

INTENDED USE: When used with DART GLUCOSE reagent on the 
DACOS chemistry analyzer with the DART GLUCOSE reagent test 
definition, STAT procedure (PN 7595155), this procedure is intended for 
a faster in vitro quantitative determination of glucose in serum. 

PRINCIPLES OF STAT TEST DEFINITION: By using fewer data collection 
points than the standard procedure, results can be available faster. 

PROCEDURE: Refer to the preprograrnmed STAT test definition in the 
system for this reagent. 1be STAT procedure requires subordinate calibration 
from the standard procedure. For operating instructions, refer to the DACOS 
Analyzer Reference Manual.' 

The STAT procedure uses subordinate calibration and fewer data points. 
Therefore, the Parent test defmition (Standard procedure) must be calibrated 
before the Subordinate test defmition (STAT procedure) is run. We recom
mend that tests be calibrated (F2) before samples are run. 

-3-

PERFORMANCE CHARACTERISTICS: 1be performance characteristics 
of the STAT procedure are equivalent to those of the standard method with 
the following exceptions: 

ANALYTICAL RANCE: From 0 to 400 mgldL 

CORRELATION TO CURRENT TEST DEFINITION: 
DART STAT GLUCOSE (Y axis) vs current DART GLUCOSE 

(X axis); performed on DACOS chemistry analyzer. 
No. of Samples = 155 
Correlation Coefficient(r) = 0.998 
Linear Relationship by Least Squares: 

Slope = 0.985 
Inten::ept = 0.95 mgldL · 

Test Range: 
CurrentDARTGLUCOSE = 54-357mgldL(Mean = 58.17) 
DARTSTATGLUCOSE = 54-353mgldL(Mean = 57.38) 
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Leveler----

The automated Hema-Tek® Slide Stainer is deSigned 
to continuously and economically produce stained 
blood films of high quality using Hema-Tek Stain Pak at 
a rate of one slide per minute. Consistent staining, with 
virtually no waste, is achieved by the proper dispersal 
of measured volumes of stain, buffer and rinse. Hema
Tek Slide Stainer is simple and convenient consisting 
of two slide conveyor spirals. a stain platen and three 
controlled solution pumps.· The spirals move slides 
from the slide-loading area across the length of the 
platen. The slides undergo staining, buffering, rinsing 
and air drying, and are finally delivered into a slide 
drawer as finished stained slides, ready to use. All 
solutions, controls, waste collection, and functions are 
self-contained, eliminating the mess of manual stain
ing techniques. 

Conveyor Spirals 
Two gear driven conveyor spirals rotate in opposite 
directions while maintaining proper rotational phase. 
The slides are held first in a vertical plane and then 
moved horizontally across the platen. 

Platen 
The platen is located between the conveyor spirals 
and forms part of the conveyor system. Raised edges 
on the platen support the slides at all times during the 
staining process. The platen is precision formed to 
maintain a precise capillary volume for various solu
tion introductions and provides a mixing system for 

Control Knobs 

STAIN Ught 

Conveyor Spirals 

Platen 

Slide Drawer 

the stain and buffer. The platen edges extend past the 
staining area to allow drying of the slides before they 
are collected in the slide drawer. A drain trough 
removes used solutions from the platen to a waste 
tank below for convenient disposal. 

Solution Pumps 
The volume control knobs for three peristaltic solu
tion pumps are accessible when the top cover of the 
inst:nJment is open. The pumps are interchangeable 
with each other. The volume of solution being deliv
ered may be varied by rotating the black pump control 
knob. The blue line on the aluminum hub serves as a 
reference for pump settings. Rotating the knob in the 
plus (+)direction increases the volume; rotating in the 
minus(-) direction decreases the volume. 

Pump Control System 
The pumps are synchronized to slide position by cam 
operated switches inside of the right end panel. Con
nected in series with each cam switch is a sensing 
switch with a finger projecting into the rear gutter of 
the platen. As a slide moves along the platen, it oper
ates this s~nsing switch which in tum energizes the 
cam switch. After the slide passes, the sensing switch 
returns to its normally off position until another slide 
comes along. There is one sensing switch and one cam 
switch for each pump. The sensing switches are 
located at the beginning of the platen areas they 
control. 



Operating Leve:r 
This is a multiple function black lever at the left on the 
instrument. Thr-ee positions of the lever control the 
Slide Stainer as follows: 

( 1) OFF Position. When the lever is in the lower posi
tion, the instrument is electrically turned off. The 
pump arms are pulled away from the pump rotors 
and the pump tubes are free of compression. 
When the instrument is off, solutions in the pump 
tubes siphon back into the Stain Pak. 

(2) ON Position. The middle position of the lever turns 
the machine ON for normal operation. In the ON 
position the pump arms compress the tubing 
against the pump rotors. 

(3) PRIME Position. In the top position all normal 
functions continue except that the pumps run 
continuously to prime the solutions to the platen 
area By holding the operating lever in this position 
all air bubbles are expelled in the tubing. When 
this is completed and the lever is released, it 
returns to the ON position for normal use. 

ON Ught 
The ON light glows as soon as the operating lever is 
moved to the ON or PRlME positions. It indicates that 
electrical power is applied and the machine is running. 

STAIN Ught 
The STAIN light glows when the Stain Pak contains an 
adequate stain supply. When the Stain Pak needs 
replacement. the STAIN light goes off. Enough reserve 
stain remains to process approximately 20 slides 
before the solutions become exhausted. 

Waste Tank 
A waste tank collects the used solutions which drain 
from the platen. 'This tank should be emptied daily and 
at replacement of each Hem a-Tek Stain Pak.. The waste 
tank slides out from the front of the instrument. 

Slide 
Ths drawer receives the finished slides from the platen. 
It is located at the lower left of the instrument and 
slides out from the front of the instrument When remov
ing, it should be kept level so as not to spill the slides. 

Levelers 
Two grooved knobs or leveiers located below e~ 
front comer of the instrument may be adjusted tor: 
or lower the instrument to a level position. The ci1 .._u. 
lar bubble level (under top cover, to left of volume 
control knobs) will indicate when the levelers n 
been properly adjusted and the instrument is lev€' 

Stain~Pa.k 

Hem a-Tek Stain Pak consists of three bottles cont 
ing a polychrome methylene blue stain, buffer anc 
rinse solutions. One Stain Pak provides enough solu
tions to stain and fix 1000 blood film preparations. 'f 
Stain. Pak is inserted in the well at the rear of\ _ 
instrument. It rests on a spring-loaded tray which acti
vates a switch connected to the stain light. As lonp 
there is an adequate supply of Stain Pak solutions,\ 
stain light glows. I 

INSTRUMENT FUNCTION 
The operation of Hema-Tek Slide Stainer is sim[-. . ..:. 
Two conveyor spirals are utilized to convey 25 slides 
face down over a platen. Three sensing switcl; · 
trigger sequentially to activate three solution pun' 
which meter and deliver a special stain, buffer clnd 
rinse into the capillary space between the blood film 
and platen. The diagram shows this progression. l , 

4 3 2 

Zone 1 - Slide properly in contact with stain. 
Zone 2 - Introduction of buffer t-o stain; moono 

be~M I 
Zone 3 - Mixing action continues. i 
Zone 4 - Mixing action completed. Slide properly 

contacting stain-buffer mixture. l 
When the lid of the instrument is raised, the th.rL.J 
volume control knobs are accessible. The volume of 
solution being delivered can be adjusted (i.e. increas1 
or decreased) by rotating the respective control knl 

I . 

clockwise ( + toward blue line) or counterclockwise 
(-toward blue line). High-quality staining results wi 1

i 

be assured if the pump volumes are correct since tJ 
time phases are constant A small change in the stai 
buffer ratio can lighten or darken staining. A stain/ 
buffer ratio of not less than 1 part stain to 2 parts buff~ 
(i.e. 1:2 stain/buffer) has been found to. provide tJ 
proper ratio needed for optimum staining perf61 J 

mance. In addition, rinse solution volume is apprmd
mately 1 ml/slide. 
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ABSTRACT 

Hodson, P.V., P.J. Kloepper-Sams, K.R. Munkittrick, W L. Lockhart, D.A. Memer, L. Luxon, I.R. 
Smith, M.M. Gagnon, M. Servos and J.F. Payne. 1991. Protocols for measuring mixed 
function oxygenases of fish liver. Can. Tech. Rep. Fish. Aquat. Sci. 1829: 49 p. 

This document was prepared in response to requirements for protocols under Environmental 
· Effects Monitoring (EEM) Programs proposed as part of revisions to Canada's Pulp and Paper 

Effluent Regulations of the Federal Fisheries Act (1991). Field research programs in Scandinavia 
and North America consistently demonstrated that activity of liver mixed function oxygenase 
CMFO) enzymes of fish reflected exposure to chemical inducers associated with effluents from 
pulp mills using chlorine bleaching. Induction of activity was strongly correlated to other 
important effects on fish and fish populations. Since the measurement of :MFO activity was a 
logical addition to EEM programs, a workshop sponsored by the Department of Fisheries and 
Oceans and by Environment Canada was convened at the Freshwater Institute, Winnipeg, 
Manitoba, in November, 1990 to review the theoretical and practical aspects of MFO 
measurements. The participants agreed that measurements of :MFO activity were suitable and 
useful indicators of chemical contamination from pulp mills using chlorine bleaching, and that 
a practical protocol could be prepared. This protocol is the direct result of that workshop and 
is intended for use by biologists with laboratory experience in biochemistry. This protocol should 
not be used in isolation, but should be an integral part of EEM programs, as an early step in tier
testing to direct further studies of chemical contamination and biological impacts. 

'· .. 
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RESUME 

Hodson, P.V., P.J. Kloepper-Sams, K.R. Munkittrick, W .L. Lockhart, D.A. Metner, L. Luxon, I.R. 
Smith, M.M. Gagnon, M. Servos and J.F. Payne. 1991. Protocols for measuring mixed 
function oxygenases of fish liver.- Can. Tech. Rep. Fish. Aquat. Sci. 1829: 49 p. 

Ce document a ete prepare pour le Programme de Surveillance des Effets sur l'Environnement 
des rejets d'usines de pate et papier. Ce programme a ete entrepris lors du processus de revision 
des Reglements sur les Effluents de Pate et Papier de la Loi Federale sur les Peches (1991). 
Differents programmes de recherche, en Scandinavie et en Amerique du Nord, ont demontre 
frequemment et sans exception une augmentation de l'activite des enzymes Mpatiques d'oxydase 
de fonction multiple (OFM) chez les poissons exposes aux effluents d'usine de pate et papier 
avec blanchiment au chlore. Cette induction de l'activite enzymatique est fortement associee a 
d'autres effets importants chez les poissons et les populations de poissons. Comme la mesure de 
l'activite des OFMs est une composante logique d'un programme de surveillance des rejets de 
pate et papier,le Minisrere des Peches et des Oceans et Environnement Canada ont organise un 
atelier ayant comme objectif d'examiner de f~on critique les aspects theoriques et pratiques des 
mesures d'activite des OFMs. Cet atelier a eu lieu a l'Institut des Eaux Douces, a Winnipeg, en 
Novembre 1990. Les participants ont reconnu l'utilite et la pertinence des mesures de l'activite 
des OFMs comme indicateurs de la contamination par des effluents de pate et papier avec 
blanchiment au chlore et ont propose de preparer un protocole decrivant les methodes de mesure 
des OFMs. Ce protocole est done un resultat direct de cet atelier. n a ete COn9U pour etre utilise 
par des biologistes avec de !'experience de laboratoire en biochimie. Ce protocole ne devrait pas 
etre utilise comme unique methode de surveillance mais devrait constituer une etape preliminaire 
au sein d'un programme complet de surveillance de la contamination chimique et des impacts 
biologiques. 
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1.0 INTRODUCTION 

Monitoring the effects of industrial wastes in receiving waters includes monitoring the responses 
of fish. Fish are present in most Canadian surface waters and their welfare is relevant to the 
public, to environmental control, and to sports and commercial fisheries. The measurement of 
the activity of fish liver detoxication enzymes, the mixed function oxygenases (MFOs), has been 
proposed as a tool for monitoring. the environmental effects of marine petroleum· pollution 
(Addison and Payne 1986). :MFO activity has been tested as an indicator of the presence of 
chemical contamination from urban and industrial development in over 30 field trials (Payne et 
al. 1987), and has been included in the North Sea Monitoring Master Plan (Addison 1991). This 
document describes the measurement of fish liver :MFO activity as a tool for monitoring chemical 
contamination associated with effluent from pulp mills using chlorine bleaching (Bleached Kraft 
Mill Effluent or BKME). It includes the biochemistry, toxicology and measurement of the :MFO 
enzymes in fish and it identifies what data should be collected, how they should be collected, and 
how positive and negative responses should be interpreted. 

1.1 Theory 

Mixed function oxygenases (also called mixed function oxidases, MFOs, cytochrome P-450s, 
polysubstrate multifunction oxygenases, PSMOs) are a family of membrane-bound enzymes 
which increase the water solubility of aromatic and lipophilic compounds (White and Coon 
1980). Natural substrates for MFOs include endogenous compounds such as steroid hormones 
and fatty acids, although they also aid in drug metabolism and the breakdown and excretion of 
other exogenous compounds (Lu and West 1980; Ryan et al. 1979). MFO activity includes 
various reactions which add molecular oxygen to lipophilic compounds. The terminal oxidase 
enzyme of the :MFO system is the iron-containing hemoprotein cytochrome P-450 (Blumberg . 
1978); the '450' refers to the wavelength absorption maximum of the reduced form of the 
cytochrome after complexation with carbon monoxide. One group of cytochrome P-450s, called 
P-450IA, is 'induced' by the presence of several foreign compounds. That is, in the presence of 
these foreign compounds, animals synthesize new amounts of P-450IA proteins and enzyme 
activity is measurably increased. 

Induction is initiated when a foreign compound binds to a specific cellular receptor (Poland et 
al. 1976; Perdew and Poland 1988), often called the Aryl hydrocarbon or Ah receptor. Binding 
triggers the expression of the gene coding for P-450IA leading to increased RNA transcription 
(Gonzalez et al. 1984; Israel and Whitlock 1984) and eventual synthesis of new P-450IA protein. 
Induction can be detected by measures of several components in the chain of cellular events: P-
450IA mRNA, P-450IA protein, or P-450IA enzymatic activity (Nebert and Gonzalez 1987). 

While most studies of P-450IA originally concerned mammals, the system is also inducible in 
fish. Experimental treatments with pure compounds have established that some polynuclear 
aromatic hydrocarbons· (PAH: benzo(a)pyrene, 3-methylcholanthrene) and some chlorinated 
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aromatic hydrocarbons (co-planar PCBs, chlorinated dibenzodioxins and dibenzofurans) induce 
liver P-450IA in several species (James et al. 1979; James and Bend 1980; Fortin 1980; Gooch 
et al. 1989; Law and Addison 1981; Vodicnik et al. 1981; Addison et al. 1982; Vander Weiden 
et al. 1990a; 1990b; Muir et al. 1990). The ability to induce MFO activity appears to be related 
to molecular shape, i.e. the co-planarity of connected aromatic rings and the distribution of 
substituents such as chlorine atoms. Complex mixtures such as Aroclors, petroleum oils, and 
BKME also have inducing properties (Forlin and Lidman 1981; Melancon et al. 1981; Addison 
et al. 1982; Melancon and Lech 1983; Payne et al. 1988; Walton et al. 1978; Walton et al. 1983; 
Andersson et al. 1988; Thomas. et al. 1989), probably because these mixtures contain specific 
inducers. 

1.2 Interpretation 

L'1duction of P-450 enzymes reliably LVldicates exposure to cornpotLTJ.ds 'With i11ducing properties .. 
Field studies of P-450IA in fish have focused on oil spills, P AH contamination of sediments and, 
more recently, BKME (Payne 1976; Elskus and Stegeman 1989; Dunn 1980; Johnson et al. 1988; 
James and Bend 1980; Van Veld et al. 1990; Andersson et al. 1988; Rogers et al. 1989). 
Scandinavian and Canadian studies of fish captured near sources of BKME have shown dramatic 
induction of P-450IA-related enzymatic activities when compared with fish from reference sites 
(Andersson et al. 1988; Lindstrom-Seppa and Oikari 1989; Rogers et al. 1989, Sodergren 1989; 
Munkittrick et al. 1991a; Smith et al. 1991; Hodson et al. 1991; Servos et al. 1991). Studies in 
Canada were of effluents from five bleached kraft mills discharging to Lake Superior, Thunder 
Bay (Lake Superior), the .Athabasca River, the Spanish River and the St Maurice River. Since 
PAHs and PCBs are not commonly found in pulp mill effluents, MFO induction may indicate 
exposure to dioxins and furans, and both have been measured in effluents and the tissues of 
induced fish (Rogers et al. 1989; Hodson et al. 1991). 

Recent experiments suggest that other compounds in bleached and unbleached mill effluents may 
also be responsible for induction, but the evidence so far is circumstantial and the identities of 
the inducing agents are as yet unknown. For example, Munkittrick et al. (1991b) observed that 
inducton in fish caught near a bleached kraft mill disappeared when the plant temporarily ceased 
operations, suggesting the discharge of an inducer that was not persistent, in contrast to dioxins 
and furans. Payne and Fancey (1981) observed low levels of induction in both liver and gill of 
rainbow trout exposed to shavings of wood bark floating in aquaria and they speculated that some 
rurpenoid hydrocarbons may be inducers. 

Studies of mills not using chlorine bleaching are lacking in Canada and results of such studies 
in Scandinavia are conflicting. Swedish studies of mills not using chlorine bleaching indicate 
no induction (Larsson et al. 1988), whereas a recent Finnish study showed the opposite 
(Lindstrom-Seppa et al. 1991). Since dioxin discharges from pulp mills have been associated in 
the past with the use of chlorophenolic-treated wood chips, the presence of dioxins in these 
studies cannot be discounted without analyses of both fish and effluents, and the question of other 
inducing agents remains. open. Nevertheless, detection of MFO induction in fish from areas 
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contaminated by BKME is a strong argument for surveys of chemicals typical of BKME 
exposure, in particular for dioxins and furans in fish tissues. Chemical surveys of sediment and 
fish tissue will help to determine whether the pulp mill is the source of contamination and 
whether induction was due to ·the presence of P AHs from combustion or to PCBs from electrical 
equipment 

The biological significance of P-450IA induction is not completely known. Induction is an 
adaptive response and can result in the metabolism and excretion· of exogenous substrates. 
Studies demonstrating increases in P-450IA activity have also documented changes in fish 
performance, including altered steroid hormone proflles, changes in thyroxine and vitamin A 
metabolism, impairment of the reproductive and immune system, and an increased prevalence of 
diseases (e.g. Munkittrick et al. 1991a; Larsson et al. 1988). There has not yet been a 
demonstration of causal links between altered P-450IA activity and other biochemical responses 
of fish (e.g. altered hormone profiles); one hypothesis is that both lviFO induction and hormone 
effects are the result of binding by the contaminants to the Ah or other receptors, but are not 
otherwise related. 

The simultaneous occurrance of adverse effects and lv1FO induction indicates that measures of 
lviFO induction justify further studies of biological impacts. The area in which P-450IA activity 
is altered is assumed to represent the zone of direct influence of the effluent on fish physiology 
and performance. The philosophy behind using P-450IA for monitoring populations subject to 
BKME is one of simple prudence. Induction is one of the easiest and most sensitive responses 
to detect. If induction can be avoided, presumably other Ah-associated biological responses will 
also be avoided. If induction is detected, more detailed studies are needed of the survival, growth, 
reproduction, and bioaccumulation of inducers by the local fish community. It must be 
recognized, however, that lack of induction does not mean 'no effect' - other effects may be 
produced by biochemical actions independent of the Ah receptor. Measurement of lviFO 
induction signals only an increased probability of a suite of associated responses. 

Induction without measureable levels of chlorinated compounds ('false positive') is also possible 
if fish have been exposed to PAHs from other industries. In this case, the enzyme activity will 
reduce levels of P AHs in fish tissues to 'non-det~ctable' and chemical analysis of sediments will 
be required to confirm that contamination does not come from the pulp mill, particularly in areas 
where many industries discharge to the same water body. 

In summary, the P-450IA enzyme system is a consistent, simple and economical indicator of 
exposure to inducing contaminants; its response in fish signals the need for surveys of chemical 
contamination and more detailed biological studies of effects on fish. 
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1.3 Caveats 

The induction of MFO activity represents a chain of cellular events that includes binding of the 
inducing compound to the Ah receptor, production of messenger RNA to initiate synthesis of new 
enzyme proteins, and the action of the enzymes on various substrates. Each step of the chain can 
now be measured, with varying degrees or-difficulty. Currently, the simplest is the measurement 
of enzyme activity, as described in the appendices to this protocoL However, since this is the 
last step in the chain, it is the most sensitive to interference; with more steps in a chain, there 
is a greater possibility of an interference. There are many labs developing methods to measure 
the quantity of the protein enzyme and of the messenger RNA. Refinement of these techniques 
could lead to future 'kit' methods that are more sensitive, more reliable, faster and less expensive 
than the methods described here. 

Studies of various species (Table 1) consistently demonstrate that MFO induction reflects 
chemical exposu..""e. However, species differences i."l the magnitude of t.'l!e response are found, 
and both biological variables (sex, age, spawning status, size, genetic strain) and habitat variables 
(temperature) may influence the response (Stegeman and Chevion 1980; Koivusaari et aL 1981; 
Luxon et al. 1987; Lindstrom-Seppa 1985; Pedersen et al. 1976; Jimenez and Burtis 1989). 

The most important biological factor affecting activity is reproduction. While there is little 
difference between the sexes for immature fish, mature females have slightly lower MFO 
activities than males, a difference accentuated during spawning when hormones such as estradiol 
vary dramatically in their concentrations in serum (Forlin and Raux 1985.). While differences 
among treated and control sites can still be seen, increased variability and lower activities may 
obscure statistical significance. Each species should be sampled during its inter-spawning 
interval, at least two to six months before spawning, and fish must be carefully selected for a 
similar size, stage of development, age, sex and feeding activity. 

Age and life stage are important co-variates of sexual maturation. They influence the distribution 
of fish and their diet, and hence their exposure to pulp mill effluent. For example, spawning 
migrations may control the time spent in the effluent and whether the fish are truly representative 
of the region· iri which they are caught. There are also very large species differences in the 
induction measured during field studies, which may be due to variations in exposure, 
accumulation or sensitivity to inducers. In a responsive species such as longnose sucker, a five
fold induction is not equivalent to a five-fold induction in species which are less responsive, such 
as lake whitefish or walleye. 

Temperature is an important environmental variable, since the activity of enzyme molecules 
declines with temperature; less energy is available to drive chemical reactions. Since acclimation 
or thermal compensation requires time and is species-dependent, temperature may affect both 
inducibility and MFO activity. 

Methods of fish capture, tissue handling and analysis of enzyme activity are potential sources of 
analytical error, so these factors must be standardized among sites. There appears to be no 
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Table 1. Species of fish showing MFO induction. This list is restricted to those species reponed 
in papers listed in Section 9.0, References. 

COMMON NArvt:E 

FRESHWATER 

BRACKISH 

MARINE 

Rainbow trout 
Chinook salmon 
Lake trout 
Brook trout 
Lake whitefish 
Vendace 
Carp 
White sucker 
Longnose sucker 
Bluegill 
European Perch 
Walleye 

KillifiSh 
European Perch 

Scup 
Cunner 
Winter flounder 
English sole 
Spot 

LATIN NAME 

Oncorhynchus mykiss 
· Oncorhynchus tshawytscha 
Salvelinus namaycush 
Salvelinus fontinalis 
Coregonus clupeaformis 
Coregonus albinus 
Cyprinus carpio 
Catostomus commersoni 
Catostomus catostomus 
Lepomis macrochirus 
Perea fluviati/is 
Stizostedion vitreum 

Fundulus heteroclitus 
Perea fluviatilis 

Stenotomus chrysops 
Tautogolabrus adspersus 
P seudopleuronectes americanus 
Parophrys vetulus 
Leiostomus xanthurus 

obvious effects of partial suffocation (e.g. by gill netting), electroshocking or capture stress on 
MFO activity (L.L. Luxon and P.V. Hodson, unpublished data). Prolonged stress may contribute 
to water retention and enlarged livers, which would bias activity expressed as 'per gram of 
tissue'. However, measurement of specific activity (i.e. activity per mg of protein in liver 
extracts) ensures a reliable measurement. An uneven distribution of enzyme activity within livers 
can contribute to analytical error; either the entire liver must be minced and mixed before 
analysis to avoid heterogeneity, or subsamples must be taken from the same area of liver in each 
animal sampled. Other effects due to dissection, tissue storage and assay procedures are alluded 
to in the detailed methods, and a quality control program is outlined. 

The methods presented here have been widely used in research and in pilot monitoring programs. 
A ring test among ten laboratories using the fluorometric ethoxyresorufin-o-deethylase (EROD) 
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method (Appendix B) demonstrated that all could separate six induced from six un-induced fish 
with no overlap or errors, although measures of absolute activities for each fish varied among 
labs. Therefore, it appears that all labs could identify responses of fish to pulp mill effluent, 
should they occur (Munkittrick et al. 1991c). 

In summary, confounding variables such as temperature, fish· size, sex, maturity and season must 

' ,. 
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be standardized as much as possible among contaminated and reference sites. Sampling programs lr,·· 

should avoid the spawning period of _the target species or increase the number of fish sampled. . 
Using these designs in field studies and the specific procedures outlined for each analytical 
method, the MFO system can successfully detect specific chemical exposures and can indicate r 

whether more costly chemical analyses are needed. ! 
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2.0 SAMPLE COLLECTION AND STORAGE 

2.1 Study design and choice of fish species 

Sampling should include two species, at least one benthivore and one pelagic predator. :MFO 
activity of the benthivore will reflect sediment contamination and :MFO activity of the predator 
will reflect accumulation of inducing compounds through the food. chain. Sample size should be 
based on study design and requirements, but a minimum of 10 to 12 fish per site must be taken 
and 15 are recommended. Sequential statistical analyses of liver aryl hydrocarbon hydroxylase 
(AHH) activities of 20 fish showed that running means and standard deviations stabilized only 
when sample sizes were 10 or more (P.V. Hodson, unpublished data). It is not always possible 
to collect adequate numbers of both sexes of fish at all field sites, during all seasons. Since there 
may be differences between sexes for most species, this should be taken into consideration during 
study design, possibly by restricting sampling to male fish. 

Sampling must always include a minimum of one contaminated site and one uncontaminated 
reference site, but two reference sites are preferable, with one immediately 'upstream' of the 
source. The reference sites should be chosen to decrease the influence of fish movements and 
migration. Sampling at two reference sites may not be required if a) fish are prevented by 
barriers from moving between the upstream and downstream sites, or b) sufficient data are 
available from other sources to validate the data from one reference site. Where more than one 
test site is possible, they may be .positioned to demonstrate the spread of the effluent in a lake 
or ocean, or exposure gradients caused by distance or by dilution from tributaries. 

There are areas where studies on free-ranging wild fish may not be possible, especially where 
pulp mills are located adjacent to one another. One solution is to cage fish, with cages 
distributed among contaminated and reference sites. A number of studies have found that caging 
fish in pulp mill effluents for periods of up to 30 days does not induce :MFO activity to the same 
extent as in native fish, although induction is often evident (Lindstrom-Seppa and Oikari 1989). 
The cause of the difference has not been defined. 

2.2 Field sampling procedures 

There are several alternatives for sampling: samples may be processed entirely in the field, 
partially processed in the field and completed in the laboratory, or processed entirely in the 
laboratory. Although it is possible to conduct the entire assay under field conditions (see 
Addison and Payne 1986), this is not always necessary or practical. The samples can be stored 
until transferred to the laboratory, but storage conditions are critical. Freezing and thawing 
samples cause the loss of 30-40% of the original activity, but the loss of activity is uniform 
among sites (i.e. that the exposed site will show the same relative induction). Methods for 
collecting, processing and storing liver samples must be standardized among sites. 



8 

Liver must be collected from live fish; :MFO activity decreases and variability increases within 
15 min of death, depending on external temperature. There are several ways to process samples 
in the field. Livers must be removed carefully, avoiding the rupture of the gall bladder and 
contact with bile: Sub-samples taken from one area of the liver or whole livers may be removed 
intact, and frozen immediately, or rinsed in 0.15 M KCl and minced prior to freezing on dry ice 
or liquid nitrogen. The advantages of mincing the liver are that the mix represents the average 
MFO activity throughout the liver, since the activity can vary by< 2- 3 fold among various parts. 
of the liver. A third alternative is to homogenize directly in the field with a buffer containing 
glycerol and to freeze the homogenate for lab analysis. EROD activity has been compared 
between homogenates prepared in the lab and field from portions of the same livers. There was 
consistently lower activity with field homogenates but the same relative order of activity (M.M. 
Gagnon, unpublished data; A-M. Prud'homme and J. Bureau, Environment Canada, personal 
communication; K.R. Munk:ittrick, unpublished data). 

Vf"l,.,.p..,...(>. "'~ -.a.-ort'" "'f 1\KC'r\ ~-h~h~.....:-- -- ~<nt-c-r+A~'¥"\ce 'lt'IMi"'h. flu"'-s,...,g,""'A re'"'A~ ..... rt'Cf o·u·u-l p A.t:O ~e ........... A.J.l\,;..A.\,. Q.J,.\,..1' A.\.I}J ~ U J..Yll-''-1' .UUJ.J.UU.J.V.U VA .U..U.'"".L.L\.,;.&.\o.I.U. YV.U •. U. VA'"' \o.o'll.lll\..o""" A. £U..U.i.it;o:» Q.L.I.\ • .1> ""-r'.,JV .;:tj;J '-'UQ. 

if traces of bile or blood are present. As a simple precaution after dissection and weighing, the 
liver must be rinsed immediately with cold 0.15 M KCl to remove traces of blood and bile. For 
an animal with a simple liver, the severed blood vessels provide a convenient entry for irrigation 
through the tip of a squeeze bottle. For a multi-lobed liver, the best alternative is external 
washing. K.R. Munk:ittrick (unpublished data) found no effects of mincing the liver of white 
sucker, or of the position within the liver (anterior versus middle or posterior lobes) on EROD 
activity. However, when the liver was minced prior to freezing, there was a decrease in activity 
unless the sample was rinsed in KCl. 

For tissue storage, all samples must be quick-frozen in liquid Nitrogen or dry ice and stored at 
-60°C or lower, storage at -20°C is not acceptable, even for a very short period of time. Livers 
homogenized in the field require more liquid Nitrogen to freeze a given weight of liver due to 
dilution by buffer. Freezing is most efficient for small portions, e.g. as 2.0 g aliquots in 
cryovials. · 

In the laboratory, frozen tissue is thawed, homogenized and centrifuged to separate MFO 
enzymes from cell debris. The first stage is a low-speed (9000 x g) centrifugation that gives a 
'post-mitochondrial supernatant (PMS)', also called S-9 fraction. The second stage is a 
centrifugation of the S-9 fraction at 100,000 x g, which separates the enzyme in a pellet of 
microsomes (membrane fragments). Although some authors prefer the use of the microsomal 
preparation for :MFO assays, there is a very strong correlation between :MFO activity determined 
in the S-9 fraction and in the more highly purified microsomes (rl>o.99). Even though the 
fluorescence from a microsomal preparation is 3- 4 x higher than from S-9, the relative amount 
of induction is similar (K.R. Munkittrick, unpublished data). The lower centrifuge speeds 
required for S-9 preparations allow production of test material with portable centrifuges. Thus, 
a fourth alternative is to prepare S-9 fractions in the field from fresh livers, freeze the supernatant 
in liquid Nitrogen, and analyse enzyme activity in the laboratory. This approach requires more 
work and equipment in the field but may reduce the loss of activity associated with freezing 
minced tissues or homogenates. 
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Microsomal preparations may be frozen at -80°C by resuspension in homogenizing buffer 
containing 20 % glycerol. Activity remains constant for at least a year and repetitive analyses 
of multiple frozen aliquots of the same homogenate provides an internal standard as a check on 
the precision of the chosen method. The amount required per aliquot is the pellet derived from 
preparing 1 - 2 g of liver. 

Details of these procedures are given in Appendix A, Preparation of S-9 fractions and 
microsomes. 
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3.0 CHOICE OF MFO ASSAY 

There are several methods available for measuring cytochrome P-450IA in fish (details are 
presented in Appendices B-E). Recent developments include P-450IA protein and m.RNA 
measurement and will be discussed briefly below. The most common methods employ catalytic 
assays, using substrates that are metabolized in specific ways by the P-450IA enzyme. P-450IA 
belongs to a gene superfamily (Nebert and Gonzalez 1987) and often shares overlapping substrate 
specificities with other forms, so substrates other than those described in this protocol must be 
chosen with care and with knowledge of substrate specificities. 

Substrates for P-450IA include benzo(a)pyrene and 2,5-diphenyloxazole (aryl hydrocarbon 
hydroxylase or AHH assays) and ethoxyresorufin (ethoxyresorufin-o-deethylase or EROD assays). 
For each substrate, various methods exist, the major ones being radiometric, fluorometric and 
spectrophotometric. The appendices describe methods used frequently by the authors, although 
many variants have been published in the literature. For example, the spectrofluorometric EROD 
assay of Pohl and Fouts (1980) is described, but the version by Lake (1987) gives equivalent 
results (P. Martel, Pulp and Paper Research Institute of Canada, 570 StJohn's Boulevard, Pointe 
Claire, Quebec H9R 3J9, personal communication). Users are encouraged to consult the original 
references cited for further information on this assay. The choice of assay method depends on 
each laboratory, considering substrate source (e.g. purity), assay cost, ease and speed of analysis, 
sensitivity and reliability of the assay. Regardless of the method chosen, certain aspects must 
be controlled and understood for each species examined to obtain consistent and credible results. 
These include protein concentration, NADPH concentration, substrate concentration and 
incubation temperature. Whichever enzymatic analysis is chosen, the limits of detection must 
be recorded, and the limits will vary among samples according to their protein contents. While 
detection limits are not as important for high activity samples, they are crucial for samples at or 
near the limits of detection. As part of quality assurance and quality control (QNQC), high and 
low activity "reference" samples must be run to assure consistency in results obtained with 
unknown samples. QNQC issues are discussed in section 5.0. 

3.1 Other techniques for measuring P-450 expression 

Besides enzymatic analysis, other techniques for measuring P-450IA expression include direct 
protein quantitation and m.RNA analysis. Analysis of m.RNA is somewhat unwieldy and 
inappropriate for routine analysis; current technology requires RNA purification and use of a 32P
labelled eDNA probe. However, P-450IA m.RNA measurement is essential in situations when 
enzyme inhibition and/or degradation is suspected at the same time as gene activation (e.g. after 
high doses of co-planar PCBs). The P-450IA protein measurement is relatively quick and easy 
in experienced hands. It is inherently more robust than assays of enzyme activity (e.g. it works 
well even with degraded samples), but requires specific antibodies. An excellent "reagent" 
antibody exists which is highly specific for P-450IA and which it can detect in mammals, birds, 
reptiles, and fish (Park .et al. 1986; Kloepper-Sams et al. 1987). Unfortunately, this specific 



12 

anitbody is not commercially available, although antibodies against rat P-4501Al and 
oligonucleotide probes for rat P-4501Al RNA are sold by OXYGENE, a company in Dallas, 
Texas. These reagents have not been tested in studies of MFO induction in fish exposed to pulp 
mill effluents. · 
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4.0 DATA 

4.1 Data requirements • field 

MFO measurements are not made in isolation. Aside from associated environmental 
measurements described in other protocols (e.g. temperature, alkalinity, pH), there are several 
measurements and samples that must be collected from each fish during the necropsy. · These 
include: total body weight (g), gutted carcass weight (weight (g) after removal of intestines and 
gonads), gonad weight (g), liver weight (g), fork length (em), sex, and age (y). In immature fish, 
sex can be determined histologically from a thin section of gonad preserved in buffered formalin. 
Age is measured by counting annuli in hard structures such as otoliths and cross-sections of fin 
rays, cleithra or opercular bones, depending on the species. Use of scales is not recommended 
for fish greater than 5 y of age. 

From these measurements, the condition factor (CF= 100 x (total weight- gonad weight)/length3
), 

gonadosomatic index (GSI = 100 x (gonad weight/gutted weight)) and liver somatic index (LSI 
= 100 x liver weight/gutted weight) are calculated. Condition factor is based on gonad-free 
weight- to remove bias due to variations in sexual maturation, and GSI and LSI are based on 
gutted weight to remove bias due to variable levels of fat in gonads and intestines and variable 
gonad weight. Correlations should be calculated between enzyme activity and sex, CF, LSI, GSI, 
weight and age to identify possible bias in MFO results. These factors can help to identify 
differences in exposure to inducers as a result of sexual maturation and habitat selection by 
different sizes of fish. Bias would indicate the need for stratified sampling and factorial analyses 
of variance to compare activity among sites. 

Other important observations are unusual coloration or lumps in the liver, · or other obvious 
pathology in other tissues. These measurements are the bare minimum, and if there are 
associated studies on fish population structure, many more could be added. 

Where post-hoc confirmation of MFO induction by chemical analyses is possible, samples should 
be taken of sediments and fish tissue (usually whole carcass and-liver) and they should be deep 
frozen as quickly as possible in contaminant-free plastic bags or aluminum foil rinsed in ultra
pure hexane. Analyses for trichloroguaiacols (ug.kg'1) and chlorinated dioxins and furans 
(ng.kg'1) would reflect exposure to BKME and the presence of chemical gradients, and would 
help to confirm that responses were due to pulp mills and not to other industrial effluents. 

4.2 Protein content of the liver 

Since measurements of MFO activity are an expression of the catalytic activity of protein 
molecules, it is expressed as 'specific activity', i.e. activity per mg of protein in the microsomal 
or S-9 preparation. The total protein content of either the microsomal fraction or the S-9 
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fraction, whichever is used for the MFO determinations, must be measured using established ' 
protein assays with bovine serum albumin as a standard. 

An option is to measure the amount of P-450 protein (Appendix F) to calculate the 'turnover 
number', i.e. activity per nmol P-450 protein or the ratio of substrate molecules metabolized per 
molecule of enzyme. Turnover numbers may be misleading since P-450s are a family of proteins 
that include many different enzymes. Since some inducers may inhibit P-450IA, induce other 
P-450 enzymes, or change the protein or lipid content of liver, the turnover number may not 
reflect induction. However, a comparison of specific activities and turnover numbers among sites 
may help to identify mechanisms of toxicity. Total cytochrome P-450 content can be measured 
using a scanning spectrophotometer (Appendix E). 

The total capacity for liver MFO metabolism can be calculated by multiplying the specific 
activity by the mg of microsomal protein per g of liver (protein yield) to give activity per gram 
of liver. Activity per liver (activity per gram multiplied by the total weight of the liver) ca.11 also 
be calculated, but it is subject to bias caused by differences in fish size among sites, unless fish 
are selected for a uniform weight or a correction is applied for relative liver weight by 
normalizing fish weights to a common value. 

4.3 Statistics 

Assuming that at least five fish have been caught at each site (10-15 is the ideal), the data must 
be analyzed statistically following the study design. It is a general. phenomenon that biological 
data are not distributed normally, but are skewed towards higher values. All data must be tested 
for normality and homogeneity of variance before applying statistical tests appropriate for the 
study design. One simple indicator of non-linearity is that variance is proportional to the mean. 
Data that fail these tests can usually be normalized by a log transformation so that all statistical 
analyses are carried out on transformed data. Means should be re-transformed to their original 
units to facilitate the interpretation of the results. An alternative is non-parametric statistical 
analysis. 

The appropriate analysis for comparing responses among sites where sex or some other variable 
may also have an effect, and where sample sizes are often unequal, is analysis of variance 
(ANOV A) following the general linear model. The sex effect on MFO activity is seasonal. If 
it is non-significant during the inter-spawning interval, it may be omitted from the model to give 
more power to the ANOV A. 

Where ANOV As have been applied, differences among sites should be tested with an appropriate 
multiple range test such as Tukey's Test A more sensitive alternative is to apply .!! priori 
contrast tests (Hoke et 1990). These are fixed comparisons (e.g. control vs test sites) built 
into the ANOV As to test specific hypotheses about increased MFO activity downstream of a 
suspected source of inducers. All differences and effects should be tested at a 95% probability 
level. If preliminary estimates of variance are available, the minimum sample size to detect a 
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given difference (usually doubling of enzyme activity) and the probability of failing to detect a 
real difference (fype II error) should be calculated in advance as an aid to the study design. 
Where activity is significantly elevated above reference levels, the degree of induction must be 
calculated as the ratio of mean activities at treated sites to that at the reference site. 

4.4 Definition of a response 

There are no absolute or 'correct' values for MFO activity of fish. The AHH and EROD 
activities of white sucker from reference sites are usually less than 1.5 FU.mg'1 protein in a 20 
minute incubation for AHH and less than 10 pmol.mg protein·1.m.in'1 for EROD in the S-9 
fraction or 30 pmol.mg protein·1.min"1 for the microsomal fraction. In contrast, these values may 
encompass the activities of induced fish of other species. Therefore, the besfbasis for judging 
the influence of an effluent is not the absolute activity, but the pattern of responses among 
contaminated and reference sites. Assuming that sufficient fish have been captured and analyzed 
at a minimum of one reference and two or more contaminated sites, an MFO response will be 
significant if criterion (a) and either criteria (b) or (c) are met: 

a. Activity is significantly higher at contaminated sites relative to reference sites (p<0.05). 
Induction of activity by 10 to 40-fold is not uncommon when contaminated sites are 
compared to reference sites. 

b. There is a decrease in activity with distance from the source of the effluent, suggestirig 
an 'exposure-response' relationship due to dilution or transformation of the inducer. A 
difference could be seen within a short distance if there is dilution by a major tributary 
or if the effluent enters an open lake, estuary or marine ecosystem (e.g. Munkittrick et 
al. 1991a). In a river with no major tributaries, the minimum distance downstream 
between stations should be about 30 km or below a major obstruction to fish migration 
(e.g. Hodson et al. 1991). For shorter distances, the gradient may be so shallow that it 
is difficult to detect. 

c. The MFO response is consistent between sexes of the same species, consistent among 
two or more species, or consistent among repeated surveys. 

4.5 Presentation 

All raw data must be presented along with means, standard deviations, sample sizes, and results 
of all statistical tests of comparisons among sites and correlations among variables. Where 
reference samples have been analyzed as an internal standard, the mean and standard deviation 
of the current results must be presented and compared with previous assays. Presentations of 
means and standard deviations in bar charts, showing reference and contaminated sites, are very 
helpful in understanding the results. The data must also be summarized in writing and any 
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difficulties with sample collection and analysis must be described and interpreted, as well as any 
unusual observations or results. Where other measurements have been made (e.g. temperature 
or chemical concentrations in sediments), it is important to compare them with the fish 
measurements as a way of explaining or eliminating possible causes of observed responses. 
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5.0 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 

Most of the difficulties in interpretation are associated with verifying that a negative response 
equals 'no induction', and not poor enzyme assays. There are several aspects to QNQC which 
must be incorporated into every report.- These include the results of assays of blanks, replicates, 
and standards, and the repeatability of the assay. 

5.1 Blanks and replicates 

Blanks are simply reaction mixtures without enzyme activity. Activity may be prevented by 
omitting an essential component such as NADPH or tissue extract, or by inhibiting the enzyme 
with a solvent such as methanol or acetone; appropriate balns are described in each protocol. 
Blank values are normally very consistent but both blanks and tests must be run in triplicate 
when there are fewer than 24 samples. For larger numbers of samples, the numbers per sample 
may be reduced. 

There have been several problems reported with blanks. If disposable tubes are used for 
fluorometric assays, there are differences in background fluorescence among and within batches 
of tubes. Some types and brands of disposable tubes show some natural fluorescence. If the 
laboratory is using reusable tubes, there may be persistent contamination and high blank values. 
Tubes must be carefully checked for consistency and low background fluorescence before each 
batch of samples is assayed. 

5.2 Standards 

There are two types of standards to run with most catalytic assays: internal and external (positive) 
controls. For internal controls, there is a significant amount of. variability in the quality of 
substrates such as ethoxyresorufin and resorufin among suppliers and batches. Careful 
consideration must be given to procedures for monitoring batch-to-batch variability. For 
example, stock solutions of 7-ethoxyresorufm must be made up to a consistent peak absorbance 
(i.e. dissolved in DMSO until absorbance at 461.5 nm = 1.6 to 1.7). 

Instrument checks must be made by diluting standards used for the standard curve in methanol. 
One high and one low standard must be run with each batch of samples to check instrument 
response. For example, in the spectrofluorometric EROD assay (Appendix B) these may be 
0.0005 arid 0.02 mg mL'1 resorufm standards diluted 10 Jll into 2.5 mL of methanol. 

It is essential that a laboratory reporting a negative response (no induction) assures that the assay 
was capable of detecting induction, if it was present. There are several ways to confirm or 
validate negative responses: 
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i) External positive controls to show induction was measurable: 

a) Some laboratories induce MFO activity in fish by exposing a number of laboratory 
rainbow trout to an intraperitoneal injection of 0.5 mg.kg"1 B-naphthoflavone for 
a 2 - 5 d period. Livers are collected, homogenized, pooled and centrifuged to 
yield a large batch of homogenous microsomes. The microsomes may be divided 

) 
i_ • 

into small aliquots and stored at -80°C for extended periods of time. A sample f 
is thawed and run with each test batch to ensure consistency of measurements. l . 
Livers from fish sampled at reference and contaminated sites can be used in the 
same way. 

b) It is possible to buy liver S-9 (such as rat liver preparations commonly used for 
Ames testing) and to use this as a consistent, positive, external control. This 
method has not been validated. 

ii) Measurement of the P-450 protein: 

For samples showing no induction, at least one sample from the contaminated site 
should be analyzed for P-450 content to ensure that the enzyme has not degraded 
during storage or handling. During degradation, the P-450 enzymes are reduced 
to P-420 forms, detectable through spectrophotometric analyses (Appendix E). 

ili) Background data: 

All assays must report protein levels, levels of reagents and incubation time to 
ensure that quenching or loss of substrate did not play a role in depressing 
activity. 

iv) Protein: 

Quality control standards are available commercially and must be included with 
each batch of protein assays. 

5.3 Equipment 

A variety of equipment is available for all aspects of MFO studies. fluorometry, instruments 
range from simple filter fluorometers with relatively wide band widths to sophisticated 
spectrofluorometers with monochromators, narrow band widths, and continuously adjustable 
excitation and emission wavelengths. A comparison of several machines illustrated that, for the 
spectrof1uorometric EROD assay, there were few differences among a Turner 112 ftlter 
fluorometer, Rayonics-Nova spectrofluorometer and Perkin Elmer spectrofluorometer in standard 
curves for resorufm and ethoxyresorufin (B. Kirner and P. Martel, Pulp and Paper Research 
Institute of Canada, 570 St John's Boulevard, Pointe Claire, Quebec H9R 3J9, personal 
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communication). Results of EROD assays on fish livers were virtually identical, except when 
staining of the flow cell on the Perkin Elmer machine caused elevated readings. This was 
eliminated through methanol rinses between samples. To ensure that equipment used for MFO 
assays gives high quality results, laboratories should periodically participate in inter-laboratory 
exchanges of samples and must use quality control standards as described in Section 5.2. 
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6.0 SUMMARY 

This document has described several aspects of the application of MFO assays to monitoring the 
environmental effects of BKME. A number of options have been presented as well as factors 
that can affect the quality of data and the conclusions that may be drawn from results. It is 
obvious that the number and complexity of tests and study. designs is large and that those who 
apply these techniques. in biomonitoring programs will have to make some choices, depending 
upon their specific goals and circumstances. As a minimum, any monitoring program must have 
test and reference sites, some measure of MFO activity in a reasonable number of fish, and 
measures of a few associated variables to ensure that major biases have been accounted for. This 
minimum program is outlined in a flow diagram of a typical study (Figure 1), and it identifies 
where in this document supporting information. can be found. The minimum measurements 
described in this protocol are also listed in Table 2. With this minimum program, the spatial 
variation of MFO activity can be described and the following questions answered: 

• Is the MFO activity of fish at contaminated sites induced relative to that of fish at 
reference sites? 

• Does the pattern of induction suggest that the source of inducers is the pulp mill? 

• Does the intensity of induction suggest the need for more chemical and biological studies 
of contamination and effects on fish? 

As indicated in earlier sections, additional numbers and types of measurements will aid the 
understi.nding of both the nature and causes of the observed changes. 
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STUDY DESIGN (sections 2.0 m 2.1) 

• fish: 2 species ~ 1 benthic, 1 pelagic predator 
• N == 15 per site 
• Sex: all males or a similar N for each sex 
• Sites: 2 reference, 2 test as a minimum 

+ 
FIELD COLLECTION (section 2.2) 

COLLECTION OF LIVE FISH ONLY 
~ 

MEASUREMENTS DISSECTION STORAGE 
• fork length, weight, sex, • remove liver w/o gall bladder • freeze in liquid Nitrogen 

age, liver weight, gonad • rinse with KCi • Store at < ..SO C 
weight, carcass weight e mince and mix 

QAJQC (Section 5.0) LABORATORY ANALYSES 
IMeMill~mMI!I-Il&llillliJ!illlllla-m;s&~~ll!i!Mll!t~~~ 

~ 

"' 
·Blanks PREPARE S~9 OR MICROSOMES (APPENDIX A) 

• Replicates ~ 

------=-----~~----=------"' 

• lntemallextemal standards SELECT AND RUNMFO ASSAY (SECTION 3.0) 
EROD AHH 

Appendix B,C Appendix D 
Protein, Cytochrome P-450 

Section 3.1, Appendix E 

,~ 

DATA ANALYSIS, REPORTING AND PRESENTATION (Section 4.0) 
- -=- rill a re~mm :!llll:SS111121l!S !a'!; !!!!~ 

STATISTICS TABULATION OF DATA PRESENTATION 
• calculation of condition indices • Test Conditions ·Tabulated Data 
• tests of homogeneity and normality • Raw Data • Graphics 
• analyses of variance • Summary Statistics -Bar graphs 
• multiple comparisons of means • Quality Control -Maps 
• correlation coefficients ~ Degree of Induction ~ Correlations 

Figure 1. Components of a study of MFO induction in fish 
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Table 2. Measurements required as part of a survey of fish liver MFO activities. 

ACTIVITY 

WATER ANALYSIS 

FISH SAMPLING 

ENZYME ANALYSIS 
(EROD) 

MEASUREMENT 

Temperature 
pH 
conductivity 

Total Weight 
Gutted weight 

(carcass) 
Fork Length 
Sex 
Liver weight 
Gonad weight 
Age 
Condition Factor 
Gonad Somatic Index 
Liver Somatic Index 

Ethoxyresorufm -
absorbance of stock 
solution 

Resorufin standard 
curve 

Fluorescence of tests 

Protein standard curve 

Protein in test 
solutions 

Calculated activity 

Blanks 
Activity of 'Standard' 

micros om~ 

MINIMUM 
NUMBER PER SITE 
AND SPECIES 

1 depth profile 
1, surface 
1, surface 

15 
15 

15 
151 

15 
15 
15 
15 
15 
15 

once 

once, 5 points 

15 in triplicate 

once, 5 points 

15 in triplicate 

15 

15 in triplicate 
2 in triplicate 

PRECISION 

· l°C 
0.1 units 
2%cf.~~ 

1 g 
1 g 

0.1 em 

0.1 g 
0.1 g 
1 year 
calculated 
calculated 
calculated 

1.0 floores::ent units 

'r' for standard curve2 

regression > 0.90 
1.0 fluorescent 

unit 
'r' for standard curve2 

regression > 0.90 
0.005 abs. units 

Since sex can affect the activity of MFO enzymes, there should be roughly the same nwnber of each sex 
at each site. 

2 'r' is the correlation coeffcient for the regression of fluorescence on concentration. 

'Standard' microsomes are those prepared in bulk from a large volume of liver and deep-frozen in aliquots 
for repeated analysis. 
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9.0 APPENDICES • DET AlLED METHODS 

As indicated in Section 3.0, there are many methods and variations on methods for measuring 
:MFO activities. The methods in these Appendices are those used by one or more of the authors 
of this report, and are presented because they have proved useful in field studies of fish MFO 
activity. 

APPENDIX A. Preparation of S-9 fractions and microsomes 

All subsequent methods test extracts of whole liver. The S-9 fraction is the supernatant generated 
by centrifuging a liver homogenate at 9,000 x g. Microsomes are precipitated by a 100,000 x 
g centrifugaton of the S-9 fraction. 

A.l Reagents and solutions 

-a) Potassium chloride- HEPES buffer (0.15 M KCl; 0.02 M HEPES; pH 7.5) (HEPES = 
N-2-Hydroxyethylpiperazine-N' -2-ethanesulphonic acid) 

b) Glycerol buffer - 0.05 M tris-(hydroxymethyl)methylamine (tris), 1 mM 
ethylenediaminetetraacetic acid (EDT A), 1 mM dithiothreitol, and 20 % glycerol; pH 
7.4. 

A.2 Equipment 

a) refrigerated ult:r:acentrifuge and appropriate rotor 
b) refrigerated superspeed centrifuge and appropriate rotors 
c) . motorized glass-teflon tissue homogenizer (Potter-Elvejhem type) 
d) balance 
e) tissue mincer (scissors or chopper of some sort) 

A.3 Precautions 

The steps described in this procedure must be carried out in a cold room at 1 - 4°C. 
Alternatively, all reagents, equipment and samples should be held on ice. Do not warm up the 
tissues by hand contact or by friction during homogenization. If subsamples of frozen specimens 
are desired, remove a portion while the specimen is still frozen and immediately return the 
unused part to the freezer. Under no circumstances should the sample be allowed to thaw and 
refreeze. Microsomes which are resuspended in KCl-HEPES must be kept in a refrigerator or 
immersed in ice until use. 

A.4 Procedure 

1) Subsample 1 - 2 g of frozen liver and transfer to a pre-weighed and pre-chilled petri 
dish. Immediately return the unused part of the liver to the freezer. 
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2) Weigh the liver and dish and calculate the weight of liver. 

3) Allow the tissue to thaw or semithaw in a cold room at 1 - 4°C or on ice; the tissue 
must be soft enough to be cut up. 

4) Mince the tissue with scissors or some other device and transfer to a prechilled tissue 
homogenizer. Conical tipped homogenizers of about 15 mL capacity work welL 

Note: For tissues minced and frozen in the field at the time of capture, pre
weigh an ice-cold homogenizing tube and transfer a semi-thawed portion 
of the sample to the tube for weighing. · 

5) Add 4 mL of cold KCl-HEPES per gram of tissue and homogenize with 5 - 7 passes of 
a motor driven teflon pestle (Potter-Elvejhem homogenizer) 

. 6) Transfer the homogenate to polycarbonate tubes and centrifuge at 9000 x g for 30 min 
at 2- 4°C. The post-mitochondrial supernatant (S-9 fraction) produced in this step may 
be ~'1.alyzed dL.~ctl)' if microsomes 3.A""e not required. The supernatant is collected wiu1 
a Pasteur or Eppendorf pipet, taking care to avoid the pellet and the floating lipid layer. 

7) Transfer the cold supernatant to ultracentrifuge tubes. Keep them ice-cold while filling 
and balancing. 

8) Centrifuge at 100,000 x g for 75 min at 2 - 4°C. 

9) Remove the supernatant and wash the pellet 3 times with cold KCl-HEPES. 

10) Using a glass~teflon tissue homogenizer, resuspend the pellet in sufficient cold 
KCl-HEPES to give a final protein concentration of 5 - 15 mg mL·1

• 

11) Store the suspension in an ice bath or fridge and proceed to the enzyme assay. Assays 
should be completed within several hours. Frozen storage of microsomes resuspended 
in KCl-HEPES is not recommended. If microsomes are to be frozen they should be 
washed and resuspended in glycerol buffer. Use liquid nitrogen for freezing the 
microsomes. 

Note: Samples lose less activity during long-term storage (months) if 
frozen as a microsomal preparation than when frozen as whole tissue. 
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APPENDIX B. Ethoxyresorufin-o~deethylase (EROD) - spectrofluorometric analysis 

This procedure is based on the method of Pohl and Fouts (1980), and has been the most 
commonly used in studies of BKME. There are two approaches to the estimation of EROD 
activity. The first is to follow the reaction as it occurs in the cuvette of a spectrofluorometer, 
measuring the appearance of resorufin, ~e product of the reaction (Prough et al. 1978). This 
technique requires a temperature-controlled cuvette and a recording device such as a chart 
recorder or computer graphics software. The advantages of this technique are those of simplicity 
and the ability to recognize immediately if the reaction is non-linear due to substrate or co-factor 
depletion. This method is not currently used by the authors but is a very suiui.ble alternative. 
It is described in detail by Addison and Payne (1986). 

The alternate technique, used when temperature control of the sample cuvette is not possible, 
requires a reaction in a water bath for a fixed and accurate time (Pohl and Fouts 1980). 
Methanol is used to stop the reaction and causes the denaturation and precipitation of proteins, 
so that separation of protein from the reaction solution is necessary before spectrofluorometry to 
prevent turbidity and interference. The first approach is obviously the simplest and is preferable, 
but may be limited by the availability of equipment Both techniques give equivalent results, and 
the fixed-time method has been most frequently used in studies of pulp mill effluents. 

B.l Reagents and solutions 

a) HEPES buffer (pH 7.8, 0.1 M) (HEPES = N-2-Hydroxyethylpiperazine 
-N' -2-ethanesulphonic acid) 

b) magnesium sulphate (154 mg.mL'1) 

c) NADPH (0.5 mM or 27.5 mg.L'1) (NADP = nicotinamide adenine dinucleotide 
phosphate; the 'H' refers to the reduced form) 

d) 7-ethoxyresorufm (0.03 - 0.06 mg.mL'1 in dimethyl sulphoxide) - see notes 
e) BSA (bovine serum albumin) (40 mg.mL'1) · 

f) Resorufin (see discussion on standards) 
g) S-9 or microsomal preparation, as described in Appendix A 

Notes: 
a) Reagents a, b, and d may be prepared in bulk and stored in a refrigerator 

or cold room. 
b) NADPH solutions should be prepared fresh immediately before use. The 

working time is 30 minutes. 
c) There have been some problems with the concentration of ethoxyresorufin 

from different preparations of the purified compound. Klotz et al. (1984) 
describe methods for checking the purity of the ethoxyresorufm. Analysts 
should be aware of possible purity problems and take appropriate 
precautions. 

d) 7-ethoxyresorufm is stored in a light-proof bottle at room temperature. 
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e) Since NADPH is very unstable, with a working life in solution of about 
one-half hour, an alternative is to use a biochemical system for generating 
NADPH. This requires the addition of 10 ~ of each of the following· 
solutions in place of the 30 ~of NADPH: 
f) NADP (98.4 mg mL"1

) 

g). sodium isocitrate (193.58 mg mL"1
) 

h) isocitrate dehydrogenase (usually purchased in solution and used as 
supplied - store in the_ refrigerator) 

B.2 Instrumentation 

a) fluorometer (spectrofluorometer recommended) 
b) recording device for fluorometer output 
c) Eppendorf pipettes (repeaters and adjustable) 
d) vortex mixer 
e) temperature-controlled water bath 
f) high speed centrifuge and appropriate rotor (centrifugation to 100,000 x g) 
g) stopwatch 

B.3 Standards 

Aliquots of 10 !J.]. of resorufm standards (0.0005 to 0.02 mg.mL-1 in dimethyl sulphoxide) are 
spiked into killed reaction mixtures (described below) and the fluorescence determined along with 
the fluorescence of a reaction mixture blank. Standard fluorescence is corrected for blank 
fluorescence and a response factor (nmol.FU-1

) in the reaction mixture (3.75 mL) is calculated 
and used in determining the amount of resorufin present in the unknowns. The preparation of 
standards is critical since the fluorescence produced is quite sensitive to the proportions of 
alcohol and water in the mixture being measured. Re-standardization may be required if 
instrument sensitivity changes or changes in reagents are made which affect the response. 

These stock standards are stored in light-proof bottles at room temperature. Stability should be 
checked periodically if they are to be re-used. Klotz et al. (1984) discuss procedures for 
checking the purity of the resorufin preparation. 

B.4 Procedure® fxxed time assay 

Three replicate assays and three blanks are recommended for each sample tubes per sample). 
Procedures are the same for the assay tubes and the blank tubes up to step Also, protect 
ethoxyresorufm and resorufin from exposure to strong laboratory lighting. 

1) Lnto corex glass centrifuge tubes pipet the following reagents: 
- 1100 ~1 of HEPES buffer 
- 10 ~1 of MgS04 

-50 ~1 BSA 
-· 30 ~1 of NADPH 
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Note: The alternative method of generating NADPH from an enzyme system 
requires the addition of 10 J.l.l of NADP, 10 J.l.l of sodium isocitrate and 10 J.l.l of 
isocitrate dehydrogenase (1.0 unit) in place of the 30 J.l.l of NADPH. If the volume 
of isocitrate dehydrogenase required for one unit is greater than 10 J.l.l, the volume 
necessary for one unit (to the nearest 10 J.l.l) should be added and the volume of 
buffer reduced accordingly. The incubation mixture volume should be kept constant 
for comparability with the standards. Mix on a vortex mixer and allow the samples 
to stand for at least 10 minutes to ensure that sufficient NADPH is produced for the 
EROD reaction. 

3) Add 50 J.l.l of the S-9 or miqosome preparation to each tube. 

4) Incubate the tubes for at least 5 min in a water bath at an appropriate temperature 
(25°C for fish). 

The following 2 steps (5, 6) apply to actual assay tubes only (not blanks). 
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5) Add 10 J.l.l of ethoxyresorufin substrate to each tube and incubate for exactly 2 minutes 
in the water bath at the appropriate temperature. Use a stopwatch for timing. 

6) After incubation, kill the reaction by adding 2.50 mL of methanol to each reaction tube 
and mix well. For very low activity samples, the incubation time may be increased by 
several minutes to allow for more conversion of substrate. Conversely, for very high 
activity samples, care should be taken that serious substrate depletion does not occur. 

7) To prepare the blanks, add 2.50 mL of methanol to each tube to destroy the enzyme 
activity. Add 10 J.l.l of ethoxyresorufin substrate solution. Precise timing is not required 
for these additions. 

8) Centrifuge samples at 23,000 - 25,000 x g for 5 min to pellet the precipitated protein. 

Note: When EROD reactions are stopped by adding methanol to the reaction 
mixture, proteins are precipitated and must be removed. This requires either 
a short centrifugation or a filtration through 0.8 J.1.m glass fibre filters in a 
multi-port vacuum filtration system (e.g. Burdick and Jackson 12 or 24-port 
fl.ltration unit, Canlab). A 24-port system allows filtration of up to 80 samples 
per hour. The advantages of fl.ltration over centrifugation are those of speed 
and of low contamination. Pipetting the supernatant from centrifuge tubes risks 
contamination from the precipitated protein, whereas filtrates can be collected 
automatically, ready for fluorometry. 

9) Transfer the clear supernatant to the fluorometer cuvette, taking care not to transfer any 
particulate matter, and measure the fluorescence at an excitation wavelength of 530 nm 
and an emission wavelength of 585 nm. Record the responses. 

1 0) The protein content of the tissue preparation must be determined by accepted methods 
such as the Lowry, Biuret or BIORAD procedures. 

11) Calculate the enzyme activity using the formula below. 
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activity = (f X pk)/((p X 0.050) X t) 
where: 

activity= enzyme activity (nmol.min"1.mg·1
) 

f =instrument response factor inn mol.RJ'1 for the reaction volume of 3.75 
mL as determined from the standards. 

pk = sample fluorescence corrected for blank fluorescence (FU). 
p = protein concentration of the tissue preparation in mg.mL"1

• 

t = incubation time in min. 

B.S Discussion 

Activity increases linearly with protein concentrations up to 1 mg.mL'1 in the reaction mixture. 
Care must be taken if the enzyme activity is very high· to ensure that serious substrate depletion 
does not occur over the course of the assay. This may occur if high concentrations of very active 
protein are used. 

The sensitivity of the method will depend on the instrumentation used. The absolute sensitivity 
is about 0.5 pmol of resorufin in the reaction mixture when using a spectrofluorometer. 
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APPENDIX C. Ethoxyresorufin-o-deethylase - spectrophotometric analysis 

Ethoxyresorufin (7-ER) is an artificial substrate whose de-ethylation is catalyzed by a specific, 
inducible cytochrome P-450 (P-450IA). Original methods described a direct fluorometric 
technique for the measurement of the product (Burke and Mayer 1974). In the 
spectrophotometric assay, the generation of the product resorufm is monitored continuously at 
572 nm (Klotz er al. 1984). Resorufm formation is dependent on the presence of enzyme, 
substrate and co-factor (NADPH). Temperature control is neces.sary during both pre-incubation 

' ' 

and analysis. 

In the spectrophotometric EROD assay, the formation of the product resorufin (pink) due to 
cleavage of the substrate (orange) by P-450IA is followed spectrally at 572 nm. The assay is a 
modification of the original fluorometric EROD assay. This assay has advantages over other 
methods in terms of substrate type since ethoxyresorufin is not a known carcinogen, as is 
benzo(a)pyrene. It uses a visible spectrophotometer rather than a fluorometer and the assay is 
easier. Interpretation is simpler- as a continuous assay, linearity is known and replicates can be 
added as needed immediately, rather than as later repetitions necessary in batch incubation assays. 
In addition, the daily blanks and standard curves needed for fluorometric and radiometric methods 
are not necessary with this procedure. However, some optimization may be necessary to gain 
the desired sensitivity for the very low activity expected in some cold water, unexposed fish. 
Although daily blanks are not needed for the spectrophotometric EROD assay, they should be 
run occasionally (e.g: all components minus NADPH, or minus enzyme). This is especially 
important if the assay indicates activity (increase in A57~, but no pink colour is formed, even 
after standing overnight If pink colour (resorufm) is not present, it is likely that the change in 
A572 is NADPH and/or ~ubstrate independent, and overestimates true EROD activity. The original 
paper describing the method (Klotz et al. 1984) should be read by anyone setting up these assays. 
This protocol follows the Klotz method and describes some aspects not included in that reference. 

C.l Reagents and solutions 

a) Ethoxyresorufin (Molecular Probes Inc. Eugene, Oregon) 
b) HPLC-grade Methanol . 
c) NADPH (Sigma): 25 mg.mL·1 in resuspension buffer. Make fresh daily or thaw a 

frozen aliquot 
d) EROD Buffer (0.1 M Tris-HCl, pH 8.0, 0.1 M NaCl) 
e) Resuspension Buffer (50 mM Tris-HCl, pH 7.4, 1 mM dithiothreitol, 1 mM EDTA, 20% 

glycerol v/v) 
f) S-9 or microsomal preparation, as described in Appendix A. 

C.2 Equipment 

a) Recording Visible Spectrophotometer (e.g. Shimadzu, Beckman, Perkin-Elmer) 
b) Glass cuvettes (1 em) 
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c) Water Bath. Circulating water baths can also be used with thennally-regulated cell 
holders in most spectrophotometers, to obtain temperature controlled preincubation as 
well as temperature-controlled cuvettes. Otherwise, a standing or shaking water bath 
can be used, if the spectrophotometer has its own built-in temperature control. 

C.3 Preparation of 7~ERIEROD solution and sample 7mER calculation 

Calculate the amount of substrate needed as follows: 

In a total assay volume of 500 J.!.l, there will be: 

a) 10 ~of microsomes (add more or dilute sample as needed, see Appendix C.4, 
Step 5 below) 

b) 10 ~ of 25 mg.mL'1 NADPH (in resuspension buffer), and 
c) 480 ~ of 7-ER in EROD buffer 

A saturated solution of 7-ER in methanol has an approximate concentration of 400 J.!.M. 
A final concentration of 2 JlM is needed. Thus, 2/400 or 0.005 rimes the total volume 
is desired. For 480 ~ per run, this is 2.4 ~ per run. 

If 12 samples are to be assayed, assume 3 replicates (12 x 3 = 36) and add a few spares 
to make enough 7-ER mixture for 45 assays. For 45 samples: 

NADPH: 
7-ER: 
EROD buffer. 

45 assays x 10 Jll/assay 
45 assays x 2.4 ~/assay 
45 assays x 480 Jll/assay 

= 450 ~ at 25 mg.mL·1 

= 108 ~ 7-ER 
= 21.6 mL EROD buffer 

Therefore, add 108 Jll of 7-ER to 21.6 mL EROD buffer to approach the target of 2 j.!M. 
Zero the spectrophotometer at 482 nm with EROD buffer alone in both the reference and 
sample cuvettes. Then measure the Absorbance at 482 nm of the 7-ER!EROD buffer 
mixture versus the "zeroed" straight EROD buffer. The extinction coefficient of 7-ER is 

· 22.5 mM"1.cm·t, and the 7-ER/EROD mixture will comprise only 480 of the final volume 
of 500~. Thus, the actual final concentration of 7-ER in the assay is calculated as: 

Concentration of 7-ER (JlM) = (~gz/0.0225) x (480/500) 

If this number is 2.0 ± 0.1, use it BUT: 

1) If the 7-ER concentration is too low, use this correction: 

New total volume of 7-ER = (2/(calculated uM)) x (original 7-ER volume) 

Subtract the original volume of 7-ER used and add this amount. Re-measure the 
new substrate, mix, and reiterate as necessary. 

Example: A482 = 0.040, then 
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Concentration of 7-ER = (0.040/0.0225) X (480/500) = 1.70 uM 

New total volume of 7-ER = (2/1.7) x 108 

Amount of 7-ER to add = (126.5 - 108) 

= 126.5 ~ 

= 18.5 ~ 
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2) If the 7-ER concentration is too high, use a similar correction, but now for buffer 
volume: 

New buffer volume= ((Calculated uM)/2 uM) x (original buffer volume) 

Subtract the original buffer volume and add this amount. Remeasure the new 
substrate mix and reiterate as needed. 

Example: A482 = 0.053, then 

Concentration of 7 -ER = (0.053/0.0225) X ( 480/500) = 2.26 )lM 

New Buffer volume = (2.26/2) X 21.6 = 24.4 mL 

EROD buffer to add = (24.4 - 21.6) = 2.8 mL 

It may take some adding of both or either component(s) to achieve the correct 
concentration of 7-ER in EROD buffer, but this becomes easier with time as the 
operator learns what the desired solution looks like. 

C.4 Procedure 

1) Set the water bath for preincubation to the optimum temperature determined for the test 
species, but keep the spectrophotometer at room temperature until the substrate is 
prepared and read at 482 nm. Prepare samples for analysis according to the method for 
microsome or S-9 preparations (Section 7). 

2) Make substrate: dissolve a crystal of 7-ethoxyresorufi.n (7-ER) in 0.5 mL HPLC-grade 
MeOH. Place the test tube in hot water to aid dissolution. Let the solution cool to 
room temperature. 7-ER dissolved in MeOH will degrade with time, so a fresh sample 
must be prepared daily. Calculate the number of samples to be run and make a 
sufficient volume of 7 -ERin EROD buffer. Check the concentration of 7 -ER at 482 nm 
and adjust as needed to a final concentration of 2 )lM (see example under "Preparation 
of7-ER/EROD Solution" (Appendix C.3)). Keep the 7-ERIEROD buffer mixture on ice 
until used. 

3) Change the wavelength from 482 nm (for the 7-ER reading) to 572 nm to measure the 
resorufm formation. Prepare the spectrophotometer for time-course parameters, and 
bring the cuvettes to a proper temperature. Circulate water if a water bath is used to 
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control cuvettes, or set the cuvette holders to the same temperature as the preincubation 
bath if a separate system is used. Pipette 480 JlL 7-ERJEROD mixture into a few small 
test tubes, to bring the substrate to room temperature and to reduce the time lag for 
bringing it to the assay temperature. 

4) Add microsomes (try 10 JlL first) to 480 IlL 7-ERJEROD solution and pre-incubate in 
the water bath for 2-3 minutes. 

5) Remove the tube from the bath and quickly add 10 IlL NADPH to initiate the reaction. 
Transfer the solution to the sample cuvette and record the change in absorbance at 572 
run against EROD buffer in .the reference cuvette. Because this is a kinetic assay, 
temperature control is important The rate of resornfin formation should be linear for 
at least 3 min. Bubbles or settling may initially obscure the observable rate of change 
in absorbance at 572 run. It is not necessary to always begin recording the change in 
absorbance at the same interval after NADPH addition, but note that the enzyme is not 
stable in EROD buffer and will start to degrade over time, losing activity. Thus, 
extremely long pre-incubations and run times should be avoided. 

If the change in absorbance is too fast or too slow, repeat the assay with less or more 
sample. Dilute microsomes in resuspension buffer or use more microsomal volume, 
respectively. 

Note: If the total assay volume is changed significantly, recalculate the 7-
ER concentration to assure it is still 2.0 ± 0.1 J..LM. 

6) Run replicates of each sample. To save time, pre-incubate the next sample in the water 
bath while first one is being monitored. 

7) Using the linear change in absorbance, calculate the EROD activity. This calculation 
is based on the observed change in absorbance per min at 572 run, the extinction 
coefficient ofresorufm at 572 run (73 mM"1.cm·1

, Klotz et al. 1984), a correction factor, 
and the total assay volume and volume of enzyme added. A dilution factor is needed 
if samples have been diluted for the run. To obtain an activity per unit volume, 
calculate the following: · 

nmol resorufin formed.min" 1.ml"1 = (delta As;Jmin) x (mmol!73 L) x (106 

nmol/mmol) x (1/1000 mL) x (500/10) x dilution) 

8) To determine the EROD specillc activity (nmoLmin"1.mg protein.1
), divide by mg.mL·1 

protein. 

9) To calculate the EROD turnover number (nmol resornfln.min·1.runol"1 P-450), divide the 
specific activity by the P-450 specillc content (nmol.mg"1

), or divide the original value 
(nmol.min"1.mL.1

) by the P-450 content per volume (nmol P-450.L"1
). P-450 content is 

determined by spectral analysis as described in Appendix E. 
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Example: 

Total Volume = 480 ~ 
(7 ER + 
buffer) 

+ 10 ~ 
(sample at 

1 :5 dilution) 

If the measured delta A572.min"1 = 0.0108, then: 

+ 10~ 
(NADPH) 

= 

43 

500~, 

Activity= 0.0108.x 1poon3 x 500 ~10 ~ x 5 = 36.99 nmol.min"1.mL"1 

If the protein concentration is 24.3 mg.mL·1
, then: 

Activity = 36.99/24.3 = 1.52 nmol.min"1.mg·1 protein; 

If the P-450 content is 0.37 nmol.mg·1
, then: 

Activity = 1.52/0.37 = 4.11 nmol.min"1.nmol"1 P-450. 
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APPENDIX D. Aryl hydrocarbon hydroxylase (AHH) 

Arylhydrocarbon hydroxylase (AHH:) encompasses many enzyme systems, two of which use 
Benzo(a)pyrene (BaP) as a substrate or diphenyloxazole (PPO). There are published methods for 
BaP hydroxylase which use a radio-labelled BaP substrate (Nebert and Gelboin 1968a; 1968b; 
Binder and Stegeman 1980). The water-soluble product is extracted at the end of the assay and 
measured by standard scintillation counting. The advantage of this technique is that the product 
of the reaction is known and standards are available for. quality control and for accurately 
estimating enzyme activity in terms of product generated. The major disadvantage of the 
technique is the use of a substrate that is highly carcinogenic and the use of solvent-based fluors 
for beta-counting. While this method may be quite suitable for surveys of BKME effects, details 
are not given because it is not currently used in the authors' laboratories due to its inherent 
hazards. A method is described by Addison and Payne (1989). 

The PPO assay estimates the activity of aryl hydrocarbon hydroxylase (AHH) by measuring the 
appearance of aN aOH-extractable fluorescing metabolite of diphenyloxazole when incubated with 
enzymes extracted from liver tissue under standard conditions. 

In comparing the PPO assay with the BaP hydroxylase assay there are a number of advantages 
and disadvantages. The AHH assay was modified from Nebert and Gelboin (1968a) using 2,5-
diphenyloxazole (PPO) as a substrate because it is less carcinogenic than BaP. The PPO 
substrate is stable and the assay is faster and simpler than the BaP assay. The major drawback 
of the PPO assay is that the metabolism of PPO generates an unknown product; therefore, sample 
results must be compared in relative units only. The assay also produces lower AHH activities 
than BaP by about one-tlrird because the S-9 supernatant is used instead of microsomes. Despite 
these simplifications in the method, the relative values of AHH activities from different sampling 
location~ and from repeated sampling over several years at one site demonstrated significant and 
consistent trends in AHH activity (Hodson et al. 1989). Quality control in the PPO assay is 
derived by the use of known fluorescing compounds for calibrating the fluorometer and by 
repeated assays of livers with previously measured and known activities. 

The EROD assay, by comparison, is safer than the PPO assay because solvents such as hexane 
are not used:·. The EROD sensitivity is also greater and specific activity in nmol product. 
min"1.mg·1 protein can be determined. · 

D.l Reagents and solutions 

a) PPO - (2,5-Diphenyloxazole): Treat this toxic chemical with respect. Wear personal 
protective equipment. Prepare PPO fresh for each AHH assay. 

452 uM PPO - Dissolve 2 mg.mL"1 using spectro-grade methanol. 

To the PPO powder, add 1.0 mL of methanol at a time and carefully dissolve and 
transfer the solution into a labelled test tube. If more than 1.0 mL methanol is added 
to the weigh boat, it will be lost due to rapid evaporation. Vortex the solution. Add 
50 J.1L PPO solution/ AHH sample. 
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b) NADPH- 4 mM: Prepare fresh for each day's work. Dissolve 3.33 mg.m.L"1 of assay 
buffer. Transfer to a labelled test tube and then Vortex. Add 100 !J.L NADPH solution/ 
AHH sample (0.4 mM). 

c) Assay Buffer: Dissolve 7.459 g of Tris buffer (pH 7.5) and 0.6095 g (3 mM) Mg02 in 
1000 mL distilled water. 

d) Quinine sulphate standard: Add 3.7335 mg Quinine sulphate to 100 mL of 0.1 N ~S04 
e) GC-grade hexane 
f) S-9 preparation, as described in Appendix A. 

D.l Equipment 

a) Shaking water bath with clips to hold 25 mL Erlenmeyer flasks 
b) Turner fluorometer, Model 110, with emission filters 2A and 3, and excitation filter 

7-60. 
c) Vortex mixer 
d) Micropipets 

D.3 Procedure 

1) Into three erlenmeyer flasks (25 mL, duplicate samples plus a blank) add: 
- 350 IlL assay buffer 
- 100 IlL NADPH 
- 500 IlL liver supernatant 

Vortex the sample for every flask. The remaining supernatant is used for protein 
determination by the Biuret or LoWry method with bovine serum albumin (BSA) as a 
standard. 

2) Ensure that the water bath is at 27°C. Place and secure flasks into the waterbath and 
restart the shaker. 

3) Add 50 jlL of PPO in methanol to the samples, leaving exactly 30 s between each flask. 
Time this action with a stopwatch. Incubate for 20 min. 

4) Making sure there are no air bubbles in the repipettors, add to the blanks: 
- 1.0 mL acetone, swirl by hand 
- 3.25 mL hexane, vortex for 10 s 
- 50 IlL of PPO, swirl by hand 

Set the blanks to one side for readings. 

5) After the 20 min incubation, one has 30 s to process each flask one at a time, as 
follows: 

- add 1.0 mL acetone, swirl by hand for several seconds 
- add mL hexane and vortex for 10 s 

Avoid spillage! ·Use a stopwatch to ensure that samples are processed in exact 30 s 
intervals. 
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6) Carefully decant the top hexane layer into a test tube. 

7) Carefully transfer 2.0 mL of the sample into the next row of test tubes with an 
Eppendorf pipet. To prevent the hexane solution from dripping, pipet 1.0 mL and 
release it back into the original sample test tube. This will coat the pipet tip. 

8) To the 2.0 mL samples, add 5.0 mL 1N NaOH and vonex for 30 s. Avoid spillage. 

9) Allow the samples to settle into two phases. 

10) Remove the bottom phase and transfer it to the last row of test tubes. with a Pasteur 
pipet. 

D.4 Fluorometer readings 

1) Warm up a Turner 110 fluorometer for 30 min. 

2) Standardize the fluorometer with emission filter No. 2A and excitation filter 7-60. Zero 
the machine with distilled water. Take a reading of the quinine sulphate standard. 
Readings must be consistent from day-to-day to ensure no drift . 

3) Sample readings: Replace fllter No. 2A with filter No. 3. Zero the machine with a 
sample blank. Read each sample. If a sample reading is greater than 100, dilute with 
1N NaOH, ensuring that the total volume is 4.0 mL. Vortex the original sample when 
making the dilutions. 

4) Calculate specific activity by dividing the reading of fluorescence units (FU) by the 
protein concentration, correcting for dilution if necessary. Specific activity is expressed 
as FU.min-1.mg protein·1

• One FU is equivalent to a reading on a 1x scale of the 
fluorometer with quinine sulphate used to ensure no drift from day-to-day. 

Note: Alternate method: A spectrofluorometer may be substituted for a 
fluorometer, using an excitation wavelength of 345 nm and an emission 
wavelenth of 510 nm (Ahokas 1976). 
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APPENDIX E. Spectral P-450 analysis 

The potential for protein denaturation exists for all samples, particularly for field samples which 
are shipped to laboratories for further analysis. Hence, the catalytic competence of representative 
samples must be proven occasionally by spectral scannfug for total P-450 content. If the scan 
reveals a single peak at about 450 nm, the sample is intact and activity results are accurate 
(barring inhibition). If the scan reveals a significant peak at about 420 run, the sample is 
degraded and activity is underestimated. If there is a peak present at 420 nm but not at 450, true 
activity will be absent Cytochromf? b5 can sometimes be induced by P-450 inducers, and its 
reductase activity may interact with other P-450 activities. If present, it can be observed during 
spectral analysis by following step 2 below. 

Spectral analysis requires more sample volume than the spectrophotometric EROD assay and 
some training in practice and interpretation of results. However, if no activity or low activity is 
observed at all sites, this analysis is necessary. For convenience, 2 representative samples per 
site (e.g. with representative enzyme activities) should be analyzed for total spectral P-450 to 
determine enzyme competence. 

E.l Reagents and solutions 

a) NADH (5 mg.m.L"1 in resuspension buffer) 
b) CO (e.g. training bottle) 
c) sodium dithionite crystals (N~S04) 
d) resuspension buffer (see EROD spectrophotometric protocol) 
e) S-9 or microsomal preparation, as described in Appendix A. 

E.2 Equipment 

a) scanning spectrophotometer, dual or single beam 
b) glass cuvettes, 1 em, with lids 

E.3 Procedure 

To determine TOTAL P-450 content, a reduced, CO-bound difference spectrum is measured. The 
following protocol is based on Stegeman et al. (1979). If cytochrome b5 values are desired, 
follow the method below. If cytochrome b5 is not needed, add 10 ~1 NADH to the diluted 
sample and skip step 2. 

1) Dilute microsomes (or post-mitochondrial supernatant) in resuspension buffer to a final 
volume of about 0.7 to 0.8 mL for dual beam determinations, half that for single beam. 
Dilutions of rnicrosomes prepared at a resuspension ratio of 1 rnL buffer.g·1 of liver 
should generally be diluted 1/20. 
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2) For dual beam determinations, divide the sample evenly between two cuvettes and 
record a baseline spectrum between 500 and 400 nm. Add 5 ~ NADH to the sample 
cuvette and scan between 450 and 400 nm. Cytochrome b5 will show as a peak at 
about 424 and a trough at about 409 nm. This difference is used to determine the 
concentration of b5 using the extinction coefficient of 185 mM"1.cm·1 (see below). 
Combine the sample from both cuvettes and add an additional 5 ~ NADH to reduce 
the b5 from the "reference" sample. 

For single beam determinations, run a baseline with the entire sample in the sample 
cuvette and store it, then run the NADH~reduced sample versus the stored baseline. 

3) Bubble the sample with CO in a hood for about 30 s. Re~vide the sample between 
the reference and sample cuvettes and cover. Record a baseline spectrum at 500 to 400 
nm as before. Some settling may occur, if so, wait and run the baseline again until 
stable. Add a few crystals of sodium dithlonite to the sample cuvette and scan from 500 
to 400 nm. As it may take 1~20 min for complete reduction, scan again until peaks 
are stable. Determine the P450 concentration using 91 mM'1 cm·1 as the extinction 
coefficient, as shown below. 

For single beam determinations, establish a baseline with the CO-bubbled sample and 
store it, then run the dithlonite-reduced sample against the saved CO bubbled baseline 
run. 

4) Wash out the cuvettes, making sure all traces of dithlonite are removed. Repeat the 
analysis with the next sample. 

5) Calculations assuming a 1 em path length: 

Cytochrome b5 (nmol.mL"1
) = ~424409> x mmol/185 L x 106 nmol/mmol x (1 L/103 

mL) x dilution 

Cytochrome P-450 (nmol.mL"1
) = ~490-449> x mmoV91 L x 106 nmol/mmol x 

(1 L/1 ~ mL) x dilution 

Divide these results by the protein concentration (mg.mL'1) to get specific contents, or 
nmol.mg·1 protein. 

Note: 
a) Upwards skewing (towards the 400 nm end) of the P450 spectrum 

often occurs if too much dithionite is added. Add only a few crystals, 
let the sample reduce, and add more if you suspect that not enough 
dithlonite was added. Ideal P450 scans will run flat from 500 to 470 
nm before the peak starts to rise, and drop below zero by 400 nm. 
Calculations may be adjusted according to the scan obtained. In the 
calculation above, 490 is taken as the representative "zero"and 449 as 
the peak P-450 value. If the baseline is not flat, correct for this in 
calculating the P~450 value. 

,. 
! 
I 

f 

! 

L 
L. 

L, 

L 



b) This analysis is usually run at room temperature. For most species, 
you can thaw a sample of microsomes, dilute it in resuspension buffer 
and let it sit on ice for a few hours until analysis. In fact, it may 
remain stable even after freezing overnight at -20 degrees; of course 
catalytic activity is reduced or eliminated. Stability should be tested 
for each species. For example, run one portion of a sample 
immediately after thawing and compare it to another portion left on 
ice for a few hours; let a fully-reduced sample sit in the cuvenes, scan 
over time, and observe whether a P-420 peak develops. 

c) Dithlonite will be "exhausted" quickly· in a hui:nid room. Store 
dithlonite aliquots in a dessicator and use each aliquot only for one 
day. During humid conditions, change dithlonite more frequently. 
Strong odour and/or "cling" indicate exhaustion of the chemical. 

d) Remember to clear the CO lines of air by bubbling into water or 
buffer before CO bubbling the first sample of the day. 

e) This assay measures TOTAL P-450, of which P-450IA may be a 
minor component. Therefore, changes .in spectral hepatic P-450 are an 
inconsistent marker of exposure to inducing chemicals. This assay 
will give indirect information on P-450IA. For example, turnover 
numbers for catalytic activity will indicate whether the portion of P-
450IA has increased- However, the most important function for 
spectral P-450 analysis is to check the overall functional capacity of 
the P-450 proteins. If there is more than a shoulder· at 420, beware of 
catal¥ric results! 
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Abstract -Simple measurement of bile fluorescence in fish has been proposed as a means for deter
mining exposure to certain waterborne chemicals. This proposal was based on the data obtained by 
chemical determination of metabolites of compounds to which fish were exposed. Because expo
sures to most of these compounds cause some profound biological effects in fish, we studied the 
correlation between the increase in bile fluorescence, the induction of liver benzo[a]pyrene mono
oxygenase (BaPMO) activity, and the increase in the potential of liver to bioactivate promutagenic 
benzo(a]pyrene to Salmonella typhimurium TA100 mutagens. Carp exposed to diesel-2 oil, crude 
oil, or to a flow of polluted river water simultaneously increased severalfold the levels of all three 
parameters in a dose- and time-dependent manner. During the recovery from exposure, the levels 
of bile fluorescence and the BaPMO activity declined and by day 15 reached their natural, preexpo· 
sure levels. The level of bioactivation potential, however, remained at the higher, induced level 
throughout the recovery period of 15 d. Seven fish species living in polluted Sava River (near Za
greb, Croatia) revealed severalfold increased levels of these parameters, as compared to their levels 
in fish living in the reference Korana River (near Karlovac, Croatia) or to their levels in control carp. 
These results give qualitatively new ·support to the idea of using simple measurements of fluores
cence of diluted bile as a rapid and cheap complementary investigative tool for monitoring and as-
sessment studies. - _ 

Keywords- Bile fluorescence Carp Diesel-2 oil Crude oil Polluted river water 

1:'-iTRODUCTION 

The analysis of fish bile for xenobiotics and/or 
their metabolites and conjugates was proposed as 
a useful monitoring aid for certain waterborne 
chemicals [ 1,2]. It was based on data obtained by 
exposure of fish to radiolabeled xenobiotics. Sub
sequently, it was shown by chemical analyses, using 
HPLC, GLC, and nuclear magnetic resonance 
(NMR), that conjugates of metabolites of several 
compounds to which fish were exposed could be 
found in bile [3-9]. Recently Hellou and Payne [10] 
demonstrated that simple measurement of fluores
cence of diluted crude bile samples could be used 
to detect metabolites of petroleum hydrocarbons 
in trout exposed to No. 2 fuel oil. These authors 
supplemented these fluorescence data with NMR 
spectroscopy of bile as a more definitive proof of 
hydrocarbon contamination. In another study Payne 
eta!. [11] noted that the accumulation of metabo
lites in bile of winter flounder approached the sensi
tivity of the induction of mixed-function oxygenase 

*To whom correspondence may be addressed. 

(MFO) enzymes for assessing hydrocarbon bioavail
ability from petroleum-contaminated sediments. 
Similar correlation between the activity of MFO and 
fluorescent aromatic compounds (FACs) in bile was 
found in English sole exposed to environmental con
taminants [12]. The demonstration of the validity 
of crude bile fluorescence as a biomarker of expo
sure to environmental contamination, and its cor
relation with the induction of such pathobiological 
effects like the induction of monooxygenase activ
ity, offer a qualitatively new combination of fast, 
simple, and inexpensive tools in environmental 
monitoring. 

In this work, attempts were made to correlate the 
induction and persistence of crude bile fluorescence 
in carp experimentally exposed to crude oil, diesel-
2 oil, or polluted river waters, and in fish living in 
polluted and unpolluted river waters, with the in
duction and persistence of liver benzo[a]pyrene 
monooxygenase activity, as well as with the induc
tion and persistence of another profound biologi
cal effect-the liver potential for bioactivation of 
promutagens to ultimate mutagens. 
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MATERIALS AND METHODS 

Chemicals 

3-Methylcholanthrene (3-MC), 7 ,8-benzona
vone, f)-glucuronidase (Helix pomatia, type H-1 ), 
and chemicals used in the Ames test were from 
Sigma Chemical Co., Munich, Germany; benzo[a]
pyrene (BaP) was from Roth, Germany; and all 
other chemicals were from Kemika, Croatia. Millex
HA ® 0.45-tJ.m filter units and Millex-GA ® 0.22-!lm 
filter units were from Millipore S.A. France. Sal
monella typhimurium strains TA 98 and TA !00 
were obtained from Dr. B.N. Ames, Department 
of Biochemistry, University of California, Berke
ley; 3-hydroxy-benzo[a]pyrene (BaPOH) was do
nated by Dr. Gelboin, Nationallnstitutes of Health 
(NIH), Bethesda, Maryland. Crude oil was of 
Panonian oil type, from the Bizovec-3 well. This oil 
belongs to the "mixed base" type of oils. Its den
sity was 0.852 g/cm 3 , and its paraffin content was 
10.5<Tfo. Diesel-2 oil was from INA refinery, Rijeka, 
Croatia, its origin unknown. 

Fish stocks 

One year-old specimens of carp, Cyprinus car
pio (weighing 20 to 30 g, obtained from fish farm 
Draganici, near Zagreb, Croatia) served as experi
mental animals. Carp were adapted for one week 
in 400-L basins in a flow of dechlorinated, well-aer
ated water, at 13 oc and a density of 400 specimens 
per cubic meter. The flow rate was two total changes 
of water volume per day. Carp were given no food 
during the adaptation, exposure, and recovery pe
riods. Groups of ca~p were exposed to experimen
tally polluted·wa1ers in 50-L glass tanks with a flow 
of 70 ml of tap water per minute (two volume ex
changes per day) for different periods of time. 

Natural fish specimens 

Fish from the polluted Sava River at Zagreb, 
Croatia, and from the unpolluted Korana River up
stream from Karlovac, Croatia, were caught in the 
middle of June 1991 by sport fishermen by angling. 
The quality of water from each of these rivers was 
defined by its load of industrial and domestic waste, 
expressed in population equivalents {p.e.) {Sava 
River::::: 2,400,000 p.e. and Korana River= 5,000 
p.e.), as well as by the average benzo[a]pyrene 
monooxygenase (BaPMO) activity (in picomoles 
BaP-hydroxide per milligram of protein per minute) 
in the livers of fishes living in these waters: Sava"" 
20 ± 17; Korana = 3.4 ± 1.8 [13,14]. High-resolu
tion capillary GC coupled with MS analysis identi
fied > 200 specific organic compound? in Sava 

River waters, including several polynuclear aro
matic hydrocarbons at concentrations of 10 to 100 
ng/L, like phenanthrenes, an~hracene, C1 phenan
threnes, and C2 phen.anthrenes [15]. Fish species 
were barbel (Barb us barbus), "plotica" (Croatian) 
(Rutilus pi gus virgo), chub (Leuciscus cephalus), 
nose crap ( Chondrostoma nasus), roach (Rutilus 
rutilus), bleak (Alburnus alburnus), and bream 
(A bramis brama). The liver and gall bladder were 
separated immediately after the catch and trans
ported in an ice box at - 20°C to the laboratory. 
Biie was sucked from the gaii biadder using a nee
dle and syringe, transferred to sterile plastic Nunc 
tubes, and stored at -20°C until analysis. Liver was 
used immediately for measurement of BaPMO or 
for the preparation of S9 fraction. 

Exposure to crude oil 

Twenty-five grams of crude oil was extracted 
with I ,000 ml of tap water in a separatory funnel, 
according to the method described by Gordon et al. 
[ 16]. One hundred milliliters of water-soluble frac
tion was added to water in 50--L glass tanks, reach
ing a petroleum hydrocarbon concentration of 36 
p.g of Kuwait oil equivalents per liter. During the 
experimental period of 18 d, freshly prepared wa
ter-soluble fractions of crude oil were added to ex
perimental tanks daily to maintain the fluorescence 
level of w;tter at the beginning of exposure. 

Exposure to diesel-2 oil 

Saturation of water in the tank with diesel-2 oil 
was achieved by passing the inflow of tap water 
(70 ml/min) through a vertical glass tube (diame
ter 4 em) filled with a layer of diesel-2 oil (50 ml) 
and mounted in the middle of the 50-L glass tank. 
Next day the fluorescence of water was determined 
and the exposure of carp started. The concentration 
of diesel-2 oil hydrocarbons in water of the experi
mental tank was 50 p.g of Kuwait oil equivalents per 
liter. On day 12, a group of carp was transferred 
to a 50-L tank of clean tap water for recovery. 
Groups of four fish were collected on days 2, 5, lO, 
and 15 of recovery. Control groups of fish main
tained in tap water were sampled at each period si
multaneously with experimental fish throughout the 
duration of the experiment. 

Exposure of carp to Sava River water 

A group of carp was exposed for 29 din a 50-L 
tank to a flow of polluted Sava River water, at a 
rate of five water·-volume exchanges per day, at the 
cooling water pumping station of the power plant 
Zagreb II. On day 15 a group of exposed carp was 
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transferred to a tank with tap water for recovery. 
These exposures were done during three consecu
tive periods: September/October 1990, Febru
ary/March 1991, and March/April1991. 

Measurement of the oil hydrocarbon 
concentration 

The concentration of petroleum hydrocarbons 
in the water extracts was determined after purifi
cation and separation of water samples through an 
acid alumina column, according to the standard In
tergovernmental Oceanographic Commission 
method [17], as modified by Picer [18). The con
centrations of hydrocarbons in three separate wa
ter extracts of crude oil were 17.7, 16.7, and 18.3 
ppm of Kuwait oil equivalents, or 2.5, 3.0, and 3.2 
ppm of chrysene equivalents. Fluorescence of water 
in the tanks polluted with either crude oil or diesel-
2 oil was measured in a Zeiss PMQ-3 spectrofluo
rometer at an excitation wavelength of 365 nm 
(Zeiss filter 365) and emission at 520 nm. The flu
orescence of a solution of I p.g of quinine sulfate 
per milliliter of 0.1 N H~S04 was used for the stan
dardization of the instrument at I ,000 fluorescence 
units. The water fluorescence was expressed arbi
trarily in these fluorescence units. 

Preparation of post mitochondrial fraction and 
measurement of BaP:\10 actil'ity 

One gram of liver tissue was homogenized in 
three \·olumes of 0.15 M KCI in a glass Potter
Elvehjem homogenizer with a Teflon-~ pestle. The 
homogenate was centrifuged at 9,000 g for 10 min 
at 2°C. An aliquot of the supernatant was stored 
in liquid nitrogen and used as S9 fraction for the 
preparation of S9 mix in the mutagenicity testing. 
BaPP.IO activity was measured immediately in an
other aliquot of the supernatant, according to the 
method of Nebert and Gelboin [19). as modified by 
Payne and Penrose [20). The inhibitory effect of 
10-4 ~~of 7 ,8-benzoflavone on the BaP\10 activ
ity [21] was measured in each sample in parallel. 
Carp treated intraperitoneally (i.p.) with 3-MC (50 
mg/kg) served as a positive control [13,14]. The 
activities were expressed in picomoles of BaPOH 
per milligram of protein per minute. Proteins were 
determined according to the method of Lowry 
et al. [22]. 

Measurement of bile fluorescence 

Aliquots of bile (5 p.l) were diluted in 4 ml of 
I N NaOH, and the fluorescence of the solution was 
measured in a Zeiss PMQ-3 spectrofluorometer at 
an excitation wavelength of 365 nm (Zeiss filter 365) 

and emission at 520 nm. This procedure was cho
sen because it closely imitates the conditions occur
ring in the last step of the method of Nebert and 
Gelboin [19] for determination of BaP metabolites 
in hexane extracts of incubation media for the de
termination of BaPMO activity. The fluorescence 
of a solution of I p.g of quinine sulfate per millili
ter of 0.1 N H2S04 was used for the standardiza
tion of the instrument at 1,000 fluorescence units. 
The bile fluorescence was expressed in these fluo
rescence units. 

Mutagenicity testing of bile 

Bile samples from carp exposed to crude oil, die
sel-2 oil, or polluted Sava River water, as well as 
bile samples from natural fish species, were assayed 
by the plate incorporation Ames test [23], using the 
S. typhimurium TA I 00 and T A 98 strains, with and 
without S9 mix. Aliquots of bile (50 J.LI) were added 
to 2 ml of top agar, followed by 500 J.LI of S9 mix 
and 100 J.ll of the tester strains culture, quickly 
mixed, and plated. The presence of glucuronidated 
mutagenic metabolites in bile was determined by ad
dition of iJ-glucuronidase solution (H. pomatia type 
H-1, 2000 U per plate in 0.2 M sodium acetate 
buffer, pH 4.5) to the S9 mix. The postmitochon
drial fraction of liver from immature carp induced 
by i.p. injection of 3-MC (50 mg/kg) served as the 
activation system (S9) [24]. Immediately before mu
tagenicity testing, the S9 fractions were passed 
through membrane filters (0.45-p.m and 0.22-p.m fil
ter units) to remove any contaminating microorgan
isms. Each sample was tested in triplicate. The 
number of his+ revertants was counted manually. 

Potential for bioactivation of procarcinogens 

The potential of liver postmitochondrial frac
tions from experimentally exposed carp or from 
natural fish specimens for bioactivation of procar
cinogen BaP was measured by a modified Ames test 
[25]. Bioactivation potential was expressed as the 
net increase in the number of revertants activated 
from BaP (I 0 p.g per plate) by fish liver S9 (2 mg 
protein per plate) over the spontaneous number of 
S. typhimurium TA 100 re\'enants. The potential 
of S9 preparations from experimentally exposed 
fish was expressed as then-fold increase over the 
potential of S9 fraction from control carp. 

RESULTS 

In order to follow the correlations between the 
induction, persistence, and decline in the BaPMO 
activity; the potential to bioactivate BaP; and the 
bile fluorescence, we exposed carp to water exper-
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imentally contaminated either with diesel-2 or with 
crude oil for a certain period of time. Subsequently, 
carp were transferred to unpolluted water for ape
riod of recovery. 

The level of bile fluorescence in carp exposed to 
water saturated with diesel-2 oil (50 ppb) increased 
within 3d to a level 5.8-fold higher than the natu
ral fluorescence level in unexposed carp. Twelve 
days' exposure increased the fluorescence to a sat
uration level (12-fold increase). Prolonged exposure 
(18 d) did not increase the fluorescence further 
(Fig. !A). Fluorescence of the bile in fish exposed 
to crude oil (36 ppb) almost reached the saturation 
ievei (6.2-ioid the natural fluorescence) after a 3-d 
exposure (Fig. lB). 

The level of BaPMO activity in fish exposed ei
ther to crude oil or to diesel-2 oil was increased 
about fivefold after 3 d of exposure (Fig. lA, B). 
These levels of induction were near the maximum 
inductions (about sixfold) obtained on day 18 of ex-

A. Diesel-2 oil ., .. -
1'-r-·-· ·-· .~ .............. 1e --·-·-· .,--- __ ., ..... 

.'l _,, 

f/ 
4 8 12 16 

B. Crude oil 

4 8 .12 16 

Days of exposure 

Fig. ! . Bile fluorescence, benzo [a] pyrene monooxygenase 
(BaPMO) activity, and bioactivation potential in the liver 
of carp exposed to (A) diesel-2 oil (50 ppb) and (B) crude 
oil (36 ppb). Bile fluorescence is expressed in arbitrary 
units; BaPMO activity is expressed in pmoles of 
BaPOH/mg/min; bioactivation potential is expressed in 
the net increase in the number of revertants activated from 
BaP (I 0 l'g/platc) by fish liver S9 (2 mg protein/plate) over 
the spontaneous number (145 ± 5) of Salmonella typhimu
rium TA 100 revertants. Each point represents the mean 
from determinations in four specimens. The sD was<! li!Jo. 

posure either to diesel-2 or to crude oil (Fig. lA, B). 
7 ,8-Benzoflavone at 10-4 M inhibited all these in
duced BaPMO activities by 57 to 73riJo (not shown). 
The fast increase in the BaPMO activity in the liver 
of fish exposed to either of the pollutants was ac
companied by an increase in the potential for hie
activation of BaP in the Salmonella TA 100 assay 
(Fig. IA,B). 

Bile from unexposed carp contained neither di
rect, indirect, nor glucuronidated S. typhimurium 
TA 100 or TA 98 mutagens. Exposure to diesel-2 or 
to crude oil for 12 d slightly increased the count of 
TA 98 (41 and 46, respectively) and TA 100 (67 and 
74, respectively) colonies in the bile in the presence 
of 59 fraction. No direct mutagens were detected. 
Longer exposure (18 d) did not further increase the 
number of revertants of these Salmonella strains. 
Interestingly, (3-glucuronidase treatment increased 
the number ofT A 98 (50%) and TA 100 (78%) pro
mutagens only in the bile of carp exposed to die
sel-2 oil. 

It is known that the induction of BaPMO in fish 
exposed to crude oil causes a dose-dependent re
sponse [26-29]. In order to elucidate whether bile 
fluorescence and the potential for bioactivation in 
carp exposed to crude oil respond also in a dose
dependent mode, we exposed groups of carp to dif
ferent concentrations of crude oil for a constant 
exposure time of 12 d. 

The results of these experiments (Fig. 2) revealed 
that whereas exposure to low (8 ppb) and medium 
(18 ppb) concentrations of crude oil caused only 
slight induction of BaPMO (61 and 520Jo, respec
tively), the increase in bile fluorescence, as well as 
the increase in the potential to bioactivate BaP into 
TA 100 mutagens, was more than fourfold after ex
posure to the lowest concentration of crude oil. This 
finding demonstrated that the sensitivity of bile flu
orescence, or of the potential for bioactivation of 
BaP to TA 100 mutagens, was an even more sensi
tive detector of the exposure to low concentrations 
of crude oil than was the induction of BaPMO. Ex
posure to the highest concentration of crude oil (36 
ppb), however, increased simultaneously the fluo
rescence of bile (5.5-fold), the activity of BaPMO 
(5 .!-fold), and the bioactivation potential (11-fold). 
Differences between values of BaPMO and bile flu
orescence in control fish and their values in fish at 
all three concentrations of exposure were statisti
cally significant, at P < 0.05 or less. Simultane
ously, the net number of both TA 98 (20, 30, and 
50, respectively) and TA 100 (71, 74, and 99, respec
tively) revertants in the bile was proportional to the 
dose (8, 18, and 36 ppb) of crude oil (not shown). 
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0 8 18 36 
ppb of crude oil 

Fig. 2. Bile fluorescence, benzo(a]pyrenemonooxygenase 
(BaPMO) activity, and bioactivation potential in carp ex
posed for 12 d to crude oil with petroleum hydrocarbon 
concentrations of 8, 18, and 36 l'g of Kuwait oil equiva
lent/L. Bile fluorescence is expressed in arbitrary units; 
BaPMO activity is expressed in pmoles of BaPOH/mg/ 
min; bioactivation potential is expressed in the net increase 

:in the number of revertants activated from BaP (10 
l'g/plate) by fish liver S9 (2 mg protein/plate) over the 
spontaneous number ( 142 ± 8) of Salmonella /yphimurium 

· TA 100 revertants. Each column represents the mean and 
the so from determinations in four specimens. Differences 
between values of BaPMO and bile fluorescence in con
trol fish and their values in fish at all three concentrations 
of exposure were statistically significant at P < 0.05 or less, 
as determined by Student's 1 test. 

Similarly to the results obtained in a time-dependent 
experiment, neither of these promutagens was 
glucuronidated. 

These results demonstrated that the increase in 
bile fluorescence caused by exposure to crude and 
diesel-2 oil was correlated with the increase in both 
biological responses caused by this exposure, that 
is, the BaPMO activity and the potential for biD
activation, as well as with the mutagenicity of bile 
as detected by strains TA 98 and TA I 00 in the pres
ence of S9 fraction .. In the case of exposure to die
sel-l' oil, part of the promutagenic metabolites was 
glucuronidated. 

Before any possible application of these findings 
to real environmental samples, it was important to 
explore how long the observed changes would hold 
after the cessation of exposure, for example, after 
the disappearance of the oil slick in the real envi
ronment. In order to obtain this information, we 
followed, for a 15-d recovery period, the dynam
ics of changes in values of these parameters in fish 
previously exposed for 12 d to a water saturated 
with diesel-2 oil. During the recovery period, the 
bile fluorescence steadily decreased and reached 
an almost natural level of fluorescence on day 15 

(Fig. 3). On day 15 the bile was negative with re
spect to the presence of TA 98 promutagens or gluc
uronidated promutagens. The activity of BaPMO 
decreased during the recovery in a time-dependent 
way to almost the .natural level at day 15 (Fig. 3). 
However, the induced potential for bioactivation 
of BaP using theTA 100 strain was maintained at 
the same high level throughout the recovery period 
(Fig. 3), demonstrating the difference between the 
nature of BaPMO ehzyme and the enzymes respon
sible for bioactivation ofBaP to TA 100 mutagens. 

To test the applicability of bile fluorescence mea
surements as a parameter indicating the presence of 
xenobiotics in water, as well as a parameter indi
cating their biological effects under natural, in-the
field conditions, the response of these parameters 
was measured, first, in the experimental carp ex
posed to a flow of polluted Sava River waters and, 
second, in a population of fish living either in the 
polluted Sava River or in the reference Korana 
River. The exposure of experimental juvenile carp 
to Sava River water for 29 d resulted in the increase 
in either bile fluorescence (5.1-fold), liver BaPMO 
activity (9.5-fold), or liver potential to bioactivate 
BaP using theTA 100 strain (fourfold) (Fig. 4). The 
BaPMO activities at days II and 25 were readily in
hibited (by 67 and 76!TJo, respectively) in the pres
ence of 10-4 M 7 ,8-benzoflavone. On day 15 of 
exposure, the bile of carp became mutagenic: the 
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Fig. 3. Bile fluorescence, benzo[ a] pyrene monooxygenase 
(BaPMO) activity, and bioactivation potential in carp dur
ing recovery after a 12-d exposure to diesel-2 oil (50 ppb). 
Bile fluorescence is expressed in arbitrary units; BaPMO 
activity is expressed in pmoles of BaPOH/mg/min; bioac
tivation potential is expressed in the net increase in the 
number of revertants activated from BaP (10 J.lg/plate) 
by fish liver S9 (2 mg protein/plate) over the spontane
ous number ( 144 ± 7) of Salmonella typhimurium TA I 00 
revertants. Each point represents the mean from determi
nations in four specimens. The so was <9f1/o. 
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Fig. 4. Bile fluorescence, benzo [a] pyrene monooxygenase 
(BaPMO) activity, and bioactivation potential in carp dur
ing exposure to Sava River water (closed symbols) and dur
ing the recovery period (open symbols). Bile fluorescence 
is expressed in arbitrary units; BaPMO activity is expressed 
in pmoles of BaPOH/mg/min; bioactivation potential is 
expressed in the net increase in the number of revertants 
activated from BaP (10 1-'g/plate) by fish liver S9 (2 mg 
protein/plate) over the spontaneous number (140 ± 9) of 
Salmonella typhimurium TA 100 revertants. Each point 
represents the mean from determinations in four speci
mens. The so was <7f1Jo. 

net number of S. typhimurium TA 98 revertants 
was 51+ 10 (six bile samples), and treatment with 
,6-glucuronidase increased the mutagenicity for 
290Jo. The transfer of carp, previously exposed to 
polluted Sava River waters for 15 d, to clean water 

resulted in a rapid fall of BaPMO activity and bile 
.. fluorescence, whereas the potential for bioactiva
tion remained at the same induced level through
out the 14-d recovery period (Fig. 4). Similar results 
were obtained during exposures in September/Oc
tober 1990 and February/March 1991. Thus, the be
havior of these parameters was concordant with 
their behavior found in the exposure/recovery ex
periment with diesel-2 oil. 

Seven fish species native to the polluted Sava 
Ri1·er, caught in the middle of June 1991, when 
compared to untreated juvenile ca.rp revealed a gen
eral increase in bile fluorescence (1.5- to 4.5-fold), 
BaPMO activity (four- to 2i-fold), and potential to 
bioactivate BaP to TA 100 mutagens (87-498 rever
tants) (Table I). However, there were considerable 
species-specific differences in responses with regard 
to these parameters. In B. barbus, L. cephalus, R. 
pigus virgo, and A. brama, there was a good cor
relation between bile fluorescence, BaPMO activ
ity, and bioactivation potential. Indeed, the 
correlation between BaPMO and bile fluorescence 
was statistically significant (P < 0.05). In C. nasus, 
holl'ever, the bile fluorescence did not correlate with 
BaPMO activity and bioactivation potential. The 
BaPMO activities in all Sava fish livers were inhib
ited with 10-4 

M 7 ,8-benzoflavone by 55 to 69%. 
Simultaneously, six fish species from the reference 
.Korana River, also caught in the middle of June 
1991, did not reveal an increase in bile fluorescence, 

Table l. The bile fluorescence, benzo[a]pyrene monooxygenase (BaPMO) activity, and bioactivation potential 
in livers of fish living in the polluted Sava River and the reference Korana River (Croatia)• 

Bile fluorescence 
nb (arbitrary units) 

-----
Fish species Sava Korana Sava Korana 

"PioticaH (Rutilus pigus virgo) 5 5 74 ± 20d 25 ± II 
Chub (Leuciscus cephalus) 4 4 89 ± 23d 28 ± 4 
Barbel (Barbus barbus) 9 5 103 ± 29d 44 ± !8 
Nose carp (Chondrostoma nasus) 3 4 37 ± 28 25 ± 7 
Roach (Rutilus rutilus) 4 9 43 ± 13 25 ± 13 
Bleak (Alburnus alburnus) 8 7 42 ± 15 18 ± 6 
Bream (Abramis brama) 6 NA< 114 ± 2ld NA 

Control untreated carp 14 25 ± 3 
3-MC treated carp 12 226 ± 63 

"Fish were caught in the middle of June 1991. 
bNumbers of examined specimens from each source. 

BaPMO 
(pmol/mg/min) 

Sava Korana 

Bioaetivation 
potential< 

(no. of TA 100 
revertants) 

Sava Korana 

17.2±3.8d 6.9±1.8 331±9 12±7 
36.3 ± 9.8d 9.0 ± 1.5 200 ± II 52± 26 
29.5 ± 9.5d !3.7 ± 2.5 348 ± 17 40 ± 12 
69.7 ± 9.8 9.8 ± 0.9 498 ± 10 47 ± 17 
14.4±4.5 6.0±4.5 87±6 20±26 
17.4±2.2 3..5± 1.4 126±6 23±7 
31.3 ± 9.3d NA 229 ± 10 NA 

3.3±!.2 25±6 
38.8 ± 2.6 868 ± 23 

<Bioactivation potential was expressed in the net increase in the number of revertants activated from BaP (10 Jl.g/plate) 
by fish liver S9 (2 rng protein/plate) over the spontaneous number (137 ± 16) of TA 100 revertants. 

dDifference from control val.ues (untreated carp) was statistically significant, at P < 0.05. 
<NA = not available. 
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in comparison to bile fluorescence in untreated ex
perimental juvenile carp (Table 1). Their liver 
BaPMO activities, however, were one- to fourfold 
higher than those in control carp, whereas their po
tential to bioactivate BaP to TA 100 mutagens never 
doubled the number of spontaneous revertants 
(fable 1). 7 ,8-Benzollavone oo-4 M) inhibited the 
BaPMO activities in livers of Korana fish between 
0 and 180Jo. Bile from Sava or Korana fish con
tained neither TA 98 promutagens nor glucuroni
dated promutagens. 

DISCUSSION 

The choice of experimental design was based on 
the following rationale: (a) diesel-2 and crude oil in
duce in fish, including carp, severalfold enhance
ments of both the BaPMO activity [26,27 ,30,31] 
and the potential to bioactivate procarcinogens like 
BaP to S. typhimurium mutagens [13,24]; (b) these 
pollutants are complex mixtures of thousands of di
verse organic compounds, including FACs [10]; (c) 
FACs are eliminated from the organism via the bile, 
where their concentration can be measured as the 
increase in bile fluorescence [10,7]; (d) exposure 
conditions closely simulate the conditions as they 
may naturally occur beneath an oil slick [32], hence 
increasing the environmental relevance of the re
sults; (e) a recovery period allows the determination 
of the persistence and/or time-dependent decline in 
the level of impacted parameters after the cessation 
of exposure., 

Exposures of carp to either pollutant resulted in 
rapid simultaneous increases in the activity of 
BaPMO, the potential for bioactivation of BaP to 
mutagens, and the level of bile fluorescence. The 
responses of all three parameters were in a dose
dependent mode, as revealed in 12-d exposures to 
three different concentrations of crude oil. 

It is worthwhile to note that all these changes 
were caused at concentrations that closely simulate 
conditions as they might occur beneath an oil slick: 
concentrations in our basin with experimental oil 
spill (36 ppb of Kuwait oil equivalents) were simi
lar to those reported to occur 10m beneath, and 
several hours after the initiation of, the experimen
tal oil slick (20-80 ppb; 8-11 h after discharge) [32]. 

During the 15-d recovery after exposure to die
sel-2, both the bile fluorescence and the BaPMO ac
tivity steadily decreased and reached an almost 
natural level on day 15. In contrast, the potential 
of carp liver S9 fraction for bioactivation of BaP 
into mutagens remained at the same induced level 
throughout the 15-d recovery. This behavior of bio
activation potential may explain the lag in the for-

mation of liver diesel-2- or crude oil-related DNA 
adducts formed in carp exposed to diesel-2 or crude 
oil found under conditions similar to those de
scribed here: there the formation of petroleum
DNA adducts proceeded well after the cessation of 
exposure [33]. Thus it seems that the increase in bile 
fluorescence observed in carp exposed to diesel-2 
or crude oil may be correlated with the increase in 
the formation of DNA adducts only during the ex
posure period. In wild fish living in chemically con
taminated rivers,th~t is, in steadily exposed fish; 
bile fluorescence correlates well with the level of 
pollution-related DNA adducts [34]. 

Exposure of carp to a flow of polluted Sava 
River water resulted in a similar simultaneous in
crease in all three parameters. The indication that 
levels of biliary fluorescence may be as sensitive an 
indicator of contamination with polycyclic aromatic 
hydrocarbons as the induction of MFO activity was 
recently demonstrated in winter flounder exposed 
to sediment contaminated with a range of Venezue
lan crude oil concentrations [II] and in English sole 
exposed to a complex mixture of contaminants ex
tracted from a sediment collected from a polluted 
area of Puget Sound, Washington [12]. During the 
recovery from the exposure to polluted Sava River 
water, both the bile fluorescence and the BaPMO 
activity steadily decreased and on day 15 of recov
ery almost reached the natural, preexposure level. 
Similar decline in the activity of aryl hydrocarbon 
hydroxylase also was observed in English sole cap
tured from a reference site in Puget Sound and held 
in captivity for 28 d ( 12]; however, under these con
ditions bile fluorescence was shown to increase. 
This difference from our results may be explained, 
besides by the difference in fish species, by differ
ent feeding status of carp and English sole during 
the experiments. Similarly to carp exposed to oils, 
the potential of carp exposed to Sava River water 
for bioactivation remained at the same induced level 
throughout the recovery period. Thus during the ex
perimentallaboratory exposures to diesel-2 or crude 
oil, as well as during the exposure to Sava River wa
ter, the increase in fluorescence of bile coincided 
with the enhancement in important molecular re
sponses, like the induction of BaPMO activity and 
the induction of the potential to bioactivate BaP to 
mutagens. This demonstrated that, alone, simple 
measurement of bile fluorescence in fish exposed 
to polluted waters may indicate the presence of even 
unknown xenobiotics causing profound molecular 
response. 

Finally, seven fish species native to polluted Sava 
River waters generally revealed a simultaneous in-
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crease in bile fluorescence, Bal?MO activity, and 
potential to bioactivate BaP. However, a complex 
physiology of bile formation and its secretion may 
influence its natural level of fluorescence. Never
theless, it seems that enhanced fluorescence in fish 
from the Sava River may indicate the presence of 
unknown xenobiotics causing profound pathophys
iological and molecular responses, as simultaneous 
analyses of six fish species native to the reference 
Korana River did not reveal an increase in bile flu
orescence, in comparison to bile fluorescence in un
treated experimental juvenile carp. Their BaPMO 
activities and their potentials for bioactivation were 
slightly higher than corresponding activities in un
exposed experimental carp. These values, however, 
may well be the normal values of BaPMO activi
ties in these native fish species, as the non- or low
inhibiting effect of 10-4 M 7 ,8-benzoflavone 
[21,14], shows. 

Previous study of BaPMO activity in the popu
lation of fish living in the polluted Sava River and 
fish living in two less polluted rivers, the Kupa and 
Krka, showed high correlation between the level of 
pollution by communal and industrial waste and the 
level of BaPMO induction [14]. Simultaneously, in 
no instance were neoplasms detected in the fish pop
ulations from the Sava River [35, 13). Interestingly, 
recent 32 P-postlabeling analyses of DNA adducts 
in chub, bream, and barbel from the Sava and 
Korana rivers failed to show any pollution-related 
DNA adducts [36], demonstrating that the level of 
pollution in the Sava was under the threshold level 
needed for the formation of pollution-related DNA 
adducts. 

Thus in addition to already established correla
tions between' bile fluorescence and the content of 
aromatic compounds in the bile of fish exposed to 
xenobiotics, bile fluorescence in exposed fish cor
relates well with the induction of important physi
ological and pathobiological effects, like the 
induction of BaPMO; the induction of the poten
tial for bioactivation of BaP to mutagens; and, at 
certain levels of pollution, the formation of pollu
tion-related DNA adducts. 
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APPENDIX VI 

BENTHIC INVERTEBRATE QA/QC- SORTING EFFICIENCY TEST 



J EOO 

SUNCOR PROJECT-Oct. 1995 Benthic Invertebrate Samples 
Sorting efficacy test on a random set from 63 total benthic samples. 
Initial sorting conducted by ABA, Inc., Corvallis, OR 
Sorting efficacy check Involved a complete resort of each sample by another technician at ABA. 
The 9 randomly selected samples all passed the 95% sorting efficacy test. 

·s amp1er 
Ekman 
Ekman 
Ekman 
Artificial substrate 
Artificial substrate 
Artificial substrate 
Artificial substrate 
Hess 
Hess 

s ample 
A8007-B076 
AB010-8105 
A8001~8015 

A8010-8102 
AB004-6042 
AB012-B121 
AB003-8033 
$8002-8021 
$8003-8021 

Total Numbor 
Initial sort missed 

. 'f I rt 10113 so 
47 1 
30 0 

127 3 
534 4 
539 5 
462 1 
544 15 
342 16 
188 5 

Adjust Ad 
total 

48 
30 

130 
538 
S44 
463 
559 
358 
193 

N'dW:3SSIM 808 8951 2:5L 805 

Percent 
missed 
% 

2.08 
0 

2tr 
0.74 
0.92 
0.22 
2.68 
4.47 
2.59 

15:2:2: 81-2:1-5551 



BENTHIC INVERTEBRATE DATA- MUSKEG RIVER BASIN 

· RESULTS OF SORTING EFFICIENCY (QA/QC) TESTS) 

Enchytraeidae 0 0 
Naididae 0 1 4 
Hydrachnidia 3 3 
Baetis l 0 

Plecoptera 1 0 0 

Perlidae I 0 0 II 
Orthocladiinae 2 2 5 (. 

Corynoneura 1 0 ;_' 

T anypodinae 0 1 0 

Chironomini 2 
( 

3 2 
r 

T anytarsini 0 3 ~ ,! 

Initial Total/Sample 286 259 515 
Adjusted Total 300 268 532 
Number Missed 14 9 17 
%Missed 4.7 3.4 3.2 
Sorting Efficiency 95.3 96.6 96.8 

l } 
l) 



BENTHIC INVERTEBRATE DATA- MUSKEG RIVER BASIN 

RESULTS OF INVERTEBRATE RE-IDENTIFICATIONS (QA/QC) 

Site"Replicate .·• 

I··· 17~1 l7c1 J . 30~2 30~2 

·. ... 
···:··········· 

Taxonomist. I Taxonorhist2 Taxonomisti Taxononiist2 
Nematoda 7 6 5 5 
Enchytraeidae 0 0 3 2 
Naididae 22 22 12 16 
Tubificidae 2 1 26 24 
Pisidium 1 0 0 0 

Sphaerium 1 2 0 0 

Hydrachnidia 30 30 12 11 

Cyclopoida 2 2 0 0 

Baetis 5 4 14 13 

Baetis pygmaeus 8 6 0 0 

Ephemerella 0 0 1 I 

Heptageniidae 4 6 0 0 

ifJeptagenia 12 9 1 1 

~tenonema 2 10 0 0 

lstenacron 2 1 0 0 

l£eptoph/ebia 1 1 0 0 

Ophiogomphus 0 0 1 1 

Plecoptera 1 0 1 1 

Chloroperlidae 1 1 4 4 

Zapada 1 1 0 0 

Skwa/a 0 0 1 1 

Perlodidae 0 0 0 1 

Ca/licorixa 0 0 4 4 

Glossosomatidae 0 0 1 1 

ifiydropsyche 0 0 3 3 

Oecetis 1 1 0 0 

IPti/ostomis 1 0 0 0 

Optioservus I 0 0 1 1 

Diptera p 1 1 0 0 

[Bezzia 1 1 0 0 

Chironomidae p 1 1 0 0 

Diamesinae 0 0 1 0 

Orthocladiinae 6 5 2 1 

Corynoneura 0 0 5 5 

Tanypodinae 21 25 2 2 

Chironomini 18 10 I 2 

Tanytarsini 71 70 0 1 

Che/ifera 4 0 I 1 

· IHemerodromia 29 29 2 l 

IPericoma 1 1 0 0 

Hexatoma 2 2 0 0 

Terrestrial 0 0 5 5 

Total 259 248 109 108 

% Similarity 92 93 

NOTE: Data shown are numbers per sample 



APPENDIX VII 

SUMMARY OF WATER QUALITY DATA 



TABLE Vll-1 

WATER QUALITY OF THE ATHABASCA RIVER 

PatJiiti<iter· Urjits .. Athabma. Riv&rups_trearri. Ft.r,~r.l'!l"t•Y(1~B.~,19.95)'.. . \t~aJ:~~~ R(~~~r~~l1i ~&a~e 1.9 J. Nt•~· .. ~;}'!\'fi;;team LeliSl!. 25 

~~±~""i'':T'c2"S""'-..P7'C~'c7-==F.:~¥+4~~¥±'-""+-:22~.;..c..F,-=2±==."'2SSr"'' xW6bl~o~1 ~ Aw&t'JJo~ I A~~b&~ J Aw~~Olii l·.. AW6';7;o2 
·--

Conventional Parameters and Maier Ions 
Bicarbonate mgll 
Calcium - Dissolved mgll 
Carbon - Particulate Total mgll 
Carbon - Total Organic mgiL 
Carbon - Dissolved Organic mgll 
Carbon - Dissolved Inorganic mgll 
Carbonate - Dissolved mgll 
Chloride - Dissolved mgll 
Colour True Rei. units 
Fluoride mgll 
Hydrocarbons, Recoverable mgll 
Magnesium - Dissolved mgll 
Non-RHerable Residue (TSS) mgll 
pH units 
Potassium- Dissolved mgll 
Sodium - Dissolved mgll 
Specific Conductance IJS/cm 
Sulphate - Dissolved mgll 
Sulphur- Total mgll 
Total AlkaHnity (as CaC03) mgll 
Total Cyanide mgll 
Total Dissolved SoHds mgll 
Total Hardness (as CaC03) mgll 
Total PhenoHcs mgll 
Nutrients 
Nitrite plus Nitrate Nitrogen 
Total Ammonia Nitrogen 
Total Pho.3J!lorus 
Metals (T eta! 
Aluminum 
Antimony 
Arsenic 
Baritm 
Beryllium 
Boron 
Cadmium 
Chromium 
CobaH 
Copper 
Iron 
Lead 
Litnium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
smcon 
Silver 
Strontium 
Titanium 
Uranium 
Vanadium 
Zinc 
Bacteria 
Total Coliforms 

mgll 
mgll 

"'9Jl 

mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgiL 
mgiL 
mgiL 
mgll 
mgll 
mgll 
pgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgiL 
mgll 
mgll 
mgll 
mgll 

No/100mL 
Fecal CoHforms I No/100 mL 
Detectable Trace Organic Compounds 
Naphtnalene I mgll 
Metnyf Naph1halene mgll 
Naphtnenic Acids I mgll 

NOTES 

114-216 
26-56 

<0.02- 2.9 
7.5-19 

5.2-17.2 
43-44 
<0.5-7 

<1.0-9.0 
10.0-80.0 
0.08-0.18 

6.2-17 
<1-415 

7.2-8.53 
0.9-2.65 
4.0-23 

216.482 
14-57 

94-177 

117-314 
90-210 

<0.001-0.007 

<0.001-0.231 
<0.01-0.06 
0.01-0.304 

<0.005-1.44 

0.0003-0.0019 
0.06-0.121 

<0.001-0.001 

<0.0002-0.002 
<0.001-0.009 
<O.OOHJ.005 
<0.001-0.009 
0.101-7.51 

<0.002-0.006 

<0.1-0.2 
<0.001-0.007 

141 24 
39 35 

0.05 16 
8.85 6 
7.6 19 
44 3 
0.1 15 
4 18 
24 19 

0.12 18 

9.5 18 
30 17 
8 31 

1.5 18 
11.7 18 
301 31 
27 18 

122 18 
<0.001 3 
223 29 
134 35 

0.004 17 

0.187 122 
0.02 21 

0.064 28 

0.02 115 

0.0004 13 
0.083 14 
<0.001 3 
0.04 1 
0.001 14 
0.003 12 
0.001 14 
0.002 18 
0.221 15 
<0.002 14 
<0.005 1 
0.011 2 
<0.1 18 

0.002 16 
<0.001-0.013 I 0.004 

1
15 

<0.0001-0.0003 <0.0001 13 

<0.002-0.015 
<0.001-0.025 

4.0-250 
<4- 8.0 

<0.001 
0.18 

0.002 114 
0.007 19 

68 
2 

11 11 

• Median values; Data from NAOUADAT for Site OOAL07CC0600( 1985-1995) 
Historical trace organics data are not sho'M'l 

114-128 
29-35 

0.12-3.6 
3.2-16 
1-14.7 

<0.5-0.1 
0.5-4.6 
<5-70 

0.08-0.16 

6-8.11 
11-326 

7.44-8.5 
0.61-1.13 

4.5-8.2 
209-260 
14.4-24 

94-111 

117-159 
102-120.3 

<0.001-0.004 

<0.001-0.05 
<0.01-0.02 
0.02-0.24 

0.11-2.5 

0.0004-0.0012 
0.06-0.15 

<0.001-0.003 

<0.0002-0.001 
0.004-0.032 
<0.001-0.004 
0.002-0.014 

0.25-10.7 
<0.002-0.003 

0.03-0.26 
<0.05-<0.1 

<0.001-0.005 
0.004-0.014 

118 14 
31 18 
2.7 5 
6.1 4 
3.9 10 

<0.5,13 
1.9 9 
27 9 
0.1 9 

7.7 14 
55 10 
8.1 17 
0.8 9 
5 9 

234 15 
19.6 9 

98 I 9 

127 114 
105.3 18 
<0.001 10 

<0.001 19 
0.02 9 
0.05 17 

0.6 

0.0008 
0.08 

<0.001 
0.04 

<0.001 
0.004 
<0.001 
0.003 

0.6 
<0.003 
0.014 
0.04 
<0.1 

<0.001 
0.009 

7 
6 
2 
1 
6 
6 
6 
9 
6 
5 
1 
7 
9 
6 

<o.ooo1-0.0004 I <O.ooo2 

<0.001 
0.22 

<0.002..0.016 I o.oo7 
0.005-0.038 0.008 

12-240 
<4-76 

24 
8 

10 

144-193 
33.4-42 

0.25-1.68 
5.4-10.7 
2.7-10.7 

<0.5-0.1 
1.9-7.2 
<5-50 

0.08-0.18 

1-84.3 
7.76-8.4 
0.85-1.4 
6-13.8 

253-345 
16-38 

118-158 

139-196 
122-153 

<0.001-0.002 

<0.001-0.032 
<0.01-0.02 
0.009-0.12 

155 12 
36.9 14 
0.97 2 
6.8 4 
5.2 8 
24 1 
<5 11 

3.2 7 
16 7 

0.12 7 

6 8 
8.1 14 
1 7 

11.8 7 
317 13 
32 

127 I 7 

181 19 
130 14 

<0.002 7 

<0.00317 
0.003 7 
0.016 13 

<0.005-0.76 I 0.377 5 

0.0003-0.0019 I 0.0008 
0.07-0.08 0.07 

<0.001-0.007 

<0.001-0.004 
0.19-2.42 

<0.002-<0.003 

0.013-0.073 
<0.05-<0.1 

<0.001-0.018 
0.002-0.005 

<0.001 
0.04 

<0.001 
0.003 
<0.001 
<0.001 

1.3 
<0.002 
0.017 
0.017 
<0.05 
0.002 
0.004 

<o.ooo1-o.ooo4 I <0.0001 

<0.001 
0.22 

<0.002-0.005 I 0.002 
<0.001-0.03 0.01 

4.0-84 
<4-24 

44 
<4 

8 

4 
5 
4 
7 

6 
7 
4 

4 
6 

2 
2 

162-267 
39-74 

<0.02-0.27 
5.7-9 
5.7-9 

<0.05-10 
2.7-14 
<5-30 

0.12-0.19 

11.1-21 
<0.4-92 
6.9-8.5 
1.1-2.1 
14-25 

267-530 
33-58 

133-231 

187-319 
143-271 

<0.001-0.007 

0.005-0.19 
<0.01-0.08 
<0.003-0.18 

212 23 
52 25 

0.03 3 
7.6 12 
7.3 15 

0.1 121 
6.3 13 
20 15 

0.13 13 

15 23 
2.3 14 

7.85 25 
1.8 13 
18 13 

436 25 
51 13 

174 113 

251 115 
192 26 

<0.001 13 

0.14 115 
0.05 15 
0.02 26 

<0.01-0.07 I o.os 111 

0.0004-0.0007 I 0.0005 

1
5 

0.08-0.12 0.08 6 
<0.001 

0.01-0.05 
<0.001-0.003 
<0.002-0.006 
<0.001-0.004 
<0.001-0.007 

0.13-0.25 
<0.002-0.009 
<0.005-0.02 
<0.004-0.12 
<0.05-<0.1 

<0.001-0.007 
0.001-0.009 

0.03 
0.001 6 
0.003 10 
<0.001 6 
0.002 14 

0.2 6 
<0.002 10 
<0.005 2 
0.007 9 
<0.05 
0.001 
0.005 

<0.0001-0.0002 I <0.0002 

13 
5 
6 
5 

0.32-0.36 

<0.001..0.009 
0.001-0.034 

<0.001 
o.34 I 2 

0.004 
0.01 114 

119 
30.7 

7.1 

9.6 

0.12 

8.4 
19 

7.81 
1.2 

13.6 
253 
18.3 
6.6 
97.4 

0.001 
141 
111 

0.001 

O.ot5 
0.01 
0.048 

0.17 
< 0.0002 

0.0006 
0.05 
0.001 
0.05 

0.003 
0.002 
0.003 
0.001 
0.43 
0.02 
0.006 
0.04 
0.05 
0.003 
0.005 

< 0.0002 
2.12 
0.002 
0.19 
0.004 

0.5 
0.002 
O.ot9 

108 
32.5 

16.7 

3.1 

8 
624 
7.63 
0.9 
8.6 
200 
13.1 

88.2 
0.001 
120 
114 

0.001 

0.11 
0.04 
0.39 

8.64 
0.0002 
0.007 

0.2 
0.004 
0.05 
0.003 
0.003 
0.003 

17.9 
0.02 
0.014 
0.509 
0.05 

0.003 
0.005 

< 0.0002 

0.002 
0.229 
0.085 

0.009 
0.085 

116 
27 

9.2 

14.8 

1 
7.9 

7.82 
1.2 

16.6 
268 
20.3 

94.8 
0.005 
146 
100 

0.001 

0.007 
0.01 
0.028 

0.11 
0.0002 
0.0005 
0.04 
0.001 
0.09 
0.003 
0.002 
0.003 

0.91 
0.02 
0.006 
0.033 
0.05 
0.003 
0.005 

0.0002 

0.002 
0.171 
0.007 

0.003 
0.017 

127 
33.6 

7.6 

7.1 

0.14 
1 

8.9 
23 

7.94 
1.2 
11.5 
249 
19.2 
7.3 
104 
0.1 
145 
121 

0.002 

0.003 
0.01 
0.04 

0.15 
0.0002 
0.0008 

0.06 
0.001 
0.03 

0.003 
0.002 
0.006 
0.004 
0.43 
0.02 

0.006 
0.044 
0.05 

0.004 
0.005 
0.0002 

1.85 
0.002 
0.21 

0.005 
0.5 

0.004 
0.019 

O.D2 
0.03 

110 
33.5 

16.1 

2.6 

8.2 
676 
7.63 
0.7 
8.3 
205 
14.2 

90.3 
0.001 
123 
118 

0.001 

0.1 
0.04 
0.44 

10.1 
0.0003 
0.007 
0.21 

0.004 
0.05 

0.003 
0.002 
0.005 

19.4 
0.02 
0.019 
0.534 
0.05 

0.003 
0.009 
0.0002 

0.002 
0.248 
0.056 

0.015 
0.095 



TABLEVII-2 

WATER QUALITY OF ATHABASCA RIVER TRIBUTARIES IN 1995 



TABLEV11·3 

WATER QUALITY OF POPLAR CREEK 

Parameter 

I 
Units Historical-Data 1980~ ~ .1995:0atia 

· ....... spnng I Summer._:: ·. ·_ •I Fall!. Winter' Spring· 
1
_
1
-·_J_- .··summer Filii 

·Range .:Median nJ Riulge Median ·n Range. ·. ·ModiM n·. Rango Median< ·.n· Av:.ooll'S00.1 : .AWOOS>S002 'AWOO!l'S003 
Conventional Parameters and Ma ·or Ions 
pH 7.2·8.5 7.8 17 7.28-8.~4 8.1 12 7.28-8.3 7.96 10 7.52·8.44 8.01 8 7.88 8.33 8 
Colour True ReL Units. 5Q.100 80 5 125 1 25-100 62.5 4 35-150 70 5 
Turbidity NTU 3.4-22.5 8.5 7 7·73 40 2 3.5-12 4.2 3 3.8-16 6,2 4 
Specific Conductance !JS/cm 22().6640 484 19 294-686 541.5 14 24().1290 537 14 34().~400 895 11 457 354 363 
Total Dissolved Solids mg/L 128-3814 270 12 177·391 253 7 192·672 259 11 21().2412 471 5 273 203 206 
Non-Filterable Residue (TSS) mg/L 1.6-22 9.2 11 2.4·146 6 8 3.2·61.2 5.6 7 3.6-48.8 8.3 6 2 4 117 
Residue Filterable mg/L 146-3984 307 12 191·450 347.5 8 208-709 363 8 252·2860 471 6 
Residue Fixed Filterabl-e mg/L 107·2630 201 7 14().299 207 3 143-500 227 4 174-2002 391 5 
Residue Fixed Nonfilterable mg/L <0.4·16 4.5 7 5-116 14 3 2.4-54.4 6.2 4 2·41.2 4.6 5 

esidue Total mg/L 617 1 408.4 1 
Dissolved Organic Carbon mg/L 12·34 20.9 9 22·29.5 26.6 4 23.9-29 27.4 4 24-29.5 26.8 4 21.9 22.5 25.3 
Dissolve Carbon Inorganic mg/L 43.4-52.7 48.05 2 32.7 1 38.2·42.2 40.2 2 

arbon Particulate Total mg/L 0.45-1.24 0.845 2 1.38 1 0.98 1 
arbon Organic Total mg/L 13-36.5 21.1 11 22·29.5 24.55 8 21.6-29.5 27 7 23-29.5 25.5 6 
alcium .. Dissolved mg/L 15.5-161 30.5 15 24.8·36.4 31 10 25-47.7 31.06 11 30.2·106 44.9 6 39.4 30.6 30.5 
lagnesium ~ Dissolved mg/L 6.1·93 10.6 13 8·15.1 12.3 9 9.8·20.3 11,4 ·9 10.9-51 16.2 6 13.2 10.9 11.2 

dium - Dissolved mg/L 25.5-1185 65 13 29.2·101 63 9 35-190 66 9 35-800 98 6 55 '39.6 38.3 
lassium • Dissolved mg/L 1.5-8.1 2 10 0.1·2.02 1.4 6 0.1·2.3 1 9 0.1·5.6 1.9 5 2.4 1.8 2 
!oride • Dissolved mg/L 17.7·1780 .1.5 13 12.6-102 60 7 18.8-232 56,5 9 24.3-1050 99.8 6 40.6 11.3 13.2 
lphate • Dissolved mg/L 6.1>-86 20.3 13 8.8·22.7 16 9 9.1·24 15.6 9 13.6-52 29.2 6 13.6 11,1 15.2 

hlorophyll A mg/m3 8.6-13.1 10.85 2 9.5 1 4,1·6.4 5.25 2 
hlorophyU A EpiWthic mglm7 0.199-31 .566 15.8• 2 0.85 1 11.27·50.31 30.79 2 
alai Alkalinity (as CaC03) mgll 77·834 168 13 124-202 182 9 137·259 193 9 144-562 227 6 179 160 156 
arbonate mg/L 0.1 11 0.1·0.7 0.1 8 ().0.1 0.1 8 0.1·6.7 0.1 6 

onate mgll 94-1016.4 204.5 13 151·246 222 9 166.6-315.5 227.35 10 175-685 275 6 218 189 190 
rms Fecal No./100 ml ().18 2.5 12 ().160 16 8 ().17 1 9 0 5 

arms Total No./100 mL ().770 10.5 12 16-2400 111 8 2·710 33 9 ().22 0 5 
otal Hardness (as CaC03) mgll 63.8-784.9 118,2 15 95-153 128 10 103.6-202.7 123 11 120.3-474.6 178,6 6 153 121 122 
lucri de mg/L 0.14-0.16 0.15 2 0.14 1 0.13-0,15 0.14 2 0.64 
otal Cyanide mgll 0,002·0.01 0.005 11 0.002·0.01 O.Q1 8 '0.004-0,008 0.007 7 0.003-0.008 0.005 5 0.025 <0.001 <0.001 

Sulphide· Dissolved mg/L <0.01 10 <0.01·0.16 <0.01 8 <O.D1·0.18 <0.01 3 <0.01 3 
Sulphur· Total mg/L 5.2 

issolved Oxygen mg/L 7.4·13.7 9.6 6 7.4·12 9.65 6 5.8·18.3 8.8 5 1.5-14,4 8 2 
iochemlcal Oxygen Demand. mg/L 2.5 1 
hemical Oxygen Demand mg/L 27-80 47.5 6 5().88.6 50 3 62.6 1 56-65 61 2 
ilica Reactive mg/L 1.7·17.9 3.9 12 1.6·6.78 3.75 8 4.6-6.8 5.4 8 2.9-13.8 7.7 6 
otal PhenoUcs mg/L 0.002·0.01 0,0055 12 0.003-0.01 0.01 8 0.003-0.015 0.005 9 0.003-0,02 0.008 6 0.003 <0.001 0.005 

Oil and Grease mg/L <0.1-3.4 0.4 13 0.1·4.3 0.4 9 0.1·2.1 0.6 9 0.6-3.2 1.3 6 
rbons (alkanes) mg/L <0.1-0.6 <0.1 11 <0.1 7 <0.1·0.1 <0.1 7 <0.1·0.2 <0.1 5 

ens, Recoverable mall <1 <1 <1 

'te plus Nitrate Nitrogen mg/L <0.003-14.1 0.015 14 0.004-0.06 0.02 9 0.005-0.112 0.028 9 0.03-0.468 0.118 6 0.012 <0.03 0.023 
al Ammonia Nitrogen mgJL 0.02 0.07 0.02 
ogen Total mg/L 0.623-15.05 1.035 9 1.09-1.44 1.195 • 0.768-1.179 1.103 4 1.47·1.968 1.77 4 
ogen Total Kjeldahl mg/L 0.6-2.74 0.95 9 1.06-1.42 1.185 4 0.76-1.1 1.06 4 1.2·1.84 1.53 4 
ogen Particulate Total mgll 0,14-0.17 0.155 2 0.09 1 

lrate Dissolved mg/L <0.003-0.026 0.011 11 0.004-0.05 0.015 8 <0.003-0.093 0.019 7 0.024·0.45 0.111 6 
ogen Dissolved Ammonia mgll 0.01-1.14 0.053 13 0.01-0.13 0.05 9 0.018-0.161 0,054 9 0.04-0,28 0.17 6 
ogen Dissolved Nitrite mg/L <0.003-0.035 0,005 13 <0.003-0.01 0.003 9 <0,003-0.019 0.006 9 0.004-0.018 0.006 6 

hosphorus Particulate mg/L 0,042·0.064 0.053 2 0.03 1 0.002·0.028 0.015 2 
Phosphorus Total Dissolved mgll <0.002·0.018 0.01 2 0.03 1 0.021·0.039 0.03 2 
Dissolved Orthophoshale mg/L 0.004-0.034 0.011 13 O.D1·0.02 O.D1 9 0.006-0.039 0.011 9 0.015-0.037 0.026 6 
Total Phosohorus mall 0.03-0,077 0.051 13 0.03-0.17 0.04 9 0.023-0.059 0.041 9 0.033-0.064 0.04 6 0.031 0.023 0.043 
Metals otal 
Aluminum mg/L <0.01·0.74 0.065 10 0.13·0.1~ 0.16 4 <0.01·0.4 0.049 5 0.05-0,3 0.27 4 0.03 0.1 0.31 
Antimony mgll <0.0002 0.0002 <0.0002 
Arsenic mg/L 0.0007·0.0012 0,00095 2 0.0018 1 0,0006-0.0008 0,0007 2 0.0005 0.0005 0.0005 
:Barium mg/L 0.04 0.03 0.04 
!Beryllium mg/L <0.001 2 <0.001 1 <0.001 2 <0.001 0.002 <0,001 
Boron mg/L 0.19 0.19 0.14 
Cadmium mg/L <0.001·0.001 <0.001 9 <0.001 4 <0.001 4 <0.001 4 <0.003 <0.003 0.003 
Chromium mg/L <0.001·0.004 0.0025 2 0.004 1 0.003 2 <0.002 0.017 <0.002 

hromium hexavalent mgll <0.003-0.006 0.003 6 <0.003-0.003 <0.003 3 0.003-<0.005 2 <0.001·0.006 <0.003 4 
CobaM mg/L <0.001·0.003 <0.001 8 <0.001·0.004 <0.001 4 <0.001 4 <0.001 4 <0,003 0.003 <0.003 
Copper mg/l .. <o.oo1-o.oo~ <0,001 13 <0.001·0.005 <0.001 9 <0.001·0.004 <0.001 9 <0,001·0.008 0.002 6 0.002 

on mliJL 0.14-1,3 0.66 13 0.32·4.7 0.71 9. 0.67·1.96 0.96 9 0.26-2.00 0.72 6 0.42 0.71 1.1 
ead mg/L <0.001·0.016 0,003 13 <0.002·0.01 4 0.002 9 <0.001·0.004 0.002 9 <0.002·0.009 0.004 6 <0.02 <0.02 <0.02 

m mgll 0.02 0,018 0.02 
nese mg/L 0.03-6.55 0.127 13 0.01·0,19 0.06 9 0.032·0.28 0,094 9 0.08·1.29 0.21 6 0.07 0.032 0.101 

~giL <0.0001·0.0005 <0,0001 13 <0.0001·0.0002 <0.0001 9 <0.0001·0.0003 <0.0001 9 <0.0001·0.0002 <0.0001 6 <0.05 <0.05 <0,05 
m mg/L <0.001 2 <0.001 1 <0.001 2 <0.003 <0.003 <0.003 

mg/L <0.001·0.003 <0.001 13 <0.001·0.01 0.002 9 <0.001·0.003 0.002 9 <0.001·0.005 0.002 6 <0.005 <0.005 0.014 
ium mg/L <0.0002 1 <0,0002 2 <0.0002 <0.0002 <0,0002 
n mg/L 1.23 
r mg/L <0.002 <0.002 <0.002 
tium mg/L 0.2 0.168 0.157 

itanium mg/L <0.003 <0,003 0.013 
Uranium mg/L <0.5 
Vanad1um mg/L <0,001~0.004 0.001 12 <0.001·0.01 1 0.001 9 <0.001·0.003 0.001 8 <0.001·0.002 <0.001 6 <0.002 <0.002 0.004 

inc mg/L <0.001·0.01 2 0.004 13 0.002·0.02 0.003 9 <0.001·0.093 0.009 9 <0.001·0.013 0,006 6 0.012 0.08 0.038 
Naphlhenic Acids mg/L 6 <1 <1 

NOTES 
Trace organic compounds were not detected In 1995 
• Median values; Data from NAQUADAT for Site OOAL070A0840 



TABLEVII-4 

WATER QUALITY OF THE STEEPBANK RIVER IN 1995 

7.67 
!JS/cm 201 
mg/L 111 87 115 r mg/L < 0.4 4 < 0.4 I 
mg/L 15.7 23.3 22.6 
mg/L 22.3 22.5 18.5 
mg/L 6.7 6.4 7 .c 

( 
mg/L 12.6 7.5 13 L 
mg/L 1.5 0.63 1.1 
mg/L 3.7 < 0.5 0.8 
mg/L 4.8 1.6 9.5 
mg/L 98 79.7 106 
mg/L 120 97.2 129 
mg/L 83.3 82.6 75.1 f 

mg/L 0.14 r 
r 

mg/L 0.005 0.003 t 
mg/L 2.2 
mg/L < 0.001 0.003 < 0.001 

2 < 

0.003 < 0.004 
0.02 0.07 0.03 

0.057 0.041 0.038 

mg/L < 0.02 
mg/L < 0.0002 0.0002 < 0.0002 
mg/L 0.0004 0.0004 < 0.0002 

Barium mg/L 0.03 0.03 0 .. 02 
Beryllium mg/L < 0.001 0.003 < 0.001 
Boron mg/L 0.14 O.o? 0.07 f Cadmium mg/L < 0.003 0.005 < 0.003 L.; 
Chromium mg/L < 0.002 0.005 0.003 

mg/L < 0.003 < 0.003 < 0.003 
mg/L < 0.001 {. 
mg/L 0.81 0.74 0.57 'k.;J 

mg/L < 0.02 < 0.02 < 0.02 
mg/L 0.006 0.006 0.009 
mg/L O.Q28 0.046 0.014 
j.ig/L < 0.05 < 0.05 < 0.05 
mg/L < 0.003 < 0.003 < 0.003 
mg/L < 0.005 < 0.005 < 0.005 
mg/L < 0.0002 0.0002 < 0.0002 
mg/L 1.29 
mg/L < ·0.002 < 0.002 < 0.002 
mg/L 0.094 0.083 0.073 f mg/L < 0.003 < 0.003 0.005 i. 

mg/L < 0.5 l 
mg/L < 0.002 

NOTE 
Trace organic compounds were not detected 

~ .. ,' 
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TABLE VI-S 

WATER QUALITY OF THE STEEP BANK RIVER NEAR ITS MOUTH 

Rei.Units 
NTU 

IJS!an 576-610 
Soids mgiL 

ResidUe (TSS) mgiL 
Fixed Nonftnerable mgiL 
Fonerable mgiL 
Fixed Anerable mgiL 

Organic Carton mgiL 
PartictJate Total mgiL 
Total Organic mgiL 

mgiL 
mgiL 62 

NoJ100mL 
NoJ100mL 

mgiL 22 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 12.9-13. 6.3 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 

mgiL 
mgiL 
mgiL. 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 

iJ9IL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 
mgiL 

NOTES 
• Median vakles; Data from NAQUADAT for Sites OOAL07DA1075, OOAL07DA1150, OOAL07DA1200 
•• Mean of !tYee meas<rements or range 

<0.4-1.2 <0.4-1.2 
32!;-436 361 
212-320 266 
11.5-13.1 12.5. 

0.99 
11.5-12.5 12 

0.1 
64.4-76 70.2 

0 
0-12 6 
20-24 22 
42-52 42.5 
1.8-2.3 2.1 
6.5-6.7 6.5 

<0.01 
11-15.8 13.7 

1.3 
13.14-13.8 13.39 

25-37 33 
293-347 320 

366.9-422.3 389.6 

243.1-288.6 265.9 
0.3-0.4 0.35 

13.2-15.8 14.5 

<0.001-0.005 

<0.001-0.016 
0.7-0.91 

0.005-0.011 

0.031-0.034 0.0325 
<0.0001 

<0.001 

232 178 219 
134 99.7 127 

<0.4-11 3 <0.4-1 

16.3 23.1 23.4 

27.8 25.6 26.5 

8.7 7.1 8.7 
15.1 9 13 
0.9 0.46 0.8 
3 0.8 1.9 

5.9 0.1 9.4 

120 89.7 109 
146 109 133 
105 93.3 102 

0.15 
<0.001-0.025 0.04 0.003 

2.1 

<0.01-0.01 <0.01-0.02 

0.01 
0.0002 
0.0003 

0.04 
0.001 
0.12 

<0.003-0.003 
<0.002-0.002 <0.002-0.011 
<0.003-0.003 < 0.003 
<0.001-0.002 

0.43 0.65 0.71 
0.02 0.02 0.02 
0.01 0.007 0.009 
0.035 0.032 0.015 
0.05 0.05 0.05 
0.003 0.003 0.003 

<0.005-0.005 < 0.005 <0.005-0.01 
0.0002 0.0002 0.0002 

1.18 
·0.002 0.002 

0.11 0.094 
0.003 0.006 

0.5 
<0.002-0.003 



. TABLE Vll-6 

WATER QUALITY OF THE LEASE 25 WETLAND, 1995 

I ·.•.··•··. 

-··-···----r····· 
I,Jnits Lease 25 Wetland Outlet · 

< Spring) :···:summer··· • Fail··· 
P.woo7;soo1 . . •• AW007-S002 < AW007•S003•····· 

Conventional Parameters and Major Ions 
pH 7.59 7.8 7.56 
Specific Conductance !JS/cm 446 338 353 
Total Dissolved Solids mg/L 268 190 196 
Non-Filterable Residue (TSS) mg/L 30 2 79 
Dissolved Organic Carbon mg/L 25.5 25.4 25.6 
Calcium - Dissolved mg/L 58.1 48.2 47.2 
Magnesium - Dissolved mg/L 11.8 11.4 11.8 
Sodium - Dissolved mg/L 32.3 16.2 15 
Potassium - Dissolved mg/L 3.5 1.47 1.8 
Chloride - Dissolved mg/L 26.6 8 8.5 
Sulphate - Dissolved 

I 
mgil .I 18.2 

I 
6.6 

I 
7.8 

Total Alkalinity (as CaC03) mg/L 192 161 170 
Bicarbonate mg/L 234 196 207 
Total Hardness (as CaC03) mg/L 194 167 167 
Fluoride mg/L 0.2 
Total Cyanide mg/L < 0.001 0.004 0.003 
Sulphur- Total mg/L 5.2 
Total Phenolics mg/L 0.005 0.003 < 0.001 
Hydrocarbons, Recoverable mg/L < 1 i < 1 
Nutrients 
Nitrite plus Nitrate Nitrogen mg/L 0.005 < 0.03 0.021 
Total Ammonia Nitrogen mg/L 0.06 0.06 0.03 
Total Phosphorus mg/L 0.075 0.03 0.102 
Metals (Total) 
Aluminum mg/L 0.3 0.03 1.09 
Antimony mg/L < 0.0002 0.0002 < 0.0002 
Arsenic mg/L 0.0018 0.0008 0.001 
Barium mg/L 0.09 0.04 0.06 
Beryllium mg/L < 0.001 0.001 < 0.001 
Boron mg/L 0.1 0.1 0.08 
Cadmium mg/L 0.003 < 0.003 < 0.003 
Chromium mg/L 0.009 0.007 < 0.002 
Cobalt mg/L < 0.003 < 0.003 < 0.003 
Copper mg/L 0.051 
Iron mg/L 3.28 1.16 3.29 
Lead mg/L 0.03 < 0.02 < 0.02 
Lithium mg/L 0.014 0.01 0.011 
Manganese mg/L 0.32 0.054 0.212 
Mercury !Jg/L < 0.05 < 0.05 < 0.05 
Molybdenum mg/L 0.003 < 0.003 < 0.003 
Nickel mg/L 0.005 < 0.005 < 0.005 

·Selenium mg/L < 0.0002 < 0.0002 < 0.0002 
Silicon mg/L 1.28 
Silver mg/L < 0.002 < 0.002 < 0.002 
Strontium mg/L 0.16 0.137 0.14 
Titanium mg/L 0.006 < 0.002 0.027 
Uranium mg/L < 0.5 
Vanadium mg/L 0.002 0.002 < 0.002 
Zinc mg/L 0.047 0.051 0.039 
Naphthenic Acids mg/L < 1 < 1 < 1 

II 

r 
\.; 

i 
Lj 
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TABLEVll-7 

WATER QUALITY OF THE MUSKEG RIVER 

Pararnete~ ~.ItS .MUske'g·RJver:at MOUth~ .19g_!P~ -1.:. >::.:<<:.·.·< · .·. ·.··.·.::::-:.MuSke~l.RJV.~r:,_upstJ:eam::stanleycr.;:::::::::·.. --. - .. -

~:a~: .1 ~;:: .1 ::a~c:: . SPRI!Ic;: I• • '·''' .St!MMER·o· 
P36Wtotoos: .. 

Conventional Parameters and Major Ions 

pH 
Specific Conductance 

Total Dissotved Solids 

Non-Filterable Residue (TSS) 

Fixed Non-Filterable Residue 

Fdl:erable Residue 
Fo:ed Fill:arable Residue 

Turbidity 

Colour 

Oxygen- Total COO 

Oxygen· Dissolved 

Biochemical Oxygen Demand 

Coli forms - T otaJ 
Colifonns • Fecal 
Chlorophyll A 

Dissotved Organic Carbon 

Carbon-Total Otgank 
Calctum ·Dissolved 

Magnesium- Dissolved 

Sod""rum • Dissolved 

Pofassium- Dissolved 

ChJoride • Dissolved 

Sulphate- Dissolved 

Sutphide • Dissolved 

Total Alkalinity (es CaC03) 

Bicerbonate 

Total Hardness (as CaC03) 

Fluoride 
Fluorid•Oissolved 

Total Cyanide 

Sulphur- Total 
T otaJ Phenolics 
oa and Grease 

Hydrocarbons. Alkanes 

h-tydrocarbons, Recoverable 

Nutrients 
Nitrogen • T otaJ tqeldahl 
Nitrogen· Total N 
N"rtrit:e plus Nitrllte Nitrogen 
Dissolved Nitrate & N'rbite N"rtrogen 

N'drat:e- Dissotved 

Total Ammonia N'rtrogen 

Oissotved Ammonia N'ltrogen 

Dissolved Nitrite Nitrogen 

Total Phosphorus 

Dissolved Ortho Phosphate 
Metals(T~~ 
;Aluminum 

Antimony 

Arsenic 
Barium 
BeryftitJm 

Boron 

Cadmium 
Chromium 

Chromium-Hexavalent 

Cob aft 
Copper 
Iron 

lead 
lithium 
Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 

Silicon 

Silica· Reactive 

Silver 
Strontium 

Titanium 
Uranium 
van.dium 

Zinc 
Naphthenic Adds 

NOTES 

!JS!cm 
mgll 
mgll 
mgll 
mgll 
mgll 
NTU 

Rei. Units 
mgll 
mgll 
mgll 

NoJ100ml 
NoJ100ml 

mgll 
mgiL 

mgiL 
mgiL 

mgll 
mgll 
mgll 
mgll 
mgiL 
mgll 
mgll 
mgll 
mgll 
mgll 
mgiL 
mgll 
mgll 
mgll 
mgll 
mgll 

mgll 
mgiL 
mgll 
mgiL 

mgll 
mgll 
mgiL 

mgll 
mgll 
mgll 

mgll 
mgiL 
mgiL 
mgll 
mgll 
mgll 
mgll 
mgll 

mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
"giL 
mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgll 
mgll 

~ 
mgll 

7.95 
300 
167 
0.4 

17 

15.9 

44.3 
9.6 
1G.4 
1.8 
4.2 
4.9 

152 
185 
151 
0.17 

0.025 
1.1 

CJ.001 

0.003 

0.01 

0.034 

8.Q1 
270 
151 

<0.4-6 

25 

39.9 
9.9 
10.3 
0.4 
2.9 
1.5 

142 
173 
140 

0.001 

0.001 

0.03 

O.G1 

0.027 

<0.01-0.01 0.09 
0.0002 < 0.0002 
0.0002 0.0002 

0.03 0.03 
0.001 < 0.001 
0.06 0.1 

0.003 < 0.003 
0.002 < 0.002 

0.003 I < 0.003 
0.001 
0.53 . 0.84 
0.02 < 0.02 

0.009 0.008 
0.032 0.036 
0.05 < 0.05 

<0.003-0.004 < 0.003 
0.005 < 0.005 
0.0002 < 0.0002 

1.66 

0.002 < 0.002 
0.092 0.097 
0.003 <0.003-0.005 

0.5 
0.002 <0.002-0.006 
0.007 0.049 

1 

Trace organic compounds were not defected in 1995 and were not measured in 1980-81 
• Mean of two meas:uements or range 
•• Median values; Data from NAOUADAT for Sites 00Al070A1800 and OOAL07DA 1850 

7.9 
284 
169 
2 

0.6 

0.001 
24.1 

41.7 
10.7 
11 
1 

2.7 
10.2 

150 
193 
148 
0.12 

0.003 
0.6 

0.001 

O.o15 

0.04 

0.022 

0.09 
0.0002 
0.0002 

0.03 
0.001 

0.1 
<0.003-0.003 I < 

0.007 

0.006 
<0.001·0.001 I< 

1.14 
0.02 

0.009 
0.051 
0.05 

<0.003-0.005 
<0.005-0.0151 < 

0.0002 
3.79 

0.003 
0.097 
0.006 

0.5 
<0.002-0.002 

0.021 -,-

6.93 
333 
197 

16.8 

50.3 
12.7 
6.8 
2.1 
1.9 
3.3 

191 
221 
179 
0.16 

7.9 
0.001 

0.003 

0.034 

0.01 

0.05 
0.001 
0.06 
0.003 
0.008 

0.003 
0.001 
1.95 
0.02 
0.007 
0.072 

0.004 
0.005 

2.93 

0.002 
0.108 
0.003 

0.5 
0.003 
0.054 -,-

7.36 
277 
147 

23.3 

39.9 
11.5 

5 
0.6 
0.5 
0.6 

146 
178 
147 

0.001 

0.09 

0.095 

0.1 

0.04 
0.001 
0.03 

0.003 
0.014 

0.005 

0.91 
0.02 

0.006 
0.032 

0.003 
0.006 

0.002 
0.094 
0.009 

0.002 
0.025 -,-

6.7-7.9 
107-578 
109-311 

3-17 
<0.4-6.5 
128-339 
B0-241 
1.7-21 
15-100 
23-69 
0-9.8 

0-113 
<0-92 

<0.001-0.006 
14-24.5 
14-24.5 

27.2-75.8 
7.1-26.8 
3.1-13.5 
0.95-2.6 

1-4.6 
2.4--5.3 

103.7-322 
126.2-392.3 
97.1-297.6 

0.001-0.005 

0.003-0.009 
<0.1-2.4 

7.42 19 7.35-7.95 7.55 

310 21 160-479 395 I'" 
181 11 19S..266 212 5 
4.4 11 3.2-7.2 5.2 
0.4 11 <0.4-3.2 1.6 
225 11 226-311 244 
143 11 167-209 177 
9.3 11 4-6.5 4.5 
65 11 '60-70 70 
37 9 50-70 68 
6.4 9 2-7.2 5.2 

38 11 13-117 33 
1 11 3-36 9 

<0.001 7 0.008 
18 11 21 .. 5--31 .. 3 24.5 
19 11 21 .. 5-31.3 25 

45.1 11 46.9-75.3 58 .. 1 
11.8 11 12.6-18.2 14.1 
8.3 11 S.S-20.5 10 .. 1 
1.2 11 0.3-1.1 0.7 
2 .. 1 11 1 .. 6-8.1 3.4 
4.6 11 4.3-6 4.8 

<0.01 5 <0.01-0.15 <0.01 
176 11 196-266 204 

214.3 11 239.7-324 249.4 
156.3 11 169-263 206.1 

0.61 
o.oo2 I 9 I o.oo2-o.oo1 I o.oo5 

0.005 I" I 0.002·0.006 I 0.002 
0.8 11 0.7-12.9 1.9 
<0.1 7 <0.1 

0.52-1.42 I 0.94 I" I o.B-1.29 I 1.21 
0.569-1.438 0.992 1 t 0.805-1.293 1.217 

0.003-0.093 I 0.02 I" I 0.003-0.059 1 0.005 
.<0.003-0.083 O.D16 11 <0.003-0.055 0.005 

0.017-0.9 I 0.073

1

11 I 0.077-0.81 I 0.097 
0.003-0.01 0.006 11 <0.003-0.004 0.003 
0.024-0.139 0.058 11 0.035--0.079 0.063 
0.005-0.054 0.016 11 0.007-0.023 0.012 

<0.01-0.69 o.o6 I 11 

<0.001 I 9 

<0.003-0.0081 <0.003111 
<0.001 9 

<0.001-0.002 <0.001 11 
0.17-3.25 t.5 11 

<0.002-0.004 <0.002 11 

0.03-0.575 o.o9 I 11 
<0.0001-0.00041 <0.00011 11 

<0.001-0.009 I <0.001 I 11 

2.4-17.3 I 1 I" 
<0.001-0.002 0.001 

<0.001-0.004 I <0.00'·l" 
0.002-0.009 0.005 11 

0.04-0.12 I o.o7 

<0.001 

<o.oo3-o.o041 <o.oo3 1 5 
<0.001-0.001 <0.001 

<0.001 
0.73-1.91 1.32 

<0.002-0.009 0.003 

o.o3-o.S4 1 o.12 
<O.OOotl 5 

<0.001-0.0021 <0.001 

7.1-15.3 1 10 
<0.001 

<0.001 
o.oo3-o.o5 I o.oo1 

7.26-7.55 
210-500 
124-277 
0.4-24.9 
<0.4-20 
154-309 
111-207 
0.7-1.2 
50-100 

3.9-5.8 

2-8 
0-4 

24.5-25 
24.5-33.7 
29-57.8 
9.3-14.3 
4.5-29.5 
0.3-1.7 
1.1-13 
4.5-6.8 

<0.01-0.17 
118-256 

143.&-311.8 
110.7·203.2 

0.002-0.004 

0.004-0.007 
0.5-1.6 
<0.1-0.2 

1-1.26 
1.003-1.263 

0.003--0.027 
<0.003-0.019 

0.017-3.9 
0.003-0.008 
0.025-0.069 
0.008-0.012 

0.08-0.12 

7.32 
242.5 
130 
5.6 
1.2 
171 
126 
0.95 
100 

5.6 

<0.001 
24.75 

26 
31 

11.5 
9.3 
0.35 
1.7 
5.4 

<0.09 
127 

154.6 
124.9 

0.003 

0.005 
1.3 

<0.15 

1.13 
1.133 

0.003 
<0.0031 3 

0.065 
0.003 
0.025 
0.01 

0.1 

<0.001 I 2 

7.13-8.47 7.67 
220-567 477.5 
152-309 283 
4.4-16.4 16.4 
1.8-9.:2 8.6 

188-385 354.5 
133-278 262 
3.2-18 18 
35-100 50 

73 
6.5--6.5 I 6.45 

0-100 I 11 

<0.001 
19.5-24 23 
20-24.5 22.75 
37-81.5 75.85 

10.6-26.6 18.7 
9.5-16 12 

0..45-1.3 1.1 
2.3-5.09 3.4 

3.5--6 4.3 
<0.01 

144-308 288 
175.3-375.2 343.6 
13&-313.3 2a&.35 I 4 

o.ooJ.-o.oos I 0.004 

0.004-0.0051 0.004 
0.5-1.7 1.2 

<0.1 

1-1.5 I 1.02 
1.01-1.52 1.056 

0.01-0.041 I 0.028 
o.oos.o.o35 0.o215 I 4 

0.023-0.-481 0.3 
0.004-0.007 0.006 
0.025-0.113 0.093514 
0.014-0.068 0.0265 4 

0.03-0.2 0.04 

<0.001 l 3 

<0.003 I 2 l <0.003-0.007l o.oo5 
<O.OOt I 2 <0.001 

<0.001-0.001 I <0.001 1'1 <O.CIOt-0.001 I <0.001 
0.41·0.92 0.45 3 1.05--3.25 3.02 

<O.oo2-o.o04 o.oo3 3 <o.oo2-0.oos <o.oo2 I 4 

0.02-0.15- I 0.02 
<0.0001-0.0001 <0.00011 3 

<O.oot I 3 

7.9-9.8 9.1 

o.oe-1.11 1 o.565 
<0.00011 4 

<0.001 I 4 

8.7-19.7 15.4 
<O.oot I 2 I <0.001-o.oo9 I <0.001 I 3 

<0.001-0.001 I <0.001 I 3 I <0.001-0.0021 <0.001 1• <0.001-0.013 0.002 3 <0.001-0.014 0.0025 4 



TABLE Vli-S 

WATER QUALITY OF TRIBUTARIES OF THE MUSKEG RIVER, 1995 

I Units 1 

I ~'•~PL01b 
'!Conventional Parameters and Major Ions 

pH 
Specific Conductance ;.JS/crn 

1\

Total Dissolved Solids mg/L 

Non-Filterable Residue (TSS) mg/L 

Biochemical Oxygen Demand mg/l 

Chlorophyll A mg/L 

Dissolved Organic Carbon mg/l 
Calcium - Dissolved mg/l 
Magnesium - Dissolved mg/L 

Sodium - Dissolved mg/l 

fPotassium- Dissolved mg/l 
Chloride - Dissolved mg/L 

Sulphate- Dissolved mg/L 

otal Alkalinity (as CaC03) mg/L 

Bicarbonate mg/L 
otal Hardness (as CaC03) mg/L 

Fluoride mg/L 

Total Cyanide mg/L 

Sulphur- Total mgll 

Total Phenolics mg/L 

Hydrocarbons. Recoverable mg/l 

Nutrients 
Nttrite p!us Nitrate Nitrogen 
·otal Ammonia 
·atal Phosphorus 

,tal) 

luminum 
ntimony 
rsenic 
arlum 

Beryllium 
Boron 

!cadmium 

Chromium 
Cobalt 

Copper 
iron 
Lead 

Lithium 
Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 

Silicon 
Silver 

trontlum 

ftanium 
ranium 

anadium 

icAcids 

mg/L 
mg/L 

mgll 

mg/L 
mgll 

mgll 

mg/L 

mg/l 
mg/L 

mg/l 

mgll 

mgll 

mgll 

mg/L 

mgll 

mg/L 

mg/L 

~gil 

mg/L 

mg/l 
mg/l 
mgll 

mg/l 
mg/L 

mgll 

mg/L 
mg/L 

mg/l 
I mg/L I 

6.85 
177 

97 

0.4 

0.006 

19.8 
218 
6.5 

9.3 

1.2 

0.8 

6 
84 

102 

81.3 

0.19 

1 6 

< 0.001 

1 

0.009 
< 0.01 

0.03 

0.05 

0.02 

0.002 

0.07 

< 0.003 
< 0.002 

< 0.003 

0.003 

0.35 

< 0.02 

0.007 

0037 

0.004 

< 0.005 

129 
< 0.002 

0.06 

0.005 

0.5 

0.005 

0.016 

7.01 
151 

84 
·s 

23.8 

17.6 

6.1 
9.9 

0.6 

0.8 

3 
75.3 

91.8 
69.1 

0.001 1 
1 I 

< 0.03 

0.022 

0.09 

0.02 
< 0.001 

0.06 

< 0.003 

0.01 

< 0.003 

0.21 

< 0.02 

0.005 

0.012 

< 0.003 

< 0.005 

< 0.002 

0.051 

< 0.003 

0.003 

0.1 

R 11S95\230MQS?OO'€ASEUN8WATER Qi...IAUTY\TA8U:S\APPEND~.T8'1/119 Xl.S'tSo.lrl~ce W;;!~r 

7.13 

166 

96 

0.4 

2~6 

ma 
68 

102 
08 

05 

66 
n7 
1m 
w 

ow 

1.3 
< 0.001 

0.008 

0.022 

< 0.01 

0.02 
< 0.001 

0.06 

< 0.003 

< 0.002 

< 0.003 

< 0.001 

0.'13 

< 0.02 

0.005 

0.012 

< 0.003 

0011 

2.31 
0.002 

0.061 

0.004 

0.5 
< 0.002 

0.018 

7.19 

210 

116 

0.4 

23 

178 
~8 

64 
1~3 

1.9 

~9 

~9 

roz 
~4 

~8 

016 
000 

1.3 

a= 

< 0.003 

O.Dl 

0.051 

0.05 

0.001 

0.0008 

0.04 

0.003 

0.07 
< 0.003 

< 0.002 

< 0.003 

0.003 

0.77 

0.02 
0.011 

0.034 

0.05 

0.006 

0.011 
< 0.0002 

1.23 
< 0.002 

0.082 

0.007 

0.5 

0.011 

0.009 

7.57 

196 

109 

24 

28.1 

26 
7.3 

11 

0.5 

1.7 

1.3 

100 

122 

95 

< 0.001 

< 0.001 

0.03 

0.01 

0.034 

0.2 
< 0.0002 

0.0004 

0.02 
< 0.001 

0.1 
< 0.003 

0.004 

< 0.003 

0.87 

0.02 

0.008 

0.051 

0.05 
< 0.003 

< 0.005 
< 0.0002 

< 0.002 

~ 

0.089 

0.003 

0.005 

0.433 

7.58 

212 

127 

0.4 

0.6 

< 0.001 

26.7 

28.1 

8 
12.1 

0.9 

2.1 

9.8 
109 

133 

103 
0.1 

< 0.001 

0.6 

< 0.001 

1 

< 0.003 

0.01 

0.01 

0.04 
< 0.0002 

0.0002 

0.02 

0.00'1 

0.03 

0.004 

0.012 

0.009 
< 0.001 

0.58 

0.02 
0.009 

0.021 
0.05 

0.003 
< 0.005 

< 0.0002 

2.9 

0.005 
0.094 

0.008 

0.5 
< 0.002 

0.186 

7.14 

223 

124 

199 

~.5 

73 
158 

~1 

~5 

~9 

110 

1~ 

~.3 

012 

2.2 

< 0.001 

< 0.003 

0.025 

0.04 

0.02 

< 0.001 

0.11 
< O.CXl3 

0.004 
< 0.003 

< 0.001 

0.72 

< 0.02 

0.008 

0.048 

< 0.003 

< 0.005 

1.1 

< 0.002 

0.084 

< 0.003 

0.5 
< 0.002 

0.025 

7.39 

330 

169 
15 

26.9 

40.3 

10.1 
10.6 
0.8 

4.4 

0.8 

168 

205 

142 

< 0.001 

< 0.03 

0.024 

0.07 

0.03 
< 0.001 

0.07 
< 0.003 

< 0.002 

< 0.003 

0.7 
< 0.02 

0.01 

0.106 

< 0.003 

0.01 

< 0.002 

0.102 

0.01 

< 0.002 

0.015 

,....._... ... ~ 

7.45 
291 

166 

3 

~ 

~7 

129 
6 

1.1 
~~ 

~9 

~~ 

IH 
~~ 

012 

0.2 

< 0.001 

1 

0.014 

0.043 

0.04 

0.04 
< 0.001 

0.02 

< 0.003 

0.011 

0.006 

< 0.001 

1.74 
0.02 

0.007 

0.092 

< 0.003 

0.01 

3.74 

0.003 

0.089 

0.007 

0.5 
< 0.002 

0.007 

6.78 

225 

125 

0.4 

1Q6 

~7 

64 
~8 

1~ 

< M 
26 
121 

IU 

1~ 

Qffi 

0.5 

< 0.001 

1 

< 0.003 

0.033 

0.02 

0.04 

< 0.001 

0.05 

< 0.003 

< 0.002 

< 0.003 

< 0.001 

0.56 

< 0.02 
0.005 

0.038 

< 0.003 
< 0.005 

100 
<M~ 

M~ 

<0= 
Q5 

<0= 
Q1V 

7.02 

274 

143 

2 

ll5 
#1 

9 
~~ 

1~ 

05 

05 

1~ 

~~ 

IU 

< 0.001 

1 

< 0.03 

0.215 

0.06 

0.06 

< 0.001 

0.12 
< 0.003 

< 0.002 

< 0.003 

1.43 
< 0.02 

0.006 

0.224 

< 0.003 

0.006 

< 0.002 

0.089 

0.009 

< 0.002 

0.03 

7.32 

129 

69 

171 

35.4 

17.5 
5.6 

6.8 
< 0.02 

0.9 

4.2 

55 

67 

66.8 

< 0.001 

< 0.03 

0.042 

1.13 

0.03 

< 0.001 

0.08 
< 0.003 

0.002 
< 0.003 

2.69 

< 0.02 

0.002 

0.103 

< 0.003 

< 0.005 

< 0.002 

0.039 

0.006 

< 0.002 

0.031 

7.55 

170 

102 

0.4 

a a 
n1 
~7 

67 
Q4 

08 

92 
~2 

100 

E9 
ow 

0.8 

< 0.001 

I 

< 0.003 

0.04 

0.07 

0.02 
< 0.001 

0.06 

< 0.003 

0.002 

0.005 

0.001 

0.91 

0.05 

0.005 

0.016 

0.006 

0.013 

2.89 

0.004 

0.059 

0.009 

0.5 

0.003 

0.027 

7.69 

193 

108 

77 

33.2 

212 

16.7 
0.3 

1.1 
4.9 

92.6 

113 

81.8 

< 0.001 

2 

< 0.03 

0.033 

1.2 

0.02 

< 0.001 

0.19 
< 0.003 

< 0.002 

< 0.003 

2.45 
< 0.02 

0.006 

0.064 

< 0.003 
< 0.005 

< 0.002 

0.051 

< 0.003 

0.007 

0.039 

5:04 PM5t14196 

7.61 

221 
135 

2 

as 
~9 

92 

174 
07 

1.4 

106 
115 

1~ 

W3 
01 

0.9 

< 0.001 

0.003 

0.041 

0.1 

0.02 
< 0.001 

0.09 

0.003 

< 0.002 

0.004 

< 0.001 

0.76 

0.02 
0.008 

0.011 

0.005 

0.01 

2.46 

< 0.002 

0.072 

0.007 

0.5 

0.002 

0.024 



TABLEVII-9 

WATER QUALITY OF KEARL LAKE 

· Par;~meter 
.••·· <'' .. :.! .. ·Units < ,·SUMMER. '·· FALL <I< .. HISTORICAL DATA•·,,,, ••. _, / 

' '< I· ·····199s·•·•·······• 199s · · (1983,•,1988, Open Water Season) j_ 
. · ..•. I ·. Ur>OWTOL005 .. FSOWTOL005 "- Range 1 ··Median •. :J_ :: :::n •· ' 

Conventional Parameters and Major Ions 
pH 7.1>7 7.56 7.5-8.4 8.15 4 
Specific Conductance IJS/cm 171 169 166-258 227 4 
Total Dissolved Solids mg/L 93 98 95-142 104 6 
Non-Filterable Residue (TSS} mg/L 1 1 
Dissolved Organic Carbon mg/L 21.2 23.1 25.3:31.8 28.6 2 
Carbon-Dissolved Inorganic mg/L 32.4 1 
Carbonate-Dissolved mg/L <5 1 
Carbon- Particulate mg/L 1.54 1 
Calcium - Dissolved mg/L 20.2 21.8 14.68-30 16.96 6 
Magnesium - Dissolved mg/L 6.6 7 6-10 7 3 
Sodium - Dissolved mg/L 10.5 10.7 11-14 13 3 
Potassium - Dissolved mg/L 0.6 1 1-1.4 1 3 
Chloride - Dissolved mg/L 0.7 1 <1 3 
Sulphate - Dissolved mg/L 2.8 6.2 6-8 6 3 
Total Alkalinity (as CaC03} mg/L 84.5 82.2 87-132 100 3 
Bicarbonate mg/L 103 100 106.1-160.9 118 3 
Total Hardness (as CaC03} mg/L 77.7 83.3 66-116.1 67.1 6 
Fluoride mg/L 0.09 0.08-0.1 0.09 3 
Sulphur- Total mg/L 1.4 
Turbidity NTU 1.3-2.2 1.75 2 

· Colour-True Rei. Units 70-76 73 2 
Chlorophyll a mg/L 0.0009-0.0052 0.00305 2 
Total Phenolics · mg/L 0.013-0.014 0.0135 2 
Recoverable Hydrocarbons mg/L < 1 < 1 
Nutrients 
Nitrite plus Nitrate Nitrogen mg/L < 0.03 < 0.003 <0.001-<0.05 0.005 3 
Total Phosphorus mg/L 0.016 0.03 0.0159-0.04 0.0234 4 
Total Dissolved Phosphorus mg/L 0.0096 1 
Ammonia-Dissolved mg/L 0.011-0.217 0.014 3 
Nitrite-Dissolved mg/L <0.001-<0.05 0.002 3 
Nitrogen-Total mg/L 0.924-1.65 1.325 3 
Nitrogen-Total Kjeldahl mg/L 0.923-1.6 1.32 3 
Metals (Total} 
Aluminum mg/L < 0.01 < 0.01 <0,02-0.023 0.0215 2 
Arsenic mg/L <0.0002 2 
Barium mg/L 0.01 0.02 0.011-0.024 0.0175 2 
Beryllium mg/L < 0.001 < 0.001 

,·:· .. ·.• Boron mg/L 0.05 0.06 
Cadmium mg/L < 0.003 < 0.003 <0.001 2 
Chromium mg/L < 0.002 < 0.002 <0.001 2 
Cobalt mg/L < 0.003 < 0.003 <0.001 2 
Copper: ,. mg/L < 0.001 <0.001 2 
Iron • mg/L 0.08 0.11 0.1-0.53 0.2 3 
Lead mg/L < 0.02 < 0.02 <0.003-0.009 <0.006 2 
Lithium mg/L 0.002 0.006 
Manganese mg/L 0.017 0.011 0.035-0.074 0.0545 2 
Mercury mg/L <0.0001 2 
Molybdenum mg/L < 0.003 0.003 <0.001 2 
Nickel mg/L < 0.005 0.005 <0.001-0.002 <0.0015 2 
Selenium mg/L <0.0002 2 
Silicon mg/L 2.3 
Silver mg/L < 0.002 0.003 
Strontium mg/L 0.049 0.062 
Titanium mg/L < 0.003 0.004 
Uranium mg/L < 0.5 
Vanadium mg/L < 0.002 < 0.002 <0.002 2 
Zinc mg/L 0.016 0.011 <0.001-0.002 <0.0015 2 
Naphthenic Acids mg/L < 1 < 1 

NOTE 

'Data from NAQUADAT for Sites 01AL07DA3700 and 01AL07DA3701 

R \1995\2307\AOS200\5270\BASEUNE\WATOUAL\TABLES\APPENOLX\T6VII-9)(LS\Surtace Water 5/14/96444PM 



TABLE Vll-10 

SEDIMENT QUALITY OF THE ATHABASCA RIVER 

•••••• 
·-··-·•···•·•••••••·•·••····•••··-.r --•••••····-•·-·••"- <••/••••·• } .•••• 

Units_._._,_· .. AtTID; Right Bank•. ··• · At TID, Left Bank 
,._ ...... -.. _.· .... _ ... ·.···· . · AW015~S002(Fall) ··•··• •·-. Avvoi6;soo2 {Fall) · 

Total Organic Carbon weight% 0.49 1.02 
Hydrocarbons, Recoverable mg/kg 450 703 
!Metals 
!Aluminum tJg!g 3730 4890 
Antimony tJg!g < 0.2 < 0.2 
Arsenic tJg/g 0.9 1 
Barium - tJg/g_ 83 117 
Beryllium !Jg/g 0.3 0.4 
Boron tJg/g < 1 < 1 
Cadmium 1-Jg/g 0.6 0.5 
Calcium 1-Jg/g 21100 18400 
Chromium 1-Jg/g 11.1 12.4 
Cobalt IJQ/g 3.8 5.8 
Copper 

I 
f.JQ/g 

I 
3.6 

I 
6.5 

Iron tJg/g 9820 13100 
Lead f.JQ/g 5 5 
Lithium tJg/g 6.6 8.1 
Magnesium 1-Jg/g 4840 5180 
Manganese tJglg 240 304 
Mercury tJg/kg 36 30 
Molybdenum IJQ/g 0.4 0.5 
Nickel IJQ/g 11.8 15.6 
Phosphorus tJg/g 446 484 
Pot~ssium j.Jg/g 587 668 
Selenium IJQ/g < 0.2 0.3 
Silicon f.JQ/g 915 1250 
Silver f.JQ/g 0.4 0.4 
Sodium f.Jg/g 78 97 
Strontium tJg/g 37.8 46.7 
Titanium tJg/g 85.4 70.4 
Uranium j.Jg/g < 50 < 50 
Vanadium 1-Jg/g 12.8 14.5 
Zinc f.Jg/g 27.6 39.6 
Detectable Trace Organic Compounds 
Benzo(a)anthracene/Chrysene tJg/g 0.01 
Benzo(b&k)fluoranthene f.JQ/g 0.01 0.02 
C2 sub'd B(a)A/chrysene f.JQ/g 
C2 sub'd B(b&k)F/B(a)P IJg/g 
C2 sub'd dibenzothiophene f.JQ/g 
C2 sub'd naphthalene 1-Jg/g 
C2 sub'd phenanthrene/anth. IJg/g 
C3 sub'd dibenzothiophene IJg/g 
C3 sub'd phenanthrene/anth. IJQ/g 0.03 0.03 
C4 sub'd phenanthrene/anth. IJg/g 0.03 0.03 
Methyl B(a)A/chrysene tJg/g 
Methyl B(b&k)F/B(a)P IJQ/g 
Methyl fluoranthene/pyrene 1-Jg/g 
Methyl naphthalene IJQ/g 0.01 
Methyl phenanthrene/anthracene IJQ/g 0.02 
Naphthalene J-lg/g 0.01 
Phenanthrene tJg/g 
Quinoline J-lg/g 

NOTES 

• TID" Tar Island Dyke; right bank facing downstream 

Above TID; Left Bank_ 
AW017~S002 (Fall) 

1.39 

2160 

3910 
< 0.2 

0.6 
100 
0.4 

< 1 
< 0.3 

19700 
13.9 
4.4 

I 
4.6 

11000 
4 

6.8 
5840 

255 
25 

< 0.3 
13.8 
410 
552 
0.2 
993 

0.3 
101 
40.6 
75 

< 50 
14.7 
29.9 

0.03 

0.04 
0.04 

0.03 
0.02 
0.04 
0.06 
0.07 
0.09 
0.03 
0.05 
0.05 
0.02 
0.05 

0.02 
0.01 
0.01 

r 
I 
l. 

r 
( 

I" 
' \ 

L 

r 



TABLEVII-11 

SEDIMENT QUALITY OF THE STEEPBANK RIVER 

~gig 2330 
~gig < < 0.2 
~gig 1.7 1.2 
~gig 49 52 40 31 
~gig 0.2 0.5 0.2 0.3 
~gig 3 7 < 3 
~gig < 0.3 < 0.3 0.3 < 0.3 
~gig 3740 9620 4403 2067 
IJgig 13.4 17.7 7.1 7.9 
1Jglg 2.9 4.7 3 2.9 
IJgig 3.4 5.7 3.7 2.3 
1Jglg 10400 12600 10237 7280 
~gig 2 4 3 4 
IJgig 6.4 6.6 5.6 3.5 
IJgig 1900 3440 2253 1107 
~gig 296 238 173 98 

IJgikg < 20 28 < 20 < 20 
IJgig < 0.3 < 0.3 0.9 
IJgig 10.5 14.6 8.9 7.2 
IJgig 330 440 227 187 
~gig 650 740 613 467 
IJgig 0.2 < 0.2 0.2 < 0.2 
~gig 890 1900 832 1098 
~gig < 0.2 0.2 < 0.2 < 0.2 
IJgig 110 110 <20-30 20 
~gig 17.2 28.6 15.3 10.8 
IJgig 126 87.7 82.2 54.6 
~gig < 50 50 50 50 
IJgig 13 15.4 13 12.1 

22.8 24.2 15.7 

II gig 

1Jglg 1.9 
IJgig 0.21 
IJgig 0.47 
IJgig 0.21 
IJgig 3.3 
IJgig 0.63 
IJQig 0.13 
IJgig 0.23 5.1 
IJgig 0.1 1.56 

sub'd phenanthreneianth. IJgig 0.1 7.4 
sub'd dibenzothiophene IJgig 0.29 5 

.. sub'd naphthalene 1Jglg <0.02·0.03 0.31 
sub'd phenanthrene/anth. IJgig 0.11 8.4 
sub'd dibenzothiophene IJgig 0.09 6.4 
sub'd naphthalene IJgig 0.09 1.27 
sub'd phenanthrene/anth. IJgig 0.03 4.8 

h)anthracene IJQig 0.1 
1Jglg 0.04 
IJgig 0.12 
IJgig 0.03 
IJgig 0.15 
~gig 0.14 
IJgig 2.7 
IJgig 1.32 
IJgig <0.02-0.02 
IJgig 0.08 1.15 
~gig 1.07 
~gig <0.02·0.05 0.31 
~gig <0.01..0.01 
~gig 0.05 2.6 
~gig <0.01-0.02 
~gig <0.01-0.02 0.31 



TABLE Vll-12 

POREWATER QUALITY OF THE ATHABASCA RIVER, 1995 

r·o ... · ••• ': ,> \ I• y~its • <> AtT:ID,RightBank~,· •.. ·.·,, •• .. ·. . AfTID; Left Bank .'· I Above TID, LeftBan 
' .·, ...... ·,· AW015·P002 (FaU) ·. ·•· · '.· ··' · .. ••,.· AVvOt6~Pob2 (FaU) AW017~P002(FaU) 

Conventional Parameters and Major Ions 
pH 7.53 7.28 7.63 
Specific Conductance IJS/cm 2930 458 5480 
Total Dissolved Solids mg/L 1730 259 3220 
Dissolved Organic Carbon mg/L 182 22.6· 31.7 
Calcium - Dissolved mg/L 85.2 64.7 . 38.2 
Magnesium - Dissolved mg/L 68 17.4 18.4 

r 
\ 

Sodium - Dissolved mg/L 423 12.8 1210 
Potassium - Dissolved mg/L 11.3 1.8 7.6 I 
Chloride - Dissolved mg/L 396 4.5 1320 
Sulphate - Dissolved mg/L 407 20.2 150 

i 
/ ... 

Total Alkalinity (as CaC03) mg/L 565 226 778 
Bicarbonate mg/L 689 275 948 
Total Hardness (as CaC03) 

I 
mg/L 

I 
493 

I 
233 

I 
171 

Fluoride mg/L 0.57 0.24 0.5 
Total Cyanide mg/L 0.003 0.003 0.003 , .. 
Sulphur - Dissolved mg/L 125 6.2 48.1 
Hydrocarbons, Recoverable mg/L < 1 < 1 < 1 [ 
Total Phenolics mg/L < 0.001 0.001 0.001 
Nutrients 
Nitrite plus Nitrate Nitrogen mg/L 0.009 0.003 0.003 
Total Ammonia Nitrogen mg/L 0.59 0.58 0.78 

f 
L, 

!Total Phosphorus mg/L 1.85 0.22 1.75 
!Metals (Dissolved) 
!Aluminum mg/L < 0.01 < 0.01 1.19 
Antimony mg/L < 0.0002 < 0.0002 0.0003 
Arsenic mg/L 0.0008 0.0004 0.0009 
Barium mg/L 0.04 0.26 0.12 
Beryllium mg/L 0.001 0.002 0.003 
Boron mg/L 1.53 0.05 2.03 

I 

L 
Cadmium mg/L 0.0006 0.0005 0.0006 
Chromium mg/L < 0.002 < 0.002 < 0.002 
Cobalt mg/L 0.0012 0.0011 0.0005 
Copper mg/L < 0.001 < 0.001 < 0.001 
Iron mg/L < 0.01 0.03 0.56 
Lead mg/L < 0.0003 < 0.0003 0.0003 
Lithium mg/L 0.143 0.007 0.117 
Manganese mg/L 0.002 0.828 0.045 
Mercury IJg/L < 0.05 0.13 < 0.05 
Molybdenum mg/L < 0.003 < 0.003 < 0.003 
Nickel mg/L 0.0336 0.0124 0.0091 
Selenium mg/L < 0.0002 < 0.0002 0.0005 
Silicon mg/L 2.72 4.15 6.25 
Silver mg/L < 0.0002 < 0.0002 < 0.0002 
Strontium mg/L 0.905 0.372 0.574 L; 
Titanium mg/L < 0.003 < 0.003 0.025 
Uranium mg/L 0.0003 0.0003 0.0032 
Vanadium mg/L < 0.002 < 0.002 0.003 
Zinc mg/L 0.003 0.006 0.022 r. 
Detectable Trace Organic Compounds 
C2 sub'd phenanthrene/anth. IJQ/L 0.04 
Naphthenic Acids mg/L < 1 < 1 17 

NOTES 
*TID"' Tar Island Dyke; right bank facing downstream 

i 
l: ... · 



TABLE Vll-13 

POREWATER QUALITY OF THE STEEPBANK RIVER 

.. _• t7'0~ler ) .t·· · Units 
· Steepban~·•River:atlease••1&·B!>rder· · · ·. Steepbank•River near.Lot•J: :1 .. •Steep bank Rlver.at Mouth_.·· 

> •• < ;_ >i ·.-..... · ····:_· ······-····· /•. ::·:: ·• A:~~
1

:od1·/ -·~············•:. ,.- F'all·····:· >):•\•· ~,!b;::0~1 i AW::~oo; • 
... _ .•• . Spring • ·• -·: · >J• · .•. :Fair . 

··. • .•• >· ..... ........ AW012-p061c3 •••• AW01.2•P004'6: 
Conventional Parameters and Major Ions 
pH 6.87 7.62 7.4 7.61 7.04 7.31 
Specific Conductance ~Sicm 335 250 2470 21200 503 493 

otal Dissolved Solids mgiL 228 125 1370 14500 292 287 
Dissolved Organic Carbon mgiL 137 36.6 166 19.4 19.1 55.5 
Calcium - Dissolved mgiL 47.2 23.8 113 74.6 73.7 75.1 
Magnesium • Dissolved mgiL 11.1 7.4 40.4 110 14.9 17.1 
Sodium - Dissolved mgiL 26.1 11.5 380 5120 23.9 13.4 
Potassium- Dissolved mgiL· 1.9 1.2 4.1 22.8 1.6 2 
Chloride - Dissolved mgiL 1.4 1.5 550 7800 3.3 2.2 
Sulphate- Dissolved mgiL 24.7 6.9 5.2 21 5.3 11 

otal Alkalinity (as CaC03) mgiL 190 119 447 2150 278 272 
Bicarbonate mgiL 232 145 545 2630 339 332 

otal Hardness (as CaC03) mgiL 164 90 449 639 245 258 
Fluoride mgiL 0.23 0.14 0.25 0.67 0.32 0.31 

Total Cyanide mgiL < 0.001 0.003 < 0.001 < 0.001 <0.001-0.063 0.003 

Sulphur- Dissolved mgiL 3.7 1.2 2 2.3 1.8 2.9 
Hydrocarbons, Recoverable mgiL 1 < 1 138 3 <1-16 5 

otal Phenolics mgiL 0.001 < 0.001 0.003 < 0.001 0.003 < 0.001 

~'~"'- mgiL 0.024 0.016 0.007 0.039 0.044 0.011 
monia Nitrogen mgiL 0.06 0.03 0.5 3.01 0.55 0.47 
osphorus mgiL 0.14 0.062 0.102 5.1 0.072 0.07 

Metals (Dissolved) 

Aluminum mgiL 0.11 < 0.01 < 0.01 0.23 < 0.01 <0.01-0.02 

Antimony mgiL 0.0002 < 0.0002 < 0.0002 

Arsenic mgiL 0.0009 < 0.0002 0.0008 < 0.0002 0.0007 0.0004 
Barium mgiL 0.22 0.03 0.53 1.33 0.12 -0.11 

Beryllium mgiL < 0.001 < 0.001 < 0.001 0.006 < 0.001 < 0.001 

Boron mgiL 0.25 0.04 0.49 4.06 0.23 0.08 

Cadmium mgiL < 0.003 < 0.0002 < 0.003 < 0.0002 <0.003-0.012 < 0.0002 

Chromium mgiL < 0.002 < 0.002 0.003 0.01 < 0.002 0.008 

Cobalt mgiL < 0.003 0.0005 0.004 0.0015 <0.003-0.007 0.0013 

Copper mgiL 0.005 < 0.001 0.002 < 0.001 0.009 <0.001-0.001 

Iron mgiL 0.56 0.04 < 0.01 0.31 0.31 0.43 

Lead mgiL < 0.02 < 0.0003 < 0.02 < 0.0003 <0.02-0.05 < 0.0003 

Lithium mgiL O.D18 0.011 0.077 0.635 0.023 0.019 

Manganese mgiL 0.033 0.014 0.37 0.094 1.5 1.271 

Mercury ~giL < 0.05 < 0.05 0.34 0.28 < 0.05 <0.05-0.05 

Molybdenum mgiL < 0.003 < 0.003 < 0.003 0.008 < 0.003 < 0.003 

Nickel mgiL < 0.005 0.0081 0.011 0.0174 O.D15 0.0119 

Selenium mgiL < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 

Silicon mgiL 5.02 2.16 4.7 5.76 5.61 5.23 

Sliver mgiL < 0.002 < 0.0002 0.002 < 0.0002 <0.002-0.011 0.0003 

Strontium mgiL 0.16 0.096 0.809 4.52 0.291 0.31 

Titanium mgiL < 0.003 < 0.003 < 0.003 < 0.003 <0.003-0.005 <0.003-0.003 

Uranium mgiL < 0.5 < 0.0002 < 0.5 < 0.0002 < 0.5 <0.0002-0.0009 

Vanadium mgiL 0.002 < 0.002 < 0.002 0.008 0.012 <0.002-0.003 

Zinc mgiL 0,035 0.003 0.031 0.004 0.013 0.014 

Detectable Trace Organic Compounds 

Acenaphthene ~giL 0.04 

Acetone ~giL 35000 41000 250 

Biphenyl ~giL 0.04 

C2 sub'd B(a)Aichrysene ~giL 0.06 

C2 sub'd biphenyl ~giL 0.42 

C2 sub'd dibenzothiophene ~giL 3.7 0.16 0.13 

C2 sub'd fluorene ~giL 2.8 0.12 

C2 sub'd phenanthrenelanth. ~giL 1.7 0.08 0.08 

C3 sub'd dibenzothiophene ~giL 8.7 0.17 0.23 

C3 sub'd naphthalene ~giL 0.06 0.08 

C3 sub'd phenanthrenelanth. ~giL 2.7 0.11 0.13 

C4 sub'd dibenzothiophene ~giL 7.1 0.06 

C4 sub'd naphthalene ~giL 2.4 0.21 0.09 

C4 sub'd phenanthrenelanth. ~giL 1.7 0.05 0.09 

Fluorene ~giL 0.03 

Methyl dlbenzothlophene ~giL 0.91 0.06 

Methyl fluoranthenelpyrene ~giL 0.46 

Methyl fluorene ~giL 0.43 0.05 

Methyl naphthalene ~giL 0.08 0.03 

Methyl phenanthrene/anthracene ~giL 0.4 0.05 

Naphthalene ~giL 0.03 0.09 

Naphthenic Acids mgiL 5 < 1 3 16 3 < 1 



TABLE Vll-14 

POREWATER QUALITY IN THE MUSKEG RIVER BASIN, 1995 

7.62 
pS/cm 230 
mg/L 130 168 

f mg/L 24.5 43.2 ! mg/L 29.9 44 
mg/L 8.1 10.4 
mg/L 11 10.5 

-Dissolved mg/L 0.8 0.9 
mg/L 1.6 2.7 
mg/L 6.2 4.4 
mg/L 118 155 
mg/L 144 189 
mg/L 108 153 
mg/L 0.13 0.15 
mg/L 0.003 0.003 
mg/L 1.2 0.9 
mg/L < 0.001 < 0.001 

r < < 
.... _:: 

0.03 0.044 
< 0.01 0.01 

0.051 0.078 

mg/L 0.06 < 0.01 

l J 

mg/L < 0.0002 < 0.0002 
mg/L 0.0002 0.0002 
mg/L 0.06 0.03 
mg/L 0.001 0.001 L mg/L 0.03 0.03 
mg/L 0.0005 0.0006 
mg/L 0.005 0.007 r mg/L 0.0003 0.0004 
mg/L 0.001 < 0.001 LY 
mg/L 0.16 0.2 
mg/L < 0.0003 < 0.0003 
mg/L 0.008 0.008 
mg/L 0.01 0.002 
pg/L < 0.05 < 0.05 

L mg/L 0.003 < 0.003 
mg/L 0.0049 0.0076 
mg/L < 0.0002 0.0002 
mg/L 3.03 3.26 
mg/L < 0.0002 < 0.0002 
mg/L 0.096 0.104 
mg/L < 0.003 < 0.003 
mg/L < 0.0002 < 0.0002 
mg/L 0.002 0.004 

< 
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1.0 INTRODUCTION 

This report consists oftwo parts: 

1. A quality assurance review of _chemical analyses of surface water, groundwater, soil, 

sediment, porewater, and benthic tissue samples; and 

2. A field and documentation audit. 

1.1 QUALITY ASSURANCE REVIEW INTRODUCTION 

This section of the report documents the results of a quality assurance review of data from chemical 

analyses of surface water, groundwater, soil, sediment, porewater, and benthic tissue samples. Data 

validation procedures were based on quality control criteria and data quality objectives established 

in the Steepbank Mine EIA: Quality Assurance Needs and Database Management Plan (QAPP) 

(Golder, 1995). Overall usability of the data was assessed according to U.S. Environmental 

Protection Agency (U.S. EPA) data usability guidelines for remedial response activities (U.S. EPA, 

1987). 

Analytical data for the samples are of good quality and satisfy the data use category Level III 

(U.S. EPA, 1987), which is suitable for conducting risk assessments and assessing environmental 

impacts. 

Data qualifier-s were assigned, as necessary, during the quality assurance reviews in accordance with 

the above documents. The following laboratory deliverables were reviewed during the data 

validation process: 

• Results of all available laboratory quality control check results, including surrogate 

compounds, laboratory control samples, matrix spikes, and duplicate analyses; 

• Instrument and sample detection limits for all target analytes and compounds; 

• Sample holding times; and 

• Field blanks and field replicates associated with the sampling event. 

All data met the data quality objectives for this project, except for the exceedances discussed below. 

Golder Associates 
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2.0 SUMMARY OF QUALIFIED DATA 

During the quality assurance review, several surface water and porewater results were qualified as 

undetected ( U) because of field blank contamination. The affected sample results are shown in 

Table J. For surface water, 17 dissolved potassium results, 7 total aluminum results, 20 total boron 

. results, 1 total iron result, 14 tota} _titanium results, 20 total zinc results, 5 silicon results, 2 total 

recoverable hydrocarbon results, 2 naphthalene results, and 1 methyl naphthalene result were 

qualified as undetected (U). For porewater, 1 dissolved potassium result, 1 dissolved calcium result, 

11 dissolved zinc results, 1 total zinc result, 10 cyanide results, 2 total recoverable hydrocarbon 

results, 1 acetone result, 2 naphthalene results, 1 methyl naphthalene result, 2 methyl 

dibenzothiophene results, and 5 total phenol results were qualified as undetected ( U). For 

groundwater, 6 chromium results, 9 copper results, and 11 zinc results were qualified as undetected 

(U). 

Golder Associates 
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3.0 DATA QUALITY ASSESSMENT 

The results of the quality control procedures employed in the analyses of the field samples are 

discussed below, including completeness, holding times, analytical methods, accuracy, and 

precision. Data quality was assessed according to requirements ~pecified in the Quality Assurance 

Needs and Database Management ~Ian (QAPP) (Golder, 1995). 

3.1 COMPLETENESS 

The results reported by the laboratory were 100 percent complete. No data were rejected during the 

quality assurance review. 

3.2 HOLDING TIMES 

Analytical holding time constraints were met for all samples. 

3.3 ANALYTICAL METHODS 

All analyses were performed using the methods specified in the QAPP (Golder, 1995). 

3.4 ACCURACY 

The accuracies of the analytical results have been evaluated in terms of analytical bias (based on 

surrogate compound, matrix spike, and laboratory control sample recoveries) and precision (based 

on matrix duplicates). 

3.4.1 SURROGATE COMPOUND RECOVERIES 

The recoveries reported by the laboratory for the surrogate compounds added to all field samples 

met the criteria for acceptable performance, with the exception of total phenolic compounds for 

Golder Associates 
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surface water, porewater, and groundwater. Two of the three surrogate recoveries for total phenolic 

compounds frequently fell below the acceptance criteria stated in the QAPP. However, phenolic 

compounds were not detected in the affected samples; therefore, no data were qualified based on this 

exceedance. 

3.4.2 MATRIX SPIKE RECOVERIES 

Reported matrix spike recoveries for all analyses met the control criteria specified in the QAPP, with 

the exception of volatile organic compounds in surface water and porewater. Two of the seven 

matrix spike compounds for volatile organic analyses exceeded the control limits of 85 to 115 

percent recovery specified in the QAPP (1,1-dichloroethene with 66 percent recovery and 

trichloroethene with 73 percent recovery). No data were qualified for these exceedances since all 

other volatile organic matrix spike compound recoveries were within the specified control limits and 

since the matrix spike recovery exceedances for 1,1 -dichloroethene and trichloroethene were within 

the limits set forth in the U.S. Environmental Protection Agency's Contract Laboratory Program 

(U.S. EPA) (61 to 145 percent for 1, 1-dichloroethene and 71 to 120 percent for trichioroethene). 

3.4.3 LABORATORY CONTROL SAMPLE RECOVERIES 

All laboratory control sample results met the criteria for acceptable performance. 

PRECISION 

The reported results for all matrix duplicate analyses met the criteria for acceptable perfom1ance. 

Although validation guidelines were not established for field quality control samples, the results are 

useful in identifying possible problems as a result of sample collection 
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3.6.1 FIELD BLANKS 

Field blanks are useful in assessing whether or not the samples could have been contaminated during 

sample collection. Field blanks were collected for the surface water, porewater, and groundwater 

components ofthis investigation. 

Several analytes and compounds were detected in the field blanks at concentrations exceeding twice 

the limit of detection. All sample results which fell below 5 times the concentration found in the 

field blank were qualified as undetected (U) during the quality assurance review. The affected 

sample results are listed in Table I. For surface water, 17 dissolved potassium results, 7 total 

aluminum results, 20 total boron results, 1 total iron result, 14 total titanium results, 20 total zinc 

results, 5 silicon results, 2 total recoverable hydrocarbon results, 2 naphthalene results, and 1 methyl 

naphthalene result were qualified as undetected (U) during the quality assurance review. For 

porewater, 1 dissolved potassium result, I dissolved calcium result, 11 dissolved zinc results, 1 total 

zinc result, 1 0 cyanide results, 2 total recoverable hydrocarbon results, I acetone result,. 2 

naphthalene results, I methyl naphthalene result, 2 methyl dibenzothiophene results, and 5 total 

phenol results were qualified as undetected ( U) during the quality assurance review. For 

groundwater, 6 chromium results, 9 copper results, and 11 zinc results were qualified as undetected 

( U) during the quality assurance review. Chloroform was detected in one of the groundwater blanks 

at a concentration of 14 f.!g/L; however, chloroform was not detected in any of the associated sample 

results. 

3.6.2 FIELD REPLICATES 

Field replicates provide information that is useful in assessing sample heterogeneity and variability 

of contaminant concentrations in the field. Field triplicates were collected for the surface water 

investigation and field duplicates were collected for the groundwater investigation. The relative 

standard deviations of the field triplicate results for surface water ranged from zero to 48 percent. 

The relative percent difference of the field duplicates results for groundwater ranged from zero to 

67 percent. These results indicate that the surface water and groundwater samples were relatively 

homogeneous. 
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Table 1 

Sample 

Number 

Surface Water 

A WOOJ-SOOl 

A WOOI-S003 

AW004-C001 

AW004-C003 

AW005-S001 

AW005-S003 

AW006-SOOI 

AW006-S003 

AW007-S001 

1\ U/fi(\'7. ~(\(\'1 
1 vv vv 1 -uvv.J 

AW008-SOOI 

AWOQ8-S003 

AW009-COOJ 

AWOlO-SOOl 

A W010-S002 

AW010-S003 

A WOIO-S007 

AW010-S008 

AWO!O-S009 

AW014-S003 

A WO 1 8o·COO l 

-6- 952-2307 

Sample results qualified as undetected (U) during the data validation review 

because of field blank resuhs 

Sample Results Affected (qualified U) 

Total recoverable hydrocarbons and dissolved potassium 

Dissolved potassium, total aluminum, total boron, total titanium, and total zinc 

Dissolved potassium, total boron, and total zinc 

Dissolved potassium, total aluminum, total boron, total titanium, and total zinc 
~- - -·- -

Dissolved potassium, total boron, and total zinc 

Dissolved potassium, total aluminum, total boron, total titanium, and total zinc 

Dissolved potassium, total boron, and total zinc 

Dissolved potassium, total aluminum, total boron, total titanium, and total zinc 

Total silicon, total boron, and total zinc 

'T'r-..<t.-.1 h..-..,.,r-....-. +.-.+.-.1 +:+.-.....,.;~u·'n n<nrl +..-.+nl ..... ~ ....... ,... 
A Vl.U.! lJVJ VU, t.Ut.Q.A I.Jl.C!UlU.UA 9 U.UU l.Vt.l.U .C...U.l\" 

Dissolved potassium, total silicon, total boron, and total zinc 

Total boron, total titanium, and total zinc 

Naphthalene, methyl naphthalene, dissolved potassium, total boron, and total zinc 

Dissolved potassium, total silicon, total boron, and total zinc 

Dissolved potassium, total silicon, total boron, and total zinc 
~-

Total recoverable hydrocarbons, dissolved potassium, total silicon, total boron, total 

zmc 
·'"'"''"~..,~~ 

Dissolved potassium, total aluminum, total boron, total titanium, and total zinc 

Naphthalene, dissolved potassium, total aluminum, total boron, total titanium, and 

total zinc 

Dissolved potassium, total aluminum, total boron, total titanium, and total zinc 

Dissolved potassium, total boron, and total zinc 

Total boron, total iron, and total zinc 
-

Golder Associates 
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Sample 
Sample Results Affected (qualified U) 

Number 

Porewater 

A WOO I-POOI Total recoverable hydrocarbons, naphthalene, and total phenols 

AWOOI-P002 Total cyanide and dissolved zinc 

AW003-P001 Naphthalene, methyl naphthalene, and total phenols 

AW003-P002 Methyl dibenzothiophene and dissolved zinc 

A W012-P001 Acetone, dissolved potassium, total cyanide, total phenols, and dissolved zinc 

AW012-P002 Total recoverable hydrocarbons, total phenols, and total zinc 

AW012-P003 Total cyanide, total phenols, and dissolved zinc 

AW012-P004 Total cyanide and dissolved zinc 

AW012-P005 Total cyanide and dissolved zinc 

AW012-P006 Total cyanide and dissolved zinc 

A WOI5-P002 Total cyanide and dissolved zinc 

AWOI6-P002 Total cyanide and dissolved zinc 

AWOI7-P002 Total cyanide and dissolved zinc 

AW0!9-P002 Methyl dibenzothiophene, dissolved calcium, total cyanide, and dissolved zinc 

Groundwater- Summer 

L97-P95-2-L Total copper 

L97-P95-8-BA Total chromium and total copper 

L97-P95-0B-2 Total copper 

L97-P95-0B-4 Total chromium 

L97-P95-3-BA Total chromium and total copper 

L97-P95-0B-3 Total chromium and total copper 

FL7-BRDG-4 Total chromium and total copper 

L97-P95-0B-5 Total copper 

FL3-P95-13-BA Total chromium and total copper 

FL3-P95-6-BA Total copper 

Golder Associates 
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Sample 
Sample Results Affected (qualified U) 

Number 

Groundwate.r- Fall 

FL3-P95-13-BA Total zinc 

FL3-P95-6-BA Total zinc 

FL7-BRDG-4 Total zinc 

L97-P94-2-L Total zinc 

L97-P95-1-BA Total zinc 

L97-P95-3-BA Total zinc 

L97-P95-8-BA Total zinc 
~· ~·--. --

L97-P95-0B-l Total zinc 

L97-P95-0B-2 Total zinc 

L97-P95-0B-3 Total zinc 

L97-P95-0B-4 Total zinc 

L97-P95-0B-5 Total zinc 

Golder Associates 
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4.0 AUDIT INTRODUCTION 

An audit was conducted in two parts for the Suncor Steepbank Mine Environmental Impact 

Assessment. A field audit was conducted for the fish inventory/biomarker sampling conducted on 

September 28, 1995, and a documentation audit was conducted for the water and sediment sampling 

and the fish inventory and vegetation surveys. The audit consisted of reviewing project-specific 

standard operating procedures and sample collection and documentation practices. 

The following sections summarize the results of the field and documentation audits. There is more 

detailed information relating to the audit contained in the field notes, which are on file at EVS. The 

field section covers the sampling stations, type of sampling, observations, and recommendations. 

The documentation section covers observations and recommendations for the various sampling 

activities and surveys associated with this project. 

Golder Associates 
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5.0 FIELD AUDIT 

The field audit was conducted on September 28, 1995. Sampling activities were observed for the 

fish inventory/biomarker surveys of Stations AF006, AF005, AFO 15, and AFO 19. 

In general, the standard operating procedures for the EIA were followed in the field. All sampling 

personnel were familiar with their tasks and knowledgeable regarding the type of sampling being 

performed. Overall, the quality of the data collected was retained throughout the sampling event. 

Measurements were cross checked by other individuals on the sampling team to ensure that 

transcription errors did not occur. 

Golder Associates 



May 1996 -11- 952-2307 

6.0 DOCUMENTATION AUDIT 

The documentation associated with the EIA activities were reviewed October 1 0 through 

October 12, 1995. The documentation auc}it consisted of spot checking and cross referencing field 

collection forms, chain-of-custody forms, and field logbooks. 

6.1 OBSERVATIONS AND RECOMMENDATIONS 

Overall, the sampling collection efforts for this project were thoroughly and consistently 

documented. Minor deficiencies are discussed below. 

Observation 

In general, the field logbooks documented the samples collected, the analyses required, and where 

the samples were being sent. However, sometimes the types of analyses or where the samples were 

being sent were omitted. 

Recommendation 

For each site entry in the logbook it would be helpful to have a standard table which includes spaces 

for the above information. 

Observation 

Individuals involved in the sampling efforts did not sign the first page of the field logbooks. 

Recommendation 

The first page of the field logbook should include the signature and corresponding initials of each 

individual recording information in the logbook. This can then be used as a key to identify the 

individuals who initialled corrections and made any entries throughout the logbook. 

Golder Associates 
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Observation 

Some of the corrections in the logbooks were overwritten or obliterated and initialled. In some cases 

corrections were made with white-out. 

Recommendation 

To ensure that there is no confusion in interpreting the corrections, all errors should be crossed out 

with a single line, dated, and initialled with the correction clearly indicated nearby. White-out · 

should never be used. 

Obsero/ation 

The time of sample receipt was not always recorded on the chain-of-custody forms. 

Recommendation 

It is important to document the time that samples were released and received. Otherwise the chain

of-custody for the samples can not be traced as accurately and consequently the custody (and 

potentially the integrity) of the samples becomes questionable. 

Observation 

The form of shipment and corresponding air bil! number V./as net ah:vays identified on the chain-of-

custody forms. 

Recommendation 

To maintain custody of the samples, the form of shipment should be entered in the appropriate place 

on the chain-of-custody forms. The air bill number for the shipper is also important to include on 

the chain-of-custody forms. Knowing the shipper and the air bill number enables tracking of the 

sample through the shipping process if needed. Ifthe samples are being hand-couriered by one of 

the sampling crew, then their name must be entered as the shipper and 

in the "Relinquished by:" box on the chain-of-custody form. 
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Station i, October 14, 1995, AB001 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 
Relative abur'idance t)asket. FILE: 95AS001 

-----r----~---, 

Non-benthic invertebrates 

Corixidae (Sigara) 
Cladocera (Daphnia) 

67 57 
12 

17 



Station 1, October 14 9 1995 9 AB001 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Xnc. 
Benthic invertebrate biomonitoring. Artificial substrate ~amples, baskets, 250 
micron. 

Total invertebrate abundance= 998.9 EPT abundance 
Total number of taxa = 34 Number EPT taxa 
Hilsenhoff Biotic Index = 3.8:2 

TAXONOMIC GROUP 
Non-insects 
Odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

FEEDING GROUP 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Fiercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Isoperla 
Micropsectra 
Tvetenia 
Simulium 

#TAXA 
2 
0 
7 
6 
0 
0 
5 
0 
0 
3 
11 

#TAXA 
6 
1 
11 
4 
0 
0 
3 
1 
0 
6 
2 

ABUNDANCE 
1.8 
o.o 
162.2 
417.8 
o.o 
o.o 
28.0 
o.o 
o.o 
103.3 
285.8 

ABUl'IDA.~CE 

319.0 
0.4 
391.5 
136.8 
o.o 
o.o 
38.5 
57.6 
o.o 
49.0 
6,1 

Ephemerella inermis/infreq 
SUBTOTAL 5 DOMINANTS 
Baetis tricaudatus 

ABUNDANCE 
308.8 
152.9 
102.8 
101.5 
61.3 
727.3 
61.2 

Taenionema 
Hydropsyche 
Heptagenia 

in star 

TOTAL 10 DOMINANTS 

57.6 
45.3 
19.3 
14.7 
925.4 

Brillouin H 

PERCENT 
O.HI 
o.oo 
16.24 
41.83 
o.oo 
o.oo 
2.80 
o.oo 
o.oo 
10.34 
:28.60 

PERCENT 
31.93 
0.04 
39.19 
13.69 
o.oo 
0.00 
3.85 
5.77 
o.oo 
4.91 
0,61 

PERCENT 
30.91 
15.30 
10.29 
10. Hi 
6.14 
72.80 
6.13 
'!'L77 
4.54 
1.93 
1.41 
92.64 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o o.oo 
B Tolerant mayflies 1 o.s 0.08 
c Intolerant mayflies 0 o.o 0.00 
D Intolerant stoneflies 0 0.0 0.00 
E Tolerant caddisflies 2 7.0 0.70 
F Intolerant caddisflies 0 ILO 0.00 
G Tolerant beetles 0 0.0 0.00 
H Intolerant flies 0 0.0 o.oo 
I Tolerant flies 0 0.0 0.00 
J Intolerant 1 0.8 0.08 
K Tolerant 0 0.0 o.oo 
L 0 o.o 0.00 
M 0 o.o 0.00 
N 0 o.o 0 00 

= 608.0 
= 18 
"" :2.:23 
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Station 1, October 14, 1995, AB001 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
HydropsychidaefTotal Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 2.28 
Shannon H (log2) = 3.29 
Evenness = 0.65 
Simpson D = 0.15 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

267.8 26.80 
729.1 73.00 
2.0 0.20 

= 2.13 
= 0.93 
= 0.38 

74.59 
74.82 

= 0.28 
= 0.22 
= 0.06 



Station 3, October 15, 1995, AB003 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring: Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket. FILE: 95AS003 

Non-benthic invertebrates 
(Sigara) 

Cladocera (Daphnia) 
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station 3, october 15, 1995, AB003 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

Total invertebrate abundance= 2907.7 
Total number of taxa :::: 39 
Hilsenhoff Biotic Index :::: 5.74 

TAXONOMIC GROUP #TAXA ABUNDANCE 
Non-insects 3 11.3 
Odonata 0 o.o 
Ephemeroptera 9 224.6 
Plecoptera 4 302.3 
Hemiptera 0 0.0 
Megaloptera 0 0.0 
Trichoptera 5 15.9 
Lepidoptera 0 o.o 
Coleoptera 0 o.o 
Misc. Diptera 2 266.0 
Chironomidae 16 2087.6 

FEEDING GROUP #TAXA ABUNDANCE 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Fiercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Micropsectra 
Tvetenia 
Simulium 
Isoperla 
Baetis tricaudatus 
SUBTOTAL 5 DOMINANTS 
Parametriocnemus 
Heptagenia 

5 
2 
16 
4 
0 
0 
3 
2 
0 
5 
2 

Thienemannimyia 
Ephemerella inermis/infreq 
Taenionema 
TOTAL 10 DOMINANTS 

301.3 
11.0 
2160.3 
264.3 
o.o 
0.0 
74.6 
33.7 
0.0 
57.9 
4.6 

ABUNDANCE 
1452.0 
390.3 
257.3 
232.3 
80.0 
2411.9 
59.0 
57.3 
55.0 
43.7 
40.3 
2667.2 

EPT abundance 
Number EPT taxa 
Brillouin H 

PERCENT 
0.39 
o.oo 
7.71 
10.40 
o.oo 
o.oo 
0.54 
o.oo 
0.00 
9.15 
71.78 

PERCENT 
10.36 
0.38 
74.28 
9.09 
o.oo 
o.oo 
2.56 
1.16 
0.00 
1.98 
0.16 

PERCENT 
49.93 
13.42 
8.85 
7.99 
2.75 
82.94 
2.03 
1.97 
1..89 
1.50 
1.39 
91.72 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 0.0 0.00 
B Tolerant mayflies 3 24.3 0.83 
c Intolerant mayflies 0 0.0 o.oo 
D Intolerant stoneflies 0 0.0 0.00 
E Tolerant caddisflies 1 2.0 0.07 
F Intolerant caddisflies 0 0.0 0.00 
G Tolerant beetles 0 0.0 0.00 
H Intolerant flies 0 o.o 0.00 
I Tolerant flies 0 o.o o.oo 
J Intolerant midges 0 0.0 0.00 
K Tolerant midges 1 20.0 0.69 
L 0 0.0 0.00 
M 0 o.o 0.00 
N 0 o.o o.oo 

= 542.8 
= 18 
= 1.91 



Station 3, October 15, 1995, AB003 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 1.93 
Shannon H (log2) = 2.19 
Evennelils 
Simpson D 

~ 0.,53 
= 0.28 

COMMUNITY 
TYPE 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multivoltine 
Univoltine 
Semivolt.ine 

1639.8 56.40 
1264.5 43.49 
3.3 0.11 

= 0~26 
= (L,)38 
= 0.36 

81.21 
80.12 

= 0.28 
= Oe22 
= OeOl [, 
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Station 4, October 17, 1995, AB004 

Non-benthic invertebrates 
Corixidae (Sigara) 60 176 198 



station 4, October 17, 1995, AB004 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

Total invertebrate abundance= 2087.5 EPT abundance "" 1170.8 
Total number of taxa = 39 Number EPT taxa "" 20 
Hilsenhoff Biotic Index "" 4.0:3 Brillouin H "" 2.47 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 1 s.:i 0.:39 
Odonata 1 2.5 0.12 
Ephemeroptera 9 285.2 1:3.66 
Plecoptera 8 824.6 39.50 
Hemiptera 0 o.o 0.00 
Megaloptera 0 o.o 0.00 
'Trichoptera :3 61.0 2.92 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 0.0 o.oo 
Misc. Diptera 3 79.0 3.80 
Chironomidae 14 827.0 39.63 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 9 657.2 31.49 
Parasite 0 0.0 0.00 
Collector-gatherer 14 851.2 40.78 
Collector-filterer 4 221.5 10.61 
Macrophyte-herbivore 0 o.o 0.00 
Piercer-herbivore 0 0.0 o.oo 
scraper 3 90.2 4.33 
Shredder 1 90.6 4.34 
Xylophage 0 o.o 0.00 
Omnivore 4 123.1 5.89 
Unknown 4 53.7 2.58 

DOMINANT TAXON ABUNDANCE PERCENT 
Isoperla 610.6 29.25 
Microp:sectra 373.9 17.91 
Tvetenia 198.4 9.51 
Capniidae-early instar 90.6 4.34 
Ephemerella inermis/infreq 87.4 4.18 
SUBTOTAL 5 DOMINANTS 1360.9 6!5.19 
Rheotanytarsus 86.0 4.12 
Heptagenia 82.8 3.97 
'Taeniopteryx 82.1 3.93 
Simulium 70.9 3.40 
Baetis tricaudatus 66.6 :L19 
TOTAL 10 DOMINANTS 1749.3 83.80 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o 0.00 
B Tolerant mayflies 2 30.4 1.46 
c Intolerant mayflies 0 o.o 0.00 
D Intolerant st.oneflies 0 o.o 0.00 
E Tolerant. caddis flies 0 o.o o.oo 
F Intolerant. caddis flies 0 o.o 0.00 
G Tolerant. beetles 0 0.0 o.oo 
:a: Intolerant. flies 0 0.0 o.oo 
I Tolerant flie~> 0 o.o 0.00 
J 1 2.9 o.u 
K Tolerant 2 11.0 0.82 
L 0 0.0 0.00 
M 0 0.0 0.00 
N 0 0.0 0.00 
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Station 4, October 17, 1995, AB004 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
BaetidaefTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraperf(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 2.51 
Shannon H (log2) = 3.62 
Evenness = 0.69 
Simpson D = 0.14 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

687.7 32.94 
1392.1 66.69 
7.7 0.37 

= 1.42 
= 0.97 
= 0.24 

75.31 
77.32 

= 0.41 
= 0.29 
= 0.04 



Station 5, October 17, 1995, AB005 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket. FILE: 95AS005 

~~~~--~--~ 

Non-benthic invertebrates 
Corixidae (Sigara) 
Cladocera (Daphnia) 

135 i 10 
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Station 5, October 17, 1995, AB005 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

Total invertebrate abundance= 1956.1 
Total number of taxa = 34 
Hilsenhoff Biotic Index = 4.44 

TAXONOMIC GROUP 
Non-insects 
Odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

#TAXA 
4 

ABUNDANCE 
14.7 

0 
6 
7 
0 
0 
5 
0 
0 
1 
11 

0.0 
181.5 
727.3 
o.o 
0.0 
21.1 
o.o 
o.o 
38.7 
972.8 

FEEDING GROUP 
Predator 

#TAXA 
5 

ABUNDANCE 
559.5 

Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Micropsectra 
Isoperla 
Tvetenia 
Capniidae-early instar 
Taenionema 

1 
13 
4 
0 
1 
3 
1 
0 
4 
2 

SUBTOTAL 5 DOMINANTS 
Orthocladius Complex 
Ephemerella inermis/infreq 
Heptagenia 
Baetis tricaudatus 
Orthocladiinae-early insta 
TOTAL 10 DOMINANTS 

3.3 
1042.5 
50.2 
o.o 
5.0 
68.1 
110.7 
o.o 
83.1 
33.7 

ABUNDANCE 
647.2 
537.8 
142.8 
110.7 
70.3 
1508.8 
66.5 
62.0 
57.7 
49.7 
43.2 
1787.9 

EPT abundance 
Number EPT taxa 
Brillouin H 

PERCENT 
0.76 
o.oo 
9.28 
37.19 
o.oo 
o.oo 
1.08 
o.oo 
0.00 
1.98 
49.73 

PERCENT 
28.60 
0.17 
53.31 
2.57 
0.00 
0.26 
3.48 
5.66 
o.oo 
4.25 
1.72 

PERCENT 
33.09 
27.50 
7.30 
5.66 
3.60 
77.15 
3.40 
3.17 
2.95 
2.54 
2.21 
91.42 

INDICATOR ASSEMBLAGE 
A Tolerant snails 

#TAXA 
0 

ABUNDANCE 
0.0 

PERCENT 
0.00 
0.09 
o.oo 
o.oo 
0.13 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.41 
o.oo 
o.oo 
o.oo 

B Tolerant mayflies 
C Intolerant mayflies 
D Intolerant stoneflies 
E Tolerant caddisflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant midges 
L 
M 
N 

1 1.7 
0 0.0 
0 0.0 
1 2.5 
0 0.0 
0 0.0 
0 o.o 
0 o.o 
0 0.0 
1 8.0 
0 o.o 
0 0.0 
0 0.0 

= 929.9 
= 18 
= 2.10 



Station 5, October 17, 1995, AB005 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultant~. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) ::::: 2.14 
Shannon H (log2) = 3.09 
Evenness "" 0.61 
Simpson D = 0.20 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

776.8 39.11 
1168.2 59.12 
11.2 0.57 

= 0'1196 
= 0~'27 
= 0$27 

77.44 
18.55 

= 1&36 
= 0~58 
= 0&06 

I 
L_ 



Station 6, October 18, 1 995, AB006 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket. FILE: 95AS006 

Non-benthic invertebrates 
Corixidae (Sigara) 1 



station 6, October 18, 1995 8 AB006 
ALTA: Athaba~ca R. nr. Ft. McMurray. For EVS Con~ultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial Sub$trate $&mples, ba~ket~, 250 
micron. 

Total invertebrate abundance= 424.4 EPT abundance = 216.6 
Total number of taxa = 26 Number EPT taxa = 15 
Hil~anhoff Biotic Index "" 4.55 Brillouin H ""' 2.10 

. TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-in~act~ 1 o.-4 0.09 
Odonata 0 o.o 0.00 
Ephamaroptera 9 19.6 11:1.74 
Placoptara 5 135.1 :31.82 
Hemiptera 0 o.o o.oo 
Megaloptera 0 o.o o.oo 
Trichoptara 1 1.9 0.46 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 1 9.7 2.:28 
Chironomidae 9 197.7 46.60 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 3 88.8 20.92 
Parasite 0 o.o o.oo 
Collector-gatherer 11 2:22.3 52.38 
Collector-filterer 4 1!5.3 3.62 
Macrophyte-herbivore 0 o.o o.oo 
Fiercer-herbivore 0 o.o o.oo 
Scraper 4 48.2 11.34 
Shredder 1 9.7 :2.29 
Xylophage 0 o.o o.oo 
omnivore 2 39.3 9.25 
Unknown 1 o.s 0.19 

DOMINANT TAXON ABUNDANCE PERCENT 
Microp~ectra 147.6 34.76 
Isoperla 84.1 19.81 
Heptagenia 44.9 10.58 
Taenionema 28.7 6.75 
Tvetenia :24.3 5.73 
SUBTOTAL 5 DOMINANTS 3:29.6 77.63 
Baetis tricaudatus 1:2.9 3.03 
Taaniopteryx 10.6 2.50 
Ephemarella inermis/infreq 10.1 2.39 
Capniidae-early in star 9.7 2.29 
Simulium 9.1 :L2S 
TOTAL 10 DOMINANTS 38:2.6 90.12 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o (LOO 
B Tolerant mayflies 2 6,3 1.49 
c Intolerant mayflies 0 o.o 0.00 
D Intolerant stone flies 0 0.0 0.00 
E Tolerant caddis flies 0 o.o o.oo 
F Intolerant caddisflies 0 fLO 0.00 
G Tolerant beetles 0 0.0 o.oo 
H Intolerant flies 0 0.0 o.oo 
I Tolerant flies 0 o.o o.oo 
J Intolerant 0 o.o o.oo 
K Tolerant 1 0.8 0.19 
L 0 o.o 0.00 
M 0 o.o o.oo 
N 0 o.o o.oo 

r 
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Station 6, October 18, 1995, AB006 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 2.20 
Shannon H (log2) = 3.17 
Evenness = 0.67 
~impson D = 0.18 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

158.4 37.33 
266.0 62.67 
0.0 o.oo 

= 1.10 
= 1.00 
= 0.16 

72.19 
69.05 

= 3.15 
= 0.76 
::::: 0.02 



Station 7, October 18, 1995, AB007 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring.- Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket FILE: 95AS007 

Non-benthic 
Corixidae (Sigara) 
Cladocera 

162 97.5 168 
6 12 
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Station 7, October 18, 1995, AB007 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

Total invertebrate abundance= 3125.0 EPT abundance "" 1948.0 
Total number of taxa == 38 Number EPT taxa = 17 
Hilsenhoff Biotic Index = 3.59 Brillouin H = 2.23 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 2 13.5 0.43 
Odonata 0 o.o o.oo 
Ephemeroptera 7 439.5 14.06 
Plecoptera 6 1413.5 45.24 
Hemiptera 0 o.o o.oo 
Megaloptera 0 o.o o.oo 
Trichoptera 4 95.0 3.04 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 2 119.5 3.82 
Chironomidae 17 1044.0 33.42 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 6 1225.5 39.22 
Parasite 1 4.5 0.14 
Collector-gatherer 13 1294.0 41.42 
Collector-filterer 5 191.5 6.12 
Macrophyte-herbivore 0 o.o o.oo 
Fiercer-herbivore 0 o.o o.oo 
Scraper 3 107.5 3.44 
Shredder 2 162.5 5.20 
Xylophage 0 o.o o.oo 
Omnivore 4 112.5 3.60 
Unknown 4 27.0 0.87 

DOMINANT TAXON ABUNDANCE PERCENT 
Isoperla 1134.5 36.30 
Micropsectra 530.5 16.98 
Tvetenia 344.0 11.01 
Ephemerella inermis/infreq 255.5 8.18 
Capniidae-early instar 155.5 4.98 
SUBTOTAL 5 DOMINANTS 2420.0 77.45 
Simulium 114.5 3.66 
Taenionema 75.5 2.42 
Baetis tricaudatus 72.5 2.32 
Heptagenia 72.5 2.32 
Hydropsyche 47.0 1.50 
TOTAL 10 DOMINANTS 2802.0 89.67 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 0.0 o.oo 
B Tolerant mayflies 1 2.0 0.06 
c Intolerant mayflies 0 o.o 0.00 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 1 13.0 0.42 
F Intolerant caddisflies 0 0.0 0.00 
G Tolerant beetles 0 o.o o.oo 
H Intolerant flies 0 o.o 0.00 
I Tolerant flies 0 0.0 o.oo 
J Intolerant midges 0 o.o o.oo 
K Tolerant midges 1 10.0 0.32 
L 0 0.0 o.oo 
M 0 0.0 0.00 
N 0 0.0 0.00 



Station 7, October 13, 1995, AB007 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) ~ 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) ~ 2.25 
Shannon H (log2) ~ 3.25 
Evennes!> ~ 0.62 
Simpson D :::::: 0.19 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

858.9 27.48 
2231.1 71.40 
35.0 1.12 

:; le87 
= Oo63 
- 0.16 

82.53 
77.43 

= Oe56 
g: OeJ6 
= Oc;l05 
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Station 8, October 18, 1995, AB008 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket. FILE: 95AS008 

----~----~--~ 

Non-benthic invertebrates 

Corixidae (Sigara) 69 117 45 



station s, October lS, 1995, ABOOS 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Xnc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets 9 :250 
micron. 

Total invertebrate abundance= :2361.0 
Total number of taxa = 35 
Hilsenhoff Biotic Index = 3.55 

TAXONOMIC GROUP #TAXA ABUNDANCE 
Non-insects 1 2:2.0 
Odonata 0 o.o 
Ephemeroptera 10 379.0 
Plecoptera 6 1104.0 
Hemiptera 0 o.o 
Megaloptera 0 o.o 
Trichoptera 4 53.0 
Lepidoptera 0 o.o 
Coleoptera 0 o.o 
Misc. Diptera 3 56.0 
Chironomidae 11 747.0 

EPT abundance 
Number EPT taxa 
Brillouin H 

PERCENT 
0.93 
o.oo 
16.05 
46.76 
o.oo 
o.oo 
2.24 
0.00 
o.oo 
2 .:n 
31.64 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
44.05 
o.oo 
40.29 
6.77 
o.oo 
0.04 
3.04 
2.16 
0.00 
2.20 
1.44 

Predator 
Parasite 
COllector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Onmivor·e 
Unknown 

DOMINANT TAXON 
Isoperla 
Micropsectra 
Tvetenia 

7 
0 
13 
4 
0 
1 
4 
2 
0 
2 
2 

Ephemerella inermis/infreq 
Baetis tricaudatus 
SUBTOTAL 5 DOMINANTS 
Rheotanytarsus 
Heptagenia 
Simulium 
Capniidae-early instar 
Hydropsyche 
TOTAL 10 DOMINANTS 

INDICATOR ASSEMBLAGE 
A Tolerant ~'>nails 
B Tolerant mayflies 
c Intolerant 
D Intolerant stoneflies 
E Tolerant caddisflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant 
K Tolerant 
L 
M 
N 

1040.0 
o.o 
951.0 
160.0 
o.o 
1.0 
n.o 
51.0 
o.o 
52.0 
34.0 

ABUNDANCE 
1002.0 
313 .o 
259.0 
225.0 
71.0 
1870.0 
63.0 
57.0 
52.0 
45.0 
44.0 
2131.0 

PERCENT 
42.44 
13.26 
10.97 
9.53 
3.01 
79.21 
2.67 
2.41 
2.20 
1.91 
1.86 
90 26 

#TAXA ABUNDANCE PERCENT 
0 o.o 0.00 
2 4.0 0.17 
0 0.0 o.oo 
0 o.o o.oo 
2 2.0 0.08 
0 0.0 0.00 
0 0.0 o.oo 
0 0.0 o.oo 
0 0.0 o.oo 
0 o.o 0.00 
1 LO 0.04 
0 o.o 0.00 
0 0.0 0.00 
0 o.o 0.00 

"" 1536.0 
= 20 
= 2$08 
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Station 8, October 18, 1995, AB008 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate Bamples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
HydropsychidaejTotal Trichoptera 
BaetidaefTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 2.11 
Shannon H (log2) = 3.04 
Evenness = 0.59 
Simpson D = 0.22 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

635.8 26.93 
1725.2 73.07 
o.o o.oo 

::: 2.06 
= 0.85 
= 0.21 

77.23 
77.37 

= 0.45 
= 0.31 = 0.02 



Station 9, October 21, 1995, AB009 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket. FILE: 95AS009 

Corixidae 92 80.4 51.6 
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Station 9, October 21, 1995, AB009 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

Total invertebrate abundance= 619.4 
Total number of taxa = 38 
Hilsenhoff Biotic Index = 3.69 

TAXONOMIC GROUP 
Non-insects 
Odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

#TAXA 
4 

ABUNDANCE 
3.3 

0 
6 
6 
0 
0 
4 
0 
0 
2 
16 

0.0 
20.2 
369.3 
0.0 
0.0 
1.6 
o.o 
0.0 
3.5 
221.5 

FEEDING GROUP 
Predator 

#TAXA. 
6 

ABUNDANCE 
329.8 

Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Fiercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Isoperla 

1 
18 
3 
0 
0 
2 
1 
0 
5 
2 

Micropsectra 
Paracladopelma 
Capniidae-early instar 
Pentaneurini-early instar 
SUBTOTAL 5 DOMINANTS 
Orthocladiinae-early insta 
Heptagenia 
Nanocladius 
Orthocladius Complex 
Heptageniidae-early instar 
TOTAL 10 DOMINANTS 

0.4 
165.9 
3.9 
o.o 
o.o 
11.9 
38.9 
o.o 
5.8 
62.8 

ABUNDANCE 
323.5 
126.8 
52.9 
38.9 
9.9 
552.0 
9.5 
8.7 
4.0 
3.7 
3.2 
581.1 

EPT abundance 
Number EPT taxa 
Brillouin H 

PERCENT 
0.53 
o.oo 
3.26 
59.62 
o.oo 
o.oo 
0.24 
0.00 
0.00 
0.56 
35.76 

PERCENT 
53.23 
0.06 
26.79 
0.62 
o.oo 
0.00 
1.92 
6.29 
0.00 
0.92 
10.14 

PERCENT 
52.23 
20.47 
8.55 
6.29 
1.59 
89.13 
1.53 
1.40 
0.65 
0.60 
0.52 
93.83 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 0.0 o.oo 
B Tolerant mayflies 1 2.3 0.37 
c Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 o.o 0.00 
E Tolerant caddisflies 1 0.4 0.06 
F Intolerant caddisflies 0 o.o o.oo 
G Tolerant beetles 0 o.o o.oo 
H Intolerant flies 0 o.o o.oo 
I Tolerant flies 0 0.0 o.oo 
J Intolerant midges 2 3.2 0.51 
K Tolerant midges 1 52.9 8.55 
L 0 o.o o.oo 
M 0 o.o o.oo 
N 0 o.o o.oo 

::::: 391.1 
= 16 
= le6l 



station 9, October 21, 1995, AB009 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Detarmined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate sample!!>, ba!!>kets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
scraper/(Scraper + c.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) 

DIVERSITY MEASURES 
Shannon H (loge) :::: 1.69 
Shannon H (log2) :::: 2.43 
Evenness = 0.46 
Simpson D = 0.33 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

168.0 27.13 
449.9 72.63 
1.5 0.24 

=: 1s77 
= 0$50 
= Oo06 

83.58 
68.56 

= 3~a05 
= 0~15 
= 011)06 
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Station 1 0, October 20, 1995, AB01 0 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket. FILE: 95AS01 0 

nd case larvae 

Tvetenia 
TOTAL: CHIRONOMIDAE 
GRAND TOTAL 

Non-benthic invertebrates 
Corixidae (Sigara) 

1226 

2.3 

520.7 100.00 

7 



station 10, October 20, 1995, ABOlO 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

Total invertebrate abundance= 656.0 EPT abundance 
Total number of taxa = 30 Number EPT taxa 
Rilsenhoff Biotic Index ::::; 3.26 Brillouin R 

·TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 0 o.o o.oo 
Odonata 0 o.o o.oo 
Ephemeroptera 6 148.1 2:2.58 
Plecoptera 3 275.3 41.95 
Hemiptera 0 0.0 o.oo 
Megaloptera 0 o.o o.oo 
Trichoptera 5 44.2 6.74 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 0.0 o.oo 
Misc. Diptera 1 84.9 12.94 
Chironomidae 10 103.5 15.78 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Isoperla 
Simulium 

5 
0 
11 
4 
0 
0 
2 
4 
0 
4 
0 

Ephemerella inermis/infreq 
Tvetenia 
Hydropsyche 
SUBTOTAL 5 DOMINANTS 
Heptagenia 
Taenionema 
Baetis tricaudatus 
Taemiopter_tx 
Capniidae-early instar 
TOTAL 10 DOMINANTS 

INDICATOR ASSEMBLAGE 
A Tolerant ~:>naill!> 
B Tolerant 
c Intolerant 
D Intolerant stoneflies 
E Tolerant caddisflie~:> 
F Intolerant caddisflies 
G Tolerant beetle~ 
H Intolerant flies 
I Tolerant flie~> 
J Intolerant 
K Tolerant 
L 
M 
N 

:no.2 
o.o 
209.2 
134.1 
o.o 
0.0 
32.6 
17.1 
o.o 
52.8 
0.0 

ABUNDANCE 
202.9 
84.9 
33.6 
72.5 
38.2 
482.1 
26.5 
26.3 
2!L2 

1!5.7 
596.9 

32.04 
o.oo 
31.39 
20.44 
o.oo 
o.oo 
4.97 
2.61 
o.oo 
fl.04 
0.00 

PERCENT 
30.93 
12.94 
12.74 
11.05 
5.82 
73.48 
4.03 
4.00 
3.85 

2.39 
90.97 

#TAXA ABUNDANCE PERCENT 
0 o.o 0.00 
1 2.3 0.35 
0 0.0 o.oo 
0 o.o 0 00 
1 3.1 0.47 
0 0.0 0.00 
0 o.o 0.00 
0 0.0 o.oo 
0 o.o 0.00 
0 o.o o.oo 
0 o.o 0.00 
0 o.o 0.00 
0 0.0 o.oo 
0 0.0 0.00 

"" 467.6 
= 19 
= 2.26 
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Station 10, October 20, 1995, AB010 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
HydropsychidaefTotal Trichoptera 
BaetidaefTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 2.33 
Shannon H (log2) = 3.36 
Evenness = 0.69 
Simpson D = 0.15 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

109.7 16.73 
540.9 82.45 
5.4 0.82 

= 4.52 
= 0.93 
= 0.19 

68.60 
71.38 

= 0.24 
= 0.20 
= 0.03 



Station 1 1 , October 20, 1 995, AB01 1 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 

Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 

basket. FILE: 95AS011 
~~~~~~~ 

Non-benthic invertebrates 

Corixidae (Sigara) 50.6 145 24 

Copepoda 

Cladocera (Daphnia) 2.3 2.5 

Gyri nus 2.5 
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Station 11, October 20, 1995, AB011 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

Total invertebrate abundance= 891.9 EPT abundance ::::: 739.1 
Total number of taxa = 37 Number EPT taxa :::::: 17 
Hilsenhoff Biotic Index ::: 2.79 Brillouin H ::: 1.62 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 4 10.5 1.18 
Odonata 1 0.3 0.04 
Ephemeroptera 6 82.6 9 .26. 
Plecoptera 6 641.2 71.87 
Hemiptera 0 o.o o.oo 
Megaloptera 0 o.o 0.00 
Trichoptera 5 15.3 1.73 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o 0.00 
Misc. Diptera 2 33.1 3.71 
Chironomidae 13 108.9 12.22 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 6 604.4 67.75 

. Parasite 1 0.3 0.04 
Collector-gatherer 13 142.2 15.94 
Collector-filterer 5 43.7 4.90 
Macrophyte-herbivore 0 o.o 0.00 
Fiercer-herbivore 0 o.o o.oo 
Scraper 2 16.1 1.81 
Shredder 2 41.2 4.62 
Xylophage 0 o.o 0.00 
Omnivore 5 37.5 4.22 
Unknown 3 6.5 0.73 

DOMINANT TAXON ABUNDANCE PERCENT 
Isoperla 566.4 63.48 
Ephemerella inermis/infreq 40.4 4.53 
Capniidae-early ins tar 39.6 4.44 
Micropsectra 35.8 4.02 
Thienemannimyia 31.5 3.53 
SUBTOTAL 5 DOMINANTS 713.7 80.00 
Simulium 31.4 3.52 
Taenionema 30.5 3.42 
Baetis tricaudatus 20.9 2.34 
Tvetenia 11.1 1.25 
Heptagenia 11.0 1.23 
TOTAL 10 DOMINANTS 818.6 91.76 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o o.oo 
B Tolerant mayflies 1 2.8 0.31 
c Intolerant mayflies 0 o.o 0.00 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 2 1.1 0.13 
F Intolerant caddisflies 0 o.o o.oo 
G Tolerant beetles 0 0.0 o.oo 
H Intolerant flies 0 o.o 0.00 
I Tolerant flies 0 o.o 0.00 
J Intolerant midges 0 o.o ·o.oo 
K Tolerant midges 1 4.7 0.53 
L 0 0.0 0.00 
M 0 0.0 0.00 
N 0 0.0 0.00 



Station 11, October 20, 1995, AB011 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrata biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX, GROUP ABUNDANCES 
EPT/Chironomidae 
HydropsychidaefTotal Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + c.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 

= 6079 
::;: Oa56 
= Oe25 

Community Tolerance Quotient (a) = 80.36 
Community Tolerance Quotient (d) = 71.62 

DIVERSITY MEASURES 
Shannon H (loge) = 1.69 
Shannon H (log2) = 2.43 
Evenness = 0.47 
Simpson D = 0.41 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

101.5 11.38 
786.4 88.17 
4.0 0.45 

= 0~37 
= Oe27 
= Oe05 
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Station 12, October 20, 1995, AB012 · 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 micron. 
Relative abundance basket. FILE: 95AS012 

Non-benthic invertebrates 
Corixidae (Sigara) 
Copepoda 
Deronectes 

602.1 
64.8 

5.4 

* i Sphaerium striatinum specimen present 

133 
4 

32 



Station 12, October 20 1 1995 1 AB012 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA 8 Inc. 
Benthic invertebrate biomonitoring. Artificial substrate ~amples, basket~. 250 
micron. 

Total invertebrate abundance= 476.2 EPT abundance 
Number EPT taxa 
Brillouin H 

Total number of taxa = 32 
Hilsenhoff Biotic Index = 5.91 

TAXONOMIC GROUP 
Non-insects 
odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

FEEDING GROlJP 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Micropsectra 
Leptophlebia 
Heptagenia 
Heterotrissocladiu~ 
Isoperla 
SUBTOTAL 5 DOMINANTS 
Thienemannimyia 
Tubificidae 
Sphaeriidae 
Chironomini-early instar 
Paracladopelma 
TOTAL 10 DOMINANTS 

#TAXA 
5 

ABVNDANCE 
:w.o 

1 0.3 
3 88.7 
3 :n.6 
0 0.0 
0 0.0 
0 o.o 
0 0.0 
() o.o 
4 4.6 
16 341.0 

#TAXA 
8 

ABtlNDANCE 
43.3 

2 
12 
2 
0 
0 
2 
1 
0 
1 
4 

2.7 
337.4 
1.2 
o.o 
o.o 
21:1.3 
1.0 
0.0 
1.6 
HL7 

ABUNDANCE 
277 .o 
59.0 
27.0 
19.3 
18.5 
400.8 
16.8 
ILO 
3.0 
5.:2 
5.0 
443.8 

PERCENT 
4.20 
0.07 
18.62 
4.54 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.98 
71.60 

PERCENT 
9.12 
0.56 
81.33 
0.26 
o.oo 
o.oo 
5.94 
0.21 
0.00 
0.33 
2.26 

PERCENT 
58.16 
12.39 
5.66 
4.04 
3.38 
34.1.3 
3.53 
1.68 
1.68 
LOB 
1.06 
93.16 

INDICATOR ASSEMBLAGE 
A Tolerant snails 

#TAXA ABUNDANCE PERCENT 

B Tolerant 
C Intolerant 
D Intolerant stoneflies 
E Tolerant caddi~flies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J' Intolerant 
K Tolerant 
L 
M 
N 

0 
1 
0 
0 
0 
0 
0 
0 
1 
1 

0 
0 
0 

0.0 0.00 
59.0 12.39 
0.0 0.00 
o.o 0.00 
0.0 o.oo 
o.o o.oo 
0.0 o.oo 
0,0 ().00 
O.J CL07 
19 .J 4.04 
9.0 1.90 
0.0 0.00 
0.0 0.00 
o.o 0 00 

= 110.3 
= 6 
= 1$63 

(: 
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Station 12, October 20, 1995, AB012 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined ABA, Inc. 
Benthic invertebrate biomonitoring. Artificial substrate samples, baskets, 250 
micron. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd.fTotal Tri. undefined. Total 
BaetidaefTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 

= 0.32 
Tri.= 0 

= 0.03 

Community Tolerance Quotient (a) = 94.34 
community Tolerance Quotient (d) = 79.98 

DIVERSITY MEASURES 
Shannon H (loge) = 1.72 
Shannon H (log2) = 2.48 
Evenness = 0.50 
Simpson D = 0.36 

VOLTINISM ANALYSIS COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

ABUNDANCE PERCENT 
261.8 54.97 
210.1 44.13 
4.3 0.90 

::: 23.58 
= 0.96 
= o.oo 



Station 1, October 20, 1 995, AB001-B015 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances ad sted to a s uare meter basis. FILE: 95EK001 

Procladius 
Th 
TOTAL: CHIR IDAE 
GRAND TOTAL 

Non-benthic invertebrates 
Corixidae (Sigara) 86.4 
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station 1, October 20, 1995, AB001-B015 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK001 

Total invertebrate abundance= 1742.4 EPT abundance ::::: 460.8 
Total number of taxa = 16 Number EPT taxa ::::: 6 
Hilsenhoff Biotic Index = 5.66 Brillouin H = 1.75 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 2 158.4 9.09 
Odonata 1 14.4 0.83 
Ephemeroptera 2 28.8 1.66 
P1ecoptera 3 417 0 6 23.97 
Hemiptera 0 o.o o.oo 
Megaloptera 0 0.0 0.00 
Trichoptera 1 14.4 0.83 
Lepidoptera 0 0.0 o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 1 100.8 5.79 
Chironomidae 6 1008.0 57.86 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 3 345.6 19.84 
Parasite 0 0.0 0.00 
Collector-gatherer 4 1022.4 58.68 
Collector-filterer 1 100.8 5.79 
Macrophyte-herbivore 0 o.o 0.00 
Fiercer-herbivore 0 o.o o.oo 
Scraper 1 14.4 0.83 
Shredder 2 72.0 4.14 
Xylophage 0 0.0 0.00 
Omnivore 4 144.0 8.27 
Unknown 1 43.2 2.48 

DOMINANT TAXON ABUNDANCE PERCENT 
Micropsectra 849.6 48.76 
Isoperla 316.8 18.18 
Tubificidae 144.0 8.26 
Simulium 100.8 5.79 
Polypedilum 72.0 4.13 
SUBTOTAL 5 DOMINANTS 1483.2 85.12 
Capniidae-early in star 57.6 3.31 
Taenionema 43.2 2.48 
Paracladopelma 43.2 2.48 
Nematoda 14.4 0.83 
Ophiogomphus 14.4 0.83 
TOTAL 10 DOMINANTS 1656.0 95.05 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 0.0 0.00 
B Tolerant mayflies 0 o.o 0.00 
c Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 0 0.0 o.oo 
F Intolerant caddisflies 0 o.o 0.00 
G Tolerant beetles 0 0.0 o.oo 
H Intolerant flies 0 o.o o.oo 
I Tolerant flies 0 o.o 0.00 
J Intolerant midges 0 o.o 0.00 
K Tolerant midges 1 14.4 0.83 
L 0 0.0 0.00 
M 0 0.0 0.00 
N 0 o.o 0.00 



Station 1, October 20, 1995, AB001-B015 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrata biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK001 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 1.78 
Shannon H (log2) = .2.56 
Evenness = 0.64 
Simpson D = 0.29 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

770.4 44.21 
943.2 54.13 
28.8 1.65 

= 0~46 
= OeOO 
= OoOO 

81.50 
81.66 

= 0..,14 
= 0012 = 0..,04 
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Station 2, October 22 1995, AB002-B025 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances to a s meter basis. FILE: 95EK002 

1 00.8 1 00.00 



Station 2, October 22 1995 1 AB002-B025 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Xnc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK002 

Total invertebrate abundance= 100.8 EPT abundance "" 28.8 
Total number of taxa "" 4 Number EPT taxa = 1 
Hilsenhoff Biotic Index :::::: 7.40 Brillouin H ::::: 1.28 

'TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 1 u.· . .o. u .. 29 
Odonata 0 o.o o.oo 
Ephemeroptera 1 28.8 28 •. 57 
Plecoptera 0 o.o o.oo 
Hemiptera 0 0.0 0.00 
Megaloptera 0 0.0 o.oo 
Trichoptera 0 o.o o.oo 
Lepidoptera 0 0.0 o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 0 0.0 o.oo 
Chironomidae 2 57.6 57.14 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 0 o.o o.oo 
Parasite 0 o.o o.oo 
COllector-gatherer 3 n.o 71.43 
Collector-filterer 0 o.o 0.00 
Macrophyte-herbivore 0 o.o o.oo 
Fiercer-herbivore 0 o.o o.oo 
Scraper 0 o.o 0.00 
Shredder 0 0.0 0.00 
Xylophage 0 o.o 0.00 
Omnivore 0 0.0 0.00 
Unknown 1 28.3 28.57 

DOMINANT TAXON ABUNDANCE PERCENT 
Ametropus 28.8 28.57 
Micropsectra 28.3 28.57 
Paracladopelma 28.8 28.57 
Tubificidae 14.4 14.29 

0.0 0.00 
SUBTOTAL 5 DOMINANTS 100.3 100.00 

0.0 o.oo 
o.o 0.00 
o.o ().00 
o.o 0*)00 
0.0 0.00 

TOTAL 10 DOMINAN'I'S HHL8 100.00 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o 0.00 
B Tolerant mayflies 0 o.o o.oo 
c Intolerant 0 o.o 0.00 
D Intolerant stone flies 0 o.o o.oo 
E Tolerant caddis flies 0 0.0 0.00 
F Intolerant caddis flies 0 0.0 0.00 
G Tolerant beetles 0 0.0 0.00 
H Intolerant flies 0 o.o 0.00 
I Tolerant flies 0 o.o o.oo 
J Intolerant 0 0.0 o.oo 
K Tolerant 0 o.o o.oo 
L 0 0.0 0.00 
M 0 0.0 o.oo 
N 0 o.o 0.00 
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Station 2, October 22 1995, AB002-B025 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK002 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd.fTotal Tri. undefined. Total 
BaetidaefTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 

= 0 .. 50 
Tri.= 0 

= o .. oo 

Scraper/Collector-filter undefined - Coll.-Filt.=O 
Scraper/(Scraper + c.-filterer) undefined 
Shredder/Total organisms = 0.00 

Biotic Condition Index 
Community Tol.erance Quotient (a) = 99.00 
Community Tolerance Quotient (d) = 98.51 

DIVERSITY MEASURES 
Shannon H (loge) = 1.35 
Shannon H (log2) = 1.95 
Evenness 
Simpson D 

= 0.98 
= 0.26 

COMMUNITY 
TYPE 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multivoltine 
Univoltine 
Semivoltine 

43.2 42.86 
57.6 57.14 
0.0 o.oo 



Station 3, October 15, 1 995, AB003-B035 
ALTA: Athabasca R. nr. Ft McMurray. For EVS Consultants. DeteL by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances ad to a s re meter basis. FILE: 95EK003 
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Station 3, October 15, 1995, AB003-B035 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK003 

Total invertebrate abundance= 1886.4 EPT abw.idance :::::: 86.4 
Total number of taxa = 28 Number EPT taxa ::::: 2 
Hilsenhoff Biotic Index = 5.56 Brillouin H :::: 2.91 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 4 374.4 19.84 
Odonata 3 144.0 7.63 
Ephemeroptera 1 57.6 3 .05. 
Plecoptera 0 o.o 0.00 
Hemiptera 0 0.0 0.00 
Megaloptera 0 0.0 0.00 
Trichoptera 1 28.8 1.53 
Lepidoptera 0 o.o o.oo 
Coleoptera 2 100.8 5.35 
Misc. Diptera 3 475.2 25.19 
Chironomidae 14 705.6 37.40 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 8 720.0 38.16 
Parasite 1 100.8 5.34 
Collector-gatherer 11 648.0 34.35 
Collector-filterer 0 o.o 0.00 
Macrophyte-herbivore 1 28.8 1.53 
Piercer-herbivore 0 o.o o.oo 
Scraper 1 14.4 0.76 
Shredder 1 14.4 0.76 
Xylophage 0 0.0 0.00 
Omnivore 3 288.0 15.27 
UnknoWil 2 72.0 3.82 

DOMINANT TAXON ABUNDANCE PERCENT 
Ceratopogoninae 345.6 18.32 
Tubificidae 158.4 8.40 
Polypedilum 158.4 8.40 
Stempellina 144.0 7.63 
Nematoda 100.8 5.34 
SUBTOTAL 5 DOMINANTS 907.2 48.09 
Acari 100.8 5.34 
Ophiogomphus 100.8 5.34 
Dicrotendipes 86.4 4.58 
Dubiraphia n.o 3.82 
Hemerodromia n.o 3.82 
TOTAL 10 DOMINANTS 1339.2 70.99 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o o.oo 
B Tolerant mayflies 1 57.6 3.05 
c Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 0 0.0 o.oo 
F Intolerant caddisflies 0 o.o o.oo 
G Tolerant beetles 2 100.8 5.35 
H Intolerant flies 0 o.o 0.00 
I Tolerant flies 0 o.o o.oo 
J Intolerant midges 1 144.0 7.63 
K Tolerant midges 2 129.6 6.87 
L 0 0.0 o.oo 
M 0 0.0 o.oo 
N 0 o.o o.oo 



Station 3, October 15, 1995, AB003-B035 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK003 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/~otal Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter undefined -
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) :::: 2.95 
Shannon H (log2) "" .4.25 
Evenness = 0.88 
Simpson D "" 0.07 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

730.8 38.74 
882.0 46.76 
273.6 14.50 

= 0~ 12 
= OeOO 
= OaOO 

Coll. -Fil t. =0 

95.61 
%.41 

= leOO 
= 0.01 
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Station 4, October 17, 1995, AB004-B045 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges {250 micron). 
Abundances usted to a uare meter basis. FILE: 95EK004 

GRAND TOTAL 

Non-benthic invertebrates 
Corixidae (Sigara) 

4 

4089.6 

28.8 



Station 4 1 October 17, 1995, AB004~B045 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE~ 95EK004 

Total invertebrate abundance= 4089.2 
Total number of taxa = 27 
Hilsenhoff Biotic Index = 5.24 

EPT abundance 
Number EPT taxa 
Brillouin H 

TAXONOMIC GROUP #TAXA AB_UNDANCE PERCENT 
3.88 
3.87 
5.62 
20.78 
o.oo 
o.oo 
0.70 
0.00 
o.oo 
4.93 
60.20 

Non-insects 2 158.4 
Odonata 2 158.4 
Ephemeroptera 5 230.4 
Plecoptera 4 849.6 
Hemiptera 0 0.0 
Megaloptera 0 0.0 
Trichoptera 2 28.8 
Lepidoptera 0 o.o 
Coleoptera 0 o.o 
Misc. Diptera 2 201.6 
Chironomidae 10 2462.0 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
29.22 
o.oo 
39.78 
0.35 
·o.oo 
0.00 
1.76 
1.76 
0.00 
21.83 
!L28 

Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylopha.ge 
Omnivore 
Unknown 

DOMINANT TAXON 
Micropsectra. 
Polypedilum 
Isoperla 
Paracladopelma. 
Ophiogomphus 

1 
0 
8 
1 
0 
0 
2 
2 
0 
5 
2 

SUBTOTAL 5 DOMINANTS 
Ephemerella. inermisfinfreq 
Cera.topogoninae 
Tubificidae 
Thienemannimyia 
Taeniopteryx 
TOTAL 10 DOMINANTS 

INDICATOR ASSEMBLAGE 
A Tolerant snails 
B Tolerant mayflies 
c Intolerant mayflies 
D Intolerant stoneflies 
E Tolerant caddis flies 
F Intolerant caddis flies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant 
L 
M 
N 

1195.2 
o.o 
1626.8 
14.4 
o.o 
0.0 
n.o 
n.o 
0.0 
892.8 
216.0 

ABUNDANCE 
1238.0 
748.8 
720.0 
187.2 
144.0 
3038.0 
144.0 
129.6 
115.2 
86.4 
n.o 
3585.2 

PERCENT 
30.28 
18.31 
17.61 
4.58 
3.52 
74.30 
3.52 
:L17 
2.82 
2.11 
1. 76 
87.68 

#TAXA ABUNDANCE PERCENT 
0 0.0 0.00 
2 21L8 o. 70 
0 o.o o.oo 
0 o.o 0.00 
0 0.0 0.00 
0 o.o 0.00 
0 0.0 CLOO 
0 0.0 0.00 
0 o.o 0.00 
1 2!L8 0,70 
1 28.S !L 70 
0 o.o o.oo 
0 0.0 0.00 
0 0.0 0.00 

= 1108.8 
= 11 
= 2o29 
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Station 4, October 17, 1995, AB004-B045 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK004 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY 
Shannon H 
Shannon H 
Evenness 
Simpson D 

COMMUNITY 
TYPE 

MEASURES 
(loge) = 2.31 
(log2) = 3.33 

= 0.70 
= 0.16 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multivoltine 
Univoltine 
Semivoltine 

1893.3 46.30 
2037.5 49.83 
158.4 3.87 

= 0.45 
= 0.50 
= 0.00 

86.26 
86.97 

= s.oo 
= 0.83 
= 0.02 



Station 5, October 17, 1995, AB005~8055 
ALTA: Athabasca R. nr. Ft. 1\~cMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances ad to a uare meter basis. FILE: 95EK005 

Non-benthic invertebrates 
Corixidae (Sigara) 

763.2 

28.8 

100.00 

i .· 
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station 5, october 17, 1995, AB005-B055 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. COmposite 3 Ekman dredges (250 micron). 
Abundances adjusted to. a square meter basis. FILE: 95EK005 

Total invertebrate abundance= 763.2 EPT abundance = 201.6 
Total number of taxa ::: 11 Number EPT taxa = 4 
Hilsenhoff Biotic Index = 5.64 Brillouin H = 1. 75 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 1 14.4 1.89 
Odonata 0 o.o o.oo 
Ephemeroptera 2 43.2 5.66 
Plecoptera 2 158.4 20.76 
Hemiptera 0 o.o o.oo 
Megaloptera 0 o.o 0.00 
Trichoptera 0 o.o 0.00 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 0 o.o o.oo 
Chironomidae 6 547.2 71.70 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 1 144.0 18.87 
Parasite 0 0.0 0.00 
Collector-gatherer 4 172.8 22.65 
Collector-filterer 0 o.o 0.00 
Macrophyte-herbivore 0 o.o o.oo 
Piercer-herbivore 0 o.o o.oo 
Scraper 1 28.8 3. 77 
Shredder 0 o.o 0.00 
Xylophage 0 0.0 0.00 
Omnivore 3 43.2 5.67 
Unknown 2 374.4 49.05 

DOMINANT TAXON ABUNDANCE PERCENT 
Paracladopelma 302.4 39.62 
Isoperla 144.0 18.87 
Micropsectra 129.6 16.98 
Chernovskiia 72 .o 9.43 
Heptagenia 28.8 3. 77 
SUBTOTAL 5 DOMINANTS 676.8 88.67 
Nematoda 14.4 1.89 
Baetis tricaudatus 14.4 1.89 
Taenionema 14.4 1.89 
Chironomus 14.4 1.89 
Polypedilum 14.4 1.89 
TOTAL 10 DOMINANTS 748.8 98.12 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o 0.00 
B Tolerant mayflies 0 o.o 0.00 
c Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 0 o.o 0.00 
F Intolerant caddisflies 0 o.o 0.00 
G Tolerant beetles 0 o.o o.oo 
H Intolerant flies 0 o.o 0.00 
I Tolerant flies 0 0.0 o.oo 
J Intol~rant midges 1 14.4 1.89 
K Tolerant midges 1 14.4 1.89 
L 0 o.o o.oo 
M 0 o.o o.oo 
N 0 0.0 0.00 



Station 5, October 17, 1995, AB005-B055 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK005 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd./Total Tri. undefined. Total 
Baetidae/Total Ephemeroptera 

= OoJJ 
Tri.= 0 

= 0033 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter undefined 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

- Coll.-Filt.=O 

Biotic Condition Index 
Community Tolerance Quotient (a) = 36.13 
Community Tolerance Quotient (d) = 35.67 

DIVERSITY MEASURES 
Shannon H (loge) = 1.78 
Shannon H (log2) = 2.57 
Evenness ::::: 0.14 
Simpson D = 0.23 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

435.6 57.08 
327.6 42.92 
0.0 o.oo 

= laOO 
= o.oo 
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Station 6, October 18, 1995, AB006-B065 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances to a are meter basis. FILE: 95EK006 

65.54 
0.42 
1.27 
0.85 

GRAND TOTAL 6811.2 



station 6 1 October 18 1995, AB006-B065 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK006 

Total invertebrate abundance= 6811.2 
Total number of taxa = 22 
Hilsenhoff Biotic Index = 7.18 

TAXONOMIC GROUP 
Non-insects 
Odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

FEEDING GROUP 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore· 
Unknown 

DOMINANT TAXON 
Micropsectra 
Ceratopogoninae 
Procladius 
Chironomus 
Ostracoda 
SUBTOTAL 5 DOMINANTS 
Cryptochironomus 
Chironomidae-pupae 
Parac:ladopelma 
Polypedilum 
Ametropus 
TOTAL 10 DOMINANTS 

#TAXA 
4 

ABUNDANCE 
172.8 

0 
3 
2 
0 
0 
0 
0 
0 
1 
12 

0.0 
57.6 
28.8 
o.o 
o.o 
o.o 
0.0 
o.o 
633.6 
59UL4 

#TAXA 
3 

ABUNDANCE 
763.2 

0 
11 
0 
0 
0 
1 
0 
0 
3 
4 

o.o 
5702.4 
o.o 
o.o 
o.o 
14.4 
o.o 
o.o 
86.4 
244.8 

ABUNDANCE 
4464.0 
633.6 
504.0 
446.4 
129.6 
6177.6 
115.2 
100.8 
86.4 
57.6 
28.8 
6566.4 

EPT abundance 
Number EPT taxa 
Brillouin H 

PERCENT 
2.53 
o.oo 
0.84 
0.42 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
9.30 
86.88 

PERCENT 
11.20 
o.oo 
83.70 
0.00 
0.00 
CLOD 
o.:n 
().00 
o.oo 
1.27 
3.59 

PERCENT 
65.54 
9.30 
7.40 
6.55 
1.90 
90.69 
1.69 
1.48 
1.27 
0.85 
0.42 
96.40 

INDICATOR ASSEMBLAGE 
A Tolerant snails 

#TAXA 
0 

ABUNDANCE 
0.0 

PERCENT 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.42 
15.64 
0.00 
0.00 
0.00 

B Tolerant mayflies 
C Intolerant mayflies 
D Intolerant stoneflies 
E Tolerant caddisflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant midges 
L 
M 
N 

0 
0 
0 
0 
0 
0 
0 
0 
1 
3 
0 
0 
0 

0.0 
0.0 
0.0 
o.o 
o.o 
0.0 
o.o 
0.0 
28.8 
1065.6 
0.0 
0.0 
o.o 
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Station 6, October 18 1995, AB006-B065 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK006 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd./Total Tri. undefined. Total 
Baetidae/Total Ephemeroptera 

= 0.01 
Tri.= 0 

= 0.00 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter undefined -
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Coll.-Filt.=O 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 1.40 
Shannon H (log2) = 2.02 
Evenness = 0.45 
Simpson D = 0.45 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

4582.8 67.28 
2228.4 32.72 
0.0 o.oo 

94.36 
98.70 

= 1.00 
= o.oo 



Station 7, October 18,1995, AB007-B075 
ALTA: Athabasca R. nr. Ft. Mc::Murray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances ad to a uare meter basis. FILE: 95EK007 

Non-benthic invertebrates 
Cladocera (Daphnia) 

676.8 

14 

!' 

f 
t 

f 
L 
~- . i 

r; 

L 
I 
! ' 

I 

L, 

l 

L 
r; 



Station 7, October 18,1995, AB007-B075 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK007 

Total invertebrate abundance= 676.8 
Total number of taxa = 10 
Hilsenhoff Biotic Index = 2.83 

EPT abundance 
Number EPT taxa 
Brillouin H 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 1 14.4 2.13 
Odonata 0 0.0 o.oo 
Ephemeroptera 3 129.6 19.15 
Plecoptera 2 432.0 63.83 
Hemiptera 0 o.o 0.00 
Megaloptera 0 o.o o.oo 
Trichoptera 2 57.6 8.52 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 1 14.4 2.13 
Chironomidae 1 28.8 4.26 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 3 460.8 68.09 
Parasite 0 o.o o.oo 
Collector-gatherer 3 129.6 19.15 
Collector-filterer 2 43.2 6.39 
Macrophyte-herbivore 0 o.o 0.00 
Piercer-herbivore 0 o.o o.oo 
Scraper 1 14.4 2.13 
Shredder 0 0.0 o.oo 
Xylophage 0 0.0 0.00 
Omnivore 1 28.8 4.26 
Unknown 0 o.o 0.00 

DOMINANT TAXON ABUNDANCE PERCENT 
Isoperla 417.6 61.70 
Baetis tricaudatus 57.6 8.51 
Ephemerella inermisfinfreq 57.6 8.51 
Brachycentrus occidentalis 28.8 4.26 
Hydropsyche 28.8 4.26 
SUBTOTAL 5 DOMINANTS 590.4 87.24 
Cryptochironomus 28.8 4.26 
Tubificidae 14.4 2.13 
Heptagenia 14.4 2.13 
Isogenoides 14.4 2.13 
Simulium 14.4 2.13 
TOTAL 10 DOMINANTS 676.8 100.02 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 0.0 o.oo 
B Tolerant mayflies 0 0.0 o.oo 
c Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 0 o.o o.oo 
F Intolerant caddisflies 0 0.0 o.oo 
G Tolerant beetles 0 o.o o.oo 
H Intolerant flies 0 o.o o.oo 
I Tolerant flies 0 o.o 0.00 
J Intolerant midges 0 o.o o.oo 
K Tolerant midges 1 28.8 4.26 
L 0 o.o o.oo 
M 0 o.o o.oo 
N 0 o.o o.oo 

= 619.2 
= 7 = 1.41 



Station 7, October 18,1995, AB007-B075 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK007 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
HydropsychidaefTotal Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 1.45 
Shannon H (log2) = 2.09 
Evenness "" 0.63 
Simpson D = 0.40 

VOLTINISM ANALYSIS COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

ABUNDANCE PERCENT 
72.0 10.64 
576.0 85.11 
28.8 4.26 

= 21.50 
= Oe50 
:= Oe44 

67.20 
63.22 

= 0.,33 
:; Oe25 
= OcaOO 
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Station 8, October 18,1995, ABOOS-8085 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances ad sted to a uare meter basis. FILE: 95EK008 

*Sphaerium striatinum 



Station B, October 18,1995, ABOOB-BOBS 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EKOOB 

Total invertebrate abundance= 748.8 
Total number of taxa = 12 
Hilsenhoff Biotic Index = 5.41 

TAXONOMIC GROUP #TAXA ABUNDANCE 
Non-insects 1 14~4 
Odonata 0 o.o 
Ephemeroptera 3 86.4 
Plecoptera 1 187.2 
Hemiptera 0 0.0 
Megaloptera 0 0.0 
Trichoptera 0 o.o 
Lepidoptera 0 0.0 
Coleoptera 0 o.o 
Mise::. Diptera 1 115.2 
Chironomidae 6 345.6 

EPT abundance 
Number EPT taxa 
Brillouin H 

PERCENT 
1.92 
o.oo 
11.54 
25.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
15.38 
46.15 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
40.38 
0.00 
49.99 
0.00 
o.oo 
0.00 
3.85 
o.oo 
0.00 
1.92 
3.85 

Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore· 
Unknown 

DOMINANT TAXON 
Isoperla 
Micropsectra 
Ceratopogoninae 
Chironomus 

2 
0 
7 
0 
0 
0 
1 
0 
0 
1 
1 

Ephemerella inermis/infreq 
SUBTOTAL 5 DOMINANTS 
Heptagenia 
Paracladopelma 
Sphaeriidae 
Ametropus 
Chironomini-early instar 
TOTAL 10 DOMINANTS 

INDICATOR ASSEMBLAGE 
A Tolerant snails 
B Tolerant m~yflies 
c Intolerant mayflies 
D Intolerant :stone flies 
E Tolerant caddi:sflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant 
L 
M 
N 

302.4 
o.o 
374.4 
o.o 
0.0 
o.o 
28.8 
o.o 
o.o 
14.4 
2!LB 

ABUNDANCE 
187.2 
187.2 
115.2 
86.4 
43.2 
619.2 
28.8 
21LB 
14.4 
14.4 
14.4 
720.0 

PERCENT 
25.00 
25.00 
15,38 
11.54 
5.17 
82.69 
3.85 
3.85 
1.92 
1.92 
1.92 
96.15 

#TAXA ABUNDANCE PERCENT 
0 o.o 0.00 
0 o.o o.oo 
0 0.0 0.00 
0 0.0 CLOO 
0 o.o o.oo 
0 0.0 0.00 
0 0.0 o.oo 
0 o.o o.oo 
0 0.0 0.00 
0 0.0 o.oo 
1 86.4 11.54 
0 0.0 0.00 
0 o.o o.oo 
0 o.o 0.00 

= 273.6 
= 4 
= lo99 

(. 

L 

f 
[ 



Station 8, October 18,1995, AB008-B085 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK008 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd.fTotal Tri. undefined. Total 
BaetidaefTotal Ephemeroptera 

= 0.79 
Tri.= 0 

= o.oo 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter undefined -
Scraper/(Scraper + c.-filterer) 
Shredder/Total organisms 

COll.-Filt.=O 

Biotic condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 2.03 
Shannon H (log2) = 2.92 
Evenness = 0.81 
Simpson D = 0.17 

VOLTINISM ANALYSIS COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

ABUNDANCE PERCENT 
259.2 34.62 
482.4 64.42 
1.2 0.96 

88.00 
85.86 

= 1.00 
= o.oo 



Station 9, October 21, 1995, AB009-8095 
ALTA: Athabasca R. m. Ft. McMurray. For EVS Consultants. Deter. by AB,A,, !nc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances ad d to a meter basis. FILE: 95EK009 

GRAND TOTAL 
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Station 9, October 21, 1995, AB009-B095 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK009 

Total invertebrate abundance= 2908.8 EPT abundance 
Number EPT taxa 
Brillouin H 

Total number of taxa = 14 
Hilsenhoff Biotic Index = 7.20 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 1 532.8 18.32 
Odonata 0 o.o o.oo 
Ephemeroptera 0 o.o 0.00 
Plecoptera 1 115.2 3.96 
Hemiptera 0 o.o o.oo 
Megaloptera 0 o.o 0.00 
Trichoptera 0 0.0 o.oo 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 2 201.6 6.94 
Chironomidae 10 2059.2 70.81 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 3 360.0 12.38 
Parasite 0 0.0 o.oo 
Collector-gatherer 6 1656.0 56.95 
Collector-filterer 0 o.o o.oo 
Macrophyte-herbivore 0 0.0 o.oa 
Piercer-herbivore a a.a a.aa 
Scraper a a.a a.aa 
Shredder 1 14.4 a.50 
Xylophage a o.a a.aa 
Omnivore 1 432 .a 14.85 
Unknown 3 446.4 15.35 

DOMINANT TAXON ABUNDANCE PERCENT 
Micropsectra 576.a 19.8a 
Tubificidae 532.8 18.32 
Polypedilum 432.a 14.85 
Paracladopelma 374.4 12.87 
Procladius 36a.a 12.38 
SUBTOTAL 5 DOMINANTS 2275.2 78.22 
Ceratopogoninae 187.2 6.44 
Monodiamesa 129.6 4.46 
Isoperla 115.2 3.96 
Cryptochironomus 57.6 1.98 
Cryptotendipes 57.6 1.98 
TOTAL 1a DOMINANTS 2822.4 97.04 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails a a.a a.aa 
B Tolerant mayflies a a.a a.aa 
C Intolerant mayflies a a.a a.ao 
D Intolerant stoneflies a a.a a.aa 
E Tolerant caddisflies a a.a o.aa 
F Intolerant caddisflies a a.a a.aa 
G Tolerant beetles a a.a a.oo 
H Intolerant flies a a.a a.ao 
I Tolerant flies a o.a a.ao 
J Intolerant midges 1 14.4 a.5a 
K Tolerant midges 4 518.4 17.83 
L 0 a.a a.ao 
M a .a .a a.aa 
N a a.a a.aa 

::: 115.2 
= 1 
= 2.16 



Station 9, October 21, 1995, AB009-B095 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK009 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd./Total Tri. ·undefined. Total 
Baetidae/Total Ephem. undefined. 

= Oa06 
Tri.= 0 
Total Ephem.=O 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter undefined - Coll.-Filt.=O 
Scraper/(Scraper + c.-filterer) undefined 
Shredder/Total organisms = 0.00 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY 
Shannon H 
Shannon H 
Evenness 
Simpson D 

COMMUNITY 
TYPE 

MEASURES 
(loge) = 2.18 
(log2) = 3.14 

= 0.83 
= 0.14 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multivoltine 
Univoltine 
Semivoltine 

1544.4 53.09 
1364.4 46.91 
o.o 0.00 

101.54 
101.63 
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Station 1 0, October 20, 1995, AB01 0-B 1 05 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges {250 micron). 
Abundances ad to a are meter basis. FILE: 95EK01 0 



station 10, October 20, 1995, AB010-B105 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILEx 95EK010 

Total invertebrate abundance= 432.0 
Total number of taxa = 13 
Hilsenhoff Biotic Index = 3.39 

TAXONOMIC GROUP #TAXA ABVNDANCE 
Non-insects 0 o.o 
Odonata 0 o.o 
Ephemeroptera 2 115.2 
Plecoptera 3 129.6 
Hemiptera 0 0.0 
Megaloptera 0 o.o 
Trichoptera 2 n.o 
Lepidoptera 0 (LO 
Coleoptera 0 0.0 
Misc. Diptera 3 43.2 
Chironom.idae 3 72 .o 

EPT abundance 
Number EPT taxa 
Brillouin H 

PERCENT 
o.oo 
o.oo 
26.67 
29.99 
o.oo 
o.oo 
16.66 
o.oo 
o.oo 
9.99 
16.67 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
33.32 
o.oo 
33.34 
26.66 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
6.66 
0.00 

Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Isoperla 

4 
0 
3 
4 
0 
0 
0 
0 
0 
2 
0 

Ephemerella inermis/infreq 
Hydropsyche 
Am.etropus 
Micropsectra 
SUBTOTAL 5 DOMINANTS 
Rheotanytarsus 
Isogenoides 
Taenionema 
Cheumatopsyche 
Ceratopogoninae 
TOTAL 10 DOMINANTS 

INDICATOR ASSEMBLAGE 
A Tolerant snails 
B Tolerant mayflies 
c Intolerant mayflies 
D Intolerant stoneflie!i> 
E Tolerant caddisflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant 
L 
M 
N 

144.0 
0.0 
144.0 
115.2 
o.o 
o.o 
o.o 
o.o 
o.o 
28.8 
0.0 

ABUNDANCE 
100.8 
86.4 
57.6 
28.8 
28.8 
302.4 
28.8 
14.4 
14.4 
14.4 
14.4 
388.8 

PERCENT 
23.33 
20.00 
13.33 
6.67 
6.67 
70.00 
6.67 
3.33 
3.33 
3.33 
3.33 
89.99 

#TAXA ABUNDANCE PERCENT 
0 0.0 o.oo 
0 0.0 o.oo 
0 0.0 o.oo 
0 0.0 0.00 
1 14.4 3.33 
0 o.o o.oo 
0 o.o o.oo 
0 o.o o.oo 
0 0.0 0.00 
0 o.o o.oo 
0 o.o o.oo 
0 0.0 o.oo 
0 0.0 o.oo 
0 o.o 0,00 

"" 316.8 
::::: 7 
= 2.,20 
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Station 10, October 20, 1995, AB010-B105 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK010 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
HydropsychidaefTotal Trichoptera 
BaetidaejTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY 
Shannon H 
Shannon H 
Evenness 
Simpson D 

COMMUNITY 
TYPE 

MEASURES 
(loge) = 2.26 
(log2) = 3.27 

= 0.88 
= 0.13 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multivoltine 
Univoltine 
Semivoltine 

72.0 16.67 
360.0 83.33 
o.o 0.00 

:::: 4.40 
= 1.00 
= o.oo 

82.08 
79.47 

= 0.00 
= o.oo 
= o.oo 



Station 11, October 20, i 995, AB011-Bi 15 
ALTA: Athabasca R. nr. Ft. Mcl\4urray. For EVS Consultants. Deter. by AB,A,, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances to a meter basis. FILE: 95EK011 
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Station 11, october 20, 1995, AB011-B115 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK011 

Total invertebrate abundance= 576.0 EPT abundance = 244.8 
Total number of taxa == 8 Number EPT taxa = 2 
Hilsenhoff Biotic Index = 4.82 Brillouin H = 1.64 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 1 14.4 2.50 
Odonata 1 14.4 2.50 
Ephemeroptera 1 28.8 5 .oo. 
Plecoptera 1 216 .o 37.50 
Hemiptera 0 0.0 0.00 
Megaloptera 0 o.o o.oo 
Trichoptera 0 o.o o.oo 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 0 o.o 0.00 
Chironomidae 4 302.4 52.50 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 2 230.4 40.00 
Parasite 0 o.o o.oo 
Collector-gatherer 5 259.2 45.00 
Collector-filterer 0 o.o o.oo 
Macrophyte-herbivore 0 0.0 0.00 
Piercer-herbivore 0 o.o o.oo 
Scraper 0 0.0 o.oo 
Shredder 0 0.0 o.oo 
Xylophage 0 o.o 0.00 
Omnivore 0 o.o 0.00 
Unknown 1 86.4 15.00 

DOMINANT TAXON ABUNDANCE PERCENT 
Isoperla 216.0 37.50 
Micropsectra 144.0 25.00 
Paracladopelma 86.4 15.00 
Lopescladius 43.2 7.50 
Ametropus 28.8 5.00 
SUBTOTAL 5 DOMINANTS 518.4 90.00 
Orthocladiinae-early.insta 28.8 5.00 
Tubificidae 14.4 2.50 
Ophiogomphus 14.4 2.50 

0.0 o.oo 
0.0 0.00 

TOTAL 10 DOMINANTS 576.0 100.00 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 0 o.o 0.00 
B Tolerant mayflies 0 o.o 0.00 
c Intolerant mayflies 0 o.o 0.00 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 0 0.0 o.oo 
F Intolerant caddisflies 0 o.o o.oo 
G Tolerant beetles 0 0.0 0.00 
H Intolerant flies 0 0.0 o.oo 
I Tolerant flies 0 0.0 0.00 
J Intolerant midges 0 o.o 0.00 
K Tolerant midges 0 o.o 0.00 
L 0 o.o o.oo 
M 0 0.0 o.oo 
N 0 o.o o.oo 



Station 11, October 20, 1995, AB011-B115 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK011 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd./Total Tri. ·undefined. Total 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 

= 0.81 
Tri.= 0 

= OoOO 

Scraper/Collector-filter undefined - Coll.-Filt.=O 
Scraper/(Scraper + C.-filterer) undefined 
Shredder/Total organisms = 0.00 

Biotic Condition Index 
Community Tolerance Quotient (a) = 93.00 
Community Tolerance Quotient (d) = 89.31 

DIVERSITY MEASURES 
Shannon H (loge) = 
Shannon H (log2) 

1.68 
2.42 

= OG81 
= 0.,24 

Evenness 
Simpson D 

COMMUNITY 
TYPE 

VOLTINISM ANALYSIS 

Multivoltine 
Univoltine 
Semivoltine 

ABUNDANCE PERCENT 
226.8 39.38 
334.8 58.12 
14.4 2.50 
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Station 12, October 30, 1995, AB012-B125 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances sted to a uare meter basis. FILE: 95EK012 

GRAND TOTAL 19127.1 100.00 

* 2 specimens were Sphaerium striatinum 



station 12, October 30, 1995, AB012-B125 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite J Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILEz 95EK012 

Total invertebrate abundance= 19126.3 EPT abundance 
Number EPT taxa 
Brillouin H 

Total number of taxa = 10 
Hilsenhoff Biotic Index = 7.66 

.TAXONOMIC GROUP #TAXA ABUNI)ANCE PERCENT 
Non-insects 3 7044.8 36.83 
Odonata 1 1:23.6 0.65 
Ephemeroptera 1 61.8 0.32 
Plecoptera 0 o.o o.oo 
Hemiptera 0 o.o o.oo 
Megaloptera 0 o.o o.oo 
Trichoptera 0 o.o o.oo 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 1 401.7 2.10 
Chironomidae 4 11494.4 60.10 

FEEDING GROUP #TAXA ABUNI)ANCE PERCENT 
Predator 3 834.3 4.37 
Parasite 0 o.o o.oo 
Collector-gatherer 5 18137.5 94.83 
Collector-filterer 0 o.o o.oo 
Macrophyte-herbivore 0 o.o o.oo 
Fiercer-herbivore 0 o.o o.oo 
Scraper 0 o.o o.oo 
Shredder 0 o.o o.oo 
Xylophage 0 o.o o.oo 
Omnivore· 2 154.5 0.80 
Unknown 0 o.o o.oo 

DOMINANT TAXON ABUNI)ANCE PERCENT 
}.l:icropsactra 10382QO 54.28 
Tubificidae 5160.0 26.98 
Sphaeriidae 1823.0 9.53 
Procladius 710.7 3. 72 
Ceratopogoninae 401.7 2.10 
SUBTOTAL 5 DOMINANTS 18477.4 %.61 
Cryptochironomus 309.0 1.62 
Stylurus 123.6 0.65 
Polypedilum 92.7 0.48 
Nematoda 61.8 0.32 
Leptophlebia 61.8 0.32 
TOTAL 10 DOMINANTS 19126.3 100 .oo 

INDICATOR ASSEMBLAGE #TAXA ABUNI)ANCE PERCENT 
A Tolerant snails 0 o.o 0.00 
B Tolerant mayflies 1 61.8 0.32 
C Intolerant mayflies 0 0.0 o.oo 
D Intolerant stoneflies 0 0.0 o.oo 
E Tolerant caddisflies 0 0.0 o.oo 
F Intolerant caddisflies 0 o.o 0.00 
G Tolerant beetles 0 0.0 o.oo 
H Intolerant flies 0 0.0 o.oo 
I Tolerant flies 0 0.0 o.oo 
J Intolerant midges 0 o.o o.oo 
K Tolerant midge~:> 2 1019.1 5.34 
L 0 0.0 o.oo 
M 0 o.o o.oo 
N 0 o.o o.oo 
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Station 12, October 30, 1995, AB012-B125 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Deter. by ABA, Inc. 
Benthic invertebrate biomonitoring. Composite 3 Ekman dredges (250 micron). 
Abundances adjusted to a square meter basis. FILE: 95EK012 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hyd./Total Tri. undefined. Total 
BaetidaefTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 

= 0.01 
Tri.= 0 

= o.oo 

Scraper/Collector-filter undefined - Coll.-Filt.=O 
Scraperf(Scraper + C.-filterer) undefined 
Shredder/Total organisms = 0.00 

Biotic Condition Index 
Community Tolerance Quotient (a) = 99.60 
Community Tolerance Quotient (d) = 102.34 

DIVERSITY MEASURES 
Shannon H (loge) = 1.27 
Shannon H (log2) = 1.84 
Evenness = 0.55 
Simpson D = 0.38 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

8682.6 45.40 
9408.6 49.19 
1035.1 5.41 



Station 1, October 19, 1995, SB001 

REPUCATES 
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Station 1, October 19, 1995, 88001 



Station 1, October 19 1 1995 1 SB001 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS COnsultants. Determined by ABA, Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 
micron mesh. 

Total invertebrate abundance= 6846.0 EPT abundance :::;:: 2076.0 
Total number of taxa :::::: 67 Number EPT taxa "" 25 
Hilsenhoff Biotic Index = 4.86 Brillouin H = 3.35 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 9 796.0 11.63 
Odonata 1 18.0 0.26 
Ephemeroptera 1 888.0 12.97 
Plecoptera 6 170.0 2.49 
Hemiptera 0 o.o o.oo 
Megaloptera 0 o.o o.oo 
Trichoptera 12 1018.0 14.87 
Lepidoptera 0 o.o o.oo 
COleoptera 0 o.o o.oo 
Misc. Diptera 10 490.0 7.16 
Chironomidae 22 3466.0 50.62 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 13 658.0 9.61 
Parasite 1 530.0 7.74 
Collector-gatherer 22 3642.0 53.:20 
Collector-filterer 3 606.0 8.85 
Macrophyte-herbivore 1 28.0 0.41 
Piercer-herbivore 3 250.0 3.64 
Scraper 8 108.0 1.58 
Shredder 3 268.0 3.92 
Xylophage 0 o.o o.oo 
Omnivore 8 608.0 8.89 
Unknown 5 148.0 2.16 

DOMINANT TAXON ABUNDANCE PERCENT 
Orthocladius Complex 784.0 11~45 

Acari 530.0 7.74 
Rheotanytarsus 514.0 7.51 
Baetis tricaudatus 504.0 7.36 
Micropsectra 380.0 5.55 
SUBTOTAL 5 DOMINANTS 2712.0 39.61 
Brachycentrus occidental is 360.0 5.26 
Ephemerella inermis/infrqu 304.0 4.44 
Hemerodromia 254.0 3.71 
Chironomini-early in star 244.0 3.56 
Lopescladius 230.0 3.36 
TOTAL 10 DOMINANTS 4104.0 59.94 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 2 38.0 0.55 
B Tolerant mayflies 0 o.o 0.00 
C Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 0.0 o.oo 
E Tolerant caddisflies 1 192.0 :2.80 
F Intolerant caddisflies 0 o.o 0.00 
G Tolerant beetles 0 o.o 0.00 
H Intolerant flies 0 o.o 0.00 
I Tolerant. flies 1 as.o 1.29 
J Intolerant midges 4 292.0 4.26 
K Tolerant 1 42.0 0.61 
L 0 0.0 o.oo 
M 0 o.o o.oo 
N 0 0.0 o.oo 
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Station 1, October 19, 1995, SB001 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined by ABA, Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 
micron mesh. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Tota1 Trichoptera 
BaetidaefTota1 Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 3.37 
Shannon H (log2) = 4.87 
Evenness = 0.80 
Simpson D = 0.05 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

3827.0 55.90 
2598.0 37.95 
421.0 6.15 

= 0.60 
= 0.09 
= 0.60 

78.24 
83.46 

= 0.18 
= 0.15 
= 0.04 



Station 2, October 19, 1995, SB002 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined by ABA, Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 micron mesh. 
Mean abundances meter basis. FILE: 95HS002 
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Station 2, October 19, i 995, SB002 



station 2, October 19, 1995, SB002 
ALTA: Athabasca R. nr. Ft.. McMurray. For EVS Consultantao. Determined by ABA, :Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 
micron mesh. 

Total invertebrate abundance= 3504.0 EPT abundance = 1502.0 
Total number of taxa = 60 Number EPT taxa = 24 
Hilsenhoff Biotic Index :::: 5.70 Brillouin H = 3.08 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 7 540.0 15.41 
Odonata 1 6.0 0.17 
Ephemeroptera 8 110·4.0 :H.52 
Plecoptera 8 68,0 1.95 
Hemiptera 0 0.0 0.00 
Megalopt.era 0 o.o o.oo 
Trichopt.era 8 330.0 9.43 
Lepidoptera 0 o.o o.oo 
Coleoptera 0 o.o o.oo 
Misc. Diptera 6 382.0 10.91 
Chironomidae 22 1074.0 30.63 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 13 380.0 10.86 
Parasite 1 130.0 .3. 71 
Collector-gatherer 22 1946.0 55.54 
Collect.or-filterer 3 316.0 9.02 
Macrophyt.e-herbivore 1 2.0 0.06 
Piercer-herbivore 3 250.0 7.14 
Scraper 5 120.0 3.43 
Shredder 3 74.0 2.11 
Xylophage 0 0.0 0.00 
Omnivore 7 206.0 5.87 
Unknown 2 80.0 2.28 

DOMINANT TAXON ABUNDANCE PERCENT 
Baet.is tricaudatus 776.0 22.15 
Hydropt.ila 228.0 6.51 
Hemerodromia 226.0 6.45 
Ephemerella inermis/infreq 210.0 5.99 
Rheotanyt.arsus 210.0 5.99 
SUBTOTAL 5 DOMINANTS 1650.0 47.09 
Enchytraeidae 172.0 4.91 
Eukiefferiella u.s.o 4.22 
Tubifici.dae 142.0 4.05 
Micropsectra: 136.0 3.88 
Acari 130.0 3. 71 
TOTAL 10 DOMINANTS 2378.0 67.86 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 1 6.0 0.17 
B Tolerant mayflies 0 o.o o.oo 
c Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 0.0 o.oo 
E Tolerant caddis flies 3 232.0 6.63 
F Intolerant caddis flies 0 0.0 0.00 
G Tolerant beetles 0 o.o ().00 
H Intolerant flies 0 0.0 o.oo 
I Tolerant flies 1 22.0 0.63 
J Intolerant midges 2 46.0 1.31 
K Tolerant midges 1 2.0 0.06 
L 0 0.0 0.00 
M 0 o.o o.oo 
N 0 o.o o.oo 

r..: 
I 
l 
[ .; 

r 

[, 

L 

[, 

L 

[ 

I 
'·' 



Station 2, October 19, 1995, SB002 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined by ABA, Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 
micron mesh. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
BaetidaefTotal Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 3.12 
Shannon H (log2) = 4.51 
Evenness = 0.76 
Simpson D = 0.08 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

COMMUNITY 
TYPE 
Multivoltine 
Univoltine 
Semivoltine 

1728.0 49.32 
1762.0 50.29 
14.0 0.40 

= 1.40 
= 0.07 
= 0.70 

80.70 
86.38 

= 0.38 
= 0.28 = 0.02 



Station 3, October 19, 1995, 88003 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined by ABA, Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 micron mesh. 
Mean abundances meter basis. FILE: 95HS003 

REPUCATES 

r 

l 
t • 

{ 

i 
l ' 

f 
L 

\ 
I 
\' 



:-:-: 

.• .. ·.· 

station 3, October 19, 1995, SB003 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined by ABA, Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 
micron mesh. 

Total invertebrate abundance= 1562.0 EPT abundance = 780.0 
Total number of taxa = 40 Number EPT taxa = 12 
Hilsenhoff Biotic Index = 5.55 Brillouin H = 1.90 

TAXONOMIC GROUP #TAXA ABUNDANCE PERCENT 
Non-insects 6 46.0 2.94 
Odonata 0 0.0 o.oo 
Ephemeroptera 4 696.0 44.56 
Plecoptera 6 80.0 5.13 
Hemiptera 0 0.0 o.oo 
Megaloptera 0 0.0 o.oo 
Trichoptera 2 4.0 0.26 
Lepidoptera 0 0.0 0.00 
Coleoptera 0 o.o o.oo 
Misc. Diptera 6 516.0 33.04 
Chironomidae 16 220.0 14.09 

FEEDING GROUP #TAXA ABUNDANCE PERCENT 
Predator 8 68.0 4.36 
Parasite 1 6.0 0.38 
Collector-gatherer 14 860.0 55.07 
Collector-filterer 2 508.0 32.52 
Macrophyte-herbivore 0 o.o o.oo 
Fiercer-herbivore 1 2.0 0.13 
Scraper 4 40.0 2.57 
Shredder 3 40.0 2.57 
Xylophage 0 o.o 0.00 
Omnivore 6 30.0 1.91 
Unknown 1 8.0 0.51 

.DOMINANT TAXON ABUNDANCE PERCENT 
Baetis tricaudatus 622.0 39.82 
Simulium 498.0 31.88 
Tvetenia 86.0 5.51 
Ephemerella inermis/infreq 40.0 2.56 
Capniidae-early in star 34.0 2.18 
SUBTOTAL 5 DOMINANTS 1280.0 81.95 
Isoperla 32.0 2.05 
Micropsectra 30.0 1.92 
Beptageniidae-early instar 22.0 1.41 
Chironomini-early instar 22.0 1.41 
Tubificidae 20.0 1.28 
TOTAL 10 DOMINANTS 1406.0 90.02 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 1 4.0 0.26 
B Tolerant mayflies 0 o.o o.oo 
c Intolerant mayflies 0 o.o o.oo 
D Intolerant stoneflies 0 o.o o.oo 
E Tolerant caddisflies 1 2.0 0.13 
F Intolerant caddisflies 0 o.o 0.00 
G Tolerant beetles 0 o.o o.oo 
H Intolerant flies 0 o.o o.oo 
I Tolerant flies 1 2.0 0.13 
J Intolerant midges 1 2.0 0.13 
K Tolerant midges 0 o.o o.oo 
L 0 0.0 o.oo 
M 0 o.o o.oo 
N 0 0.0 o.oo 



Station 3, October 19, 1995, SB003 
ALTA: Athabasca R. nr. Ft. McMurray. For EVS Consultants. Determined by ABA, Inc. 
Benthic invertebrate biomonitoring. Hess samples, 5 replicates, 0.1 m2, 250 
micron mesh. 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraperf(Scraper + C.-filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY 
Shannon H 
Shannon H 
Evenness 
Simpson D 

COMMUNITY 
TYPE 

MEASURES 
(loge) :0::::: 1.95 
(log2) :0::::: 2.81 

:::::: 0.53 
= 0.27 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multivoltine 
Univoltine 
Semivoltine 

645.0 41.29 
915.0 58.58 
2.0 0.13 

= 30)55 
= OeOO 
=: Oe89 

83.58 
83.51 

= Oa08 
= 0.07 
= 0.03 
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Muskeg River Basin · 



TAXONOMIC COMPOSITION (number/m2
) OF BENTHIC INVERTEBRATE SAMPLES COLLECTED 

IN THE MUSKEG RIVER BASIN IN FALL, 1995 

(a= adult; l =larva; p =pupa) 

Taxon Site-Replicate 

S4-:1 84-2 84-3 8-4 8-5 8-6 9-1 9-2 
jHydra 0 0 II 0 0 0 0 0 
Nematoda 0 183 355 0 0 22 3789 3531 
Turbellaria 0 0 0 0 0 0 0 0 
Enchytraeidae 0 22 65 0 0 0 0 0 
Lumbricidae 0 0 0 0 0 0 0 0 

Naididae 0 108 204 II 0 32 0 0 

Tubificidae 0 129 140 22 II 0 1981 431 

Glossiphonia camp/ana/a 0 0 0 0 0 0 0 0 

(Helobdellafusca 0 0 0 0 0 0 0 0 

(Helobdella stagnalis 0 0 0 0 0 0 0 0 

Placobdella ornata 0 0 0 0 0 0 0 0 

jMooreobdella fervida 0 0 0 0 0 0 0 0 

Ferrissia rivularis 0 0 II 0 0 0 0 0 

iPhysa 0 0 0 0 0 0 0 0 

IHelisoma 0 0 0 0 0 0 0 0 

IPisidium 0 0 0 0 0 0 1077 43 

f5phaerium 0 0 0 0 0 0 0 0 

l£.asmigona camp/ana/a 0 0 0 0 0 0 43 0 

Hydrachnidia 22 387 420 0 65 65 344 0 

Cladocera 0 0 0 0 0 0 1033 0 

!Bosmina 0 0 0 0 0 0 0 0 

Chydoridae 0 II 0 0 0 22 172 0 

[Daphnia 0 0 0 0 0 0 0 0 

Diaphanosoma 0 0 0 0 0 0 0 0 

Cyclopoida 0 0 0 0 22 43 1033 0 

Harpaticoida 0 0 0 0 0 0 1206 0 

Ostracoda 22 22 0 0 0 0 2067 689 

iFJyalella azteca 0 0 0 0 0 0 0 43 

lsotomus 0 0 22 0 0 0 0 0 

!Baetis 118 215 484 0 0 0 0 0 

!Baetis pygmaeus 0 0 0 0 0 22 0 0 

Caenis 0 0 0 0 0 0 0 0 

[Dnmella 0 0 22 0 0 0 0 0 

l£phemerella 0 0 0 0 0 0 0 0 

Hcptagcniidae 0 22 II 0 0 0 0 0 

ifieptagenia 0 0 0 0 0 0 0 0 

!Stenonema 0 0 0 0 0 0 0 0 

Stenacron 0 0 0 0 0 0 0 0 

Leptophlebia 0 0 0 0 0 0 0 0 

IParameletus 0 0 0 II II 0 0 0 

Ophiogomphus 0 0 0 0 0 0 0 0 

9-3 

0 

1507 
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0 

0 

43 

1636 

0 

0 

0 

0 

0 

0 

0 

0 
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129 
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732 

0 

0 

0 

0 

0 

0 

344 

689 

0 

0 
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0 

0 

0 

0 



BENTIDC INVERTEBRATE DATA- MUSKEG RIVER BASIN (Page 2 of 6) 

Taxon Site"Replicate 
S4-l S4"2 84'3 8-4 !1'5 6-6 9-1 9-2 9-3 

Plecoptera 22 32 129 0 0 0 0 0 0 
Capniidae 0 0 0 54 140 108 0 0 0 
Capnia 0 0 0 0 0 0 0 0 0 
Chloropcrlidae 0 0 11 0 0 11 0 0 0 
Nemouridae 0 0 0 0 11 22 0 0 0 
Nernoura 0 0 0 0 22 0 0 0 0 
Zapada 0 0 22 0 0 0 0 0 0 
Perlidae 0 0 11 0 0 0 0 0 0 
Claassenia 0 22 0 0 0 0 0 0 0 

( 
I 

.t 
Perlodidae 11 0 0 0 0 0 0 0 0 

IT soper/a 0 0 11 0 0 0 0 0 0 
Skwala 0 0 0 0 0 0 0 0 0 
Corixidac 0 0 0 0 0 0 0 0 0 
Calliconxa 0 0 0 0 0 0 0 0 0 
Sigara 0 0 0 0 0 0 0 0 0 
Noctuidae 0 0 0 11 0 0 0 0 0 
Brachycentrus 0 0 11 0 0 0 0 0 0 
Glossosomatidae 0 0 0 0 0 0 0 0 0 

-f4 nagapetus 22 86 !08 0 0 0 0 0 0 
Hydropsyche 0 11 32 0 0 0 0 0 0 
Hydroptilidae 0 0 0 0 0 0 0 0 0 
Hydroptila 0 II 0 0 0 0 0 0 0 
Oxyethrra 0 0 0 0 0 0 0 0 0 
Leprdostorna 0 22 0 0 0 0 0 0 0 
Oecetrs 0 0 0 0 0 0 0 0 0 
ILimnephilus 0 0 0 0 0 0 0 0 0 
Ptrlostornrs 0 0 0 0 0 0 0 0 0 
iNeureclrpsrs 0 0 

~~~I 
0 0 0 0 0 0 

loptzoservus a 0 0 0 0 0 0 0 0 
Optwservus I 0 108 0 0 0 0 0 0 
!Dubrraphra 0 0 0 0 0 0 0 0 0 
Diptera 1 0 0 0 0 0 0 0 0 0 
Diptera p 0 0 0 0 0 0 0 0 0 
Bezzra 0 0 ll () () 0 775 43 43 
Chironomidae p 0 11 0 0 () 0 43 0 0 
Chironomidae I 22 0 0 0 0 0 0 0 0 
Diamesinae 0 0 0 0 0 0 1809 431 258 
Orthocladiinae 43 441 215 226 237 420 10636 1679 6071 
Cary'!9~eu'ra 86 43 108 0 0 0 14813 129 1550 
Threnemannrella () 0 22 0 () 0 0 43 344 
Tanypodinac 43 0 54 II 11 0 301 43 0 
Chironomini 43 247 269 43 32 86 10507 2325 1550 
Tanytarsini 22 0 22 () 43 86 215 86 646 
Dolichopodidae 0 0 0 0 0 0 0 0 0 
!Chelrfera 0 32 22 11 54 II 0 0 0 
Hemerodromw 11 97 97 11 0 0 0 0 0 
IPerrcoma 0 0 () 0 0 0 0 0 0 
Simuliidae p 0 0 () 0 0 () 0 0 0 
Simuliidae () () II 11 0 0 0 0 0 
Chrysops () 0 0 0 0 0 0 0 () 

r 
'-

Tabanus 0 () 0 0 () 0 0 0 0 
Tipulidae () 0 () 0 () 0 0 0 0 
!iexatoma 0 !1 !1 0 11 0 () 0 0 
Terrestrial 11 86 43 11 0 11 0 () 0 

I 670 961 --498 2359 3083 433 51844 9516 16360 



BENTHIC INVERTEBRATE DATA- MUSKEG RNER BASIN (Page 3 of 6) 

Taxon Site-Replicate 

14-1 14-2 14-3 17-1 17-2 17-3 18-1 18-2 18-3 
Hydra 0 0 0 0 0 22 0 258 0 
Nematoda 646 560 344 75 86 54 129 431 2497 
Turbellaria 0 0 0 0 0 0 0 43 0 
Enchytraeidae 0 0 0 0 0 0 0 0 0 
Lumbricidae 0 0 0 0 0 0 0 0 0 

Naididae 0 344 172 237 11 65 0 344 0 

Tubificidae 1421 344 0 22 22 22 947. 4737 . 1206 

Glossiphonia complanata 0 0 0 0 0 0 0 43 0 

Helobdella fuse a 0 0 43 0 0 0 0 0 0 

Helobdella stagnalis 0 0 43 0 0 ll 0 258 0 

IP/acobdella ornata 0 0 0 0 0 0 0 43 0 

ltvfooreobdella fervid a 0 0 0 0 0 0 0 43 0 

lFerrissia rivularis 0 0 0 0 11 0 0 0 0 

Physa 0 0 0 0 0 0 0 86 0 

Helisoma 0 0 0 0 0 0 0 0 0 

Pisidium 0 0 0 ll 0 75 0 904 344 

~phaerium 0 0 0 ll 0 32 0 474 0 

jLasmigona complanata 0 0 0 0 0 0 0 0 0 

Hydrachnidia 0 0 0 323 560 301 0 990 344 

Cladocera 0 0 86 0 0 0 86 0 0 

!Bosmina 0 0 0 0 0 ll 0 0 0 

Chydoridae 0 0 0 0 0 0 0 0 0 

lpaphnia 0 0 0 0 0 0 0 0 0 

I!Jiaphanosoma 0 0 0 0 0 0 0 0 0 

Cyclopoida 0 0 431 22 22 54 86 258 0 

Harpaticoida 344 172 431 0 32 0 0 86 0 

Ostracoda 474 0 86 0 0 0 258 388 0 

Hyalella azteca 0 0 0 0 0 0 0 172 0 

lso/omus 0 0 0 0 0 0 0 0 0 

Baetis 0 0 0 54 54 . 11 0 0 0 

IBaetis pygmaeus . 0 0 0 86 194 151 0 0 0 

Caenis 0 172 0 0 0 0 0 0 0 

iJJnmella 0 0 0 0 0 0 0 0 0 

l£phemerella 0 0 0 0 11 0 0 0 0 

Heptageniidae 0 0 0 43 54 0 0 0 0 

Hepla[?enia 0 0 0 129 II 0 0 0 0 

~tenonema 0 0 0 22 0 22 0 0 0 

~/enacron 0 0 0 22 0 II 0 0 0 

Leplophlebia 0 0 43 II 22 0 0 43 0 

IParamelews 0 0 0 0 0 0 43 0 0 

Ophiogomphus 0 0 0 0 0 0 0 43 0 



BENTIDC INVERTEBRATE DATA- MUSKEG RIVER BASIN (Page 4 of 6) 

Taxon Sit~Reolicate 

14-1 14"2 14-'3 17"1 17<~ 17-3 lllcl 18-2 18-3 
Plecoptera 0 0 0 11 11 22 0 0 0 
Capniidae 0 0 0 0 0 ll 0 0 0 
Capnia 0 0 0 0 0 0 0 0 0 
Chloroperlidae 0 0 0 11 0 0 0 0 0 
Nemouridae 0 0 0 0 0 0 0 0 0 
lNemoura 0 0 0 0 0 0 0 0 0 
Zapada 0 0 0 ll 0 0 0 0 0 ( 
Perlidae 0 0 0 0 0 0 0 0 0 
Claassenia 0 0 0 0 0 0 0 0 0 

I 
Perlodidae 0 0 0 0 0 0 0 0 0 
soper/a 0 0 0 0 0 0 0 0 0 

Skwa/a 0 0 0 0 0 0 0 0 0 
Corixidac 0 0 0 0 0 0 0 0 43 
Ca/Jicorixa 0 0 0 0 0 0 0 0 0 
ISigara 0 0 0 0 0 0 0 0 0 
INoctuidae 0 0 0 0 0 0 0 0 0 
IBrachycentros 0 0 0 0 0 0 0 0 0 
Glossosomatidae 0 0 0 0 11 0 0 0 0 
f4 nagapetus 0 0 0 0 0 0 0 0 0 
Hydropsyche 0 0 0 0 0 !I 0 0 0 
Hydroptilidae 0 0 0 0 ll 0 86 0 0 
Hydropti/a 0 0 0 0 22 11 0 0 0 
Oxyethira 0 0 0 0 0 0 0 0 344 

ep1dostoma 344 0 0 0 0 11 0 0 0 
L 

Oecet1s 0 0 0 11 11 0 0 0 0 
.umneph1lus 0 0 0 0 0 0 0 43 0 
·Ptllostomls 0 0 43 11 0 0 43 0 0 
INeurechps1s 

I 
0 0 

~I 
0 0 3~ I 0 86 0 

Optwservus a 0 0 0 0 0 0 0 
Optwservus I 0 0 \1 0 0 11 0 0 0 
!Dub1raphw 0 0 0 0 0 0 0 129 0 

r 

[_, 
IDiptera 1 0 0 0 0 0 0 0 0 0 
IDiptera p 0 0 0 11 0 0 0 0 0 
IBezzza 0 172 43 11 0 0 431 2368 689 
Chironomidae p 0 0 0 11 0 0 0 0 0 L 
Chironomidae I 0 0 0 0 0 0 0 0 0 
Diamesinae 0 !72 0 0 0 .II 43 474 689 
Orthocladiinae 1464 517 258 65 247 43 215 818 344 
Corynoneura 4091 689 301 () 194 22 86 3402 689 

L 
Thwnemanmella 43 0 215 0 0 0 0 129 0 
I'anypodinae 43! 43 1421 226 226 204 2!5 2799 0 
Chironomini 7622 732 3230 194 538 646 2325 15588 4220 
Tanytarsini 0 689 344 764 570 118 43 775 0 
Dolichopodidae 0 0 0 0 0 0 0 () 0 
Chelifera () 0 0 43 0 0 0 0 0 
Hemerodromw 0 0 0 312 183 226 0 () 0 

llPencoma 0 0 0 11 () 0 0 0 0 
Simuliidae p 0 0 0 () 0 11 0 0 0 
Simuliidae 0 0 0 0 0 0 0 0 0 
!Chrysops 0 0 0 0 0 0 0 0 0 f j 
Tabanus 0 0 43 0 0 0 43 43 43 
Tipulidae 0 0 0 0 0 0 0 () 0 
Iexatoma 0 0 0 22 22 32 0 0 0 

Terrestrial 0 0 0 0 43 !1 0 0 0 

I!· I 16880 4606 7577 2793 3179 2275 5079 36298 ll452 



BENTHIC INVERTEBRATE DATA -MUSKEG RIVER BASIN (Page 5 of 6) 

Taxon Site-'Replicate 
30-1 30-2 30-3 35-1 55-4 55"5 55-6 80-1 80-2 80-3 

Hydra 0 0 0 0 0 0 0 0 0 0 
Nematoda 258 54 129 86 194 344 97 0 86 43 
Turbellaria 0 0 0 0 0 0 0 0 0 0 
Enchytraeidae 118 32 43 0 0 0 0 0 0 0 
Lumbricidae 11 0 0 0 0 0 0 0 0 0 
Naididae 151 129 108 474 0 . ·o 43 43 258 0 
Tubificidae 194 280 549 474 646 323 65 43 86 43 
Glossiphonia complanata 0 0 0 0 0 0 0 0 0 0 

iff elobdella fuse a 0 0 0 0 0 0 0 0 0 0 

iff elobdella stagnalis 0 0 0 0 0 0 0 0 0 0 

Placobdella ornata 0 0 0 0 0 0 0 0 0 0 

Mooreobdella fervida 0 0 0 0 0 0 0 0 0 0 

Ferrissia rivularis 0 0 0 0 0 0 0 0 0 0 

i?hysa 0 0 0 0 0 0 0 0 0 0 

Helisoma 0 0 0 86 0 0 0 0 0 0 

IPisJdium 0 0 11 0 11 0 0 0 0 0 

~phaerium 0 0 0 0 43 0 11 0 0 0 

ILasmJgona complanata 0 0 0 86 0 0 0 0 0 0 

Hydrachnidia 129 129 75 0 172 312 291 0 0 0 

Cladocera 0 0 0 0 0 0 0 0 0 0 

Bosmina 0 0 0 129 0 0 0 0 0 0 

Chydoridae 0 0 0 43 0 0 0 0 0 0 

iiJaphma 0 0 0 689 0 0 0 0 0 0 

iiJJaphanosoma 0 0 0 172 0 0 0 0 0 0 

Cyclopoida II 0 II 172 129 0 II 43 0 0 

Harpaticoida 0 0 0 43 0 0 0 0 0 0 

Ostracoda II 0 22 43 344 0 32 0 43 0 

Hyalella azteca 0 0 0 0 0 0 0 0 0 0 

lsotomus 0 0 0 86 0 0 0 0 0 0 

BaetJs 86 151 108 0 !51 86 43 0 0 0 

Bae/JS pygmaeus 0 0 0 0 0 II 0 0 0 0 

Caems 0 0 0 0 0 0 0 0 0 0 

lprunella 0 0 0 0 0 0 0 0 0 0 

Ephemerella ' ' 
0 II II 0 0 0 0 0 0 0 

Heptageniidae 0 0 0 Q 0 0 0 0 0 0 

lHeptagema II II 32 0 0 0 0 0 0 0 

~tenonema 0 0 0 0 0 0 0 0 0 0 

~tenacron 0 0 0 0 0 0 0 0 0 0 

cLeptophlebJa 0 0 0 0 0 0 II 0 0 0 

Parameletus 0 0 0 0 86 108 II 0 0 0 

Ophwgomphus 0 II 0 0 0 0 0 0 0 0 



Taxon 

-=·-· 
Plecoptera 

Capniidac 

Capnia 

Chloroperlidae 

Nemouridae 

Nemoura 

Zapada 

Pcrlidae 

Claassen Ia 

Perlodidae 

soper/a 

Skwala 

Corixidae 
Cal/rcorixa 

Sigara 

Noctuidae 

Brachycentrus 

Glossosomatidae 

f,1nagapetus 

Hydropsyche 

Hydroptilidae 

Hydroptila 

Oxyethira 

Leprdostoma 

Oecetzs 

Lrrnnephrlus 

Ptr/ostomrs 

Neurechpsrs 

Oprroservus a 

Opt1oserVl-lS ! 

Dubrraphra 

Diptera I 

Diptcra p 

Bezzra 

Chironomidae p 

Chironomidae I 

Diamcsinac 

Orthocladiinac 

Corynoneura 

Thwnemanmella 

Tanypodinae 

Chironomini 

Tanytarsini 

Dolichopodidae 

Che/rfera 

Hemerodrornra 

Perrcorna 

Simuliidac p 

Simuliidae 

Chrysops 

Tabanus 

Tipulidac 

Hexatoma 

Terrestrial 
-· 

Total 

BENTHIC INVERTEBRATE DATA- MUSKEG RIVER BASIN (Page 6 of6) 

Site-:.Rerilicate 
30-1 30-2 30-3 35•1 . 55-4 :55'5 55-6 

0 11 43 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 11 

65 43 43 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 11 11 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

11 0 0 0 0 0 0 
0 11 0 0 0 0 0 

0 0 0 0 0 0 0 
11 43 11 0 0 0 0 

0 0 11 0 0 0 0 

0 0 0 0 0 0 0 

0 0 11 0 151 86 129 
0 II 0 0 0 0 0 
0 0 0 0 86 22 43 
0 32 0 0 0 0 0 
0 0 0 0 0 0 0 

11 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 

39~ I 0 0 0 0 0 II 
!! 11 22 0 420 366 

0 0 0 0 0 0 0 

0 0 0 0 0 !1 0 

0 0 0 0 0 0 0 
0 0 0 43 0 0 0 
0 0 0 0 43 0 22 
0 0 0 0 () 0 0 
0 11 11 0 172 43 43 

22 22 11 344 4175 2959 1216 
32 54 22 775 86 22 11 

0 0 0 0 0 22 0 

0 22 11 388 129 () 22 
32 ll 86 1550 2410 452 86 
0 0 !1 646 43 151 108 
0 0 0 () 32 0 0 
{) 11 11 0 172 118 86 

32 22 97 () 0 0 0 

0 0 0 0 0 0 0 
0 0 0 {) 1! !! 43 

11 0 0 0 0 0 43 

11 0 0 0 0 0 0 
0 0 0 0 0 !1 0 
() 0 0 () 0 0 22 

11 0 11 0 0 0 0 

11 54 22 86 118 65 172 
I2SI ii77 -

1533 64!5 9835 5545 307o 1 

81H fiOC2 

0 0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 
0 0 

0 0 

0 43 

0 344 
{) 0 
0 0 

() 43 
215 2411 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
() 0 
0 0 

0 0 

0 0 

0 0 

0 0 
344 3314 

80..3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

~ I 
0 

0 
0 

0 

0 

0 

0 
43 

0 
0 
() 

0 
129 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 
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ETL EllVlro :fest 
A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED 

9936. 67 Avenue, Edmonton, Alberta T6E OP5 Telephone: (403) 434-9509 Fax: (403) 437-2311 
Bay 2, 1313 . 44 Avenue N.E., Calgary, Alberta T2E 6L5 Telephone: (403) 291-9897 Fax: (403) 291·0298 
107. 111 Research Drive, Saskatoon, Saskatchewan S7N 3R2 Telephone: (306) 668·8370 Fax: (306) 668·8383 
Bay 3, 10919 • 96 Avenue, Grande Prairie T8V 3J4 Telephone: (403) 539·5196 Fax: (403) 539·6295 
Unit F. 1420 Clarence Avenue, Winnipeg, Manitoba R3T 1T6 Telephone: (204) 452-8104 Fax: (204) 477-8719 

CHEMICAL ANALYSIS REPORT 

GOLDER ASSOCIATES 
1011-SAVENUES.W. 
CALGARY, ALBERTA 
T2P OW1 ATTN: RANDY SHAW 

DATE: December 13, 199.5 

Lab Work Order#: E510131 Sampled By: TD/JD 

Project Reference: 952-2308/7130 SEAL 1 0 Date Received: 1 0/05/95 

Project P.O.#: NOT SUBMITTED 

Comments: 

APPROVED BY: 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT HE WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL). For specific tests registered 
with the Association 
STANDARDS COUNCIL OF CANADA· Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) ·Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA ·Pesticide in Fruits and Vegetables, pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL). For specific tests registered 
with the Association 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 
E51 0131-01 SRD95F30 
Sample Type:INSECTS 
Collected:09/27/95 

PAH & Alkylated PAH 
Naphthalene 0.06 0.02 ug/g (ppm) 11/18/95 
Acenaphthylene N.D. 0.02 ug/g !ppml 11/18/95 
Acenaphthene N.D. 0.02· ug/g ppm 11/18/95 
Fluorene N.D. 0.02 ug/g ~ppml 11/18/95 
Dibenzothiophene N.D. 0.02 ug/g ppm 11/18/95 
Phenanthrene 0.02 0.02 ug/g !ppml 11/18/95 
Anthracene N.D. 0.02 ug/g ppm 11/18/95 
Fluoranthene N.D. 0.02 ug/g !ppml 11/18/95 
Pyrene N.D. 0.02 ug/g ppm 11/18/95 
Benzo(a)anthracene/Chrysene N.D. 0.02 ug/g !ppml 11/18/95 
Benzo(b&k)fluoranthene N.D. 0.02 ug/g ppm 11/18/95 
Benzo(a) ~rene N.D. 0.02 ug/g ~ppm) 11/18/95 
lndeno(c, ·123)hyrene N.D. 0.02 ug/g ppm) 11/18/95 
Dibenzo(a,h)ant racene N.D. 0.02 ug/g (ppm) 11/18/95 
Benzo(ghi)herylene N.D. 0.02 ug/g (ppm) 11/18/95 
Methyl nap thalene 0.07 0.02 ug/g !ppm) 11/18/95 
C2 sub'd naphthalene 0.07 0.04 ug/g ppm) 11/18/95 
C3 sub'd naphthalene 0.11 0.04 ug/g !ppml 11/18/95 
C4 sub'd naphthalene N.D. 0.04 ug/g ppm 11/18/95 
Biphenbl N.D. 0.04 ug/g (ppm) 11/18/95 
Methyl iphenyl · N.D. 0.04 ug/g (ppm) 11/18/95 
C2 sub'd biphenhl N.D. 0.04 ug/g !ppm) 11/18/95 
Methyl acenapht ene N.D. 0.04 ug/g ppm) 11/18/95 
Methyl fluorene N.D. 0.04 ug/g (ppm) 11/18/95 
C2 sub'd fluorene N.D. 0.04 ug/g (ppm) 11/18/95 
Methyl phenanthrene/anthracene N.D. 0.04 ug/g ~ppm) 11/18/95 
C2 sub'd phenanthrene/anth. 0.04 0.04 ug/g ppm) 11/18/95 
C3 sub'd phenanthrene/anth. 0.05 0.04 ug/g !ppm) 11/18/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g ppm) 11/18/95 
1-Methyl-7-isopropyl~henanth. N.D. 0.04 ug/g !ppml 11/18/95 
Methyl dibenzoth1op ene N.D. 0.04 ug/g ppm 11/18/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/18/95 
C3 sub'd dibenzothiophene 0.05 0.04 ug/g (ppm) 11/18/95 
C4 sub'd dibenzothiophene 0.06 0.04 ug/g (ppm) 11/18/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppm) 11/18/95 
Methyl B(a)A/ch~sene N.D. 0.04 ug/g (ppml 11/18/95 
C2 sub'd B(a)A/c rysene N.D. 0.04 ug/g (ppm 11/18/95 
Methyl B(b&k)F/B(a)P N.D. 0.04 ug/g ~ppm) 11/18/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 ug/g ppm) 11/18/95 

PANH & Alkylated PANH's 
N.D. 0.02 ug/g (ppm) Quinoline 11/18/95 

?-Methyl quinoline N.D. 0.02 ug/g (ppm) 11/18/95 
C2 Alkyl subst'd quinolines N.D. 0.02 ug/g (ppm) 11/18/95 
C3 Alkyl subst'd quinolines N.D. 0.02 ug/g (ppm) 11/18/95 
Acridine N.D. 0.02 ug/g (ppm) 11/18/95 
Methyl acridine N.D. 0.02 ug/g (ppm) 11/18/95 
Phenanthridine N.D. 0.02 ug/g (ppm) 11/18/95 
Carbazole N.D. 0.02 ug/g ~ppml 11/18/95 
Meth~l carbazoles N.D. 0.02 ug/g ppm 11/18/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/18/95 

E51 0131-02 SR095FS4 
Sample Type: INSECTS 
Collected: 09/28/95 

PAH & Alkylated PAH 
0.02 ug/g (ppm) 11/18/95 Naphthalene 0.08 

Acenaphthylene N.D. 0.02 ug/g (ppml 11/18/95 
Acenaphthene N.D. 0.02 ug/g (ppm 11/18/95 
Fluorene N.D. 0.02 ug/g (ppm) 11/18/95 
Dibenzothiophene N.D. 0.02 ug/g (ppm) 11/18/95 
Phenanthrene 0.02 0.02 ug/g (ppm) 11/18/95 
Anthracene N.D. 0.02 ug/g (ppm) 11/18/95 
Fluoranthene N.D. 0.02 ug/g !ppm) 11/18/95 
Pyrene N.D. 0.02 ug/g ppm) 11/18/95 
Benzo(a)anthracene/Chrysene N.D. 0.02 ug/g !ppm) 11/18/95 
Benzo(b&k)fluoranthene N.D. 0.02 ug/g ppm) 11/18/95 
Benzo(a)~rene N.D. 0.02 ug/g !ppml 11/18/95 
lndeno(c, ·123) hyrene N.D. 0.02 ug/g ppm 11/18/95 
Dibenzo(a.h)ant racene N.D. 0.02 ug/g (ppm) 11/18/95 
Benzo(ghi)herylene N.D. 0.02 ug/g (ppm) 11/18/95 
Methyl nap thalene 0.05 0.02 ug/g !ppm) 11/18/95 
C2 sub'd naphthalene 0.11 0.04 ug/g ppm) 11/18/95 
C3 sub'd naphthalene 0.17 0.04 ug/g (ppm) 11/18/95 

E510131 CONT ... 
PAGE2 
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ENVIROaTEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE 1D TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 
E510131·02 SRD95FS4 
Sample Type: INSECTS 
Collected:09/28/95 

C4 sub'd naphthalene N.D. 0.04 ug/g !ppml 11/18/95 
Biphenbl N.D. 0.04 ug/g ppm 11/18/95 
Methyl iphenyl N.D. 0.04 · ug/g (ppml 11/18/95 
C2 sub'd biphenhl N.D. 0.04 ug/g (ppm 11/18/95 
Methyl acenapht ene N.D. 0.04 ug/g tpm) 11/18/95 
Methyl fluorene N.D. 0.04 ug/g ppm) 1-1/18/95 
C2 sub'd fluorene N.D. 0.04 ug/g ppml 11/18/95 
Methyl phenanthrene/anthracene N.D. 0.04 ug/g (ppm 11/18/95 
C2 sub'd phenanthrene/anth. 0.04 0.04 ug/g !ppm) 11/18/95 
C3 sub'd phenanthrene/anth. 0.05 0.04 ug/g ppm) 11/18/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g lppm) 11/18/95 
1-Methyl-7 ·isopropyl~henanth. N.D. 0.04 ug/g (ppm) 11/18/95 
Methyl dibenzoth1op ene N.D. 0.04 ug/g (ppm) 11/18/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/18/95 
C3 sub'd dibenzothiophene 0.06 0.04 ug/g !ppml 11/18/95 
C4 sub'd dibenzothiophene 0.05 0.04 ug/g ppm 11/18/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppm) 11/18/95 
Methyl B(a)Nchd',sene N.D. 0.04 ug/g (ppm) 11/18/95 
C2 sub'd B(a)A/c rysene N.D. 0.04 ug/g !ppml 11/18/95 
Methyl B(b&k)F/B(a)P N.D. 0.04 ug/g ppm 11/18/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm) 11/18/95 

PANH & Alkylated PANH's 
N.D. ug/g !ppm) 11/18/95 Quinoline 0.02 

7-Methyl quinoline N.D. 0.02 ug/g ppm) 11/18/95 
C2 Alkyl subst'd quinolines N.D. 0.02 ug/g !ppml 11/18/95 
C3 Alkyl subst'd quinolines N.D. 0.02 ug/g ppm 11/18/95 
Acridine N.D. 0.02 ug/g !ppm) 11/18/95 
Methyl acridine N.D. 0.02 ug/g ppm) 11/18/95 
Phenanthridine N.D. 0.02 ug/g (ppm) 11/18/95 
Carbazole N.D. 0.02 ug/g (ppm) 11/18/95 
Meth~l carbazoles N.D. 0.02 ug/g (ppm) 11/18/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/18/95 

N.D. -NOT DETECTED. LESS THAN THE DETECTION LIMIT 

THIS IS THE FINAL PAGE OF THE REPORT 
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ENVIRO-TEST QA/QC REPORT 

PAH & Alkylated PAH 

Average Surrogate Recovery for E51 0131 
Nitrobenzene d5 
2-Fiuorobiphenyl 
p-Terphenyl d 14 

PANH & Alkylated PANH's 

Average Surrogate Recovery for E51 0131 
Quinoline d? 

Relative percent difference is expressed as RPD. 
Percent Recoverv is exp_ressed as %. 
THIS IS THE LAST PAGE OF THE QAQC REPORT 
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PAH & Alkylated PAH 

Preparation Method: 

Instrument Method: 

Method Reference: 

Appendix A Test Methodologies 

Soxhlet extraction with DCM. 

GC/MSD analysis 

Extraction Method: 
Analytical Method: 

EPA 3540 (modified) 
EPA 8270 (modified) 

PANE & Alkylated PANH 1 s 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 
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SPECIFIC WORK INSTRUCTIONS 

SPECIFIC WORK INSTRUCTIONS SWINo.: swu.o 
Project: Suncor Tributary Samping - Spring 1996 

Date: April 30, 1996 

Author: Marie Lagimodiere 

To: Tony Calverley 

cc: DaveFernet File No.: 

Subject: Spring 1996 Aquatic Field Program Jobtrask No.: 962-2320 

Scope of Work/Specific Instructions: 

Survey the lower reaches of Leggett Creek, Wood Creek, and the Unnamed Creek that drains Shipyard Lake and 
examine for fish presence, habitat conditions, fish passage and potential use as spawning stream (for fish from the 
mainstem Athabasca River), using a backpack shocker, seine nets and minnow traps. Gill nets, seine nets or 
minnow traps are to be used to sample habitats. in which electrofishing effectiveness is reduced and to sample for 
fish species which are not as susceptible to capture by electrofishing. 

Video tape the habitat of Unnamed Creek, Shipyard Lake, Leggett Creek, Wood Creek and Horseshoe Lake. 
While video taping note major changes in habitat type (e.g., from wetland to defined channel). Spend one day in 
total at the upper and middle reaches, and one day at the mouth going upstream as far as time allows. Habitat map 
100m representative reaches as per Golder TP8.5-0. In addition, install gill nets and minnow traps in Shipyard 
Lake and Horseshoe Lake. Retrieve gill nets and minnow traps the following day. 

All captured individuals of all fish species are to be identified to species and enumerated. Large fish species are to 
be. measured for fork length and weight and the appropriate non-lethal ageing structure is to be collected. The life 
history stage, sex and state of maturity is to be recorded for each fish, when discernible from external examination. 
External pathology is to be recorded and all abnormalities are to be recorded as per the external examination form 
classification. Incidental mortalities are to be examined internally and results are to be recorded on internal 
examination forms and lethal ageing structures collected. For forage fish species, a sub-sample is to be measured 
for fork length and weight and sacrificed to obtain ageing materials. GPS techniques are to be used to record the 
location of all significant habitat areas, locations of significant concentrations offish and all sampling locations. 
Golder TP 8.1-0 Fish Inventory and Biomarker Method and Golder TP 5.1-0 Habitat Classification system must be 
followed. 

Project Manager: Marie Lagimodiere 

Work Product(s) Due By: May 31, 1996 

Allocated Manhours: see budget 

Subcontractor (as applicable): n/a 

Special Handling Requirements: Any unidentifiable whole fish will be stored in 10% buffered formalin, clearly 
labelled and returned to the lab for positive identification. 

Applicable Specs. and Procedures: Golder TP 8.1-0, Golder TP5.1-0 

Project Mllllllger Approval/Date: QA Manager/Date: 



SPECIFIC WORK INSTRUCTIONS 

SPECIFIC WORK INSTRUCTIONS SWINo.: SWil.O 
Project: Suncor Tributary Samping - Spring 1996 

Date: April 30, 1996 

Author: Marie Lagimodiere 

To: Tony Calverley 

cc: Dave Femet File No.: 

Subject: Spring 1996 Aquatic Field Program Job/Task No.: 962-2320 

Scope of Work/Specific Instructions: 

Survey the lower reaches of Leggett Creek, Wood Creek, and the Unnamed Creek that drains Shipyard Lake and 
examine for fish presence, habitat conditions, fish passage and potential use as spawning stream (for fish from the 
mainstem Athabasca River), using a backpack shocker, seine nets and minnow traps. Gill nets, seine nets or 
minnow traps are to be used to sample habitats in which electrofishing effectiveness is reduced and to sample for 
fish species which are not as susceptible to capture by electrofishing. 

Video tape the habitat of Unnamed Creek, Shipyard Lake, Leggett Creek, Wood Creek and Horseshoe Lake. 
While video taping note major changes in habitat type (e.g., from wetland to defined channel). Spend one day in 
total at the upper and middle reaches, and one day at the mouth going upstream as far as time allows. Habitat map 
100m representative reaches as per Golder TP8.5-0. In addition, install gill nets and minnow traps in Shipyard [ 
Lake and Horseshoe Lake. Retrieve gill nets and minnow traps the following day. 5 

All captured individuals of all fish species are to be identified to species and enumerated. Large fish species are to 
be measured for fork length and weight and the appropriate non-lethal ageing structure is to be collected. The life 
history stage, sex and state of maturity is to be recorded for each fish, when discernible from external examination. 
External pathology is to be recorded and all abnormalities are to be recorded as per the external examination form 
classification. Incidental mortalities arc to be examined internally and results are to be recorded on internal 
examination forms and lethal ageing structures collected. For forage fish species, a sub-sample is to be measured 
for fork length and weight and sacrificed to obtain ageing materials. GPS techniques are to be used to record the 
location of all significant habitat areas, locations of significant concentrations of fish and all sampling locations. 
Golder TP 8.1-0 Fish Inventory and Biomarker Method and Golder TP 5.1-0 Habitat Classification system must be 
followed. 

Project Jv1anager: Marie Lagimodierc 

Work Product(s) Due By: May 31, 1996 

Allocated Manhours: see budget 

Subcontractm· (as applicable): n/a 

Special Handling Requirements: Any unidentifiable whole fish will be stored in 10% buffered formalin, clearly 
labelled and returned to the lab for positive identification. 
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APPENDIX X 

WATER SURVEY OF CANADA STREAM DISCHARGES 

FOR THE ATHABASCA AND STEEPBANK RIVERS 
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APPENDIX XII 

STREAM CATALOGUE FOR THE MUSKEG RIVER AND ITS TRIBUTARIES, 

SPRING AND SUMMER, 1995 



1.0 INTRODUCTION 

This stream catalogue provides a summary of habitat and fisheries information for watercourses 
in the Muskeg River watershed and Kearl Lake. The data was collected by Golder Associates as 
part of the Syricrude Aquatic Baseline Environmental Study. Eight stream sites were sampled 
in May, 1995, six of which had been previously sampled by Beak (1986) and R.L.&L. (1989) as 
part of the OSLO study. An additional two stream sites (a previous site on Iyinimin Creek and a 
new site on Blackfly Creek) and Kearl Lake were examined in August. To allow comparisons of 
the data, the format of this stream catalogue is based on the format used by R.L.&L. ( 1989) and 
Beak (1986). Two additional pieces of information have been added: UTM coordinates that 
were recorded by a Geo Explored GPS unit and site access (i.e. road, helicopter etc.). 

Fish species are recorded using abbreviations as recommended by Alberta Fish and Wildlife 
division. The four letter fish code, and the scientific and common names of fish found in this 
study are presented in Table 1. 

2.0 GLOSSARY 

The following is a glossary of terms and parameters that are used in the stream catalogue: 

average depth 

average wet width 

bank 

bank coverage 

average depth of pools, riffles, and runs based on measurements taken 
in 1-3 transects within the 50 meter stream section 

average width of the water surface based on 3 to 6 transects 

The rising ground bordering a stream channel below the level of rooted 
terrestrial vegetation and above the normal stream bed. The left and 
right banks are defined looking upstream. 

Vegetation along the edge of the stream within the influence of the 
groundwater table associated with the stream (i.e. riparian vegetation). 
Riparian vegetation is arbitrarily divided into tree canopy (coniferous 



bank form 

bank stability 

channel cover 

conductivity 

dissolved oxygen 

elevation 

fish species 

and deciduous trees), understory (shrubs) and ground (mosses, grasses 
etc.) 

The range of bank forms is separated into four classes: 

flat 

repose 

steep 

undercut 

failing 

stable 

aggrading 

The stream bed slopes gently to the beginning of rooted 
vegetation, frequently with overlapping bar deposits. 

The bank is eroded at high water levels, but is at the 
angle of repose of the unconsolidated material (usually 
34-37°). 

The bank is nearly vertical, due to consolidation by 
cementation, compaction, root structure or some other 
agent. 

The bank has an undercut structure caused by erosion 

Active erosion and slumping is taking place 

The bank is of rock, has very high root density or is 
otherwise protected from or not subject to active 
erosion 

Continuous sediment deposition is taking place, 
causing the river channel to migrate away from the 
river bank 

The vegetation which projects over the channel width of a stream and 
material which is in the stream. It is recorded as the percent of the 
channel width covered within a 50 m section of the stream at each site. 
Channel cover is arbitrarily divided into three levels: 

crown vegetation greater than I m above the water surface 

overhanging vegetation less than I m above the water surface 

instream material (debris, stumps, fallen trees etc.) in the stream 
that can provide cover for fish. 

Recorded in the field using a YSI TLC conductivity meter 

Recorded in the field using a YSI 57 dissolved oxygen meter 

Determined to the nearest 10m using 1:50,000 scale NTS maps 

Fish were captured using a backpack electroshocker, a portable boat 
shocker or minnow traps (Kearl Lake only). Fish species caught by 
each method are listed using letter codes. "No captures" for a 



flow character 

maximum depth 

pH 

pool:run:riffle ratio 

site 

substrate 

temperature 

particular method denotes than an attempt was made to catch fish by 
that method but none were captured. 

The surface expression of the water, described as follows: 

placid 
swirling 
rolling 
broken 
tumbling 

tranquil, sluggish 
eddies, boils, swirls 
unbroken wave forms are numerous 
standing waves are broken, rapids 
cascades, usually over large boulders or rock outcrops 

The maximum depth ofthe 50 meter section of stream 
recorded for each pool, riffle and run. 

Recorded in the field using an Omega 25 model pH meter. 

The ratio of pool:run:riffie based on the percentage of each stream type 
in the 50 m section of stream . These habitat types are described as 
follows: 

pool a deep area of low current velocity relative to the main current 

run a moderately deep area within the main current 

riffle a shallow area where the water surface is broken into waves by 
bed material 

Sites are numbered as per R.L.&L. (1989) except site 30, 55 and 60 
which are new sites. See Figure I .2-3 for locations of sites. 

Material in the stream bed. The assemblage of sizes ofmaterial are 
described as follows: 

organic/silt 
sand 
small gravel 
large gravel 
pebble 
cobble 
boulder 

organic material and/or fine sediment <0.06 mm 
0.06 to 2.0 mm 
2 to 8 mm 
8 to 32 mm 
32 to 64 mm 
64 to 256 mm 
> 256 mm 

Recorded using a mercury pocket thermometer to the nearest degree 
Celsius. 
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WATERBODY 

Muskeg River Site 30 

Grid Reference NTS 74 E/4 Elevation (m) 250 

· Date Habitat - May 8/1995 U.T.M 12VVU (466550 6338750)• 
Fish Inventory - May 8/1995 

Access accessible by road; Highway 63 at bridge over Athabasca River 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width ( m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

12.5 
pool:
pool:
rolling 
0:2:4 

Substrate Composition(%) 
organics/silt sand sm. gravel 

5 10 5 

Bank 
form 
stability 

repose, some undercutting 
agrading, 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover(%) 

white spruce 
willows 
grasses 

crown 5 
overhanging 5 
in stream 5 

run: 65 
run: 29 

lg. gravel 
30 

pebble 
40 

riffle: 88 
riffle: 33 

cobble 
10 

boulder 

Stream Discharge 
1.59 m3/s 



WATER QUALITY 

temperature 
dissolved oxygen 
conductiv ity 
pH 

BIOTA 

110 c 
11 .2 mg/L 
23 1 flS @25 °C 
8.24 

Aquatic Macrophytes none 

Fish Species 
e lectroshock 
observed 

COMMENTS 
*map UTM 

BURB, LNSC, FTMN, SLSC 



WATERBODY 

Jackpine Creek Site S-4 

Grid Reference NTS 74 E/3 Elevation (m) 310 

Date Habitat - May 1811995 U.T.M 12VVU (475300 6343850)* 
Fish inventory- May 20/1995 

Access accessible by Canterra Rd. 

PHYSICAL 
CHARACTERISTICS. 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

9.7 
pool: - run: 91 
pool: - run: 32 
swirling, rolling at riffles 
1:2:2 

Substrate Composition (%) 
organics/silt sand sm. gravel lg. gravel 

25 

Bank 
form 
stability 

flat, some undercutting 
stable, failing in undercut areas 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover (%) 

white spruce 
willows 
grasses 

crown 20 
overhanging 60 
instream 50 

pebble 
5 

riffle: 28 
riffle: 18 

cobble 
40 

boulder 
30 

Stream Discharge 
0.39 m3/s 



WATER QUALITY 

temperature 
dissolved oxygen 
conductivity 
pH 

BIOTA 

JOO c 
9.9 mg/L 
J 88 !lS @25 °C 
7.83 

Aquatic Macrophytes none 

Fish Species 
electroshock 
observed 

COMMENTS 

SLSC, LNSC, FTMN 

This site has good arctic grayling habitat although none were found. 
About 50 m upstream of the site there is a large beaver dam that appears to 
be impassable to large fish . 
* map UTM 
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WATERBODY 

North Muskeg Creek Site 9 

Grid Reference NTS 74 E/6 Elevation (m) 330 

Date May 19, 1995 U.T.M 12WU(484077 6346815) 
Fish: May 20, 1995 

Access accessible by Canterra Road, then south on road west of 
Kearl Lake 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

5.4 
pool: 34 
pool: 18 
placid 
1:4:0 

Substrate Composition (%) 

run: 34 
run: 17 

organics/silt sand sm. gravel !g. gravel 
90 

pebble 
5 

riffle: 
riffle: 

cobble 
5 

boulder· 

Bank 
form 
stability 

steep, some undercutting 
stable 

Stream Discharge 
0 m3/s 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Coyer (%) 

willows 
grasses, Typha latifolia 

crown 15 
overhanging 25 
instream 20 



WATER QUALITY 

temperature 
disso lved oxygen 
conductivity 
pH 

BIOTA 

9° c 
10.0 mg/L 
120 ~lS @25 °C 
7.64 

Aquatic Macrophytes Typha latifolia, Myriophyllum exalbescens 

Fish Species 
electroshock 
observed 

COMMENTS 

BRST, FTMN , PRDC, SLSC, LNSC 

There are two large beaver dams downstream of the site that are visible on 
1:40,000 air photo (a ir photo 74E, 57: 15). 



WATERBODY 

Muskeg River Site 18 

Grid Reference NTS 74 E/6 Elevation (m) 279 

Date May 21, 1995 U.T.M 12VVU (469971 6345620)* 

Access accessible by Can terra Rd. (north at fork just west of Muskeg 
River crossing) 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

14.6 
pool: - run: 240 
pool: - run: 160 
placid, rolling at riffle 
0:1:5 

Substrate Composition (%) 
organics/silt sand sm. gravel !g. gravel pebble 

85 

riffle: 88 
riffle: 29 

cobble 
10 

boulder 
5 

Bank 
form 
stability 

repose, some undercutting 
failing 

Stream Discharge 
3.25 m3/s 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover (%) 

white spruce 
willows 
grasses 

crown 50 
overhanging 1 0 
in stream 15 



WATER QUALITY 

temperature 
di sso lved oxygen 
conductiv ity 
pH 

BIOTA 

10° c 
10.2 mg/L 
277 )lS @25 °C 
7.29 

Aq uatic Macrophytes none 

Fish Spec ies 
e lectroshock 
observed 

COMMENTS 

WHSC, LNSC, ARGR, 

The habitat was mainly placid, deep runs but there were some riffles 
* map UTM 



WATERBODY 

Jackpine Creek Site 17 

Grid Reference NTS 74 E/6 Elevation (m) 279 

Date May 22, 1995 U.T.M 12VVU (476440 6350971) 

Access By road to Alsands test pit (with permission from Shell Canada) and 
zodiac or by helicopter 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

6.6 
pool: -
pool: -
placid 
1:0:1 

Substrate Composition (%) 

run: 92 
run: 66 

organics/silt sand sm. gravel !g. gravel 
85 2 

Bank 
form 
stability 

steep, some undercutting 
stable, eroding in undercut areas 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 

ground 

Channel Cover(%) 

white spruce 
willow, red osier 
dogwood 

crown 70 
overhanging 65 
instream 65 

pebble 

riffle: -
riffle: -

cobble 
8 

boulder 
5 

Stream Discharge 
0.67 m3/s 



WATER QUALITY 

temperature 
dissolved oxygen 
conductivity 
pH 

BIOTA 

II o C 
9.9 mg/L 
226 ~lS @25 °C 
7.96 

Aquatic Macrophytes none 

Fish Species 
electroshock 
observed 

COMMENTS 

SLSC, LNSC, FTMN 
WHSC 

Many beaver dams in the area both upstream and downstream of the site. 



WATERBODY 

Khahago Creek Site 14 

Grid Reference NTS 74 E/3 Elevation (m) 330 

Date May 27, 1995 U.T.M 12VVU (480435 6342156) 

Access Helicopter 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

~ 10 
pool: -
pool: -
placid 
0:1:0 

Substrate Composition (%) 

run:> 165 
run:~ 150 

organics/silt sand sm. gravel !g. gravel pebble 
100 

Bank 
form 
stability 

.. 

steep, some undercutting 
stable, eroding in undercut areas 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover (%) 
crown 10 
overhanging 1 0 
instream 80 

riffle: -
riffle: -

cobble boulder 



WATER QUALITY 

temperature 
dissolved oxygen 
conductiv ity 
pH 

BIOTA 

Aquatic Macrophytes 

F ish Spec ies 
e lectroshock 
observed 

COMMENTS 

12° c 
9.4 mg/L 
156 ~L S @25 °C 
6.3 

Sagittaria cuneata 

Water was too deep for backpack electroshock ing and habitat transects . 
Flow was almost non-existent, probably due to beaver activity. An o ld 
beaver lodge was present on the bank. 



WATERBODY 

Muskeg River Site 4 

Grid Reference NTS 74 E/6 Elevation (m) 290 

·Date May 28, 1995 U.T.M 12VVU (476194 6351411)* 

Access Helicopter 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

~ 15 
pool: -
pool: -
placid 
0:1:0 

run:> 100 
run: -

Substrate Composition (%) 
organics/silt ·sand sm. gravel lg. gravel 

100 

Bank 
form 
stability 

moderately steep, some undercutting 
slumping, failing in undercut areas 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover(%) 

willows 
grasses 

crown 5 
overhanging 15 
instream 10 

pebble 

riffle: -
riffle: -

cobble boulder 

II 



WATER QUALITY 

temperature 
disso lved oxygen 
conductivity 
pH 

BIOTA 

Aquatic Macrophytes none 

Fish Spec ies 
electroshock 
observed 

COMMENTS 

NRPK 

15° c 
6.9 mg/L 
295 ~LS @25 °C 
7.68 

Water was too deep for backpack electroshocking and habitat transects. 
F low was almost non-existent due to beaver dam downstream of site. Lots 
of beaver activity in area. 
*map UTM 



WATERBODY 

Stanley Creek 

Grid Reference NTS 74 E/6 

Date May 28, 1995 

Access Helicopter 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

14 
pool: 64 
pool: 62 
placid 
0:1:0 

Substrate Composition (%) 

Site 60 

Elevation (m) 290 

U.T.M 12VVU (478876 6355856) 

run: 
run: 

riffle: -
riffle: -

organics/silt sand sm. gravel !g. gravel pebble cobble boulder 
100 

Bank 
form 
stability 

steep, some undercutting 
stable 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover (%) 

willows 
grasses 

crown 0 
overhanging 5 
in stream 10 

Stream Discharge 
0.10m3/s 



WATER QUALITY 

temperature 
dissolved oxygen 
conductivity 
pH 

BIOTA 

Aquatic Macrophytes 

Fish Species 
electroshock 
observed 

COMMENTS 

BRST 

go C 

7.8 mg/L 
229 FS @25 °C 
7.28 

Myriophyllum exalbescens 

Channel is braided with numerous grassy islands. Water is essentially 
stagnant . 



WATERBODY 

Blackfly Creek Site 55 

Grid Reference NTS 74 E/6 Elevation (m) 

Date August 11/1995 U.T.M 12VVU (484413 6340135) 

Access Helicopter 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

5.7 
pool: - run: 98 
pool: - run: 70 
placid, broken in riffles 
0:5:1 

Substrate Composition (%) 
organics/silt sand sm. gravel lg. gravel 

Bank 
form 
stability 

. 90 5 

steep, moderate undercutting 
stable, failing where undercut 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover (%) 

white spruce 
alder 
grasses 

crown 35 
overhanging 30 
instream 15 

pebble 

riffle: -
riffle: -

cobble 
5 

boulder 

Stream Discharge 
1.65 m3/s 

I e-7 



WATER QUALITY 

tern perature 
dissolved oxygen 
conductivity 
pH 

BIOTA 

Aquatic Macrophytes none 

F ish Species 
e lectroshock 
observed 

COMMENTS 

BRST 
BRST 

Jl o C 
10.9 mg/L 
193 ~tm/cm 
6.79 



\.:. 

WATERBODY 

Iyinimin Creek Site 8 

Grid Reference NTS 74 E/6 Elevation (m) 460 

Date August 1611995 U.T.M 12VVU (489380 6345017) 

Access Helicopter 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
average wet width (m) 
maximum depth (em) 
average depth (em) 
flow characteristics 
pool:run:riffle ratio 

5.4 
pool: -
pool: -
placid 
1:5:1 

Substrate Composition (%) 

run: 83 
run: 51 

organics/silt sand sm. gravel lg. gravel 
100 

Bank 
form 
stability 

steep, some undercutting 
stable, slumping where undercut 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

Channel Cover (%) 

white spruce, balsam fir 
alder 
grasses, ferns 

crown 70 
overhanging 50 
in stream 15 

pebble 

riffle: -
riffle: -

cobble boulder 

Stream Discharge 
3.80 m3/s 



WATER QUALITY 

temperature 
dissolved oxygen 
conductivity 
pH 

BIOTA 

9 ° C 
13 .2 mg/L 
11 9 ~un/cm 

7.29 

Aquatic Macrophytes none 

Fish Species 
electroshock 
observed 

COMMENTS 

none captured 

Lots of sand deposits and high stream discharges . ln fall , where flows were 
lower, gravel deposits were ev ident. 



WATERBODY 

Kearl Lake 

Grid Reference NTS 74 E/6 

Date August 13, 1995 

Access By Cantera Road 

PHYSICAL 
CHARACTERISTICS 

Hydraulics 
perimeter (km) 23.7 

surface area (km 2) 5.3 
maximum depth (m) 2.5 
average depth (m) 1.4 

Substrate Composition (%) 

Site 80 

Elevation (m) 300 

UTM (N/A) 

organics/silt sand sm. gravel !g. gravel pebble 
100 

RIPARIAN VEGETATION 

Bank Coverage 
tree canopy 
understory 
ground 

spruce, birch, poplar 
willows 
sedge 

cobble boulder 



WATER QUALITY 

temperature 
dissolved oxygen 
conductiv ity 
pH 

BIOTA 

16.5°C 
9.0 mg/L 
167@ 25°C 
7. 0 

Aquatic Macrophytes Typha lat(folia, Scilpus spp., Potamogeton rishardsoni, 
Potamogetan natans, Nuphar variegatum, Myriophyllum 
exalbescens, Ceratopylum demersum, Lemna sp. 

Fish Species 
electroshock 
minnow trap 
observed 

COMMENTS 

WHSC 
FTMN, PRDC, BRST 

Hydraulics data from December 1989 R.L & L. Environmental Services Ltd 
OSLO Project Report 
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HydroQual 
l.abcxatories Ltd 

#3, 6125- 12 Stree.t S.E. Calgary, Alberta Canada T2H 2K1 
TEL: (403) 253~71 21 FAX: (403) 252-9363 1·800-808-6942 

TRANSMITTAL 

DATE: Tuesday, October 17, 1995 FROM:J. Stephen Goudey, Ph·.o., P.Biol. 

TO: Kym Holley 
Golder Associates Ltd. 

TEL: (403) 299-5600 
FAX: (403) 299-5606 

GENERAL MANAGER 

TEL: (403) 253-7121 
FAX: (403) 252-9363 

I have attached the lactate analyses on the serum samples submitted to HydroQual. 
I've also included data on glucose and proteip at no additional charge. We are 
analyzing all three serum parametersjn,th~ Suriyor Fish Health Study. The coefficent 
of variations for each of the parame:fers analyze a is less than 5%. 
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.. , 

Blood Serum Analysis 

Date Time Glucose Protien Lactate 
Fish Collected Collected (mg/dl) (g/dl) (mg/dl) 

A SUN95UVVALLAF004T027a2--.... --95/08/10 --· .. 1501-· ·- 164 2.7 84 

B SUN95UGObQAF-002+028a2- ---...95/07130-- ----1809··-··- ... ---1 00---· 3.2 139 

c SUN95UGOLDAFOOST017a2. -- .. 95/07130- .... - 1549 89 3.8 122 
D SUN95UGOLDAF041T001 a2.- --95/07131 .. --· 1529 93 3.4 109 

E SUN95UGOLDAF0411=003a2. ·- ·-95/0713~-1- 1555-- -- ----139----·- . ·-· -3.3 156 

F SUN95UVVALLAF-004T01 Oa2. - · ----95/07131 1110 .. 214 ..... ' 3.9-. . 74 

G SUN95UVVALLAF005T014a2. ·- --95/07130 - -1507- -·· --104----- -- 4.1---- -- --' 73 

H SUN95UGOLDAFOOST016a2. --· . - 95/07130- ·1537 94 3.0 95 

I SUN95UGOLDAF019T002a2. 95/08/01 1108. ·132 .. -·- 3.4-- .... 120 

J SUN95UVVALLAF003T005a2-- -- -95/08/01-- --·-·--1707·· .. ·· 353 4.0 70 

K SUN95UVVA1LAF0041-026a2-- ---95/08/tO .. -- .. _.:--.:1032-- -----141... ... 4.4 49 

L SUN95UVVALLAF003T004a2 . 95/08/01 1658 338 2.5 73 

M SUN95UVVALLAF004TOt2a4 w5/07131 ·~· "-1-14-2- 277--.... ---· -3.9 62 

N SUN95UVVALLAF004T011a2 95/07P 1 _1.12..d. 145 .. ... 3.7 --··· . 67 

( .... 



1 

2. 
3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 
23 

2"' 
25 
26 
27 
.~8 

29 

30 
31 

\ 
32 
33 

\ 34 
35 
36 
37 

\ 

38 
39 

l 40 

Code T~!:$tosterone Estradiol 

AF002TOZ9 ._,/ "<:2.00 ~ <:80 / 

AF002.T030 / 250 
AF0021031 ,/ "'<200 
AF002T032 / "<200 
AF002T033 ./ 342 
AF003T001 / *<200 

Af003T002 J 230 
AF00'3T003 , * <:2. 00 
AF003T004 / "'<200 
AF003T006 r/ 800 
AF003T007 ,/ "..:200 
AF003TOOS J "~'<200 

AF003TOOS / 792 
AF004T013 ~ ,.. -<200 
AF004T014 v 226 
AF004T01S ..; 664 
AFOQ4T016 

I 6Z8 .; 

AF004T017 v 1132 
AF004T018 ./ 1 832 
Ai=004T019 j "'<200 
.~F004T020 v "<200 
AF004T02i v. 296 
AF004T022 J 247 
AF004T023 ./ 1300 

AF004T0'2.4 / 648 
AF004T025 / 1048 
AF004T026 / 416 

AF004T027 / " #><200 
AF004T028 .../ "<2.00 
AF004T029 -v "'<200 
AF004T030 / .. <200 

;\f004T03 '\ 1/ 396 
AF004T032 v 308 
AFOOSTOI 5 // w<200 
AF005T018 ._,/ 238 

~ 

AF006T004 ·./ 604 
AF006TOOS v/ 

1 Sl2· 

AF006T006 
•I 

F\(1/?:'0'?0 ') n.l!. 

Ar00ST007 (./ w<20Q 

AF006T008 / .. <200 - /f, 

MccciT:Ct; ·16·b 
fJ !rv' v 

11 <80 v' 

178 / 
w-<80 V 

*<80 /' 
579 v 

175 v 
128 t/ 
... <80 ./ 
"<80../ 
"<80 / 
"'<80I 
.. <80 J 

98 / 

758 I 
"-:80 / 
"<30 v 
136 / 

'~'..:80 ./ 
'"<80 1/ 
1437 ./ 

146 / 

221 / 
.. <80 v 
•-c:80 / 
"'<80 /, 
5824 J 
i i 6 / 

173 J 

259 / 
1558 ./ 
159 / 
2 791 ,/ 

152 ./ 

l.bi.!J v 
lO:c. V' 
1~3 / 

:ib .d v 
192 / 

100 v 

r-· ... ~- 3 

c~ Testosterone Estradlof ' .• 
41 AFOlBTOOiv "'..:200 "'<80 / f 
42 AFO 19T001 v· ""<200 .l.~U / I 
43 AF019T003 / 270 ~4 ........... I 
44 AF019T004 / *<200 *\ tJO / 

45 AF019T005 / *-:200 .l.J8. v I 
46 AF0201001 v' *<200 83 v' 

/ 

47 AF020T002 V ... <200 *<80 / 

48 AF0331001 / *<200 191 t/ ( 

49 AF033T002 J 281 178/ \ 
I 

50 AF033T003 v/ "<200 ·r 2os / r 
~· 

51 AF033T004 _... ~<200 LU) J 

S2 AF033TOOS \._...- 209 il:>lt:l / I 
[, 

53 AF033T006 / 504 156 v 
$4 AF033T007 v 1196 *(SO ,__.. 
55 AF033T008 V *<200 ll6 / l 

t; 
56 AF036T001 / 920 168 ~ 

/ 

57 AF03 6T002 ...../. 640 146 / 

sa AF036T003 ./ 492 164 .- i 
i 
I ' 

59 AF036T004 ./ .. ,zoo *(SO ...-
60 AF036TOOS v "<200 87 .......... 

61 AF03 6T006 ./ 840 133 v-; 
62 AF036T007 ~ .. <200 131 v 

I 
l. ; 

63 AF036T008 v •<ZOO 186 t/ . 

64 AF041 T002 -./ 283 205 ~' 
65 AF042T001 / w<.200 186 ./ 

. 66 AF042T002 / "'<200 372 j 

·~ 
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Department of Fisheries & Oceans 
501 University Crescent 
Winnipeg) Manitoba R3T 2N6 
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J.ln\. -!·0' 96!WED.I JS:Ol FW! CENT-ARC REGION 

January 10, 1996 

To: Stclla Swanson 
Golder Assoc. Ltd 

From: Scott Brown 
Depanmenc of Fisheries & Oc~ans 
Freshwater Institu.te 
Winnipeg, ~rn 

Dear Ste1la, 

TEL:204 984 6587 

First, l apologize for the ~lay in gemng t."lis ro you. My lab bas bc:en very busy and w~ h3vc nat bo:n 
routindy running vic::unin A compounds tor the last several monchs. 

To follow is dma about recinoids io liv~rs of ,goldeye and wallcy~. Both species have didchydroret.i.noids as 
c.heir major source of viumin A compounds. Unfortunately we have no standard for the major 
didehyd.roretinyl pe:l.k. We know that it is a didehyroretinyl ester ba::;ed on its charxteristic U'l absorbance 
spectra and diffc:ren~ ubsorptiontfluoresence characteristics. Just to give you some sort of mumbcr on which 
to base comparis011s I have qu:mtified it using the recinyl palmitate standard curve. Retinyl palrnirare is low 
in these fish and consistent with vaJues found in other species from polluted areas or experimentally 
e;..;posed to arga..oochlarine contJ.min:mts. However. this may not be the correct interpretation far this dam 
because the didehydroretinoids can also .:;upport the various vitamin A roks in vision/growth cte .. 

Dldehyd.roretinojds are quite high in these fish. Asr.axanth.in is very high in Goldeye and we need to Teruo 
the samples at lower dilution to get t:he pew ro integrate. Carotinoids (Asr.:uanth.in ,Cmtha:unthin :md 1:-
Carot:ine) arc pro-vitamin· A compounds t.h.:u IU'e detectnble in Goldeye but not Walleye. There is a range 
value:s and correlares with measures of MFO and contaminants need to be done. There c:m also be sex 
differences and differences '"·'ith respect to $t:are of mawricy. With >omc the a.c.clllary infonnntion I c:m 
provide a. bem:r overview. If required, I c:an provide you with example chromatograms, etc. Please contact 
me if you wish further informaoon. 

cc: Lyle Lockhart 
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Golder Assoc 
l1d. 01 .. 
Goldeye and = "--' 

!I eye 
Rolinoids 

Major bidehydrore!lnyl 
, 
"""' Ester Relinyl 

SAMPLE SPECIES Didehydrore!inol (calc as retpalrn) Helinol Palmilnte AstWUtnthin Canthaxanlhin f3-Caroline 
<J 
crJ 

(ug/grsm) {ug/gwm) (uglgram) (ugfgram) {uglgram) {ug/grarn} (ugfgram) = --,! 

' ::=-

AF003T007 GOLD EYE 12.74 131.92 0.74 15.8BOVER' 0.54 4.66 
;:o 
C') 

AFD04T0l3 GOLOEYE ;j7_35 210.64 1.46 2.1.070VER' 1A1 2.79 ;:o 

AFOOHO!S GOLDEYE :2'0. i9 1B.B10VER' 0.59 0.52 
t:rJ 

159.35 0.79 CJ -
AFOOH015 GOLDEYE 2'3 17 i 46.65 0.51 i6.450VER' 4.41 4.05 = = 
AFO!HT023 GOLD EYE 9.22 275.06 0.94 27.490VER' 0.85 0.58 

AF036TOGtl GOLD EYE S!5.82 175.47 0.26 B.370VER' 0.08 1.48 

f\F006T006 GOLD EYE 7'0.72 236.06 1.36 21.680VER" 4.45 7.33 

OVER' Integrators otf-
scale samplss 
need to be rerun 
at hioher dilu1ion --3 

!'T1 
r-
,._, 
= 

AF003T001 WALLEYE 3.10 232.52 0.04 6.64 0.06 0.05 . 0.05 _.,._ 

AFOO:H004 WALlEYE 13.93 657.42 0.09 12.86 0.06 0.05 0.05 '-"> 

AFOOH0i2 WAllEYE 

o:::> 

5.1 g 378.56 o.os 15.20 0.06 0.05 0.05 ....... 

AFOOHOi·i WALLEYE 7.87 427.62 0.23 33.59 0.06 0.05 0.05 0" 
Ol 

AF004T027 WAllEYE 2.81 392.76 0.10 33.39 0.06 0.05 0.05 co _ _, 

AF004T029 WAllEYE Ei2.23 538.63 0.49 22.13 0.06 0.05 0,05 

AF033T004 WAlLEYE 4.32 303.52 0.05 9.33 0.06 0.05 0.05 

AF033TOOO WALLEYE i4.87 157.33 0.17 3.78 0.06 0.05 0.05 

AF005T015 WALLEYE 2.36 177.45 0.05 5.55 0.06 0.05 0.05 

Dstecton Limil 0.01 0.08 0.01 0.03 0.06 0.05 0.05 

-o 

= = -"-"-



A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED l 

9936 • 67 Avenue, Edmonton, Alberta T6E OP5 Telephon_A4-9509 Fax: ('403) 437-2311 
Bay 2, 1313-44 Avenue N.E., Calgary, Alberta T2E 6L5 ~ (403) 291·9897 Fax: (403) 291-0298 
107- 111 Research Drive, Saskatoon, Saskatchewan S7N 3R2 Telephone: (306) 668·8370 Fax: (306) 668-8383 
Bay 3, 10919 • 96 Avenue, Grande Prairie T8V 3J4 Telephone: (403) 539·5196 Fax: (403) 539·6295 
Unit F ·1420 Clarence Avenue, Winnipeg, Manitoba R3T 1T6 Telephone: (204) 452·8104 Fax: (204) 477-8719 

CHEMICAL ANALYSIS REPORT 

GOLDER ASSOCIATES 
1011- 6TH AVENUE S.W. 
CALGARY, ALBERTA 
T2P OW1 

DATE: November 30, 1995 

ATTN: STELLA SWANSON 

Lab Work Order#: E51 0325 Sampled By: CLIENT 

Project Reference: 952-2307 Date Received: 10/13/95 

Project P .0.#: NOT SUBMITTED 

Comments: 
Note that the 2-fluorobiphenyl recovery is low due to 
fractionation- this does not effect the PAH results. 

APPROVED BY: 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL). For specific tests registered 
with the Association 
STANDARDS COUNCIL OF CANADA. Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) ·Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA· Pesticide in Fruits and Vegetables. pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL). For specific tests registered 
with the Association 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 

E510325-02 SUN95UWAL!,AF868T001 
Sample Type:WHOLE_FISH 

Arsenic (As) <0.5 0.5 mg/kg 
PAH & Alkylated PAH (Fish) 

Naphthalene N.D. 0.02 ug/g (ppm) 11/02/95 
Acenaphthylene N.D. 0.02 ug/g (ppm) 11/02/95 
Acenaphthene N.D. 0.02 ug/g (ppm) 11/02/95 
Fluorene N.D. 0.02 ·ug/g !ppml 11/02/95 
Dibenzothiophene N.D. 0.02 ug/g ppm 11/02/95 
Phenanthrene N.D. 0.02 ug/g !ppml 11/02/95 
Anthracene N.D. 0.02 ug/g ppm 11/02/95 
Fluoranthene N.D. 0.02 ug/g !ppm) 11/02/95 
Pyrena N.D. 0.02 ug/g ppm) 11/02/95 
Benzo(a)anthracene/Chrysene N.D. 0.02 ug/g (ppml 11/02/95 
Benzo(b&k)fluoranthene N.D. 0.02 ug/g (ppm 11/02/95 
Benzo(a)~rene N.D. 0.02 ug/g (ppm) 11/02/95 
lndeno(c, -123)~yrene N.D. 0.02 ug/g (ppm) 11/02/95 
Dibenzo(a,h)ant racene N.D. 0.02 ug/g !ppm) 11/02/95 
Benzo(ghi)~erylene N.D. 0.02 ug/g ppm) 11/02/95 
Methyl nap thalene N.D. 0.02 ug/g (ppml 11/02/95 
C2 sub'd naphthalene N.D. 0.04 ug/g (ppm 11/02/95 
C3 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/02/95 
C4 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/02/95 
Biphenbl N.D. 0.04 ug/g !ppml 11/02/95 
Methyl iphenyl N.D. 0.04 ug/g ppm 11/02/95 
C2 sub'd biphenhl N.D. 0.04 ug/g !ppm) 11/02/95 
Methyl acenapht ene N.D. 0.04 ug/g ppm) 11/02/95 
Methyl fluorene N.D. 0.04 ug/g !ppm) 11/02/95 
C2 sub'd fluorene N.D. 0.04 ug/g ppm) 11/02/95 
Methyl phenanthrene/anthracene N.D. 0.04 ug/g (ppml 11/02/95 
C2 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm 11/02/95 
C3 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/02/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/02/95 
1-Methyl-7-isopropyl~henanth. N.D. 0.04 ug/g !ppm) 11/02/95 
Methyl dibenzoth1op ene N.D. 0.04 ug/g ppm) 11/02/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppml 11/02/95 
C3 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm 11/02/95 
C4 sub'd dibenzothiophene N.D. 0.04 ug/g !ppm) 11/02/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g ppm) 11/02/95 
Methyl B(a)Nchd',sene N.D. 0.04 ug/g !ppm) 11/02/95 
C2 sub'd B(a)Nc rysene N.D. 0.04 ug/g ppm) 11/02/95 
Methyl B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm) 11/02/95 

PANH & Alkylated PANH's 
N.D. ug/g (ppm) Quinoline 0.02 11/02/95 

7-Methyl quinoline N.D. 0.02 ug/g !ppml 11/02/95 
C2 Al.kyl subst'd quinolines N.D. 0.02 ug/g ppm 11/02/95 
C3 Alkyl subst'd quinolines· N.D. 0.02 ug/g !ppml 11/02/95 
Acridine N.D. 0.02 ug/g ppm 11/02/95 
Methyl acridine N.D. 0.02 ug/g (ppml 11/02/95 
Phenanthridine N.D. 0.02 ug/g (ppm 11/02/95 
Carbazole N.D. 0.02 ug/g !ppm) 11/02/95 
Meth~l carbazoles N.D. 0.02 ug/g ppm) 11/02/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/lk (ppm) 11/02/95 

Selenium (Se) <0.5 0.5 mg g 

ICP Metals in Tissue 
Silver (Ag) <0.2 0.2 mg/kg 
Aluminum ~AI) <2 2 mg/kg 
Barium (Sa <0.5 0.5 mg/kg 
Beryllium (Be) <0.5 0.5 mg/kg 
Boron (B) <5 5 mg/kg 
Calcium (Ca) 277 10 mg/kg 
Cadmium (Cd) <0.5 0.5 mg/kg 
Cobalt (Co) <0.5 0.5 mg/kg 
Chromium (Cr) <0.5 0.5 mg/kg 
Copper (Cu) <1 1 mg/kg 
Iron (Fe) 12 1 mg/kg 
Potassium (K~ 4640 10 mg/kg 
Magnesium ( g) 321 10 mg/kg 
Man1,anese (Mn) 1.2 0.5 mg/kg 
Mo~ denum (Mo) <1 1 mg/kg 
So ium (Na) 440 50 mg/kg 
Nickel (Ni) <1 1 mg/kg 
Lead (Pb) <2 2 mg/kg 
Phosphorus (P) 2800 10 mg/kg 
Silicon (Si) 4 2 mg/kg 
Tin (Sn) <2 2 mg/kg 
Strontium (Sr) <0.5 0.5 mg/kg 

E510325 CONT ... 
PAGE 2 

ANALVZED BY 

11/17/95 TW 

11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 

11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/20/95 TW 

11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW. 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 



E510325 CONT .. : 
PAGE3 

ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LABID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED ANALVZED BY 
E510325-02 S UN95UWALLAF868T001 
Sample Type:WHOLE_FISH 

ICP Metals in Tissue 
Thallium (TI~ <1 1 mg/kg 11/09/95 Vanadium ( <1 1 mg/kg 11/09/95 r Zinc (Zn) 9 1 mg/kg 11/09/95 

TW 

l 

N.D. -NOT DETECTED. LESS THAN THE DETECTION LIMIT ( 
[ 

THIS IS THE FINAL PAGE OF THE REPORT 

[ 

' 

r 
L 



ENVIRO-TEST QA/QC REPORT 

PAH & Alkylated PAH (Fish) 

Surrogate Recovery for E51 032502C 

Nitrobenzene d5 
2-Fiuorobiphenyl 
p-Terphenyl d 14 

PANH & Alkylated PANH 1s 

Surrogate Recovery for E51 032502C 

Quinoline d7 

Relative percent difference is expressed as RPD. 
Percent Recoverv is ex2.ressed as %. 
THIS IS THE LAST PAGE OF TRE QAQC REPORT 

% 

64 
26 
97 

% 

80 

E51 0325 Cont... 
PAGE 1 



W.O.#E510325: 
PAGE 1 ' 

Appendix A Test Methodologies 

Acid Digestion 

Method: Open vessel digest with nitric acid and peroxide 
Reference: EPA/600 4-91 Method 200.3 

Arsenic (As) 

Instrumentation: Continuous hydride by Flameless Atomic ·Absorption Spectrometry . 
Reference: US EPA SW 846 ; APHA 3114C 

PAH & Alkylated PAH {Fish) 

Preparation Method: Soxhlet extraction with DCM. 

Instrument Method: GC/MSD analysis 

Method Reference: Extraction Method: 
Analytical Method: 

PANH & Alkylated PANH 1 s 

Selenium (Se) 

EPA 3540 (modified) 
EPA 8270 (modified) 

Instrumentation: Continuous hydride by Flameless Atomic Absorption Spectrometry 
Reference: US EPA SW 846 ; APHA 3114C 

Hydride Metals Preparation 

Preparation: Digestion with permanganate/persulphate, nitric, and sulphuric acid 
Addition of hydrochloric acid and cysteine prior to analysis. 

Reference: US EPA SW 846, APHA 3114 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 
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GOLDER ASSOCIA1ES LTD. 
CHAJN-OF-CUSTODY RECORD 

Field Sampler: (Signature) 
L')NDA &v.n'-I'Y\82 /k.L4tYl 8cLL-8( 

Phone No. ( LJ-u ~) ;) 9c; - 1..-f-{A(l-

Sample ID No. 

01-ANC,. '; L-1 L•_)A LL 

i1f::CC4TC ').":f-e :7--
:')\AN9.$1."- l,.\.) ALl ... 
Ptr:.cci-ITO ~IE .J 
~\.~qSl.-'- l-VM L.L 

At="<..' CE- Tcc:-1 c'd 
-:x..... f'.aS S'"t). l-0 8 L '-

Sample 
Description 

F l")i-1 {: ll.l-Ei 

j:':::\;5>1-l !==1 r_.LET 

1-1"?1-f. i=1uET 

Shipment D~:- /3 ()(_ T q 5"" 
Carrier: ~ c:.._ c·( i 'cLO BrA C:z fSU 
Weigh Bill No.: 

Date/Time 
Sampled 

/0/-h.A(:;-C/;> 
/'.:>01 

I I f1Vt erCf 5' 
f5VS 

C ;I. ~W.:·'i :;;-
I ~'-I c., 

L:()fh.t(.•· l{ ~ 

Analysis 
Requested 

IK:P (\'IEfALS A~Sb 

l 

I 

Sample Condition 
Upon Receipt 

~U..fnl'~ 

co~M 
j-\11._ A For c.rros- t? J Ft~--1- C:::iLl-!?1 IIC'5 

.5W·-..1'1<:;,(). WPl LL ot.t rnlc.~'is-
'{\ A,: 0 --3-~Tco.;;t t.'..) I=\~-\ 1-' t-LfT f/('-·g 

SL-II..iq<sL'-wAu ... 

~l':::>\-1 t'=1 LLET 
c) '3 fM-1(._- C( ':) 

m:c~Tco+~~ /5Lf 9 
. S.,lf\1 ~ ':)tv •• <-'A L ~ 

AR.'3b TCC8 l~ -~ ~~~l-1 C:tL,L£f" 
01- f:l (..(6- q_s-

I ;;J.'3o 
?1,lil...f'l':>l.( -.u H L L. 

~\'SW r:-tLLE=T 
'::) I . ..J i.-•((_ cl ~ 

Ai=oLIIT COJ.. e.J 1'54(.;, 
:Sv.to.J'i')LI.l-...Jr'lt._ 

r, '>1-1- 1=, L-Lt:. 1 
3U.JVL '1 S 

A~-C:O~ iTO 1-f.:d (;;)_I 'b 
.:.,,; N q 'SU (A.;r1 L- L Olo Av(..·'f -:s-. 
~liTCII Ll €' d 1=- \ '::>1-\- F1L-LEI I 4f I 
5\...\.NC(S~A wAL-L 0';8A-V.er<i s-

rt" 
. ~TT':i-C o_;;? t= I":) i-+ Fit Ll=l 1'57JCJ 

SCAr-J q~(A,_ V.:l'\ L L I 0At..t6 cr~ 
· AF()r.LJTO;:;lb e ~ r=t:::,f-.1 f= I LU:::.i 10?,":) 

~ 
5.-.tN'!Sl.t wA-U. 

I= is\-\ r::ILL.E:T 
II A'U(r Y ~-

A-FOG i.tT (_'~0 (' ;:) /...f 5'5 

~r \b 61.<N'1 ~'-.\ (,))ALl- 0-:f A l-C 6 q '5;' 
A-\-(':{1'-')T(')I~ Q <' ~ !=' I<., 1-4 ';tLL.J::.I !::::)4-! 

D). ;) l( 1-../i s:1. I. L.V 11-U... 
1=\ u... t=l 

04 ALt(yq s-
('l): 0'3--:>, Too-~ c:;) F t':>H 11 I L1 . bUr\JCj ::>!.1. wALL 

r-: I l .I t:T 
O~Auc_:.Cfs 

Ai= 0~"3 ICC.'<:)<"'.) C't?'t-\ I ::;,t-( 5 
St.-lNct n>t t..vf-lLZ. 

FL:SI-1 
I I A1.AL-'i~ 

Af: C-=) -::J:;f ():":'2 e ;:j. l='tL\. E: I I OS;).. 
~ l.-ZNY'Sl.l. Lul-tLt 

~~:")~+ 
I I m:;c,~') ~ ' 

,v . . 
A-FC 4.;2T rr-:-J v;) F= I LL£1 

rt ·,t~ 
II 

ON€ F''-'-·"'' · f-',:)H .t'f:"'rl, /~ 5LA."-.J "15L\\..\.JALL 'r ll t.I<VLVIlH ' \ ;-;,) F'--7 PrF·>i~ ~ I 001 v . ..:\-tt.'l c Ft '::.rl \ONt (:"IL -r:~m_£IJ:Ll 
~ .-,= \.v ,~~-

Special Instructions/Comments: 

Rush (surcharge): ------- Standard Turnaround Time: 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCfA TES LTD. 
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ETL EnVIrol'est 
A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED ' 

9936-67 Avenue, Edmonton, Alberta T6E OP5 Telephone: (403) 434-9509 Fa 01,7-2311 If·· .. 
Bay 2, 1313- 44 Avenue N.E., Calgary, Alberta T2E 6L5 Telephone: (403) 291-9~ (403) 29, 8 
107- 111 Research Drive, Saskatoon, Saskatchewan S7N 3R2 Telephone: (306) 668-8370 Fax:. (3 6) 668-8383 
Bay 3, 10919-96 Avenue, Grande Prairie T8V 3J4 Telephone: (403) 539-5196 Fax: (403) 539-6295 
Unit F- 1420 Clarence Avenue, Winnipeg, Manitoba R3T 1 T6 Telephone: (204) 452-8104 Fax: (204) 477-8719 

CHEMICAL ANALYSIS REPORT 

GOLDER ASSOCIATES 
1011 -6TH AVENUE S.W. 
CALGARY, ALBERTA 
T2P OW1 ATTN: STELLA SWANSON 

DATE: November 30, 1995 

Lab Work Order#: E51 0326 Sampled By: CLIENT 

Project Reference: 952-2307 Date Received: 1 0/13/95 

Project P .0.#: NOT SUBMITIED 

Comments: 
Note that the 2-fluorobiphenyl recovery is low due to 
fractionation -this does not effect the PAH results 

APPROVED BY: 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT T WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL)- For specriic tests registered 
wrth the Association 
STANDARDS COUNCIL OF CANADA- Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) -Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA- Pesticide in Fruits and Vegetables. pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL) -For specific tests registered 
with the Association 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE 10 TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 
E51 0326-11 SUN95UWALL COMP 5 
Sample Type:FISH FILLET 
Collected:08/11/95- 14:55 

PAH & Alkylated PAH (Fish) 
Naphthalene N.D. 0.02 ug/g (ppm) 11/02/95 
Acenaphthylene N.D. 0.02 ug/g !ppm) 11/02/95 
Acenaphthene N.D. 0.02 ug/g ppm) 11/02/95 
Fluorene N.D. 0.02 ug/g (ppm) 11/02/95 
Dibenzothiophene N.D. 0.02 ug/g (ppm} 11/02/95 
Phenanthrene N.D. 0.02 ug/g (ppm) 11/02/95 
Anthracene N.D. 0.02 ug/g (ppm) 11/02/95 
Fluoranthene N.D. 0.02 ug/g !ppm! 11/02/95 
Pyrene N.D. 0.02 ug/g ppm 11/02/95 
Benzola)anthracene/Chrysene N.D. 0.02 ug/g !ppml 11/02/95 
Benzo b&k)fluoranthene . N.D. 0.02 ug/g ppm 11/02/95 
Benzo(a)~rene N.D. 0.02 ug/g (ppm) 11/02/95 
lndeno(c, ·123)hyrene N.D. 0.02 ug/g (ppm) 11/02/95 
Dibenzo(a,h)ant racene N .. D. 0.02 ug/g (ppm) 11/02/95 
Benzo(ghi)herylene N.D. 0.02 ug/g (ppm) 11/02/95 
Methyl nap thalene N.D. 0.02 ug/g !ppm! 11/02/95 
C2 sub'd naphthalene N.D. 0.04 ug/g ppm 11/02/95 
C3 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/02/95 
C4 sub'd naphthalene N.D. 0.04 ug/g (ppm} 11/02/95 
Biphenbl N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl iphenyl N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd biphenhl N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl acenapht ene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl fluorene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd fluorene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl phenanthrene/anthracene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/02/95 
C3 sub'd phenanthrene/anth. N.D. 0.04 ug/g !ppm! 11/02/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g ppm 11/02/95 
1-Methyl-7 -isopropylhhenanth. N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl dibenzoth1op ene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm} 11/02/95 
C3 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/02/95 
C4 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl B(a}A/ch~sene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd B(a}A/c rysene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl B(b&k}F/B(a)P N.D. 0.04 ug/g !ppm) 11/02/95 
C2 sub'd B(b&k}F/B(a)P N.D. 0.04 ug/g ppm) 11/02/95 

PANH & Alkylated PANH's 
N.D. ug/g (ppm) Quinoline 0.02 11/02/95 

7-Methyl quinoline N.D. 0.02 ug/g !ppm) 11/02/95 
C2 Alkyl subst'd quinolines N.D. 0.02 ug/g ppm) 11/02/95 
C3 Alkyl subst'd quinolines N.D. 0.02 ug/g (ppm) 11/02/95 
Acridine N.D. 0.02 ug/g (ppm) 11/02/95 

. Methyl acridine N.D. 0.02 ug/g (ppm) 11/02/95 
•' Phenanthridine N.D. 0.02 ug/g (ppm) 11/02/95 

Carbazole 
.. 

.N.D. 0.02 ug/g (ppm) 11/02/95 
Meth~l carbazoles N.D. 0.02 ug/g (ppm) 11/02/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/02/95 

E51 0326-44 SUN95UWALL COMP 4 
Sample Type:FISH FILLET 
Collee1ed:08/11/95- 15:05 

Arsenic (As~ <0.5 0.5 mg/kg 
Selenium ( e) <0.5 0.5 mg/kg 

ICP Metals in Tissue 
Silver (Ag) <0.2 0.2 mg/kg 
Aluminum (AI) 3 2 mg/kg 
Barium (Sa) <0.5 0.5 mg/kg 
Beryllium (Be) <0.5 0.5 mg/kg 
Boron (8) <5 5 mg/kg 
Calcium (Ca) 662 10 mg/kg 
Cadmium (Cd) <0.5 0.5 mg/kg 
Cobalt (Co) <0.5 0.5 mg/kg 
Chromium (Cr) <0.5 0.5 mg/kg 
Copper (Cu) 1 1 mg/kg 
Iron (Fe) 7 1 mg/kg 
Potassium (K) 4880 10 mg/kg 
Magnesium (Mg) 307 10 mg/kg 
Man~anese (Mn) <0.5 0.5 mg/kg 
Me~ denum (Me) <1 1 mg/kg 
So ium (Na) 338 50 mg/kg 

E510326 CONT ... 
PAGE 2 

ANALVZED BY 

11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
1.1/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 

11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 

11/17/95 TW 
11/20/95 TW 

11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

TEST DESCRIPTION D.L. -LAB ID SAMPLE ID RESULT UNITS EXTRACTED ANALVZED BY 
E51 0326-44 SUN95UWALL, COMP 4 
Sample Type:FISH_FILLET 
Collected:08/11/95 15:05 

ICP Metals in Tissue 
Nickel (Ni) <1 1 mg/kg 11/09/95 "fl" Lead (Pb) <2 2 mg/kg 11/09/95 r Phosphorus (P) 2880 10 mg/kg 11/09/95 .i Silicon (Si) 4 2 - mg/kg 11/09/95 l Tin (Sn) <2 2 mg/kg 11/09/95 TW 
Strontium JSr) 0.6 0.5 mg/kg 11/09/95 TW 
Thallium (II) <1 1 mg/kg 11/09/95 "'P 
Vanadium (V) <1 1 mg/kg 11/09/95 l 
Zinc (Zn) 6 1 mg/kg 11/09/95 

.,. 
i 

----. 

,-

N.D. ·NOT DETECTED, LESS THAN THE DETECTION LIMIT 

I I 
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I I I I 
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ENVIRO-TEST QA/QC REPORT 

PAH & Alkylated PAH (Fish} 

Surrogate Recovery for E51 032611 A 

Nitrobenzene d5 
2-Fiuorobiphenyl 
p-Terphenyl d14 

PANH & Alkylated PANH's 

Surrogate Recovery for E51 032611 A 

Quinoline d7 

Relative percent difference is expressed as RPD. 
Percent Recoverv is exwessed as %. 
THIS IS THE LAST PAGE OF TI-1E QAQC REPORT 

% 

65 
29 
89 

% 

71 

E510326 Cont. .. 
PAGE 1 
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Appendix A Test Methodologies 

Acid Digestion 

Method: Open vessel digest with nitric acid and peroxide 
Reference: EPA/600 4-91 Method 200.3 

Arsenic (As) 

Instrumentation: Continuous hydride by Flameless Atomic Absorption Spectrometry. 
Reference: US EPA SW 846 ; APHA 3114C 

PAH & Alkylated PAH (Fish) 

Preparation Method: Soxhlet extraction with DCM. 

Instrument Method: GC/MSD analysis 

Method Reference: Extraction Method: 
Analytical Method: 

PANH & Alkylated PANH 0 s 

Selenium (Se) 

EPA 3540 (modified) 
EPA 8270 (modified) 

Instrumentation: Continuous hydride by Flameless Atomic Absorption Spectrometry 
Reference: US EPA SW 846 ; APHA 3114C 

Hydride Metals Preparation 

Preparation: Digestion with permanganate/persulphate, nitric, and sulphuric acid 
Addition of hydrochloric acid and cysteine prior to analysis. 

Reference: US EPA SW 846, APHA 3114 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 
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GOLDER ASSOCIATES LTD. 
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Page lof 5 
ANALYTICAL REQUEST FORM 

Shipment Date: 13 OC IC(_~ 
Carrier: ((-LA 0. d.1a /2 4i4 Gz !(Q . 
Weigh Bill No.: "-

Sample ID No. Sample 
Description 
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CHEMICAL ANALYSIS REPORT 

GOLDER ASSOCIATES 
1011 -6TH AVENUE S.W. 
CALGARY, ALBERTA 
T2P OW1 ATIN: STELLA SWANSON 

DATE: November 30, 1 995 

Lab Work Order#: E51 0323 Sampled By: client 

Project Reference: 952-2307 Date Received: 10/13/95 

Project P.O.#: Seal# 042 

Comments: 
Note that the 2-fluorobiphenyl recovery is low due to 
fractionation- this does not effect the PAH results. 

APPROVED BY: 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL) ·For specific tests registered 
with the Association 
STANDARDS COUNCIL OF CANADA· Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) -Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA· Pesticide in Fruits and Vegetables. pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL) ·For specific tests registered 
with the Association 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 

E510323-01 SUN95UGOLD-AF002T031 C 
Sample Type:FISH BILE 
Collected:08/01/95- 13:43 

PAH Metab. in Bile Samples WP ppb 

E510323-02 SUN95UGOLD-AF003T007C 
Sample Type: FISH BILE 
Collected:08/07/95- 15:28 

PAH Metab. in Bile Samples WP ppb 

E51 0323-03 SUN95UGOLD-AF003T009C 
Sample Type:FISH_BILE 
Collected:08/07/95 15:46 

PAH Metab. in Bile Samples WP ppb 

E51 0323-04 SUN95UGOLD-AF004T015C 
Sample Type: FISH BILE 
Collected:08/06/95- 14:10 

PAH Metab. in Bile Samples WP ppb 

E510323-05 SUN95UGOLD-AF004T016C 
Sample Type:FISH BILE 
Collected:08/06/95- 14:20 

PAH. Metab. in Bile Samples WP ppb 

E51 0323-06 SUN95UGOLD-AF004T019C 
Sample Type: FISH BILE 
Collected:08/08/95- 14:55 

PAH Metab. in Bile Samples WP ppb 

E51 0323-07 SUN95UGOLD-AF004T021 C 
Sample Type: FISH BILE 
Collected:08/08/95- 15:20 

PAH Metab. in Bile Samples WP ppb 

E51 0323-08 SUN95UGOLD-AF036T004C 
Sample Type:FISH_BILE 
Collected:08/03/95 11:38 

PAH Metab. in Bile Samples WP ppb 

E51 0323-09 SUN95UWALLAF004T011 C 
Sample Type:FISH_BILE 
Collected:07/31/95 11:24 

PAH Metab. in Bile Samples WP ppb 

E51 0323-12 SUN95UWALL COMP 1 
Sample Type:FISH_BILE 
Collected:08/01/95 16:58 

PAH Metab. in Bile Samples WP ppb 

E510323-15 SUN95UWALL COMP 2 
Sample Type: FISH_ BILE 
Collected:OS/11/95 10:52 

PAH Metab. in Bile Samples WP ppb 

E510323-19 SUN95UWALL COMP 3 
Sample Type: FISH_ BILE 
Collected:08/11/95 11:00 

PAH Metab. in Bile Samples WP ppb 

E510323 CONT ... 
PAGE 2 

ANALVZED BY 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 

11/15/95 RG 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 

E510323-30 SUN95UGOLD COMP 1 
Sample Type: FISH _FILLET 
Collected:08/10/95 10:08 

PAH & Alkylated PAH (Fish) 
N.D. Naphthalene 0.02 ug/g (ppm) 11/02/95 

Acenaphthylene N.D. 0.02 ug/g !ppm! 11/02/95 
Acenaphthene N.D. 0.02 ug/g ppm 11/02/95 
Fluorene N.D. 0.02 ug/g ~ppm! 11/02/95 
Dibenzothiophene N.D. 0.02 ug/g ppm· 11/02/95 
Phenanthrene N.D. 0.02 ug/g (ppm) 11/02/95 
Anthracene N.D. 0.02 ug/g (ppm) 11/02/95 
Fluoranthene N.D. 0.02 ug/g (ppm) 11/02/95 
Pyrene N.D. 0.02 ug/g (ppm) 11/02/95 
Benzo(a) anthracene/Ch rysene N.D. 0.02 ug/g ~ppm! 11/02/95 
Senzo(b&k)fluoranthene N.D. 0.02 ug/g ppm 11/02/95 
Benzo(a)~rene N.D. 0.02 ug/g ~ppm! 11/02/95 
lndeno(c, -123)hyrene N.D. 0.02 ug/g ppm 11/02/95 
Dibenzo(a,h)ant racene N.D. 0.02 ug/g (ppm) 11/02/95 
Benzo(ghi)herylene 

I 
N:D. 0.02 

I 
ug/g (ppm) I 11/02/95 

I Methyl nap thalene N.D. 0.02 ug/g (ppm) 11/02/95 
C2 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/02/95 
C3 sub'd naphthalene N.D. 0.04 ug/g ~ppm! 11/02/95 
C4 sub'd naphthalene N.D. 0.04 ug/g ppm 11/02/95 
Biphenbl N.D. 0.04 ug/g ~ppm! 11/02/95 
Methyl iphenyl N.D. 0.04 ug/g ppm 11/02/95 
C2 sub'd biphenh! N.D. 0.04 ug/g ~ppm) 11/02/95 
Methyl acenapht ene N.D. 0.04 ug/g ppm) 11/02/95 
Methyl fluorene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd fluorene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl ~henanthrene/anthracene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub d phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/02/95 
C3 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/02/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/02/95 
1-Methyl· 7 -isopropylhhenanth. N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl dibenzoth1op ene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/02/95 
C3 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/02/95 
C4 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm! 11/02/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppm 11/02/95 
Methyl B(a)A/ch~sene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd B(a)Nc rysene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl B(b&k)F/B(a)P N.D. 0.04 ug/g ~ppm! 11/02/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 ug/g ppm 11/02/95 

PANH & Alkylatod PANH's 
N.D. ug/g (ppm) 11/02/95 Quinoline 0.02 

7-Methyl quinoline N.D. 0.02 ug/g (ppm) 11/02/95 
C2 Alkyl subst'd quinolines N.D. 0.02 ug/g (ppm) 11/02/95 
C3 Alkyl subst'd qu1nolines N.D. 0.02 ug/g (ppm! 11/02/95 
Acridine N.D. 0.02 ug/g (ppm 11/02/95 
Methyl acridine N.D. 0.02 ug/g (ppm) 11/02/95 .. · Phenanthridine N.D. 0.02 ug/g (ppm) 11/02/95 
Carbazole .N.D 0.02 ug/g (ppm) 11/02/95 
Meth~l carbazoles N.D. 0.02 ug/g (ppm) 11/02/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/02/95 

E51 0323·41 SUN95UGOLD COMP 2 
Sample Type:FISH FILLET 
Collected: 08/08/95- 1 0:4 7 

PAH & Alkylated PAH (Fish) 
Naphthalene N.D. 0.02 ug/g (ppm) 11/02/95 
Acenaphthylene N.D. 0.02 ug/g (ppm) 11/02/95 
Acenaphthene N.D. 0.02 ug/g (ppm) 11/02/95 
Fluorene N.D. 0.02 ug/g (ppm) 11/02/95 
Dibenzothiophene N.D. 0.02 ug/g (ppm) 11/02/95 
Phenanthrene N.D. 0.02 ug/g (ppm) 11/02/95 
Anthracene N.D. 0.02 ug/g (ppm) 11/02/95 
Fluoranthene N.D. 0.02 ug/g (ppm) 11/02/95 
Pyrene N.D. 0.02 ug/g (ppm) 11/02/95 
Benzo(a)anthracene/Chrysene N.D. 0.02 ug/g ~ppm) 11/02/95 
Benzo(b&k)!luoranthene N.D. 0.02 ug/g ppm) 11/02/95 
Benzo(a)~rene N.D. 0.02 ug/g !ppm) 11/02/95 
lndeno(c. -123)hyrene N.D. 0.02 ug/g ppm) 11/02/95 
Dibenzo(a,h)ant racEme N.D. 0.02 ug/g ~ppm) 11/02/95 
Benzo(ghi)herylene N.D. 0.02 ug/g ppm) 11/02/95 
Methyl nap thalene N.D. 0.02 ug/g (ppm) 11/02/95 
C2 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/02/95 
C3 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/02/95 

E510323 CONT .. .c , 
PAGE3 

' ---
ANALYZED BY 

11/21/95 M" 
11/21/95 ~· 11/21/95 II! 
11/21/95 . K ';. 
11/21/95 MJL 
11/21/95 M,ll 

11/21/95 ~-
11/21/95 
11/21/95 N -
11/21/95 MJL 
11/21/95 MJL 
11/21/95 ~-fl 
11/21/95 t> 
11/21/95 N 
1 i/21/95 I NIVI... 

11/21/95 M.JI .. 
11/21/95 M.~~ 

11/21/95 ~r 
11/21/95 ~I 
11/21/95 ~( .. 
11/21/95 MJL 
11/21/95 MJI 
11/21/95 ~~ 

11/21/95 rV 
11/21/95 rJ, . 
11/21/95 MJl 
11/21/95 MJL 
11/21/95 M, 
11/21/95 M 
11/21/95 IIi 
11/21/95 ~L-
11/21/95 MJL 
11/21/95 M." 
11/21/95 ~ 11/21/95 
11/21/95 ~L.r 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 1 11/24/95 ~~;t 11/24/95. 
11/24/95 MJL 
11/24/95 M." 
11/24/95 N' 
11/24/95 w! 
11/24/95 lolb1 
11/24/95 MJL 
11/24/95 M," 
11/24/95 M 

i. 

r 
11/21/95 M 
11/21/95 ~be: 
11/21/95 MJl 
11/21/95 ~-.. 
11/21/95 .... 
11/21/95 wf r . 
11/21/95 Mv~ 
11/21/95 MJL 
11/21/95 My 
11/21/95 M 
11/21/95 rv 
11/21/95 w 
11/21/95 MJL 
'11/21/95 MJ' 
11/21/95 M' 
11/21/95 M 
11/21/95 M 
11/21/95 M'Jt:: 

! 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 

E51 0323·41 SUN95UGOLD COMP 2 
Sample Type:FISH FILLET 
Collected:OB/08/95- 10:47 

C4 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/02/95 
Biphenbl N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl iphenyl N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd biphenhl N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl acenapht ene N.D. 0.04 ug/g !ppml 11/02/95 
Methyl fluorene N.D. 0.04 ug/g ppm 11/02/95 
C2 sub'd fluorene N.D. 0.04 ug/g !ppm) 11/02/95 
Methyl phenanthrene/anthracene N.D. 0.04 ug/g ppm) 11/02/95 
C2 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppml 11/02/95 
C3 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm 11/02/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppml 11/02/95 
1-Methyl-7-isopropylhhenanth. N.D. 0.04 ug/g (ppm 11/02/95 
Methyl dibenzoth1op . ene N.D. 0.04 'ug/g (ppml 11/02/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm 11/02/95 
C3 sub'd dibenzothiophene N.D. 0.04 ug/g !ppm) 11/02/95 
C4 sub'd dibenzothiophene N.D. 0.04 ug/g ppm) 11/02/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppml 11/02/95 
Methyl B(a)NchJ,sene N.D. 0.04 ug/g (ppm 11/02/95 
C2 sub'd B(a)Nc rysene N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm) 11/02/95 

PANH & Alkylated PANH's 
Quinoline N.D. 0.02 ug/g (ppm) 11/02/95 
7-Methyl quinoline N.D. 0.02 ug/g (ppm) 11/02/95 
C2 Alkyl subst'd quinolines N.D. 0.02 ug/g !ppml 11/02/95 
C3 Alkyl subst'd quinolines N.D. 0.02 ug/g ppm 11/02/95 
Acridine N.D. 0.02 ug/g (ppm) 11/02/95 
Methyl acridine N.D. 0.02 ug/g (ppm) 11/02/95 
Phenanthridine N.D. 0.02 ug/g (ppm) 11/02/95 
Carbazole N.D. 0.02 ug/g (ppm) 11/02/95 
Meth~l carbazoles N.D. 0.02 ug/g (ppm) 11/02/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/02/95 

E51. 0323-52 SUN95UWALL COMP 4 
Sample Type: FISH FILLET 
Collected:OB/11/95- 15:05 

PAH & Alkylated PAH (Fish) 
Naphthalene N.D. 0.02 ug/g !ppm) 11/02/95 
Acenaphthylene N.D. 0.02 ug/g ppm) 11/02/95 
Acenaphthene N.D. 0.02 ug/g !ppml 11/02/95 
Fluorene N.D. 0.02 ug/g ppm 11/02/95 
Dibenzothiophene N.D. 0.02 ug/g !ppm) 11/02/95 
Phenanthrene N.D. 0.02 ug/g ppm) 11/02/95 
Anthracene N.D. 0.02 ug/g (ppm) 11/02/95 
Fluoranthene N.D. 0.02 ug/g (ppm) 11/02/95 
Pyrene N.D. 0.02 ug/g (ppm) 11/02/95 
Benzo(a)anthracene/Chrysene N.D. 0.02 ug/g (ppm) 11/02/95 
Benzolb&k)fluoranthene N.D. 0.02 ug/g (ppml 11/02/95 
Benzo a)'J.rene N.D. 0.02 ug/g (ppm 11/02/95 
lndeno(c, -123)hyrene N.D. 0.02 ug/g lppml 11/02/95 
Dibenzo(a,h)ant racene N.D. 0.02 ug/g ppm 11/02/95 
Benzo(ghi) herylene N.D. 0.02 ug/g (ppml 11/02/95 
Methyl nap thalene N.D. 0.02 ug/g (ppm 11/02/95 
C2 sub'd naphthalene N.D. 0.04 ug/g (ppml 11/02/95 
C3 sub'd naphthalene N.D. 0.04 ug/g (ppm 11/02/95 
C4 sub'd naphthalene N.D. 0.04 ug/g !ppm) 11/02/95 
Biphenbl N.D. 0.04 ug/g ppm) 11/02/95 
Methyl iphenyl N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd biphenhl N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl acenapht ene N.D. 0.04 ug/g (ppml 11/02/95 
Methyl fluorene N.D. 0.04 ug/g (ppm 11/02/95 
C2 sub'd fluorene N.D. 0.04 ug/g (ppml 11/02/95 
Methyl phenanthrene/anthracene N.D. 0.04 ug/g (ppm 11/02/95 
C2 sub'd phenanthrene/anth. N.D. 0.04 ug/g !ppml 11/02/95 
C3 sub'd phenanthrene/anth. N.D. 0.04 ug/g ppm 11/02/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/02/95 
1-Methyl-7-isopropylhhenanth. N.D. 0.04 ug/g (ppm) 11/02/95 
Methyl dibenzoth1op ene N.D. 0.04 ug/g (ppm) 11/02/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/02/95 
C3 sub'd dibenzothiophene N.D. 0.04 ug/g !ppml 11/02/95 
C4 sub'd dibenzothiophene N.D. 0.04 ug/g ppm 11/02/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppml 11/02/95 
Methyl B(a)Nchrysene N.D. 0.04 ug/g (ppm 11/02/95 
C2 sub'd B(a)Nchrysene N.D. 0.04 ug/g (ppm) 11/02/95 

E51 0323 CONT... 
PAGE 4 

ANALYZED BY 

11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 

11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 MJL 

11/21/95 MJL 
·11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 
11/21/95 MJL 

I 

I 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LABID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 

E510323-52 SUN95UWALL COMP 4 
Sample Type:FISH_FILLET 
Collected:OB/11/95 15:05 

Methyl B(b&k)F/B(a)P N.D. 0.04. ug/g lppml 11/02/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 .ug/g ppm 11/02/95 

PANH & Alkylated PANH's 
Quinoline N.D. 0.02 ug/g (ppm) 11/02/95 
7-Methyl quinoline N.D. 0.02 ug/g lppml 11/02/95 
C2 Alkyl subst'd quinolines N.D. 0.02 ug/g ppm 11/02/95 
C3 Alkyl subst'd quinolines N.D. 0.02 ug/g lppml 11/02/95 
Acridine N.D. 0.02 ug/g ppm 11/02/95 
Methyl acridine N.D. 0.02 ug/g (ppm) 11/02/95 
Phenanthridine N.D. 0.02 ug/g (ppm) 11/02/95 
Carbazole N.D. 0.02 ug/g lppml 11/02/95 
Meth~l carbazoles N.D. 0.02 ug/g ppm 11/02/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/02/95 

I I 
N.D. ·NOT DETECTED, LESS THAN THE DETECTION LIMIT 

THIS IS THE FINAL PAGE OF THE REPORT 

E510323 CONT .. .' 
PAGES 

ANALVZED BY 

11/21/95 M'' ~-
11/21/95 

r 11/24/95 
11/24/95 . LL 
11/24/95 MJL 
11/24/95 M" 
11/24/95 r 
11/24/95 ~ 
11/24/95 ~: 
11/24/95 MJL 
11/24/95 MJL 
11/24/95 ~· 
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ENVIRO-TEST QA/QC REPORT 

PAH & Alkylated PAH {Fish) 

Average Surrogate Recovery for E51 0323 
Nitrobenzene d5 
2-Fiuorobiphenyl 
p-Terphenyl d14 

PANH & Alkylated PANH's 

Average Surrogate Recovery for E51 0323 
Quinoline d7 

Relative percent difference is expressed as RPD. 
Percent Recoverv is exP..ressed as %. 
THIS IS THE LAST PAGE OF TRE QAQC REPORT 

% 

76 
37 

109 

% 

97 

E510323 Cont. .. 
PAGE 1 



Appendix A Test Methodologies 

PAR & Alkylated PAR (Fish) 

Preparation Method: 

Instrument Method: 

Method Reference: 

Soxhlet extraction with DCM. 

GC/MSD analysis 

Extraction Method: EPA 3540 (modified) 
Analytical Method: EPA 8270 (modified) 

PAR Metab. in Bile Samples 

POLYAROMATIC HYDROCARBON (PAH) METABOLITES IN BILE METHOD REFERENCE: 
ETL MSOP# 66.00 

PANH & Alkylated PANH 1 s 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 

\.J .0. #E51 0323i 
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ENVJRO-TEST LABORATORIES 
RESULTS REPORT 

HIGH PRESSURE LIQUID CHROMATOGRAPHY I HPLC FLOURESCENCE 

PROJECT: 
ANALYSIS DATE: 
INSTRUMENT: 

. COLUMN: 
MATRIX: 

LAB SAMPLE# 

E5-1 0-323-1 A 
E5-1 0-323-2A 
E5-1 0-323-3A 
ES-1 0-323-4A 
E5-1 0-323-SA 
E5-1 0-323-SA 
E5-1 0-323-7 A 
E5-1 0-323-SA 
E5-1 0-323-9A 
E5-1 0-323-12A 
E5-1 0-323-15A 
E5-1 0-323-19A 

GOLDER ASSOCIATES 
November 15, 1995 
VARIAN 5000 LC 
Perkin Elmer HCODSW/PAH Column 
Fish Bile 

SAMPLE 1.0. RESUL T(ug/g,ppm) RESUL T(ug/g,ppm) 

SUN95UGOLD-AF002 T031 C 
SUN95UGOLD-AF003 T007C 
SUN95UGOLD-AF003 T009C 
SUN95UGOLD-AF004 T015C 
SUN95UGOLD-AF004 T016C 
SUN95UGOLD-AF004 T019C 
SUN95UGOLD-AF004 T021 C 
SUN95UGOLD-AF036 T004C 
SUN95UWALL-AF004 T011 C 
SUN95UWALL-COMP1 
SUN95UWALL-COMP2 
SUN95UWALL-COMP3 

B(a)P Naphthalene 
equivalents equivalents 

1.9 
3.8 
9.3 
5.4 
6.1 
4.3 
3.0 
1.8 

26 
3.1 
6.7 

10 

390 
810 

1100 
1000 
120 
640 
560 
350 
660 
490 
890 
620 

Minimum Detectable Level 0.02 0.2 

NO - Not Detected, less than the Minimum Detectable Level (MDL}. 

N/A- Not Applicable. 

QA/OC: 

The Laboratory Method Blank showed no B(a)P or Naphthalene contamination> MDL 

Samples were quantitated by external standard calibration and are reported as B(a)P or 

Naphthalene equivalents. 



GOLDER ASSOCIATES LTD. 
ANALYTICAL REQUEST FORM 

Page _Lor~ 

Shipment Date: /3 VCT-1S" 
Carrier: G Qg tf?\f! u e$ Ui..!\Od.( 

1

C..J1 lJ{ 1 (_cL 
Weigh Bill 

r·· 

;::::- N v 1 R D ~ 11:::'""5 T LPrP.::>C7!2Jar 'T{.'k 1-E$ ~ TELLA s u.A 1\)S() t0 ! 

Ship To: Cj 9 3fo- 0 -::r fttJ t::-
ED fV\. ONTO 1\..J/ A-f) 

Tbt.=. OP<:;; 

Send Results To: ~ FJ'Sf;,[)C' Lt/) 
\O\'- 6•n Au~lk 
(ALGAR'-! ,HB 
I~P f 

Project Name: S( J wcoR - tJ ELAJ m I f'JE ErR 

Sample ID No. Sample 
Description 

Date/Time 

orA~..-zG-'lS' 

15.;2_/ 

. I 

Project No.__!l5(}-(;2"?:£..l+/~ 
:)E):\-L~. No.: Cicj;;;., f 

t ' 

Analysis 

I 

l ' 

L 

Special Instructions/Comments: 'f\.J::'flSb Rcw·reu ~ or n o'10 

WIIITE COI'Y 
YELLOW COPY 
PINt.: COPY 

0-PO 10 A-K_Ycl u t~L AT· ~ 
St:mdard Tunwnnmd Time: L 

HETI<H:'\ TO GOUHJ< ASSOCL\ n:s LTD. 
LABOH,\TOHY COPY 
HETAINED BY FIELD CHEW I.E.\DEH 



i,§J.J 
l\ 

~\ 
'i 

~ 

\ 
I 

/ 

, ,,, 
.1/)'v 

'v 

fr~ 
..._1.6 :'} 1'1. 

~Q ~ 
~")111 

( 
(\0-'\ 

1)-l 

r0; ~ 
-~~ 

\ 

GOLDER ASSOCIATES LTD. 
ANALYTICAL REQUEST FORM 

Field Sampler: (Signature) 
krpn f+i I evr I Ll(/ldc '- 0~.-{ ""'//I er 

Shipment ~te: 13 0 C. JCl S:.. 
Carrier: CMa cf r"a ;; ;Ji c' /) 1J:i -t!f1 

Phone No. (4o7;):l-99 -lf6cr1 Weigh Bill No.: _________ _ 

Sample ID No. 

s~<.tJ't.S t:-{ c~ 
-41--oo~ TV e. I 
S~ti0Cr' 51.."- (5C1c..D 

Fcfj.JT 0 I 'be. I 

::>~~ -r57C1~ 6Lt J e 1 
jc.SL (A;C(::,~ l ()-OL.-..D 

fn::-004 TCI'5"€ 1 
St.,W'fSlA 6.-oLU 
~j:}poOlfTDd-Lk 1 

.s#(J'ls-vt ~w 
:::00b10C~ I 

SLUJC(.,~~-AF03 I \ 

15 vU....J '"l5U.1t(f.)e 
ftFQdOTCO ~l 

::,vu'..s'1SUC....Q"l::D 
IA1-f:O~ T03~e I 
'SLA.I\)! ~5U.CrOLLJ 

'111-00 IL'""'3 <?.. \ 

5i>V0-jq"\..,l6d..D 
&00 T011:e..l 
)UA..>£1'~\ t>OC.U 
ftE00'-1TO d. \c \ 
S~l"-.JC/~(, \.. C'L)LU 

fl«: ~·100~ \ 
~d $lL6-CL..L2_ 

I 4 ltX::)3~. I 
c L \.N~~ ~C>LD k;:_-o !(X) I e. 1 

5Vl1V'i~l-m -A-Fo ~~ lr:'c1 
St.t 1\)'f'SlA.(""I"()L.£) 
Pr;:...b 3G TCOie\ 
5(. tA.-'Cf s:t~ --'A-f::o 3l...> k 1 
'51.-W C? S"f'/v ?rt.:c fh::I0--2; ~@ e.. I 

6Uf-...JC( ::.:, .... V w~f£1-L 
Al=""G~ W TD;)::l Q.. I 
SLVVC(~( wA"L-L 
·e.fwi.JTCQ-:te 1 

~~~m-m'% ~ 1 
SL-LAJ4~ t»I1£....L 
~ M::r;a; TUC.~ e 1 

s~uJcr~lt L.v(}l..c 
'fl};',/ T()oc; e I 
s~uv tfr;l{ v.-A(..L. 

r:n:=tl '"J3 TC:Od~ 1. 

Sample 
Description 

r-t ?t-t rlLLf'r 

vtSI~ ;:::, l.LET 

\== l SH f't U£1 

FiSH r-::- 1W::I 

!=!SI-t f-ILL(T 

!="I ~H ~I LLtr 

F 151-l 4=" I w..ET 

!=-t s H- l="""t LL-0 

FtSH· -!;.<.LIT 

FLSH- r-:; ll t) 

\-is (-1 1-.l U..J?/ 

FcS 1-\- 1-l <....-t.£ T 

.PlS~ 1-lu.._t;T 

retSI-l- FtW:::I 

r::::csf-1- r:;-, LL~ 
FtSH h LLt:.-, 

As 1-l- r.::, L c..E.T 

FiSH- C::tL.Ltr 

1-r Sl-+ r::-lu.ET 

PL'::>I+ i=t u_ t.T 

Ft SI-t Pt cLET 

Fts 1+ r:L LL£1 

PtSf+ {-/ LL(3T 

PI S 1-f ;:::--, L.. L ~ 

Pi ':>1-J /- r U..f.:::7__ 

Special Instructions/Comments: 

Date/Time 
Sampled 

C-=t- A-1..'-(~q 5 I 
tSLJ. (, 

08~'-.G-C!5( 
I U 4-:::t:_ 

~At.t&Cis( 
I t-f 5.:::: 

(::6 At-t69S"/ 
./4/0 

to A-LL& 'iS/ 
1m:<, 

Cd. r=n .. .~.c~ g~ I 
I ~--==<; (r, 

c5 ~bqs-; 
I 6 

Ob At.l....fl-45/ 
Ill~ . 

06 At.L(:.'(S"/ 
1~00 

o~~erg<rs; 
0::- t'''tU.(..-C( '5:/ 

I q.;z6 
OZ3~S/ 

l5~0 

o~~.s.; 

Ob~~l 
{0'-/. -:r 

(......'(c ..-.:t-c((.-q r:::-I 
Iof-1· 

05~~/ !-=, 
0 3 fh..,\(.,...q s-/ 

(I t (.., 
03 f'rU.L..-1".:::> / 

!S-=51-
Ct At-~:s-j 

I b::.>f' 

~.~($! 
IS 

( 0 4U[..,...q s: I 
I ill! 

''~fl 
0~ f!!flf:rs ;· 
c<;; At.-t{0?~1 

1 tos-
0'-t Al..tL-C(s;:-j 

I I o9 

PAH 1 

v \ 

Analysis 
Requested 

ALKyL PAH 1 

\v 

Rush (surcharge): _____ _ Standard Turnaround Time: X 
WIIITE COPY 
YELLOW COPY 
PINK COPY 

RETt:R:-i TO GOLDER ASSOCIATES LTD. 
LABOR.-\ TORY COPY 
RETAI~ED BY FIELD CREW LEADER 

tSto 3~-
PPiNH- ~SA 

~.SA-
~q;t 

~-s--,4 

~eA 
)1A 

~A 
~A 
j_l>_A 

~ 
~;}fi 

lJJA 
JJ1A 
$A 
. .flA 
g~A 

.1lk 
Jfo.A 
4!)J/ 

4sfr 
4t'IHA 
15i} 
J/tJ/4 
ll1tA 

\l! 45f>A 



GOLDER ASSOCIATES LTD. Page ..3- of __f. 
CHAIN-OF-CUSTODY RECORD 

Field Sampler: (Signature) 
k\.-1m tkd J s -1 ~ / w1nc\c\ (CJ vJ) (11\::r 

Phone No. (l\ !)~ ;J '1 1 - y b C.i::} 

Special Instructions/Comments: 

Rush (surcharge):-------

Shipment Date: f.3 DC TC( 5 
earrier: C.:---o-e:::c<:;.., <) 4 · ,, C c~ 1 ~--o 
Weigh Bill No.: 

Standard Turnaround Time: 

PLEASE RETIJRN WHITE COPY TO GOLDER ASSOCIATES LTD. 



ETL EnVIro:fest 
A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED 

~ .m;r.~ t· ... c. '• -· 
9936-67 Avenue. Edmonton. Alberta T6E OP5 Telephone: (403) 434-9509 Fax: (403) 437-2311 ~.;."~"'"'!: ~ ~ ~- .. 
Bay 2. 1313 • 44 Avenue N. E .. Calgary, Alberta T2E 6L5 Telephone: (403) 291-9897 Fax: (403) 291·0298 ,_ f.~.;-~ kv. r I· ~ .••.. ·• 

107- 111 Research Drive, Saskatoon, Saskatchewan S7N 3R2 Telephone: (306) 668-8370 Fax: (306) 668-8383 • 
Bay 3, 10919- 96 Avenue, Grande Prairie T8V 3J4 Telephone: (403) 539-5196 Fax: (403) 539-6295 ~, ,, ·r '' >i 1',; . .;;;; 
Unit F -1420 Clarence Avenue, Winnipeg, Manitoba R3T iT6 Telephone: (204) 452-8104 Fax: (204) 477-8719 \.' \, \J e;.· •• "'~ 

CHEMICAL ANALYSIS REPORT 
/:7A, 
~ 

GOLDER ASSOCIATES 
1011- 6TH AVENUE S.W. 
CALGARY, ALBERTA 
T2P OW1 ATIN: STELLA SWANSON 

DATE: September 26, 199E 

Lab Work Order #: E508378 & E508379 Sampled By: CLIENT 

Project Reference: 952-2307/5245 SEAL# 041 Date Received: 08/16/95 

Project P.O.#: NOT SUBMITTED 

Comments: 

Please see attached for Methods and Results. 

APPROVED BY: 

Deib B1rkholz 
Project Manager 

-

ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL). For specific tests registere 
with the Association 
STANDARDS COUNCIL OF CANADA. Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) ·Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA· Pesticide in Fruits and Vegetables, pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL) -For specific tests registere 
with the Association · 



2 ES-08-378 & ES-08-379 cont'd 

LAB SAMPLE# CLIENT ID % P450 EROD AHH 

ES-08-3 78-01 SUN95UGOLDAF002T02881 100 491 89 

ES-08-378-02 SUN95UGOLDAF002T02981 100 158 21 

ES-08-378-03 SUN95UVVALLAF002T03081 70 

ES-08-378-04 SUN95UGOLDAF002T031 81 100 8.0 3.3 

ES-08-378-05 SUN95UGOLDAF002T03281 100 180 36 

E5-08-378-06 SUN95UGOLDAF002T03381 100 60 18 

E5-08-378-07 SUN95UVVALLAF003T001 81 89 184 40 

ES-08-378-08 SUN95UVVALLAF003T002B 87 101 28 

E5-08-378-09 SUN95UVVALLAF003T003B1 77 

ES-08-378-1 0 S UN95UVV ALLAF003T0048 1 83 135 36 

E5-08-378-11 SUN95UVVALLAF003T00581 50 

ES-08-3 78-12 SUN95UGOLDAF002T00681 100 478 96 

E5-08-378-13 SUN95UGOLDAF002T007B1 100 460 109 

E5-08-378-14 SUN95UGOLDAF002T00881 100 302 87 

ES-08-3 78-15 SUN95UVVALLAF003T00981 100 262 75 

E5-08-378-16 SUN95UGOLDAF004T01 081 100 107 . 26 

E5-08-3 78-17 SUN95UVVALLAF004T011 81 89 57 17 

E5-08-378-18 SUN95UVVALLAF004T01281 100 190 50 

E5-08-378~ 19 SUN96UGOLDAF004T013B1 100 381 156 

E5-08-378-2q. SUN95UVVALLAF004T014B1 100 165 76 

E5-08-378-21 SUN95UGOLDAF004T015B1 100 450 133 

E5-08-378-22 SUN95UGOLDAF004T016B1 100 352 154 

E5-08-378-23 SUN95UGOLDAF004T017B1 100 102 81 

E5-08-378-24 SUN95UGOLDAF004T018B1 78 

E5-08-378-25 SUN95UGOLDAF004T019B1 100 259 87 

E5·08-378-26 SUN95UVVALLAF004T020B1 50 

E5-08-378-27 SUN95UGOLDAF004T021 B1 100 54 15 

E508-378-228 SUN95UVVALLAF004T02281 100 195 39 

E5-08-378·29 SUN95UGOLDAF004T02381 100 239 100 

E5-08-378-30 SUN95UGOLDAF004T024B1 100 477 90 

Units pmol/min/mg protein 



3 E5-08-378 & E5-08-379 cont'd 

LAB SAMPLE# CLIENT 1D % P450 EROD AHH 

E5-08-378-31 SUN95UGOLDAF004T02581 100 593 215 

E5-08-378-32 SUN95UWALLAF004T02681 76 

E5-08-378-33 SUN95UWALLAF004T02781 100 323 111 

E5-08-378-34 SUN95UWALLAF004T02881 73' r ,, 
E5-08-378-35 SUN95UWALLAF004T0298 1 100 273 85 l ; 

ES-08-378-36 SUN95UWALLAF004T03081 65 

ES-08-378-37 SUN95UWALLAF004T031 81 '100 114 38 

ES-08-378-38 SUN95UWALLAF004T03281 84 38 8.9 

ES-08-378-39 SUN95UWALLAF005T01481 100 206 53 

ES-08-378-40 SUN95UWALLAF005T01581 88 631 183 r: 
I 
I 

SUN95UGOLDAF005T0168'1 
l 

ES-08-378-41 100 312 35 

ES-08-378-42 SUN95UGOLDAF005T01781 100 234 59 
r 

l ' 
ES-08-378-43 SUN95UWALLAF005T01881 88 247 79 

ES-08-378-44 SUN95UGOLDAF006T00481 100 206 58 

ES-08-378-45 SUN95UGOLDAF006T00581 63 

ES-08-378-46 SUN95UGOLDAF005T00681 100 457 85 I 
l' 

ES-08-378-47 SUN95UWALLAF005T00781 83 116 43 

ES-08-378-48 SUN95UWALLAF005T00881 100 211 67 [, 
ES-08-378-49 SUN95UGOLDAF018T001 81 100 387 85 

ES-08-378-50 SUN95UWALLAF019T001 81 83 186 50 f 
~- . t-.:.·J 

E5-08-378~51 SUN95UGOLDAF019T00281' 100 253 54 

E5-08-378-52 SUN95UGOLDAF019T00381 100 314 69 

E5-08-378-53 SUN95UGOLDAF019T00481 100 83 24 

I 
E5-08-378-54 SUN95UWALLAF019T00581 82 170 49 LJ 
ES-08-378-55 SUN95UGOLDAF020T001 81 100 368 141 

ES-08-378-56 SUN95UGOLDAF205T002B1 100 409 102 I 
l__, 

ES-08-378-57 SUN95UWALLAF033T001 81 53 

Units pmol/min/mg protein 



4 ES-08-378 & ES-08-379 cont'd 

LAB SAMPLE# . CLIENT ID %P450 EROD AHH 

ES-08-379-01 SUN95UWALLAF033T00281 58 

E5-08-379-02 SUN95UWALLAF033T00381 66 

E5-08-379-03 SUN95UWALLAF033T00481 .84 309 65 

E5-08-379-04 SUN95UWALLAF033T00581 90 170 . 25 

ES-08-379-05 SUN95UGOLDAF033T00681 100 . 117 34 

ES-08-379-06 SUN95UGOLDAF033T00781 100 320 78 

E5-08-379-07 SUN95UWALLAF033T00881 100 241 70 

E5·08-379-08 SUN95UGOLDAF036T001 100 60 22 

ES-08-379-09 SUN95UGOLDAF036T002 100 34 13 

ES-08-379-1 0 SUN95UGOLDAF036T003 100 89 34 

E5-08-379-11 SUN95UGOLDAF036T004 100 274 146 

E5-08-3 79-12 SUN95UGOLDAF036T00581 100 231 91 

E5·08-379-13 SUN95UGOLDAF036T00681 100 193 5.2 

E5-08-379-14 SUN95UVVALLAF036T00781 57 

ES-08-3 79-15 SUN95UVVALLAF036T00881 57 

ES-08-379-16 SUN95UGOLDAF041T011 81 100 159 . 31 

ES-08-379-17 SUN95UVVALLAF041 T00281 50 

ES-08-379-18 SUN95UGOLDAF041 T00381 100 199 48 

ES-08-3 79-19 SUN95UVVALLAF042T001 81 100 75 24 

E5-08-379-20 SUN95UVVALLAF042T00281 62 
(··>> 

OC-L AUG 95 100 17 1.8 

QC-L AUG 95 100 27 3.2 

QC-L AUG 95 100 12 8.4 

QC-H MAY 92 100 2270 163 

QC-H AUG 95 100 1590 148 
•.·.· 

QC-H AUG 95 100 2210 149 

QC-H AUG 95 92 1490 258 

EROD and AHH. Units pmol/min/mg protein 



···.'.· 

5 E5-08-378 & 08-379 cont'd 

METHODS 

EROD - Ethoxyresorufin o-deethylase-spectroflurometric analysis. 

EROD activity was determined by the spectroflurometric method of Prough et. al. (1978) as 

described by Hodson et. al. (1991 ). Briefly, 50 to 150 pg of a liver microsomal preparation was 

added to 975pl of EROD reaction buffer containing 2 mM ethoxyresorufin (Hodson et al. 1991 ). 

The reaction was initiated by the addition of 20 pi of a 27.5 mg/ml NADPH stock. Resorufin 

product was detected using a Perkin-Elmer LS50 spectroflurometer with on excitation wavelength 

of 530 nm and a emission wavelength of 585nm. Three reaction samples and a blank without 

NADPH were monitored at 30 second intervals using a kinetic program. Fluorescence units were 

calibrated using a resorfin stock (Hodson et al. 1991 ). Detection limits in this assay were below 

1 pmole resorufin/min/mg protein. Protein concentration of microsomal preparations .were 

determined using the Biorad Bradford assay. Protein concentrations were determined in triplicate 

and compared to a standard curve prepared with BSA. 

AHH ASSAY 

Sample aryl hydroxylase activity (AHH) was determined as described by Nebert and Gelbon 

1968. Briefly, 800pg of microsomal protein was incubated in a 1 ml reaction containing 80ml 

benzo[a]pyrene; 50 mM tris (pH 7.5); 3mM MgC~ and 360 uM NADPH. Samples were 

incubated at 27°C as recommended by Hodson et al. 1991. Enzyme activity was te'rminated after 

a 20 minute incubation with the addition of 1 ml of cold acetone. The hydroxylated benzopyrene . 

product was recovered by hexane and alkali extraction as described by Nebert and Gelbon 1968. 

The concentration of hydroxylated benzopyrene was determined using a spectrofluorometer with 

an excitation· of 396 nm and a fluorescence omission at 522 nm. Sample readings were 

compared to a curve prepared using a hydroxylated benzopyrene standard. Enzyme activity was 

expressed as the number of pmoles of hydroxylated benzopyrene produced per mg protein. 

TOTAL P450 

Integrity of microsomal samples was determined by examining total P450 content on all samples. 

A large P420 absorption peak indicates sample degradation at some point between field 

collection and microsomal preparation. Samples which displayed less than 80% total P450 

content were considered to be too degraded for reliable analysis. For this reason only samples 

with a P450 greater than 80% were analyzed for AHH and EROD activity. 



6 

ES-08-378 & 08-379 cont'd 

QUALITY CONTROL 

Several important controls were used when assaying for EROD and AHH activity. First, control 

liver samples (prepared as described by Miller et al. (1989)) with known high enzyme levels were 

prepared in parallel with each batch of client samples. Preparing control livers at the same time 

as sample tissues provided a means of monitoring for the loss of enzyme activity during 

microsomal preparation. 

To ensure that the enzyme assay was working, a sample with known activity was tested prior to 

testing any client samples. Client samples were tested only if assay conditions were found to 

be within acceptable limits. 

REFERENCES 

1. Hodson, P.V., P.J. Kloepper-Sams, K.R. Munkittrick, W.L Lockhart, D.A. Metner, 

P.L.Luxon, I.R. Smith, M.M. Gagnon, M. Servos and J.F. Payne [1991]. Protocols for Measuring 

Mixed Function Oxygenases of Fish Uver. Canadian Technical Report of Fisheries and Aquatic 

Sciences 1829, 51 pp. 

2. Miller M.R., D. E. Hinton and J.J. Stegeman [1989]. Cytochrome P-450E !nduction and 

Localization in Gill Pillar (Endothelial) Cells of Scup and Rainbow Trout. Aquatic Toxicology, 

14:307-22. 

3. Prough R.A., M.D. Burke and R.T. Mayer [1978]. Direct fluorometric methods for 

measuring mixed function oxidase activity. Methods in enzymology (Fleischer, , and Packer 

L., eds.), Vol 52, Part C, pp. 372, Academic Press, New York. 
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ETL EnVIro~est 
~ .. . . 

A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED , 

9936-67 Avenue, Edmonton, Alberta T6E OP5 Telephone: (403) 434-9509 Fax: (403) 4~ 
Bay 2, 1313-44 Avenue N.E., Calgary, Alberta T2E 6L5 Telephone: (403) 291-9897 Fa~91-0298 
107- 111 Research Drive, Saskatoon, Saskatchewan S7N 3R2 Telephone: (306) 668-8370 Fax: (306) 668-8383 
Bay 3, 10919-96 Avenue, Grande Prairie T8V 3J4 Telephone: (403) 539-5196 Fax: (403) 539-6295 
Unit F -1420 Clarence Avenue, Winnipeg, Manitoba R3T 1T6 Telephone: (204) 452-8104 Fax: (204) 477-8719 

CHEMICAL ANALYSIS REPORT 

Aecycltd PlP« 

GOLDER ASSOCIATES 
1011- 6TH AVENUE S.W. 
CALGARY, ALBERTA 
T2P OW1 

DATE: December 1, 1995 

ATTN: STELLA SWANSON 

Lab Work Order#: E510324 Sampled By: CLIENT 

Project Reference: 952-2307 Date Received: 1 0/13/95 

Project P .0.#: NOT SUBMITTED 

Comments: 

APPROVED BY: 

Erv Callin 
Project Manager 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL)- For specrtic tests registered 
with the Association 
STANDARDS COUNCIL OF CANADA- Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) -Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA , Pesticide in Fruits and Vegetables, pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL)- For specific tests registered 
with the Association 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 
E510324-22 SUN95UGOLD COMP 1 
Sample Type:FISH_FILLET 
Collected:08/1 0/95 10:08 

Arsenic (AsJ <0.5 0.5 mg/kg 
Selenium ( e) <0.5 0.5 mg/kg 

ICP Metals in Tissue 
Silver (Ag) <0.2 0.2 · ·mg/kg 
Aluminum ~AI) <2 2 mg/kg 
Barium (Ba <0.5 0.5 mg/kg 
Beryllium (Be) <0.5 0.5 mg/kg 
Boron (B) <5 5 mg/kg 
Calcium (Ca) 627 10 mg/kg 
Cadmium (Cd) <0.5 0.5 mg/kg 
Cobalt (Co) <0.5 0.5 mg/kg 
Chromium (Cr) <0.5 0.5 mg/kg 
Copper (Cu) <1 1 mg/kg 
Iron (Fe) 12 1 mg/kg 
Potassium (K) 4380 10 mg/kg 
Magnesium (Mg) 315 10 mg/kg 
Man~anese (Mn) <0.5 0.5 mg/kg 
Mo~ denum (Me) <1 1 mg/kg 
So ium (Na) 360 50 mg/kg 
Nickel (Ni) <1 1 mg/kg 
Lead (Pb) <2 2 mg/kg 
Phosphorus (P) 2590 10 rng/kg 
Silicon (Si) 5 2 mg/kg 
Tin (Sn) <2 2 mg/kg 
Strontium ~Sr) <0.5 0.5 mg/kg 
Thallium ( I) <1 1 mg/kg 
Vanadium (V) <1 1 mg/kg 
Zinc (Zn) 6 1 mg/kg 

E51 0324-33 SUN95UGOLD COMP 2 
Sample Type: FISH FILLET 
Collected:OB/08/95- 15:20 

Arsenic (As) <0.5 0.5 mg/kg 
Selenium (Se) <0.5 0.5 mg/kg 

ICP Metals in Tissue 
Silver (Ag) <0.2 0.2 mg/kg 
Aluminum (AI) 2 2 mg/kg 
Barium (Ba) <0.5 0.5 mg/kg 
Beryllium (Be) <0.5 0.5 mg/kg 
Boron (B) <5 5 mg/kg 
Calcium (Ca) 342 10 mg/kg 
Cadmium (Cd) <0.5 0.5 mg/kg 
Cobalt (Co) <0.5 0.5 mg/kg 
Chromium (Cr) <0.5 0.5 mg/kg 
Copper (Cu) 2 1 mg/kg 
Iron (Fe) 8 1 mg/kg 
Potassium (K) 3950 10 mg/kg 
Magnesium (Mg) 277 10 mg/kg 
Man~anese (Mn) <0.5 0.5 mg/kg 
Me~ denum (Me) <1 1 mg/kg 
So ium (Na) 357 50 mg/kg 
Nickei~Ni) 2 1 mg/kg 
Lead ( b) <2 2 mg/kg 
Phosphorus (P) 2140 10 mg/kg 
Silicon (Si) 7 2 mg/kg 
Tin (Sn) <2 2 mg/kg 
Strontium (Sr) <0.5 0.5 mg/kg 
Thallium (TI0 <1 1 mg/kg 
Vanadium ( <1 1 mg/kg 
Zinc (Zn) 6 1 mg/kg 

N.D. ·NOT DETECTED. LESS THAN THE DETECTION LIMIT 

THIS IS THE FINAL PAGE OF THE REPORT 

E510324 CONT... 
PAGE 2 

ANALYZED BY 

11/17/95 TW 
11/20/95 TW 

11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 

11/17/95 TW 
11/20/95 TW 

11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 
11/09/95 TW 



Appendix A Test Methodologies 

Acid Digestion 

Method: Open vessel digest with nitric acid and peroxide 
Reference: EPA/600 4-91 Method 200.3 

Arsenic (As) 

\.I.O.#ES't0324 
PAGE 1 

Instrumentation: Continuous hydride by Flameless Atomic Abs~rption Spectrometry 
Reference: US EPA SW 846 ; APHA 3114C 

Selenium (Se) 

Instrumentation: Continuous hydride by Flameless Atomic Absorption Spectrometry 
Reference: US EPA SW 846 ; APHA 3114C 

Hydride Metals Preparation 

Preparation: Digestion with permanganate/persulphate, nitric, and sulphuric acid 
Addition of hydrochloric acid and cysteine prior to analysis. 

Reference: US EPA SW 846, APHA 3114 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 
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Sample ID No. 

.?UN ct~ (;,.OL-() 

~v ~ A F cro;D-rcc I.e. I 
~ 

~1..'-.i"t '::>"lAG C:i..IJ 

GOLDER ASSOCIATES LID. Page .3- of _!i 
CHAIN-OF-CUSTODY RECORD 

Sample 
Description 

Froi-1 i= ~ L.L.E:T 

Shipment Date: L3 DC.. I ct ~ 
Carrier: Cc .... r;:C:oc. ~ _..., A::r' (\ (C< • i-a 
Weigh Bill No.: 

Date/Time 
Sampled 
C0Aul.....ct S" 

JC~'i_ 

Analysis 
· Requested 

fAI-lJAJ...kyL PfH-I,fJFW 

Sample Condition 
Upon Receipt 

~~A~ LM.TolJ. 
v'- 8: 

~~~ 
' AI="C'P:J~ TO ~,t:_ I \: \ H-1- \=' I l-L8"" 

c~~c--crs-
I I~W 

SiAN '1 'S'"L{ <.::-o L() 

f:1~H- f=,u.£1 
c~ A-l-6'i·~ 

0~('- ( 
Ai=C?.k TOOl .c. I f I l ~ 
Su. N q S1A. G-eLD 

h5H- MbLET 
(.; ~A--t--\(.~Cf ~ I 

.. At=c ":"SG"'\006 e:_ i IS~+ 
6t..\~SU. ""-'AI...!.... 

\-tSI-l 
C.! 1=/- u(. .... .t::is-

A r:cc~ TtX-4 el ~[U-E/ ,;,... ~'X 
Si..,.{tV cp;"t.( w A(.. L 

): l:,i-t ·FILLET 
c ~ A1. \L ..q ·S' 

~ 

AI=='CX'4 'I0;;2;>e\ I S;;J..+ 
SL-1.1\)qS"U. WA-L(. 

r=- ( ~ 1-+ 
1 C /4-f...t(:<:;.s-

~V). At=' r::CL-lTD -;1?-e..l i=1u..t.T I v l 

sV-~ .. 
.JLti...)Ci~<.., wflt-L I 14-uc.-Cts-
AFCtt.fT(~ ·~;e I ~lSI-\ t=IL.L..Ef I -:::;z_,~-

~f . SLd'-''1 ~·twA LL 
f=-t~H ;:;c L-u;;/ 

c & A-t.-1(.•· q ) 
. At='CC(;TI'C.:=tei {_ 31.../(. 

_:,U tv q S"tl LA! A-L.{_ 

t=r"){+ F I t...i...tT 
0 '>3 f-h. t6- '{ ';) . 

AFOt Cj T'X:~5 eJ ilL'S'" . ~u....i"i'5'LAWALL 
Fe U-f:::l 

0'-{ th.~G-'f' S 
frFC~ ~ "l{")Q;:J. e l F1s1+ I I,, '?I, 
~UNq s-1-l\...uRLL 

Y:::r SH f=r L-U::..T 
~:)A-UC..--ct ~ 

c A F c~& TCC:f. e l /SLier 

I .s·UNq ~WALL 
HSR ~IL-~ 

c-=t- Auc.-cr S 
AF(')-:>,(--TCC'$? "-'-·\ I;;_?£') 

. 'S{).. N '1 <;; U WA LL 
t='tS~ ~~~ 

.3(~(~ 
AF(I.f llbO.:).e i ISLI~o 

~~' ~ 
5\.v . .i q ':)LA. WITLL 

!=rSH- {;LJ.-8 
~.jt,.l~'1 S' t ")lO~~w P;"OC?> TOO\~ I I 'C)../8 

$LA 1'-i q S\.A \..AJ A I...!.... 

HSH l==ru£1 
Db Rw__...qs 

At=COLfTOILJ e.. I 14ol 
\ $LAN"'' U< L.vA(..L 

H':Ji-1 ,:;(u_~( 
03 PrU-&'l s; . A-t="COLi n...""&f1 <" I rc:;r:CJ 

~lN q S'i-< ..,jA-' LL 
-I=1SH Fr<...U:::I 

t c A-tiC.•·C: r- -< M= Cf'>~ m~ e 1 I,..,·":).':).. 

-~~ .. $A. '-.llj S 1.-l Lv' A- LL 

vt.S~-+ ~tc.~EI 1(%~-fS (_ PtFCC)LJ7Q 3IJ € I 
fo? 6 .5~" N<="i s;-~--<. l-<.1 A-Ll.... 0-::;. AL-1.6-ct-:; 0 J 4'-r . AFOD STO r ~e./ nst+ r=:t <.....L.. E I I ;;JW I 

UJ~_.;~ . Sk.N 'I S'LA l-0AL L 

~('::>\+ f:t r_\..-tT 
OLI AL·IC""'{ S" 

P..t='O~-::>, Tro-=se I !IlL/ 
.;."'~ . 6LLN 'iS" LA W A LL. 

!===rsH ~l~l 
Q S-A i.A( ... C't 5 

I I 1'0) 
Al=o-;:, 1005' ~I !34<:. I 

-~ ~,, 
$ . .1."-lcl'S LA WALe_ n S\+ 0 (...L.fC 

II f+Lt695' ~ ~ ' v Afii'Z3 IV08 .t2_ I 10~;).. 

Special Instructions/Comments: 

Rush (surcharge): ------- Standard Turnaround Time: ___.X:~=----

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD .. 
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D 
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OK 



GOLDER ASSOCIATES LTD. 
..-/' 

Page J:... of~ 
CHAIN-OF-CUSTODY RECORD 

Sample ID No. 

:Sr.AI\..lC{':'>lA.w A L '-~t PtFO-ln.TOC;)) €.1 

~I SC.\1-JS. ~~.,, ~3)'4 
APrA7::2 T() . 

L 5t...;.Nc1 .:::,"1..-~. (.,-ct..() 

AFCC"?'>TCC{:: e~ 
-:':lt.-tNCj S"v\.60!.{::> 
AFOc0 T 0 LA c ;:;J 

)· ::::.L.t~-J't s.·u .. 0C'l.O 
11. r:ooyTo 1 s-.Qd 

., St...li\J'{;::,l.l~ I w.--cc u 10 1 • e.;;J 1 ~csul-<:uJ ,,...., .... Ar:ocq n· tSc:~ 
~ :SI.A..IV Cj $U. C-t::l. 0 

' Ar-ocyTD.;>.Lf E'~ 
S. ( N Ci 51-'- (_....C.~ l j) 

. Ar-oct·TOnt,c;;z 
! 6l~ tJq S"L I.C:)C' D 

\_ 
h-::: 07i3TCO".:i E" .;t. 

5>-'-. wc1 .:5"\ .. , c.·-<.:x .. j) 
fi'R:X) ... C'l OD~ e.:::). 

.. ~lA.l\JS9v~G-ou.::> . A~r,n;:).TC '33_~ 
..SV.N <1 -:>Lt._ G-6L[) . fll:: OcY~ TD()'i;; e. ;:;l 

} 
-:>L-t..-NCJ '::,l..l. C...""'LO 
ftRJJ Y TD It -e ?--
St-cN'1 S"~l. 0- OL.L) . Pti-C('4TC :2L-e_d_ .. sv-NC10' GoLo 

p ~ "Prf=-CC6 7(1)'5'" -e;) 
_"i_,Nq $1.-\ G-o....0 

.\; Ami [JIC03e:.:J lb ).."'- 5 L.\.t-;/i.S"'I..:\. l,"()U) .,. 
Aflj;)..CTcOI p ;;J 

.D5"\ ,;.,_N. 

' 

. 

-) 

SU.N"'i S,"L-{_(r(:<.£) 

f-\f0:S" )\~CJ 
:5 l-l N 'i ':it-'-(:OU) 

Af'O"':)t; TCO( t' ').. 
s l.-\. fo,j<"'t SL< c...-c.co 

A;:O~~ TOObt' :5 
-$\..( NC( Sl...lMI~ 

A;:((i~T/:OY r ;;J. 
· '::::>.A.N'-1 SU. ~kCJ.. 
p;: rr<..~ TI';?::le C1 

Sample 
Description 

FISH F!U..El 

\=I jJ-1 t=:r c..L£1 

l-!::::.t-1 i=1LLET 

f.:t61-l- F'l L.U:::T 

C:: cSJ-l . r:: I (--L-ET 

U::::[:')l=\ C\U.E/1 

Fr-;H l=iL.LEl 

r:: I'::> I+ r-t Lt..E. ( 

!=- 6H !=t u.ET 

1-rbf-/ r- 1 LLE-r 

1-r ~I-+- f=, u...ET 

f="Jbl-f FILLET 

l='l""'> H Fu .. .Lt:./ 

f-;,_ 'Jti r::: I t...Lt:..T 

!=r b!-± I- I L.( E'T 

f::r.""-;1-+ ,'::,LL£T 

f::-.t :'j !--+ r:rr t_i:T 

F t::'JI..f r:-1 L,...l.J:::::----r 

f=t01-!- ,:::,~1 

~1-jW f:.t L..L-GT 

[: 1::;,1-f f= I(_ l..-E/ 

Fl':JH- i=tLL-ET 

F!'::l\-1 i=ILLG\ 

,1' ~f jr ~J"iat Instructions/Comments: 

f\v-? ~~ ~cty 
~ 0e::t' Rush (surcharge):------
) 

Ship~ent Date: , ~ ~·~s; 
Carner: Cf-._.;G: d i a__ ~:d Cc i S e.; 
Weigh Bill No.: 

Analysis 
R 

Date/Time Sample Condition 

~5 Sampled equested Upon Receip D 
I I Ab U:-4 s- 7>14H I (-1 Lk.YL- PAH, 

'SQo._ LA1D::lt l !lCCf pA1-,·,..J 
CS/h.t._6-Ct~ II 

-/). ~ !'f?O;;l \C.P M!?l)::)t.h AS -?E 
0 -=7-PnA. (_ """1 s, 

15.;1. 15A 
cr- ~c.o-er.s-

~~~ v I.S-Lf G 
C<cA-ue:·"r~ 

I j,~ / L/ /0 
0 8 (''h.,.\(.: '1 '>' I /tutti 'LlLI'+ 
C>? A-t.. c 6 'i s r:rA { '-1 -.;- s: 
tC ~Ll&CfS" 

/l.'05i JqA 
00. A-u a-Ct:> 

t~A J---:s2.Cr. 
c s-A-t ( c~<t5 c>(o/{ 

/L/00 

()(?7;1-;;- ~IP\ 
':"'""" 

051f:~~s- -J34 
O~(T~_s-

I ~ ~~~A 
06A·u~ 

IY C<SFr 
0 $1 A-1--i L~ <7 '5"' ,;{[oft I )C)O 

0 .2 !'h..-{ (y- 9 .s 
I 3-d-8 J.:rk 

0'6At•c"""f5 ~sA-I f'l l.J ::f 
Oc A--1,( (_~0 5' 

LOS<? ~9A 
OS A--v L.,..q S" I 

"3D A I '3 S'Lf -· 
O~frV(y(:::, 

I I ( -o r~ ~~ 
D 3 A-UG- q S" ~!} iS::S+ 

Ol {-'fV._w 
tV: 1 7Y-tlr 

0?.; AlA_. '{ ')- \J 'V '~;)If /5;29- ' w 

Standard Turnaround Time: -~""'----

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 
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'--



-GOLDER ASSOCIATES LTD. Page _5_ of____) 
CHAIN-OF-CUSTODY RECORD 

Field Sampler: (Signature) 

L' 
Phone No. 

Sample ID No. 

DU.NC., S lA l.0A LL 
... ,{.)f::.COL/To')-=;-e d-. 

~\ 
~:NtN9S'L~ W Au ... 
Af:Cbl.fTO 7, i e .~ 

~~ ~\."-J9Sl.A t.• .. JA LL 
/! !="C C6 TCc:·".:/ e.;t 

~ ~NC;S't.-1. I.A.l8 LL 
.)~ M. t:lFOI CiTC'OS-t?;;) 

·~~~ .5uN'-t'5U WA LL 
A r= (' ·.::;>-31 CC'.;l. e: d 

SLA.IVq$1..-tWA-U... 

~0{ .· ,cn::c ?J-,T c 0 "-+ e d. 
S.,LrJ 'i<.:,l.L \..'-'ALL... 
AF03b TC:C8 c ~ 
"SLAfJ"l':>l.( \.UH L L 

AKl Ll IT CO 'd. e;) 
SlAt-.~ 'iSLL ~,..._, t'll.__ . A~{)O~ TDOI-<::.0< 
.:._ui\Jq'5u v.;(-l t-L 

< fl-1::{-y-)q T C' I W e d 

rf'v 
5U.t-..~Cc S~..t w A t-L 

' ~Tri.7-0 Q~ 
SCAr-J q~I..-\.WI'\- L.L 

• ~nnLJT();:;L{:, e:;? 

\~ 
Svl N 't '9.-l ~A-Ll 

A1=<)() LIT()~ " ;:;; 
b L.<Nlt 'S' lA (.))A LL-

/ . A-f--fY"'"'i'T(')I-~ C' 0> . ;) U Nq 5>'\..~ W A-u._ 
J4i: 03--:s IOD -~ c:;;) . SuN'i ~uwA (..{_ 
~ 0~'31~ ~.::2 

. SuN'1.5U L--Vf-tL{_ 
A1-C~3fir~('~ 
~U.NC(~cuAu . 

AFC lf.;l. lfY'd.~'d rt-r S u./0 q ";:> (.\ l. '-'A LL 

F~ f'l't= ~ ... '8 TDC_\ I 

Sample 
Description 

F t':)i-/ f:ru..tT 

f::::\~1-l !==1 L-LET 

f-. I ":;li-t f=tu.£T 

Ft~--1- {:JLL.El 

Ft~H r- '\ LU:I 

t='l~-\ f=\LLET 

t==1~H (: I L. t__.t;f 

t: ~~~--~ {:'! LLE1 

f:' 1 '-..\-\- I= 1 L-LE:T 

1=- I ":>I-+ FILL-Et 

Ft<.::.i-f l=it.LEI 

t=t :'::!1-l F1LU:::-\ 

l=-tSW FiLLE:T 

c IC:.. 1-\ 'i=tLLEI 

FiS\-1- ~'LU;:I 

C'r?l-l f::t1 1ET 

FLSH l='tL\.EI 

t=-t6\-l- FILLG:f 

t,.W\-till-€ f-ISH 

Special Instructions/Comments: 

Rush (surcharge): -------

Ship~ent D~:- ./3 OC};i! $" 
Carner: ~c"- c;(. ( fLn _Co 1:5-v 
Weigh Bill No.: 

Date!T'ime 
Sampled 

I 0 /1"'lA &- c; s-
/'::JDI 

I I f'!V! c;,-C; 5' 
/57)5" 

c d- /'lt.((;·'i:;;, 

!73c..t'= 
C''i3fh((_•· '{ ~ 

IICS 
c ~u-n l c_;,.-'fs 

uc<;? 
C:)3 ft't.IL.-9'::) 

/'5'--19 
o -:r- f:! tA& c;:s-

;,;13Q 
'?I J(.-(Lc-15-

154 (c. 
30..JL1L"1.S 

I-;) I 'b 
0'=> Av.c_,.q '5-

14(, I 
() ;'3 f-1-(.A (r-<f s-

1"£09 
/DFrr.A6C,:::, 

I 0?,.). 
I I A-U_(r y:) 

/'-I 5 '5 
O"f- Al-(&<:f$' 

/;::) 4-/ 
04 AL-lu·'l ~ 

II I L/ 
O~A-uc..:Cfs 

I ':3'-15: 
/I ~Lr'f~ 

L s·;2.. 

I I /tU.c;q'i '::> 
I I (')' 

Analysis 
Requested 

I~P 1'\'lf/ALS ASSf"" 

) 

I 

\ ' 'V 
ON€ Flu.-tT: PAH ~Pf.l11.'rf1 1r-· f:l LJ<yt.PIIH 

!\oNf'l=' .1?'1. 1:Pm~l 
~ .-,= 

Standard Turnaround Time: 

Sample Conditior(5JcJ~~ 
Upon Receipt {\ 

~~ 
t~~· 

< 
~(2{dv'" 

~r.J>\ 

~<klriP(- ~ 
31i 
-~1()} 

39A 
~04 
LJ1A 
L/d./t 

Lf.3A 
-~54 

4-r& 
41A 
'{ ~4 
'-fl;( 

,9),4 

5ttr 
Jdtf 
5Zir 

6L/Pr 
\ I w 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 



Trc,J. G;:5;)-:;J-3C~jlt7~" 

/ 

GOLDER ASSOCIATES LTD. Page 2_ of~ 
CHAIN-OF-CUSTODY RECORD 

Field Sampler: (Signature) 
kvlm ~o~k::c(l&xrodc~__gr ~~n rnv 

Phone No. (Ld Q ) dES- L/ t,C~ 

Shipment Date: t 3 :(_I q s-
Carrier: Cc~;!;: ;,( \ c d 4-~ Cc 1 S t-· 
Weigh Bill No.: 

Sample ID No. Sample 

JD' (Ctl.- Description 
1 q5l \,; . . :5 v\.1\.Jct Sl...<. L.v A L l.... 

FrS!-1 t="l LLE/ tl'-i S."-7 PtrC4ATCiC;j €- I 
Cfi"'f/ R.C\) / sc, "'ct.~~~. L~oLD 

\==I j!-1 r::r LLEl v'\-t'~'"t · AFr(':=/ T(\'":3) e1. 
' 'SL.I. N"1·'>""l'- 6-CL() 
h AR; C ?.:,TCCG _e_ ;:;;< .\-1"::1-1 FILLET . ':lL-ci'.J ,-1 ">L.\<-...,.CLC> 

"' A Foe-::, r o C4 ~;;) != i':Jl-1- f'r LLEJ 
\ 

~ . :'>c..LNq s-LL(::;C'l.O {:::' ( s t-! · r:: rL-L-E7 \?' 11 i=CCLtT 0 r 5 (:Ql 

;: 5-L.\.1\.J'-/'::::> 1.-1.~ 
- - Prr=c:c <-f Tc 1 • e;;; F1~.H ;:::.: LL-eT 

/\t ~ ) j_u\.ict Sl.~c.-cuJ 
~a_--;,· r lJ Ar=(x' LJ n- '~ c: .;l Fr<:.,i-1 i=1L-LET 
cc'r0 . :::, ..._ ._t-J 'i. SL:.. L ..-a._ D 

,:-lSI+ Ai=OtYTD-:;14 E'J.. 1-JLL~i 

9.u~ Ci Sh (...CL i) 
. Ar-cCt:TOrhe,::). F6H F I L.I._ET 

cSu t-J q S1. lC1 C'LD 
n= c~·3TCO=t €~ 1-r~W !-I ~_LE-r 

\_ ;Y..<_ t---:JCt 5 L '. (.~(_'-L _D 

Al-G,l01 o c~ F ,:;~, 1-r,"'f-J-- r:::,cLET 

( ')\....\\'It SllGv'-0 
A!= r0;::> TC ·35 •-:'>) 1="! ,') 1-+ FILLET 

Sv ~"c.' SL-cG-uLi) 

~~w 
,A\::Co":S TC();.<: e ;;2 (::t:'J H Flf_Lc! 

-?LA_ I'-.! Ci '::,l.. \. L"'QLO 

\~ 
A~ '-1/DI-+-£ 7)- f-J,)f1 f:: !LLLT 
< L-d'-'Ci.:, lll: (.;Li..) J -' ' (-1(-::.f{·LfTC ::2/ '2 ;J_ r-: . C..,J-\- 1-:•J.FT 

'l-'-
. < v f'-.IC'f <-;, L< L·Cu) 

J~s r'\9 ~ i-cT0 Tit~ '5' -e;). r:,-'-;J-1.. ,=-,LL...£ T 
. d-\; '\_,,'-.Jet S'Lt. <..::-c'L.0 

A';::(. I cl iTO~ t:';}. f.:-r) I-I ;:_:-,I u:: I 
.. :5~.-\f'.,/t:, ~.-,e;,-cw 

AfC;:f..CT'COI t';). Ft>t-1 f:": L-LE:/ 
SL.tNCi -;-L-~Cr('-i) 

' rn::o -:s-:::>)f 0:::"&--c ~) r::: r:')i-1- r,LLeT 
<)~.-l N'-1 )1-L(.~[U) . 
Af'(/~(, T('f)l P J. \=' !L') !-l {:- 1 LL tT 

<; c.t ,,,_;c·l SL< L~1_) 

A;:('":)~ Tr<."(:. f ,:; (:' t?H f= I c l~t:T 

.) 
'S 1.fNC(-;-LliV~ 

c,;C('~\I'('Li f ;) !="1 "JH 1-tLLET 

c6\,' .::X...\Nci ")\_.1 Wt:\1.-,~ 

(\;: Li' y Ti'::;l.) f'_ J !=I')\--\ r::: ILL r:=\ 
·-~·"' ::,' \)/ tl 

'v;J,0 f\ f c~ ~ ~~cia! Instructions/Comments: 
" ;:;0 '\1 ()L I 
\ /. \"'--':> \ ~ 

l~ (li(} Rush (surcharge):-------
C' 

Date/Time Analysis 
Sampled Requested 
//t4J,l (::-4 s 'PftH 1 r::JU<.yL. {Jftt-11 

I fC 9 Pr-¥1--. I·~ 

CS"'ft"\.LC":-Ct S"' 
;)5c.;z_ \C.P M~S AS Sf 

c -=t-m \.l-<:.'i s 
I 'S . .::l. I 

C '9- 1-h..t L-4 '$"" 
15'--1 G 

c (c H--u (:· 0. -;-
I '-1 IC' 

0 0 ,n_,e: '1 <-;;"' 

iLiLl+ 
{"'.\...) ·' , ,·· ,-L. ... :> M\..'-L-- -r..) 

I L/-.;- "> 
iC 4L~&Cf S" 

I CO'S 
co- A-uc.,--0 ::> 

}~?,(r.. 

c s Act c~<ts 
ILl ('I c;., 

ub A<ACr95 
/II 3 

C5AlA_~c;s-
I i,f\f, 

0 7- ft; •. ( c- '1 ;;;-
IS'3C! 

Clio ftL I v-g :;:-:;--
I '-ld'~ 

C ~AviL-'7~ 
;),?!Co 

C ;)_ r'h.( (:- C, S' 
132='! 

C'oAL~r_-L() 
Jrlf::f 

t\:.· f-nt L· r, s; 
I es-c{ 

LS A-c• c:0:::, 
I·:; 'J '--1 

c:·) r-ru L~ 'i ',:, 
I I I~ 

D;;;, ffi,(:- cr ':;; 
J c:; 7)::) 

C.' I 11''1-' l~~t ') 
(!-~~ 

c >~ n c · c- '7 ; v v I').)::;- \)/ 

Standard Turnaround Time: 

Sample Condition 
Upon Receipt65f 01)_ 

5I2Jl I I M.-Ui~ll- -
'1ES lcl.)} 4-

£-C. 
'\ lr--'2---,~-I I,_ 

lf-fxo3d0 

-J~ 
~J[, 
/3,4( 

1~ 
-

i 
-j t./41 
-

-
/)Al 

/{.,/; ' '•, 

- !/If_ 
r 

--( 8,4: . 
I 1 ,4 ( 

)01': ~ 

-Jlf\ 
. - I 
;:.2 31-, 

-.)-fA( 
i 

;;>-5 hl(; . 

;; (, It ' 

? !It[. 
-

-
-

-

:J<6p -' 
~~ J 
crJ 11Lc; 

3;) '" 
I 

3/A i 
l 

~ 3J /) d 

I gfJL.i 
\J) -. 35~ 

l 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 



( 

Jied No.: CJQ-23c ·=r 
3 .imole Descnotion: 1-t1J5C 

Fish j Spedesj Sex j ~~:I W~~~ht j Date II 
No. 

{000 lt-!VSC.... (}1 40o I ~.<1'1 1.4, '•ic· 

(2'K '--'v·;C.. l.A :?,"} I 91o I {L, . ./ ' I I 
~~K f-/1.;SC- u · .tloL I g2ct I ~4 I 
;2. 57 1 L../L:sc u Jf;:\1 I 0 ·:;-::r-1 ,~,/o 
c ( rt}O ~1\YX:.... 11 ~9-C- I 7-<7-1 ,~ JiJ4 

,1-f, Ul!SC I) '2 1-\1 -~ o4 I ,4J. . <"' 
f'2 ?-4- l11·'Y u JS'C I -~'1 6 1;4 .l_11 

rJ-14 t N ')(. I L-{ ~?4 I .1lg I ,l. !.4 I 
,:: 2. { ?> I /A\~,( I If I ~-5 f k I J£9:, I ,_~_ 7 .J I 
;:.I~ 2_ I /-i\;lc.(_ I u I 7.-.,"'\> ! ·1A~ I ,<::J-rl~t"ll 
;::~r.JI;_;t..i·:;c.l u 2..41 I ltv I 1.'Ju~01l 

1 r:, -rr,.. !~tv4 c. (A I ,::;(:r2, I }3:21 k;A I 
c,:J-::? 1.. ;{.'":, L. 1.1 '11(.? I ;7F I .Cu..rt1· I 
::lc:-'7 1!-J\15~ I I "'J -..2 I I c;c;- l-.i.4 
f2!t?- J..N)<:.. 11 , c;-c I 4~. 14-Jfl.Po 

f-2'1-o J._l\)")c. iA 106 I Ll· 4. :a 
I I I [ I 
I I l I I 

I 

I I I 
I I I I I 

I 

I I I I 
I J I 

J 
I I I I 
I I I I I 

I I I I 
I I I ' 

I I I I II 
I I 

I I I I 

I I . I I I 
I I I I I 

I I I :I 
I • I I I II 

I I 

I I I 

I I I I I I 

I I 
I I I ! I I 

J I 
I I I I I 

I I 
I I I I I I 

I I I 
I I 

I I I I ! I 

Personnel: £;5 

Ageing Materials 
Scale IFin Ravi Oto. 

,k{; 

//: I 
<?, I 
-.;, 

--::;-
c-
7-! 
4 

I "; I 
[ k i 
~ I 

I ~ 

'' I I 

3 

/? 

I 
I 

I 
I I 
I I 
I 
! 

I 

I I 
I 

I I 
I 
I 

I I 

I 
I I 

I 
I I 

I I 

I 

I I 

I I 

I Other I 
I I 

I 
I I 
I I 

I 
I 
I 

I I 

I I 

! I 

I I 

Paae: I 

br c.< t A::c-t1 
Comments 

/7-,C('. 14 (~) I 

lt-r 6?,J., I I 
;£/F0/7 
4 peel( ! 

A- fD/-:7 I 

_;;,..r- (J '1 c I 

' 
4-;-=o 3 7 
dro;-r : 

A?t.:lr Tc;\ 
;4rc4-o , ( 1) \ ! 

A-J:=='-o <=~ , , - [ 4 \ 

.4t:=N r ( 4 \ I 

v 
v 
/ 
v 
. 
v 
v ,__. 
~ 
t/ 
u v 

I ; ,_Fo(7· Cu......i._d • ~ " /. "~ ....,;b_ 

I /J,C.Cj( () -
I r'J-rcot:( .. I Oo h'•. rt-6- I 
I /J-1:::0( 7- I 

! I 
I I 
I I 

I i 

I I ! 

I I 
I I 

I I 
I I 

I I 

I I 
I I 

I I I 
' 

I I I 

I i I 

I : 
I i 
I I I 

I I I 

I I 
I I I 

I I 
I ' : 

I I 

I I I 
I I I 
I I ! 

I I I 
I I I 

I I ! 



Pace: 

~·3 .i./liS •~ F I 5"o '1 1 Y'?u I f'?4vtr\ 11 i 
r--cJ?c> c.fi!-ic ,ry I Y:l:J.. I 10n. l,.,.avtf"l q I 

Comments 

I 4'Foo::__ ! ~ 
I /l.FO(J ::!- I v 

t- a77 t../'!~<.. ;n I <f~t;; I tDtD lmA'It)-1 I g 1 I A.f'?J<) z__ : ~ 
() 1 ') o-u s (_ m I v v 'J. 1 1 o 3 s.,...l ,.,,av Jf I &, I I AFo<;tO : 

or.? •1 r ;Vsc ;:: 1 3 'i?:d 1 7 ~v IM,<l'l ;r 1 1 _;; 1 

0;).. 3 ..:,v.; c P7 I 36 c.j (, G =< it?>AV ~ "' -· I 
1 /lroo-:......_.1\J<-~ ~c,c..:• '-~'L"'vr; t/(g) 

- I r?.Fo/ 7 r:;_ . .,.,. rL .:1."'-' ... : 

. I ,4;:-c; Y (o.__1U v,,i en t/ 
I tffO/<r ? rl-ff<utl /,; rr~,<,_t,..,,~/ 
I Arooj - GiU / I :_.,/ 

; .-1'JI'o'l0 ·/ 

I /J Fb 'f-O [/ 
I /JF<:J~,-.o i / 

I y l I Ll-) s ( l..\._ I ). li l I It; l I ()c..t j I -:;; 1 I I ,li F 0 I 4- ! ( 4 l v 
~~~-~~~(I~L~~~)~l~-~L~,~J~~J.~~~~~~,·~~9~\~0~L~t~~~~+-----+-~~._-,F---~-----F-)~~1 .A~c-)f~t~----------~. V/ 
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q.:' Project No.:Ct5)- ) 3 c ·7 1 .;;~,.~ ..... ~ · ) Personnel: N'S Page: I 
Sample Description: A.Co4 1 

Fish Species Sex Length I Weight l Date Ageing Materials 
No. (mm) (g) Scale Fin Ray Oto. Other Comments 
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Project No.: q'Sd-. 1 ~c I <;"'"'"'"·· 0.. $" 

Sample Description: f\ ~ o c ~::. 

Fish Species Sex Length Weight 
No. (mm) (g) 
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Personnel: K '1/ f e:, 

Date Ageing Materials 
Scale Fin Ray Oto. 
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ProjectNo.: 9~2-l]t:'r 5u•~"""'-·1 '(5 

Sample Description: /1 Fe- 11 

Fish Species Sex Length Weight 
No. (mm) (g) 

r-eo 1 (.-,CL!l 1'11 ::.:2'1 <4 co 
fo:::L 6c:L./) ;::: ~,..., .;c;r, 
~o" .':> ,:L ( r-f ~ z_c <::; 'I'~ 

Fcc£1- ITR"P12 lltl f-1 ""'\ 

fccc: _;:VI~f1 ll1 -:J--( ., !J._ 

• 

Personnel: ££> Page: ( 

Date Ageing Materials 
Scale Fin Ray Oto. Other Comments 
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Project No.:qt;-l-2';<:· "1 5-v"""""" t;->
Sample Description: ri(V:, > · 

Fish Species Sex Length Weight 
No. (mm) (g) 
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Project No.: 9r:;)-.) Jo 7 

Sample Description: tfFot? 

Fish Species Sex Length 
No. (mm) 
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Weight 
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Date Ageing Materials 
Scale Fin Ray Oto. Other Comments 
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Project No.: <if?--2'3 c· 1- 5'""''-'' tJ 5' 
Sample Description: f4,::o 3c 

Fish Species Sex Length Weight! Date 
No. -(mm) (g) 

I feel ucl () ,1)1 ·:J.u/ '7, I I CJ,Ice-/f'f." 

'fOe·:;?.- f1 A-L-L r.dv' "'>w 4 2-.'i r:''it>'Nit~·· 

;::a);, I t::.et iJ !VI 2 'I 2- '71, (h C }f Ccft'f 

kc·4 r::·L-U.-1 U/1\ I (: ((; tK. ('-,/r>l;,i{f( 

?'occ; 1., ·:A-LL I A LiO t, ·7/ c't>iil( 
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Project No.: qt;} __ - z..:;o ?-, s'-"""'""-'-" ct C: Personnel: r[13 Page: ( 
Sample Description: dFC t q 

Fish Species Sex Length Weight Date Ageing Materials 
No. (mm) (g) Scale Fin Ray Oto. Other Comments 
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Project No.: q()- ~3c 1-
1 

5"" ............... q) 

Sample Description: ,4-ro 4-2-

Fish Species Sex Length Weight 
No. (mm) (g) 
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Date Ageing Materials 
Scale Fin Ray Oto. 
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Project No.: 99.1.1o?' 
Sample Description: ,4Fo0 G. 

Fish Species Sex Length 
No. (mm) 
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Weight Date Ageing Materials 
(g) Scale Fin Ray Oto. Other Comments 
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Project No.: tf/()- 23o7-sv..""'"" .... ~ q>"' 
Sample Description: /1--Fo zo 

Fish Species Sex Length Weight Date 
No. (mm) (g) 
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Ageing Materials 
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Project No.: c;g_-'2-3o"?-, .:;,,"""."""- etc:; 
Sample Description: ;tf-o:5~ 

Fish Species Sex Length Weight Date 
No. (mm) (g) 
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Ageing Materials 
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. P~iect No.: 90-130 7 Personnel: ~,.,:; 
Sam ole Descrmtion:.);:_.,, ,. ~ ;::;;/ £, we-...lr.J 
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Proiect No.: 9::.J-:l]o 7 

Samole Oescnotion: .f2,c:,·r .;,s·-< .f',v(·' ;,, ') 

(.' •. tr! rl'f' { 

Fish I Species! Sex I Length I Weight j Date II 
No (mml !g) 
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· Proiect No.: jt;') -23 c ·=r
samole Descnotion: 1-t{)5C 

Fish j Spe~esj Sex I ~::I W~~~ht! Date II 
No. 
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I 
I 

l 
i 
I 

I 
I 
I 

I I 

I 
I 

I I 

l 
I 
! 

I 
I 
I 

i I 

Paae: I 

I Other I Comments I 
I I ,4,Cn lA. I 

I ftF63_3 I 
I I ;/};:;o; 7 
I I A_f-Ocl( ! 

J A fo/:{ I 

I _d'-/'-C '.f. c : 
I ! 4-,CO _-c; '7 ; 

I I /lro; r I 

I I A?oi7 
;4-ro_-t_o 

! I ~00') .. 

I I rl/=6!7 I 
I 1ft= on- CuL-Zd" .~.'~"-'~\::;_ 

I r,J;::..c;( (/ i 

I r4_-r:co:( ·- ; o., 6'-. ft-(_p I 
I /T-1.::0(7- I 

I ! i 

I I 
I I 

i I I 

I I ! 
J i 
I I 

I I I 
I I 

I I 
I I 

I I 

_I i 

I I I 

j i I 

I : 
I : 
I I I 

I I I 

I I I 
I I I 
I I I 
I ' : 
I I I 

l J I 
l I I 
I I ! 

I I 1 
j J I 

I I ' 
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I 

-l .. 

L 
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'?roiect No.: t{tf) .. -J.-)0 1 · Personnel: fl}_ 
Samole Descnotion: ~ T Mf1JiJ) if- ( SuiN'"""""I 'S,t>/'·')

1 
f,J.i,.) 

Page: ; 

Fish 
No. I Species! Sex I Length I W~ight! Date II Ageing Materials 

(mml tQ) Scale !Fin Ravi Oto I Other i Comments 

I F3o I /J?;t/ b1 rf I (j I 'QQ I ,·; IQdf I i l I I I I t2 Fo-1-o (yo{\ 
~if<) I li?Nwi-1 u 1or 1 (/ I ext'\ f I I I I /}/~0/4- VD (' ! 

.r: ~ 7-L- I,IJ1tUwi-H U fit{ I IG I cU'71 { I I I I ?Jro/:; ( {c r 1 
I ,-::,/fj_q i /)JIVWi/1 () I i 0 4- i !3. I (X[J-I I I I ! i /t;::::ol 7 ( <t'c V J 

FA 71 I mNIJ-f 1 v I no I ( ((, I o(j- r I I I I ·I 14 ;:-o! l ; 

f:li-10 I 111 !!Jwt-1 U /2 2 I ~3 Dc.t 1- I I I I I ./1C_Dj_)Z. 

~ :?~ 7 !n1nfl-1!1t-f- u ( 2.. ( I 21 Oc.f1 I I I ! I 4 ~rJ/ ::z. 
i /- t(Z ~ I 1l11!/Nrl-l U I(~ C( I tl-? I Co· :;:z1 ... 6< i I ! i 4~o/7 
/~ 17q I /':~;,'k'll-1 fj i !1 7-: 'S 5-- I n r E. I I I I : I /7',..-~,4 (j 

t= 2 ~ ~ I J1111/ ;AI til U I ~I I ') 1,~4-1 Vci I 
I 

AAJ/ JL-
1-oP I l,11tf/>JI-f I U (sYl I Sl I d...,(: I il I I ! Aro 14 

; ~-) (2 i t11J1).Ji-f I U I 211 I I I~ i r4t/r.~ (o I 3 I I I lf!F ol<f 
lr.-14 ! /.?!'Nt.f...l if I 2.. J '! ti-'7< I ~~..v\1 4- I I I i 4 r= ..£}__j<J-

I ~i rc ~ 1/IJ/l;wt-f 1 u I :) 4-c- I x-:J 7- 14./4 I L1 I I I ! t4FD/?-
; flq,A I /J1r:/wi! u 1B 1 I 340 I k4 4 I I I I A..E.oi -::;- I 

i-:: J:3 2 I ,11/1! Wft L1 I ·?r:J? 'l;t 0 /h, )a 51 I I I .L]£CJ1- I 

~o lo I I !n11. 1 ·f-1 iJ 1.· 1.1- I 4r 2. .A-r.:. 1(,., '.f I I i I /?POl~_ 

,-= :2 7-'6 I ;111Uc.J 1-IJ u I r.~ 2 I t:; )_ ~ ~! 2 I ! ! ! f'x --+ B 1'9--;:::: () 4 0 

r- 4 3 4 I !YitV••H-J J/7 I lb/ r:"q r:~ :,. ::2. I ! I I .. 1/n,:,:,;~.-:W ('¥·<1/rl, brck"'' 
/~)"!<;I /7.'/1/W.-I u J(}.rl ?-7 loc..rrl 2 I ! ' ,+Fo/ r 

' r-: ~0-:; 1/Yl!/f;J H I LA if.( t) : 10~ : cu-9, i 2 i i I .v9-£_f) 510 I 

4 (, 4- I rYJ tU .Ji-1 L( 2 '?'I I(., t: 0( )-C., 4-1 I I I 4-f=a) _; I 

rr P, .[) I /ll/1);Jif LA I i!. ~- 7-1 ~e 7- ()( f4' zt i I I I ;.4;::::( 11 I 

I~? I. c. I I» tLiiVH-I u 3t& I 1-t:-c; o(__n ~I I ~7 I I i<J~C"Ofj(', 

;::.. 227 1 
n1 ll'I,J t;; '<!7rC ~24 6d" I ~ I I ,...... I I ,/J-r-6 !<:/ 

rcrr· I !J1 ;t, .-./ t-1 ;:; I 17l l 14- I 1/1/JJ.f 28 ( I I I I A.Co/ r i 
;: (; 1 ~ I r!1tv wrl (/1 /") )_ 44 I !11/J..uU I I I I I I /tb s-r-/n_ ( •'\("; d 

F-e ff I rtlrt'i•'t-11 1.) I :l14 I t3) I r11At2~ I I 2. I I I I /'f F0 I '?-
I 

F'C/.1) lr7J,t..f-t I vi 2..32. I I )I I ;7l'0 2'51 4 I I I . 1,q.t:'C/4-

t: 617- \ /l!tt., vf-1 [I 220, I /tC 1m~zg1 + I I I I fll-r~4CJ \ 

f 0 $'{'. I f'111v •v H- () 1>1o . /A. 4- 1 Au, (c 12 I I J ! A~614 I 

f C')4 I d7t!,,H I ll ? ) c I tf~ l~z.GI J I I I I It Fo I 1 
Foti{ 1 (Y!ttlo" t-1- 1 L< I 2"1 4- I rer. (r; i M'!tt..zr: I 4 I 19-P 6!4 
rc ~ c 1171!1'~111 L{ I 2 ".t I ltf ('.. lf71,, I J~ I )' I I I ! L<J. ro -1-CJ ' I 

.t:c J-r 1 mlllf.vb-/ 1 u. ]2o I 4<~<:;-1 /l1n! 2GI -;- I I I ,4-,CC/7 
P.:71 I !11tV"'t-ll u J r .l -?c r 1m,; ;yl g ! I I I ,4-FCJ 14 ! 

Cc!. 7 I ;11/ViLIII /._,1 I 4/t I f)3 1$Z_I /si' y I I I i ;;z,c,..., !4 
I I I I / I I I I ! 

I I ' I I I 
I I I I j I I I I I 

I I - I I I I I I I ; 

I I I I I I I I I ! 

I I I I I I I I I ' 

i I I I i l I I I I \ 

I I I I I I i i I 

I I I I I I I I I I 



· Pmiect No.: q !(.}- ,;<JO ·.;t Personnel: ;(.4 
Samole Descnction: .f'u;Vcol!. /-lr-/-1 .z:;,v~- /cr-:; 

Paae: /of/ 

Fish I Species! Sex I Length j Weight I Date I Ageing Materials 
No. (mm) (g) ;t;t; r- Scale I Fin Ravi Oto. I Other I Comments I 

'l /. 0 ;uf<~/( F 9oo '->Yk1 lm:1v!G !3 I I I ,?t=oo.!..f 
'· 

() G. ( 111/!PK F 2 3 ::; ::> -'(00 (' lmAv tG I'L I 1 /f7 rc>o -'/ I 
-07° All?, PI( U.ll/ 7(:,? I :? I r; (l 1"">.4Ytl'l 9 I I I /l.roCJ2 

·-

00 0 I N-f tf( I ~ I 5:'7 s I ; 3(:,() i !'fAY :2.(, I I s I I. I .-1 FOl <1 
()?,ll;.;r<.Pt<. c, 'is· I 7 '1!?01/'lAY,:U-1 I 9 I I I AI Fo;<~- ; 

0 0 !o I IJ R 0 I( t"YY l.j q, i- I ggolr?~IJ.,;";J.c, I <0 I I Aro ,- 't · ; 

OD?, I,, R p~ (..,_ 4s '1 (" c ,.., I m ~"~ ;. ~, 14 I I I _61fOi<"' 

i c:; 0\.o I IJ~fl1< "'- I c-- q.:; I r. <;; e;, o led 1, I I J-:1 I I I /l£e> Lg ' 
; 1 I iN (l..p 1\ j (-'\_ 2'301 3 t.'-1 ol5<;'-r:.. 7 I I Cb i i I /J f': 06(, I 

I <..,_ 'i. 2 I Al.'l p I( I l"- (,).':)_! 1'-f 7 c:·l ! ! I 
(;::> .4F,-,,,'_(._ - (_' L :l, 

~7~ IV ~PK I ~' 4S'-1 I ·g c; led<., I I ..; ! I Ill ro--:;3 

3 5 ·7 I rv r.. r ,L I G S74 1 :::- 4 S I ~-' ~- I I .::::: I ! I A f'D.-,; i 

I 3 sc- ltJ~f'l( r...;:·· (, (_\ () j ;;:.c---;c:-ll).--.!~l I ( I ! ! _r__;=oo .2 I 

; c:; G I rJ R Pi< I u.. i. G: ·r-1 I :n.fc I fJu_s 1. 7 I I IIJ r:oo-3 
1('-i I 1\1 !?P ,< LA. 7 -~ S" I ;noo I 4"-'i (, '1 I J .4rocd I 

( 

l 
~-bd. lilt P1<. 1.1... r, 1 <;; ;).;;. '/.) I-;:,;.,'' I {p I I /fr-o w I 
:; 3 '+ I NRPr< I),_ c' I ~ 7"+5\fJ\,4./..., ' I '1 I I i 4Foo::; '-'.. I 

I 1l.f- I tv HIL "'- lG( I lt 'J. t; i I H"~ ,1 i 9 I I .A.E.J) I '+ i 
(')<::,I , 11. Pll L~ 1'1-;::). 1, s J s I :Jv'C., ~ j I .ft..ED_'fl I 

( 
., 
I 

l . 

0(')1 lv..; Rp l( (., I 'Htz I ], \1 (,,() I A..·,s""'t, I I B I I ! .1lf_ ():1 \!: i 

);7/ iwQ rK. I u... 7i.:!C I 4 l/ J 0 I 4c,v-'. -'7 5 I I,4F&OC:: I 

oc .2:> I N~S I( (}.._ .5"!0! llo { 

'""' 
'k'i I I A .rcr:t I I 

----
r;,;;.:? J. o·_;._ Ol Lh_d ·.L 5 I I I A FOc!'r I :) c:' {/ ,vRP1(. L;.. I 

31 (. 101'-f'l( lA G 1:2, /(., (,( ~~(( I ? I I r9 1' o-CI 'f c_,.)/ /.,.,. !- .h.' ?f.-,, I, \ 
32>0 I NR.fK "'- 5t </ iC.· '<Sl /lv.<· ; I f> I I /1F06"' i l I 

0 :)D (V ,'l..f ll ·(A_ -);£.~ 1 {'f?'U l.,rv-K yD I { I j /JFOD S' I 
o 7(;, I A.! I' f'A" (<..- <;/;J.J' c:;:;o?; l,a..:,,;;;; 'I ¥1 I IAf"o/~ 

3 S I l,ul!ld I Lt 3g'? I '7 ,;z o l,;;::;v"' 3c:ll I ~3 ! I ./f'.J='$0.)'" I 

;1.:> I AJiCf ,{ (A ({-09 I 5'9f i,4.<{ b I I 3 I I 1 /roo •? i 
('lie;;: JJ/'I'K {.z -z,-;::; I 5;f 14u~'\ I '?.. I I I /~FoC) <, I 
('1') -:, '-i I ,,(/ pt(. f .l Lfl{]:, 5 s s· ltJu.~~ ? Sl i _-1FoJ9 I 

I ·;}(." I NUK. I l-,\. I if6 I I 09 (\ ; :SJ...·
1 

:;..t] ' I lj' d_For.>;:2. 

't 7 Y. I ti!tf!'K I 1..r .?.::Z 7 I cJ <r y I {h-
11£ : I 2 I I : ,dp()Q_J : 

095:' i.tUf:PJ(" i<. 3G'-t" I 5to I S'"tt7 .J 11 I 3 I I I dFo:J (~ I 

c~ 7( IAJ!(f( IL-l_ YO~ I Yt!IJ IJch .J') I I Y' I I ~-~/' ~ ' .FCJ() ,.<....- I 

I I I I I I I I 
I I I I I I I I I I I 

I I I I I I I I 
l.c; 

I I I I i I I I I 

I I I I I I I 

I I I I 1 I I 

I I I J I I 
I I I I I I I I I 

I I I I I l I 
I I I I I 

I I I I J I I 



· Proiect No.: 9S'2i3a·-::; _ Personnel: (.6;{.4 
Samcte Descnotmn:lJH0C... (~vM""'""'t ;p'')l ?v-<.t) . 

Page: I e( I 

Fish I Species! Sex j Length ! Weight I Date II Ageing Materials 
No. (mm1 (g) Scale I Fin Ravi Oto. I Other I Comments I 

0'?-2 I !YriSC I V( JO'i I L-4. I .i.lu.. o=.. I I \ I I I ~Foo·c . ::,~ ,(; ~-.., -.----<1 " .... /l?. 
,Co/ I I LJthC lw I 24b ! l "Jt> I t4t-:., o311 I ~ I I I A-r--634 
roo<; iu_'f.N- ld I ~c'; 1 -ss-7 1 4l..,oJI I 5 I I I r!F-654 i 
;:-211 I tJtf5C 1_(../ 13CfO I ct!A I 11"-'! II I J ,; I I ! 1'1 ,::.6 >3 ! 

flh I t.0H:)C I t) i 1\00( I 0.i (, 1;.4, A I I "=! I I I !#.CO;"?' I 

£6 22> I . JH'>C I )11 402 I 8_')o IAL.!- I I <:: I I I #,c D..1? I 
I 

.:::3.fz I Lvf·()( lq ds:> It/~ I 4( r-1 I 1 I I I t/f;::::oo-2 .. 
L.tvihC I ?J.Cf\ L) 4 'fi', I 1 qf·c I ;J/ 1/ I I f I I I ,;;.: 004 

,~:f.J I I )l·f 5C IU I 3_i J. I '?:-;--s- I /})~ ,,·I I rO i I I ;4-f=6c. 4 I 

(r::oj- cvt+5G : ~i.6)..2- I '17?. ' 1?7tL: I r; i I rs i 14k41. 
;=ci'> I u... r-tsc_ I ~--- 44o I I 3'1 D I m'a,/) I I ~ I I I NFac-::-
ioor L ~vl1.)(_ I f}1 I 4?o I I 7r.'€) I ,-r;' ">i I '4._-).,l<; I e I I I ;/!'.CO/) ' 

~OrA I .Jit-:L I ;=- ! ~) ~ I 2 '2,2-0 ! />'! I (('I I q I 1 /1 Foo? 
(r.."t ') I ··lAC.. i 1" I 2'i'l I 3'ic I ~~~~~ I 3 I I I £d-j=Cx.l4 
~4< I ~,Jt{<(_ I ..J.. I ;Ai'i I L14'i IJ21"' :'!:.! I 4 I I I 4?67 I 

{DoZ. I I )fi-Y I / I ~ ·.r) I 1-M 1 .,J1.~.2fl I c; ! I ! At=-640 i 

r:ou I ~-,.rsc.. r /"'/) I 543 : (CoL. i md.u?·Jf J ·lP_ I I I A--r()/4 I 

!"' 4{9) I i 1/·HC I U. I ~-,-c_"' I <.:: ~ ..2__ I ~1fj I <1- I I I .r?---oo .3 i 
,C;Jf: I w;/JC I (.._( 4f C> I f 2 Pol ~DJ- I 7- I ! I ~'/?<:= o{ r,; I 

1F:Joa I c.v ;{) c: I 4 I C";;l q I ~' Otj'IS"c;of :1.~ I I $? I i I ~Fo~c I 

F d-13 I · ;J s r I ~ I ~~3 I i3C" l5c.~t:.~ol I ~ I I I A~o ;{ c ! 

f. , 1 G l~w' c I Lf Lj ('l I 14co IS;,.,t3-'ll I /:' I I I .A;; on c:, I 

r= JD~ IUJ.J5" I • I '-!Cf y; I J. 3.2 '+I 5'~,,t 2-!.l ! ,e I I I AJ:"C,J.O 

~ J.. c l J,":i ~ L J (..l. s,~ I J:,<-r 51 f,A -zc,l I q I I I ./!Fo2<..? I 

F II 0 l,...v<i"SC I (.., 4:J..'t I r.3"+-l ISc~t;:,.;il I 'i I I I /9F 01f 

F~'+ )r_uH" C· j L I !35" I . ~8, IOdS 'I I I I I laFo:2:~ I 

p.S?:, I ""'H S <. I L •) '1 ?, I lit : cd '3 I 3 I i : f' f='() 1..( <:: 

f >I I IVJnsc. I ~.A. I 'J..C'\3 I ?:.S :l. I <_;._c.i.;>,S I I '-1 I I I fii=Cl i r1 

F I G c::: It·~~ s l I'"'- 3 C-1-{ I ~(,() r ~·-t ~ I I '-\ I I I "11"0 :<+ ! 

F ,) c; c; : V-I rl s ( c.... I u. ~l I ~ 4 'I : 0-J- !> I I 3 I i i f)FD(/O I 

~ I(,';). lw~<>c 
I '' 

I "J../LI- I )l6 ! (') .. ! q I I 3 I I 1 /fF0/4- i 

f IS.:., I :;_,jl s c I I ~ I'.S I d, ~'i I r:>-{S I I d I I : /1/0 I <f-

~ L.jC6 l,_,vi-\S<. I L\. I '2,).3 I '17<-f i j._~+:J..S: I I 1-f I I 1.4.r ac ~ 
r -:l.J% I . ~H St. I (..,_ i "!>IS I 3'1l: I S.:..-1 ;.,(. i I '-1 I I I ,19FO ;..() i 

f ~ 7 c.., I c..ui-'~ "- I "'- i 3.32 I 5'40 I.S, .. ~i :t~j I '-1 I I I f.) F' c ("' , 

r 017- I~.PriS< /G.. I 3 <t-o I s-gui.X..f .::Z'71 I "-+ I I 1;'1fo/? ! 

f ;} 1 Li lwn'-' iu. I 1, cl '5 I (:,(' l : 11<-' J I I Lf I I I liFO l=f I 

(: 1'/tj !rvA-'Sc \<A I .:I 7 'f I 3 -, 0 .J I .<t:.· Y l I .3 I J IJJJ'O/r I 

f. o fJ.. I I CL t!_S C. 
i 1\._ I 9r I /.G. i (1.4Y ).L:>! I I /f/'o.J..3 

rc '' I UJ i-l s ( I 
"''-

I ,:;, I S" ·I I"' C\ ':l ·l.G I':).::') I I I A FC.U I 

f\l)C.. 1, ~ ~s c I i..\. I 4C\ s I I <z, S lr;0-L i I() I I I ;:f('YI I 

((:<:>J I v... iiSr I f I :) (" _,I I l,/i) 11'\A'\),\ I '-i I I I .4;:-,.,; l"' I 
I I I II I I ' 

II 



Project No.: fJf)-;;Jo'i Personnel:~ 
Samote Desc::notic:m:J'v/()<.~J,-t FrJt? _r:.()<.J!2\/(}7f(..':::, 

Fish Sped, Sex j Length I Wmgttt I Date II Ageing Materials 
No. (mm) (g) Iff~- Scale I Fin Ravl Oto. 

OOh ;9/.'G f.: (A_ '?.:nJ I .,.....c.; I m.4v.2c.d Lr' I 
695' ,a ,f (,' R I L-L I .;;;3 I ;30 1!"'74v.t<:l :::2... I I 

e7~ I /JR6'!? I Lt. i .:?4';-) I ,;2_,t; " IP7A.;t6' I 3 I I 

!) (?'I I/ ,c:w./-f 1'1 3'fJ?i7C/ I Sf=f'T -2'1 I {o I 
() :1.~ f'7;f)::.Uf/ C1 ;;u·¥ O?cr7 ln.4V ..2 rl .!iT 
nor' ;ri,V~ull {A.. :?C V 1...( 3.3 /;J, .,y .zJ'I ~ 
o7:2 PJ.V(.I.,II fY7 :2:<? I/C& h4v~fl (/ I 

/Jo;e/3 F I <,-s;7 15'/G I ttw./v I 5 I 
::;J,, c:. I Arr?l1 I 1'7 7;<3 I :K!S'O'J'.,I"_l,r: i I LO I 

I J « 1\; [)pI( I L"- 4(),')_ 1 s 0 It; .... , I I 5 I I 
D~·J_ rvr.. PI( I l..\. 14')5 I L• I S I !:J.. ~"" \ I - - I -. 

-~ 

(' r\ c· I i...I'J'::.c.. i u__l ISS I c:., ~ i"" "''~" c I •J.. l .. 
(I 4 q LtV') C t-'\ '?:>0.'-t \{ ') f._ I M ll-, ::)~ L 
(l~C· I 1\.J:,l I 

" I f) c-~-. I ll I~ I C:'<;P\ :l. '7 I s. 
i ?, c::-, 1...r\. ~ C ~~ y lv I I C· S"S ~,?, ;l'l 9 
I C"6 LN S L.· I. '-!o d. I '31 <; I '-t=i'7;. l (p I 

I \ 'J 7-.,~ ..... o F 3't>~ c, ·:,ol ~rr>.l'71 ., 
I 

..... ·. . ' ' ·-

I 

I 
I I 

4 

, I I 

' 
I I 

I 
I I 

\ 
I I i i I I 

I I 
I •I I I I :I I I 

• I I 
I I 

I I I 
I 
I 

I I I I 
I 
I 
l I 
I I I I 

I I I I I 
I 
I 

···--. ";_.· 

... -.... " . .,;: 

Paoe: . 

I Other I Comments 
I I /?En 1.2--
I I Afro/:;' 
I l~_..c:-0/.:Z... 

I /'?' .F' a, !f' 
/9-hVc;f 

I I AI f"'CJ "r-0 
I I A' .Fa '¥0 
I 1Afo.?&::~ - /-'•''" -.('e-. '-Pk 
! I fi .Fct;l (:. 
I 1 A fr<'L 

I - 1 A F ,...,; (" ,.·-. .. ./,.~.;; .. ....! (."! r ( 

i,':\FC'il--

I I()Fc:;,;_-:t 

I A"'" ·~1,. 
I !l F c ~ 1,.. 

IAHl4:2_ 
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.. .. . 

I 

I 
I I 
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i I 

I ' I 

I I 
I i 

I 
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I I 
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Proiect No.: 9 5:) -;(Jo/ 
Samole Descnotion: ,Jc.";rJcul?._f:'/fll .z,u,-., 1-r..) 

LIUJ<-

Fish I Species! Sex I Length I Weight I Date I 
No. (mml (g) ii~ { 
0 7 3 .LNS (__, F So if ;y<(o lt">,Avtr 

CJ7c> uu;;c. r7?l y:J ;;_ I 1oU- I P"'.LJvt.J 

077 t__,AlS:<. j11 (f~r; I (0(0 I mAVIS" 

o't> ~jU_J( IY7 y.,·a i I 0 ~ <,'"' I I'"'AY d.f 

00 'i' r_.v:;c F 3x-A- I 7:; D lm,<l'/1[ 

Q;).. 3 4'1/5( P7 3t;,rf (, G :< 11-".AV:.tG 
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Project No.: '1C2- 2 36 7 
Samote Descriotion: /f/.2_ 6/2... 

Fish Species' Sex I Length Weight I Date 
No. (mm) (g) 
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WED 15:29 FAX 306 665 ~342 GOLDER ASSOCIATES 

l..:&rn~l F~a~h Tdeatffication: SUNCOR 199.5, 952-2.307 

!) Sample AFOll-DTl 24 May 1995 

10 Larval Sculpins, :YQllc-mc larvae 7-8 mm (moot likeLy slimy ~;Culpins) 

Key Diagnostic Characteristics- 7-8 mm Larval Sculpi.n 
• well developed pectoral fms for stngc 
• flexed notochord and development of caudal. fin .rays (hyplurals) 
• large yolk sac wifh posterior oil ,idobule 
• incipient anal and dorsal fm rays evident in fin folds 

~ ·' ·'" ~·:.~;~"": ·':(· ... ·····-~- ...... ~ 
g.f;;<:.2l.S!..XS'l:.AW.~.-Jl't!k~i~iiy ~~,~~·'l: 

"'iii."d,. ..... !·....;u:.;,,l~ 

5 LarvaJ Sculpins, yolk-sac, 7-8 mm (most likely slimy sculp.ins) d /1 ~c.<fy 
1 Latval. Burbot. 8 mm 4,.,. f LJ115 C.. 

4 3~·L"~!~,:.)2-13 mm (key to be LNSC ~i.b')' hu"Wl Ut'SC a:ud 'i't'I:!Be) tJ /. 

Key Diflgnostic Clwacterlstlc.~ • 8 mm Burbot 
• ll\edia.n chin bZirbel evidcn t 
• 9.!llll. and dorsal fm nys developed in finfolds 
• digestive lract with Zit least one intestinal loop evideru (yolk sac completely absorbed) 

Key Diagnostic Cha.racteristics • 12-13 mm Suckers 
• long pre-anal length relUive to total leneth (-65%) 
• l row pigmentation mid-dorsal. stripe (anterior Lo median finfol.d)- LNSC 
• 3 rows ofpigmcntatioo. in mid-dorsal stripe (anterior to median fmfold) -WHSC 
• mogt of' yolk sac absorbed 
• swim bladder beginnin~ to inflate. anterior chamber 
• more than 1 mel:mopbore per myomere (sometimes) (mid-laleral stripe)- LNSC 
• otJly one melanophore per myomere (mid-lateral stripe)- WHSC 

iif~~yt~Tl 24 May 1995 

2 Larval Sculpin:~. yolk-sac. 7-8 m.m (most !ik~ y slimy sculpinR) 
• ~~~~j.~J3 mm (most likely LNSC) 

,_ ~r~~;r~~~,!£is May 1995 

. 43 Larval Sculpios, yolk-sac, 7-8 mrn. (most Likely slimy iculpins) 
\ : \~ 9 Larval SuckMi:':12·13 mm (most likely LNSC) 

6 LiMl ·waue:YC_._. ............. 

K.ey Dia.goostic Characteristic5- 9-10 mm Walleye 
• yolk sac completely o.b110rbed 
• notochord straight 
• 22 pos-t anal myom.ere:s. tong in.Lcsrine wilh anus located 3 or 4 myomereti posterior 10 gut 
• teeth aevelop!ng. long snout ovidcnt 

~0/!ol~ 

~001 
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Hr:L EnviroTest 
-: \ ' . . 

A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED 

@ 
A~K:yc~ Paper 

9936 - 67th Avenue - Edmonton, Alberta T6E OP5 Toloph~" (403) 434-959 FAX' (403)437-2311 
·-~ 

CHEMICAL ANALYSIS REPORT 

GOLDER ASSOCIATES 
1011-6THAVENUES.W. 
CALGARY, ALBERTA 
T2P OW1 

DATE: January 8, 1996 

ATTN: KYM HOLLEY 

Lab Work Order #: E505437 Sampled By: LM 

Project Reference: 952-2308 SYNCRUDE Date Received: 05/24/95 

Project P .0.#: NOT SUBMITTED 

Comments: 
Three liver samples analyzed for total P-450. Analyses were 
performed using the method of Hodson et al. (1991). 

APPROVED BY: 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL)- For specrtic tests registered 
with the Association 
STANDARDS COUNCIL OF CANADA· Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA)- Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA- Pesticide in Fruits and Vegetables, pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL) -For spec~;c tests registered 
with the Association 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 

E505437-40 SRD95PLNSCCOMP01 
Sample Type: LIVER 

AR:Ih6drocarb. ~droxylase 70 1 pmol/mg/min 01/05/96 
E 0 in Liver ( FO) 320 2 pmoVmg/min 01/05/96 
Cy1ochrome P450 100 %P450 01/05/96 

E505437-41 SRD95PLNSC COMP02 
Sample Type:LIVER 

AR:Ih6drocarb. ~droxylase 27 1 pmol/mg/min 01/05/96 
E 0 in Liver ( FO) 70 2 pmol/mg/min 01/05/96 
Cy1ochrome P450 100 %P450 01/05/96 

N.D. - NOT DETECTED, LESS THAN THE DETECTION LIMIT 

THIS IS THE FINAL PAGE OF THE REPORT 

.. 

E505437 CONT ... 
PAGE2 

ANALVZED BY 

01/06/96 JAP 
01/06/96 JAP 
01/05/96 JAP 

01/06/96 JAP 
01/06/96 JAP 
01/06/96 JAP 



Appendix A Test Methodologies 

Arylhydrocarb. hydroxylase 

\.I.O.#E505437 
PAGE 1 

ARYLHYDROCARBON HYDROXYLASE METHOD REFERENCE: Please see attached write-up for 
method overview. 

EROD in Liver (MFO) 

Ethoxyresorufin-0-Deethylase Microsomal Fraction Preparation Method Reference: 
ETL MSOP# 69.00 

Cytochrome P450 

Microsomal Fraction Prep for EROD/P-450 Analysis Method Reference: 
ETL MSOP# 69.00 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 



GOLDER ASSOCIATES LTD. Page_f_of ~ 
CHAIN-OF-CUSTODY RECORD 

Relinquished by: (Signature) 

Relinquished from lab by: (Signature) 

Sample ID No. 

)F..ffi'5 H 11. n-sc o~ 1 

S«C ·:--s. ,_,y u.r:;: .... ·o;. 

c; ~D'' 5!-'j li-1·.'~ C ;J.) ~ 

Sf\ uqs HI L.N:co:# 

f, ('; ()9 ') P) 'L.JVSC, 0 OS 

SROV.S P ~I U\:Scoo b 

S r::_~Y\':)P~ I UIJSC 00y 

St<:Cf-1'::> P31 L.\•'JC:::};Y'tJ 

")R ~>-\"':> 9 ~ 1 UV; c,')..) ~ 

Sample 
Description 

L·ver 
L .. "(>,... 
- t -· 

l.!ier 

f_,·l''lr 

Lt ·ct?' 
L_,· (.' '?(' 

L,· H.' y-

L,·v--r:c 

L-i VI? r 

Special Instructions/Comments: 

Rush (surcharge): 

Project No. 9r:J.J-J'?D'3 
P.O. No.: 

Received at lab by: (Signature) 

Received by: (Signature) Date 

ANALYSIS REQUEST 

Date/Time 
Sampled 

n;<X-·!15 
u. l•f 

,'\)iJ,;tc:; 5 
tJCO 

t0t::J5/15 
I 'j: "is 

tO t'JSI'iS 
,~. ).:), 

iOIJS/15 
1)' oc 

I 0 lOS 1'1S 
I".JS'f 

IJi()C..)( 15 
/(i. Lf ;:{ 

\::Ji)~li'J 

'") :::n 
1G I OS IY6 

,c:Jo 

Analysis 
Requested 

AreA,·,..;; -l'1FO 
/lrcf~,N ,tf-fFo 
!ln-'i' l"t' , rViF a 
Hrcht'rr -t11FO 
PrcAit·{ -/!({'() 

f-)rc ~ ,· \..? - (V\f=O 
(·kd\i~'f - (Vir=O 
R,-(:r., ,u~ - I\\ \=0 
Ard,,·r{- ~tFO 

Standard Turnaround Time: ____ _ 

Time/l r· 
d.:.:;s 

Time 
fktl 

Time 

Time 

Sample Condition 
Upon Receipt 

r r () 2.e.r-.. 

I 

I 
i 
I 

\I 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 



Sample ID No. 

tsRCP."'.) (.:-·:,.r d1'':;C0 10 

isf--(J-\l3P3tl_t,:::,c.o tl 

L.--:::KC'f\S\!31 U-! ':J(, 01 ci 

SR'C.0~1' 1 l, r I_NscOr3 

E;r., G '"10 r::, lu~r:::<-::... D I Lf-

bP..C~i:_,~;-··!JI L.tJ"::JC 015 

.t.x::nc;. P j 1 1...t.:sc.o I 6 

S'P-U0<:;.P) ILf'JSCO i ::r 

Sr.I..C;~':;P11LfJ'Sc ol9:1 

St<..C)'IS01t LNSCQ/7 

~~ C'-'-f.:: ~'3 I Lf~ :SLO;;.c 

::;r.v J :l - ,.,,.'-'""I 

- ·,r· . 
·v _;,.:bd..<>i -.) ,.._, ) J 

"JfZIJ';') 9~1l\',r:,l0d) 

s !Z\R"J\)~1 L.l\k)C OJ.tt 

)f\0191 ~1 LJ''"SCw5 

.:.~ 1:;'-lr;_, P~ll,fvsrerd.( 

s r \J9S ~}~ 1 ! ... r'.~sc·:fl; 

c r,· cr:i rj P31 UV~ co }"6 

S~Z0'-1:::,P~t LWSLOJ-\ 

<;r..i)c:.,C)Pj IL\"Vt;C01) 

::;K\fiSHit..f\'-:Cv.) I 

::. r.Cl\:: ~-3.1 :.r .. ·sr . .:::. ~-

GOLDER ASSOCIATES LTD. Page~ of 3 
CHAIN-OF-CUSTODY RECORD 

Sample 
Description 

[_t' \''?\""' 

/._1\/f.{ 

L,·v·:.?( 

Lil/·cr 

L,1r2,~ 

L/ (/Q.\r 

I 
L I ~,~ f 

L·v'?.r 
L'V"'(( 

Lt~ex 
[__1' VQ I 

l.J VQ I 

l.._ In: I' 

[_, vr r 

/_,Vi='( 

L1 vn-
U VQ\ 

I ; ;r,-, r 
!..--~! \," • 

Li'vcr-
L_\ V~r 
Lit..~r 

l1·v~c 

L,·t,...-c -r 

Ship~ent Date: ~- /~: M t\-\J ~~ 
Carner: [ 4 " ) ,. • •• \.,.,_ 

Weigh Bill No.: :6 <J 9 "1> 4- "'\tD Lj 

Dateffime 
Sampled 

IG lOS 1'15 
1'-!. :),3 

\\1051!:113 
'u ::r:, 

I\ I()S l'i6 
1\'.-;).~ 

II I 0 :J 1'-j :J 
,';}:,s 

II IOr:;,fcl5 
\ J', 5'3 

/I I 05/C(S 
\4: 1-.i 

HlOS/'10 
rS d.( 

,, IOSICJS 
I(,; '-II; 

II I<J'5/CfS 
IJ'.""'l. 

12>-.tur:::; !95 
c, :'1.-f <0 

\ d I ors I ·; S 
i u :';)~, 

IJ.I06!1:.; 

\d 10_5 1'-1:; 

I.,~.,I_OSt'iS 
~~-I~ 

().r.JSI'1Cj 
I '-i '. (J d. 

I-:,. 10 SI'1S 
I 11: ro...<t 

ld fi.)Cj I j 0 
i ~.: t':JS 

:,J- tO"J IC\S-
r v t:,9 

t..,l.IClSi'-1:) 
,,. Lf r:: 

\ ~ !O'::J /'1-j 
"j· r;.xl 

\.':,I ,y=j ILJ5 
q II 

I ~ ((:Y:; 11 ij 
'r, ~~ '1 

'::vvSI'iS 
I f:''tlf 

Analysis 
Requested 

RnJ~ 1 h? -I~.~ ~0 
Ar-d, i (:~ - (\It != 0 

Hrd\t·v~·- ~-'\~0 
Rvd .. ,· 11?- ltA r:o 
ArcL it"€ - fvlf:o 

.H rrc/4 I'{.~ -· {~ 1 r:.o 
Rrct,,·~rtJ- ~1ro 
ArcL\~- e~~FO 
Rrd,t're JM FO 
Hrc(\ ,· 1·e • {q !=0 
Hrd" 1.-fJ~ r.4.1 FO 
(1 1 i " 
I I i ,,1":. 1 I~ - f 1·H-LJ 
Drr / I ,n.~ ·tr ·v 

Arc.i'l,·l.'l1 - Mra 
(' . 
tl(J,,h -(i1FO 
Hrc i\ ~~ re · Vl~-t: 0 
Arc t"',·,.-o- ~-1.F D 
H r,J' \ \"'2- A'\;::: 0 
8 rc~\ 1~-M!=-'O 
Arc k1\'~ · (11\fD 

A('C {\ ,·h'- ~ f f-O 
Hrd,, t-?.f,~;=-o 

(-j.-c,[, I' I:"- ~'lfO 

IL 

Sample Condition 
Upon Receipt 

. ·" 

:r ro2e 1'\. 

f>ot__. 

--

\!/ 

Rush (surcharge):----~-- Standard Turnaround Time: 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 

L 



GOLDER ASSOCIATES LTD. 
CHAIN-OF-CUSTODY RECORD 

Sample ID No. 

SIZUCit:)r:)r U-1 'SC.G~:, 

ISIZCRS p-3, LNSC-O:ff 

tsrzoci c:s P ., 'LN<:>( o 1S 

tsRoc-,5\)'31 L-tv :SCO} b 
sRmr:;.l?'jl 1-f,:sco~t-

5fl,(j~~~:;turY: o:,~ 

fsRCFf; P) I W.J 'SC-0 ~~ 

~ r.,Q"jr.) p ~IL .. W;t'._.UCf.\) 

~P..CJ~ \J?,it .. W~<:..O-/! 

Sample 
Description 

L\ Vf.\ 

Liver 
L,'ve.r 
L...iVP..( 

L· v~r 
Lrv-?..r 
Lr'r-?! 

L· ver 
Li v n-

Special Instructions/Comments: 

Rush (surcharge):-------

Dateffime 
Sampled 

,~,a5tc;s 
!i, c,.-,_. 

l :::OivSiclc,J 
1 ;;_ •. -.. o 

1~10'5/'qlj 
i ~ ·-~~· 

I .:~ /u':, /95 
''t'.";(' 

L.:;f~5t(/S 
i 1; . •t (,. 

i 3 ros ;c;s 
r( ~ )~ 

i.::>~C·":;<f'f5 
II '),C. 

I'Si0':!11S 
I 7 'P 

I 11 I ·.:J':; f<'f'5 
I ~ ~· 4&: 

Analysis 
Requested 

Pr-c.l,\ ~e , tf~~ra 
~rc~1 \-e- fY\FQ 

RrdJLrr- n1F0 
A(d",!\'r~'\0"0 
H r·r h /'ri"· fl.\~ '· \. 

P(cL\, \rt- (~t'\,\:0 
(:\rJ,, \"{l-rVi~O 

Ard~ 1'1{- fi.1;:0 
R~.r.ti\"-q. M~O 

Standard Turnaround Time: 

Page~ of~ 

Sample Condition 
Upon Receipt 

+\()L_e_ ~-

\/ 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 



Sample ID No. 

GOLDER ASSOCIATES LTD. Page_/_ of l1.!; 
ANALYTICAL REQUEST FORM 

Sample 
Description 

Shipment Date: !J/o V /o l?t; 
Carrier: /~ -
Weigh Bill No::c=SI3l CD 

Date/Time Analysis 
Requested 

-c' 
l 

dto 
l )f 

I 
l rt' 

lS 
(0~\~ l~ 

(\\SlL\ ~\ I 
~~~,__,__--+~oLL..'..--L.Ll!.~-+~~":::l:------+----+----t..:.......K_D_~ t..--l--+------1 .:2 ~ l ; 

~~~~--r-~~~~~~~!_--. ......... .,.._----:-_;_~.;...;.o.r.;....;tt.;._;,t_L_I _"""""""' _ ____,_3~:) L 

~5r 
~~~~~---+~~~~~L--~~~~~~-~-4------------------~-~---~ I 

~~~ o 3i _J:::lb:lli_l\ULt.r=__i_~~a~~tiL__L ___________ J ______ _j ~""" , 

(lor-.~' 1'\~cl of\ rv_.y,_ t- p~ c. f, 1 -L f l .... L / ,.. L . -l ''"' "" . . f 
Spcnal I nstructwnsk:ommepts: t\;G\ t '-1.\ \ 1l-i,\;S. CA '1(. I 1 r:J\ '1'\ \ !1 IJ ,) {\, p~V\0~\ - \N€'1(, 

to EfL an ~3 r-'lt"'"i ~S \- u'( 'Sto~,~~. 
Rush (stu·chargc): Standard Turn;lromHI Time: ____ _ 

WI!ITE COl'\' 
YELLOW COl''\ 
!'INK COI'Y 

!U:Tt:H:-.; TO COLDE!t ASSOCL\TJo:S LTD. 
L\llOIL\TORV COPY 
HETAINED llY FIELD CREW U:.\DEH 



:t 
~g 

...... ~ 
~ 0 
Nu 

6 u 
~3 
:::::.~ 
fGp; 

Cot 

"' 

GOLDER ASSOCIATES LTD. Page :J--- of 'j_f 
ANALYTICAL REQUEST FORM 

Shipment Date: (O 0 V /6ft 5 Field/Sampl~r:, (Signa~ure) 
/1\f.t\g/~.,tt~ 

Phone No. (yo ?:)JC(Cf -1&o0 
Carrier: /~ 
Weigh Bill No~ 13 I lO 

Sample ID No. Analysis Sample 
Description Requested E SO~l.{ 3" --~ 3 

~·hf\tl...t<:L Cfl... N...'l..-\ (X\.Qe 
Special Instructions/Corrimt!rlts: 

Rush (surcharge): _____ _ Standard Turnaround Time: ___ _ 

WIIITE COPY. 
YELLOW COPY 
PINK COPY 

RETUR~ TO GOLDER ASSOCIATES LTD. 
LABORATORY COPY 
RETAI:-.IEO BY FIELD CREW LEADER 

.,../ 

-I 

.-I 

-I 

-J _,. 
-I 

-I 
-<) 



-0 
Q... 

£ 
0 
0() 

~::r 
..1 
a. 
\{) 

~ 
a1 
II) 

Ship To: 

Sample ID No. 

GOLDER ASSOCIATES LTD. Page 
ANALYTICAL REQUEST FORM 

Sample 
Description 

Ship~cnt Date: fl!of! /o 1?5 
Can-ier: l~w 
Weigh Bill N0::CZSI3) LD 

Date/Time Analysis 
Requested 

- QLI 

f 
' Olo 

l) ~ 

l~" 
15 
l~ 

~~~~--~~~~~~~~---4~~---~~-\L_\ ____ +---~~t I 
EA(DL L--l ::2. ;J__ ! ' 

~~~~~---+~~u_~~L-~-~~~~---4--4-----------------4------

~~~t,.t;;L,_-+~bh..J..l...l.i:~~~~~...-+--------.!4~~~ft:_:_l L...:...l _.,_,.;,_--t3~2> [ • 

osr 
~~~"'-'-L-----t--W-~'----'-~..L...-..-+___I.~.!...U>....-- --f.ll.~~"-LL.J~~~l..U--)1~~'---""'-~~h 0 [t-

1 

pl_.J....t:>~...\.d...LL_-.f..-~;;;;w...L..J~~..;.,__-+-J.J....L.:,;.:L:L-----fl.~-LL~~...IU.J~~-U.-...l.UI~__!.L~!!.._..,.;~·f\.Cl t 1 r 
:\~I 

~~~~~---+~~~LU~--+-~~~-----f~~~~~~ww~~--------·~ 

l~ 
~:) 

~5 r 
~~~4---~~~~l~~~~---4-+-------------~--~ f 

~<><, ' 

~-~~~L--D~~~r_~~SL~tlL~----~----~-L----~ 
cor-.{11\~ct 0{\ 1\d.V.t P?-Sc f,i-L ·t -L I . -l. ' d" t t 

SpeciallnstructionslcommefltS: t\)GI Z k'\1 1 \,"'(\::; CJ.'\( \'\':Yt"- 11'\ 1/, ,::; JL\, pv/'\0~\ • 1.1Vt?\'(, 91\ 
to E::\L. Dl~, lj (.'\('·"(lS 1:--u'( '5to~r~~ 

Rush (surcharge): Standard Turnaround Time: 

\\ IIITL COI'Y 
\T 1.1.0\\' COl'\ 
l'l:"h: COi'Y 

HET!IIC\ 10 (;01.1>1-:1{ ,\:-;C'OCI.\ lb I.T!l. 
LA!IOH,\TOI{Y COl'\ 
HET.-\11\EI> In HELD CHEW u: \I>LH 



Field/Sampl9r:, (Signa~ure) 
fiiJtu:/-..!~,-t~V---0. 

Sample ID No. 

GOLDER ASSOCIATES LTD. Page )- of _l_f 
ANALYTICAL REQUEST FORM 

Shipment Date: fVo lJ /6 f! 5 
Carrier: /~ 
Weigh Bill No~~\ 3 I lO 

Analysis Sample 
Description Requested ES05'-{ :1--S~ 

toe\·\ (~d.. C{\.. N_ 'L-\- ~Qe.. 
Specia I Instructions/Com ml!n'ts: 

Rush (surcharge): _____ _ Standard Turnaround Time: ___ _ 

\\'IIITECOP\' · 
YF.LI.O\\' COPY 
1'1:'-ih: COPY 

RETt:R'i TO GOLDER ASSOCIATES LTD. 
L\BOIL\TORY COPY 
RET..\I'iED II\' FIELD CIU:W u:.\DER 

-· ( 
.-t. 

- l 

-I' 
-I 

~II 

_,: 
-lj 
-1) 

-1~ 

..-J £: 

- ').! 



... ..-· 
~ 

/ 

E¥L Envlro :fest 
_, ' -

A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED 

9936 • 67 Avenue, Edmonton, Alberta T6E OP5 Telephone: (403) 434-9509 Fax: (403) 437 ·2311 
Bay 2, 1313 • 44 Avenue N.E., Calgary, Alberta T2E 6L5 Telephone: (403) 291·9897 Fax: (403) 291-0298 
107 • 111 Research Drive, Saskatoon, Saskatchewan S7N 3R2 Telephone: (306) 668-8370 Fax: (306) 668·8383 
Bay 3, 10919. 96 Avenue, Grande Prairie T8V 3J4 Telephone: (403) 539·5196 Fax: (403) 539·6295 
Unit F. 1420 Clarence Avenue, Winnipeg, Manitoba R3T 1T6 Telephone: (204) 452-8104 Fax: (204) 477-8719 

CHEMICAL ANALYSIS REPORT 

GOLDER ASSOCIATES 
1011 -6TH AVENUE S.W. 
CALGARY, ALBERTA 
T2P OW1 ATTN: KYM HOLLEY 

DATE: December 13, 1995 

Lab Work Order#: E511340 Sampled By: M.L 

Project Reference: 952-2308 TASK7150 SEAL 23-24 Date Received: 11/17/95 

Project P.O.#: NOT SUBMITTED 

Comments: 

APPROVED BY: 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL)- For specific tests registered 
with the Association 
STANDARDS COUNCIL OF CANADA. Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) -Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA· Pesticide in Fruits and Vegetables, pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL) ·For specific tests registered 
with the Association 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 
E511340.1 o SRD95PLNSC COMP03 
Sample Type: FILLET 

Arsenic (As) <0.5 0.5 mg/kg 
Selenium (Se) 0.3 0.1 mg/kg 12/04/95 

ICP Metals in Tissue 
Silver (Ag) <0.2 0.2 mg/kg 
Aluminum (AI) 10 2 mg/kg 
Barium (Ba) <0.5 0.5 mg/kg 
Beryllium (Be) <0.5 0.5 mg/kg 
Boron (B) <5 5 mg/kg 
Calcium (Ca) 246 10 mg/kg 
Cadmium (Cd) <0.5 0.5 mg/kg 
Cobalt (Co) <0.5 0.5 mg/kg 
Chromium (Cr) <0.5 0.5 mg/kg 
Copper (Cu) <1 1 mg/kg 
Iron (Fe) 15 1 mg/kg 
Potassium (K) 5190 10 mg/kg 
Magnesium (Mgl 328 10 mg/kg 
Man~anese (Mn <0.5 0.5 mg/kg 
Mo~ denum (Mo) <1 1 mg/kg 
So ium (Na) 352 50 mg/kg 
Nickel (Ni) <1 1 mg/kg 
Lead (Pb) <2 2 mg/kg 
Phosphorus (P) 2760 10 mg/kg 
Silicon (Si) 12 2 mg/kg 
Tin (Sn) <2 2 mg/kg 
Strontium (Sr) <0.5 0.5 mg/kg 
Thallium (TI~ <1 1 mg/kg 
Vanadium ( <1 1 mg/kg 
Zinc (Zn) 5 1 mg/kg 

E511340.21 SRD95PLNSC COMP04 
Sample Type: FILLET_ COMP 

Arsenic (As) <0.5 0.5 nig/kg 
Selenium (Se) 0.3 0.1 mg/kg 12/04/95 

ICP Metals in Tissue 
Silver (Ag) <0.2 0.2 mg/kg 
Aluminum (AI) 11 2 mg/kg 
Barium (Ba) <0.5 0.5 mg/kg 
Beryllium (Be) <0.5 0.5 mg/kg 
Boron (B) <5 5 mg/kg 
Calcium (Ca) 680 10 mg/kg 
Cadmium (Cd) <0.5 0.5 mg/kg 
Cobalt (Co) <0.5 0.5 mg/kg 
Chromium (Cr) <0.5 0.5 mg/kg 
Copper (Cu) <1 1 mg/kg 
Iron (Fe) 16 1 mg/kg 

... ·.Potassium (K) 5120 10 mg/kg 
Magnesium (Mg) ~31 10 mg/kg 
Man~anese (Mn) 0.9 0.5 mg/kg 
Mo~ denum (Mo) <1 1 mg/kg 
So ium (Na) 409 50 mg/kg 
Nickel (Ni) <1 1 mg/kg 
Lead (Pb) <2 2 mg/kg 
Phosphorus (P) 2960 10 mg/kg 
Silicon (Si) 9 2 mg/kg 
Tin (Sn) <2 2 mg/kg 
Strontium (Sr) 0.9 0.5 mg/kg 
Thallium (TI) <1 1 mg/kg 
Vanadium (V) <1 1 mg/kg 
Zinc (Zn) 6 1 mg/kg 

E511340.31 SRD95PLNSC COMPOS 
Sample Type: FILLET_ COMP 

PAH & Alkylated PAH (Fish) 
ug/g !ppml 11/24/95 Naphthalene 0.03 0.02 

Acenaphthylene N.D. 0.02 ug/g ppm 11/24/95 
Acenaphthene N.D. 0.02 ug/g !ppml 11/24/95 
Fluorene N.D. 0.02 ug/g ppm 11/24/95 
Dibenzothiophene N.D. 0.02 ug/g !ppml 11/24/95 
Phenanthrene N.D. 0.02 ug/g ppm 11/24/95 
Anthracene N.D. 0.02 ug/g (ppm) 11/24/95 
Fluoranthene N.D. 0.02 ug/g (ppm) 11/24/95 
Pyrene N.D. 0.02 ug/g (ppm) 11/24/95 

E511340 CONT ... 
PAGE2 

ANALVZED BY 

12/05/95 TIN 
12/05/95 KH 

12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 

12/05/95 TIN 
12/05/95 KH 

12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 
12/06/95 TIN 

11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 



ENVIRO~TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 
E511340..31 SRD95PLNSC COMPOS 
Sample Type:FILLET_COMP 

Benzo(a)anthracene/Chrysene N.D. 0.02 ug/g (ppm} 11/24/95 
Benzo!b&k)fluoranthene - N.D. 0.02 ug/g !ppml 11/24/95 
Benzo a)'J.rene N.D. 0.02 ug/g ppm 11/24/95 
lndeno(c. ·123)hyrene N.D. 0.02 ug/g (ppm} 11/24/95 
Dibenzo(a,h)ant racene N.D. 0.02 ug/g (ppm) 11/24/95 
Benzo(ghi) herylene N.D. 0.02 ug/g !ppm} 11/24/95 
Methyl nap thalene · N.D. 0.02 ug/g PPm) 11/24/95 
C2 sub'd naphthalene N.D. 0.04 ug/g 1ppml 11/24/95 
C3 sub'd naphthalene N.D. 0.04 ug/g ppm 11/24/95 
C4 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/24/95 
Biphenbl N.D. 0.04 ug/g (ppm) 11/24/95 
Methyl iphenyl N.D. 0.04 ug/g 1ppm} 11/24/95 
C2 sub'd biphenhl N.D. 0.04 ug/g ppm) 11/24/95 
Methyl acenapht ene N.D. 0.04 ug/g (ppml 11/24/95 
Methyl fluorene N.D. 0.04 ug/g (ppm 11/24/95 
C2 sub'd fluorene N.D. 0.04 ug/g (ppml 11/24/95 

I 
Methyl phenanthrene/anthracene 

I 
N.D. 0.04 

I 
ug/g (ppm 

I 
i i/24/95 

C2 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/24/95 
C3 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppml 11/24/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm 11/24/95 
1-Methyl· 7 -isopropylhhenanth. N.D. 0.04 ug/g (ppm) 11/24/95 
Methyl dibenzothiop ene N.D. 0.04 ug/g (ppml 11/24/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm 11/24/95 
C3 sub'd dibenzothiophene N.D. 0.04 ug/g (ppml 11/24/95 
C4 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm 11/24/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppm) 11/24/95 
Methyl B(a}A/chrysene N.D. 0.04 ug/g (ppm) 11/24/95 
C2 sub'd B(a)A/chrysene N.D. 0.04 ug/g (ppml 11/24/95 
Methyl B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm 11/24/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm} 11/24/95 

PANH & Alkylatod PANH's 
Quinoline N.D. 0.02 ug/g (ppm) 11/24/95 
7-Methyl quinoline N.D. 0.02 ug/g (ppm) 11/24/95 
C2 Alkyl subst'd quinolines N.D. 0.02 ug/g (ppm) 11/24/95 
C3 Alkyl subst'd quinolines N.D. 0.02 ug/g (ppm) 11/24/95 
Acridine N.D. 0.02 ug/g (ppm) 11/24/95 
Methyl acridine N.D. 0.02 ug/g (ppm) 11/24/95 
Phenanthridine N.D. 0.02 ug/g (ppm) 11/24/95 
Carbazole N.D. 0.02 ug/g (ppm} 11}24/95 
Meth~l carbazoles N.D. 0.02 ug/g (ppm) 11/24/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/24/95 

E511340..42 SRD95PLNSC COMPOS 
Sample Type: FILLET_ COMP 

PAH & Alkylated PAH (Fish) 
Naphthalene 0.04 0.02 ug/g (ppm) 11/24/95 
.A.cenaphthy!ene N.D. 0.02 ug/g (ppm} 4 4 /1"1 A 11"\C:: 

I I/C.."+/:':1...J 

Acenaphthene N.D. 0.02 ug/g (ppm} 11/24/95 
Fluorene N.D. 0.02 ug/g (ppm) 1 i/24/95 
Dibenzothiophene N.D. 0.02 ug/g (ppm) 11/24/95 
Phenanthrene N.D. 0.02 ug/g (ppm) 11/24/95 
Anthracene N.D. 0.02 ug/g (ppm) 11/24/95 
Fluoranthene N.D. 0.02 ug/g (ppml 11/24/95 
Pyrene N.D. 0.02 ug/g (ppm 11/24/95 
Benzo(a)anthracene/Chrysene N.D. 0.02 ug/g (ppm) 11/24/95 
Benzo(b&k)fluoranthene N.D. 0.02 ug/g (ppm) 11/24/95 
Benzo(a)'J.rene N.D. 0.02 ug/g (ppm) 11/24/95 
lndeno(c. -123)hyrene N.D. 0.02 ug/g (ppm) 11/24/95 
Dibenzo(a,h)ant racene N.D. 0.02 ug/g (ppm) 11/24/95 
Benzo(ghi) herylene N.D. 0.02 ug/g (ppm) 11/24/95 
Methyl nap thalene 0.03 0.02 ug/g (ppm) 11/24/95 
C2 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/24/95 
C3 sub'd naphthalene N.D 0.04 ug/g (ppm) 11/24/95 
C4 sub'd naphthalene N.D. 0.04 ug/g (ppm) 11/24/95 
Biohenbl N.D 0.04 ug/g (ppm~ 11/24/95 
Methyl iphenyl N.D. 0.04 ug/g (ppm '11/24/95 
C2 sub'd biphenhl N.D. 0.04 ug/g (ppml 11/24/95 
Methyl acenapht ene N.D. 0.04 ug/g (ppm 11/24/95 
Methyl fluorene N.D. 0.04 ug/g (ppml 11/24/95 
C2 sub'd fluorene N.D. 0.04 ug/g (ppm 11/24/95 
Meti1yl phenanthrene/anthracene N.D. 0.04 ug/g (ppm) 11/24/95 
C2 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/24/95 
C3 sub'd phenanthreneianth. N.D. 0.04 ug/g (ppm) 11/24/95 
C4 sub'd phenanthrene/anth. N.D. 0.04 ug/g (ppm) 11/24/95 
1-Methyl-7-isopropylphenanth. N.D. 0.04 ug/g (ppm) 11/24/95 

E511340 CO NT..i 
PAGE 3 _ . 

r 
::::: 

ANALVZED BY 

11/30/95 I •. ML 
11/30/95 MJL 
11/30/95 W" 
11/30/95 I 
11/30/95 i 
11/30/95 1. L. 
11/30/95 MJL 
11/30/95 M.ll 
11/30/95 1' 
11/30/95 i 
11/30/95 i 
11/30/95 lvh.JL 
11/30/95 MJL 
11/30/95 f\1 
11/30/95 i 
11/30/95 I 
11/30/95 I I.._L 
11/30/95 MJL 
11/30/95 M" 
11/30/95 I 
11/30/95 r 
11/30/95 I L 
11/30/95 MJL 
11/30/95 MJC 
11/30/95 ~' 
11/30/95 1: 
11/30/95 I, --
11/30/95 i;,.JL 
11/30/95 MJL 
11/30/95 

I 
M 
( 

11/30/95 I 
11/30/95 ' L 
11/30/95 MJL 
11/30/95 M" 
11/30/95 r· 
11/30/95 ( 
11/30/95 1: b 

11/30/95 tviJL 
11/30/95 MJL. 
11/30/95 r 

L 
( 

11/30/95 !! 4 4 lnAif"H'" 
I 1/VU/:::J;,J ~;. -
11/30/95 I~·;JL 
11/30/95 MJL. 
11/30/95 M 
11/30/95 1. 

11/30/95 I 
1 i/30/95 ( L 
11/30/95 MJL 
11/30/95 M" 
11/30/95 ~· I 

11/30/95 lr 
11/30/95 1: ~ 

11/30/95 Fvi<.'L 
11/30/95 MJL. 
11/30/95 M 
11/30/95 li 
11/30/95 1: 

'11/30/95 ( .L 
11/30/95 MJL 
11/30/95 M' 
11/30/95 r· 
11/30/95 I 
11/30/95 I L. 
11/30/95 MJL 
'11/30/95 Mil 
11/30/95 ~A 

11/30/95 1. 

11/30/95 I, b 

1 '1/30/95 I,,.;L 

I 
I -. 



ENVIRO-TEST CHEMICAL ANALYSIS REPORT 

LAB ID SAMPLE ID TEST DESCRIPTION RESULT D.L. UNITS EXTRACTED 
E511340.42 SRD95PLNSC COMPOS 
Sample Type: FILLET_ COMP 

Methyl dibenzothiophene N.D. 0.04 ug/g (ppm) 11/24/95 
C2 sub'd dibenzothiophene N.D. 0.04 ug/g !ppml 11/24/95 
C3 sub'd dibenzothiophene N.D. 0.04 ug/g ppm 11/24/95 
C4 sub'd dibenzothiophene N.D. 0.04 ug/g (ppm) 11/24/95 
Methyl fluoranthene/pyrene N.D. 0.04 ug/g (ppm) 11/24/95 
Methyl B(a)A/chd,sene N.D. 0.04 ug/g (ppml 11/24/95 
C2 sub'd B(a)A/c rysene N.D. 0.04 ug/g (ppm 11/24/95 
Methyl B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm) 11/24/95 
C2 sub'd B(b&k)F/B(a)P N.D. 0.04 ug/g (ppm) 11/24/95 

PANH & Alkylated PANH's 
N.D. 0.02 ug/g (ppm) Quinoline 11/24/95 

?-Methyl quinoline N.D. 0.02 ug/g !ppml 11/24/95 
C2 Alkyl substd quinolines N.D. 0.02 ug/g ppm 11/24/95 
C3 Alkyl subst'd quinolines N.D. 0.02 ug/g !ppm) 11/24/95 
Acridine N.D. 0.02 ug/g ppm) 11/24/95 
Methyl acridine N.D. 0.02 ug/g (ppm) 11/24/95 
Phenanthridine · N.D: 0.02 ug/g (ppm) 11/24/95 
Carbazole N.D. 0.02 ug/g !ppm) 11/24/95 
Meth~l carbazoles N.D. 0.02 ug/g ppm) 11/24/95 
C2 A kyl subst'd carbazoles N.D. 0.02 ug/g (ppm) 11/24/95 

E511340.52 SRD95PLNSC COMPO? 
Sample Type: BILE_ COMP 

PAH Metab. in Bile Samples WP attach ppb 

N.D. ·NOT DETECTED, LESS THAN THE DETECTION LIMIT 

THIS IS THE FINAL PAGE OF THE REPORT 
NOT INCLUDING APPENDICES 

E511340 CONT... 
PAGE4 

ANALVZED BY 

11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 

11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 
11/30/95 MJL 

12/05/95 RBG 



ENVIRO-TEST LABORATORIES 
RESULTS REPORT 

POLYNUCLEAR AROMAllC HYDROCARBON (PAH) METABOLITES BY 
HIGH PRESSURE LIQUID CHROMATOGRAPHY I HPLC FLOURESCENCE 

PROJECT: 
ANALYSIS DATE: 
INSTRUMENT: 
COLUMN: 
MATRIX: 

LAB SAMPLE# 

E5-11-340-52A 
E5-11-342-11A 

GOLDER ASSOCIATES 
December 5, 1995 
VARIAN 5000 LC 
Perkin Elmer HCODSW/PAH Column 
Fish Bile 

SAMPLE l.D. 

SRD95P LNSC COMP 07 
SRD95 LNSC COMP 08 

RESULT 
(ug/g,ppm) 
B(a)P 
equivalents 

3.8 
2.3 

Minimum Detectable Level (MDL) 0.02 

B(a)P - Benzo(a)pyrene. 

ND - Not Detected, less than the Minimum Detectable Level (MDL). 

N/A- Not Applicable. 

OA/OC: 

RESULT 
(ug/g,ppm) 
Naphthalene 
equivalents 

550 
420 

0.2 

The Laboratory Method Blank showed no B(a)P or Naphthalene contamination > MDL 

Samples were quantitated by external standard calibration and are reported as B(a)P or 

Naphthalene equivalents. 



ENVIRO-TEST QA/QC REPORT 

PAH & Alkylated PAH (Fish) 

Average Surrogate Recovery for E511340 
Nitrobenzene d5 
2-Fiuorobiphenyl 
p-Terphenyl d14 

PANH & Alkylated PANH•s 

Average Surrogate Recovery for E511340 

Quinoline d7 

Relative percent difference is expressed as RPD. 
Percent Recoverv is exP..ressed as %. 
THIS IS THE LAST PA~E OF THE QAQC REPORT 

% 

100 
97 
93 

% 

62 

E511340 Cont... 
PAGE 1 



Appendix A Test Methodologies 

Acid Digestion 

Method: Open vessel digest with nitric acid and peroxide 
Reference: EPA/600 4-91 Method 200.3 

Ars.enic (As) 

W.O.#E511340 
PAGE 1 

Instrumentation: Continuous hydride by Flameless Atomic Absorption Spectrometry 
Reference: US EPA SW 846 ; APHA 3114C 

f r 
\. 

.. L 

PAH & Alkylated PAH (Fish) 

Preparation Method: Soxhlet extraction with DCM. 

Instrument Method: GC/MSD analysis 

Method Reference: Extraction Method: 
Analytical Method: 

PAH Metab. in Bile Samples 

EPA 3540 (modified) 
EPA 8270 (modified) 

POLYAROMATIC HYDROCARBON (PAH) METABOLITES IN BILE METHOD REFERENCE: 
ETL MSOP# 66.00 

PANH & Alkylated PANE's 

Seleniu:m (Se) 

Instrumentation: Continuous hydride by Flameless Atomic Absorption Spectrometry 
Reference: US EPA SW 846 ; APHA 3114C 

Hydride Metals Preparation 

Preparation: Digestion with permanganate/persulphate, nitric, and sulphuric acid 
Addition of hydrochloric acid and cysteine prior to analysis. 

Reference: US EPA SW 846, APHA 3114 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 

f 

[ 

I 

L. 
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GOLDER ASSOCIATES LID. 
CHAIN~OF~CUSTODY RECORD 

Page j_ of !j_ 

~~\2.., ~v~\JVO 
Field Sa~: (~ignature) Ship~ent Dat~: N.o\l \;8;~\~S 

Carner: -~ ___ _ 
Weigh B_ill_N_o-=. -~. ....u....I....J_.;~~. '=-:--! """3""1.,...-~b'---

Relinquished by: (Signature) 
V(!)O ""t-(-) 

Reoeioed at"" by7 (Signature) Date _ 11~ f? £') 
-:-727~ I I I 6 t I '/ , ,;. 

Re~ab by: (Signature) Dati' I r Ti Relinquished by: (Signature) 

Relinquished by: (Signature) 
t . ''~' ?,16: f?:a:a. J1l 

RleeiVedatiab by: (Signature) Date Time 

Relinquished from lab by: (Signature) Received by: (Signature) Date Time 

Sample ID No. 

!" SKG'iC.:; V:)l / Lr.;SC.iJ•.J 'f 
SR.u'\5{:-::,1 / LJ' ,j":)C G\:l 6 

S/?.WISI'-'~1 / UvSGCl I!:. 
'SROriSI=' ?>( / U\ :sc:. a 1 '+ 
SR.Or1c.:>V2>l / tJ~~::(. 0 I "';) 

SR.CJ'tC.J\-':JI / U\\'SCCJI ~-~ 

Sll..DS ~;.J P) \ 
U.\J<,(_ i:J ~ ~ / 
-y,Q <i cJ p ~I 
L\'iSC..Cl ':'l_ 

/ 

~~--.\.)~ s p ;3>1 //' 
u~'SC- '() ~:::... 

Sample 
Description 

. ~\sl"'P;l~t 
~~~L~Ji It~ t 
fi~h y, l~t 
t;~L, t1 \~\ 
\ ~ ~) \ ~ \ \\ ~1 
\;s~s, 1\Qt 
~·~~k ~·,\~'"\'" 
~·td\ \'\ \\~t 
I_tsl\ \-\' (\d 

ANALYSIS REQUEST 

Date!fime 
Sampled 

\Cll 'J 'S !'1:J 
i d.·. I a, 

\GI0'5!'15. 
r.a t; r.--v 
I I I ()'j I ~S 
l::t.d-9. 

I I I 0'.) ti:J 

I~ • \)lj 
,a r uS t_'ti 

t'-1: '-IS 
I ..... I':) s /'-0 
o,·.~s 

\ :l../O":i I'll) 
i'Y. '}'~ 

t'li'J;t tJ 
I Lj ·. I :S 
\ ~/O'J (!Cj 
I 'J Q() 

Analysis 
Requested 

Cor,@-y'i" flo~ q 
~'""P ~<.> r:~htl c:.-...."(1~ 
\il_5· .L CfJ l'v';i, it IS , H 5, 

':;F.. 

~ J 

Sample Condition 
Upon Receipt 

.:J.A /Mia;~ 

I 
\ J 

Special Instructions/Comments: p!"'f!.c...s.e trJ.:rfe Cor.dt 'It or, 1J( 6--o:t / OtAarn'Nti 

Rush (surcharge): Standard Turnaround Time: ___ _ 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 

tTJJ% 
CLM~N 
I
. J\K(~ 
CfliJ 

A-s~sr 

St:lc)S I 
v~,_ 



~ .... 
~ 
C'\) 

J 

l 
~ 
Q.. 
"-.-
~ 

8 
\..j 
L-7 

' .;;) 
Q 
l0 
()-.., 

Q 
1)5 

~ 
• 
ln\ 
·') 
Q.. ,_ 
<.::::.. 
0 
\.j 

u 
V') 

~ 

ct 
~_ ..... 
0--. 

2 
G 

~\ ,_ 
~· 

0 8:) 
~- ·!5 ~ N> 
.._ ~ -..... 

~ ... 
Vl <:.::t 
~ {._,) 

c,._ 
0 
~ 
L/1 

\ 

( 

GOLDER ASSOCIATES LTD. 
CHAlN-OF-CUSTODY RECORD 

Page~ of~ 

Phone No. gs;, 1 C:l1't-4~oa 

Shipment Date: ~/ Q i I I b I crs 
Carrier: ( 4c~ 
Weigh Bill No.: ~~\~_p 

Sample ID No. 

:::>~-\SVol / \..l\,SC.00 '"?, 
:)~\.:{f.)~~ l /~ 
, "' :::£ a...··-}::, 
'SRur,~\--'~1 
1-~<:....':)D".:+- v 
sR..g"'s P31 
LR .('~ ll / 
SR..D'i~ \J"?>l 
u,•::,CO \ '). /" 

sRCfiS\.r:)l ,/-
LJJ'SC 0 I""~ 

.,.., ,-,q t:. iY:l. i 

._)\''-' l u \ .._)' 
LJ.' c C.(') :l S / 
srzu-1oy 2>\ 
u~· '-,C CJ ~~ 

// 
Sf',fl1S \..!=)I _, 
dl} sc:: Q ~ -=t / 

:sr'--u "'sF')~~ /' u · -:.,c 0 '\
1 

'St<__a'\':ltJ ~~ 
IJ~srO / 
sr-...D\S?'3l 
L f\! "'..(' ()<.., / 
:.SP...U\S \-'·::,I 
u,•:::,cot~ /' 
:S\<...()9~\~~1 
, J...':::..C 0\ / 
'SKO'\St-'31 
IA~"5·( ()IS / 
'SR.\Y-IS !=- ;91 
L_f\:~( t l 1 / 

'SR.O'V:J ~~\ / Lh' "'.C \) 3. '?::,. 
'SR.DO..C')\-'.:) \ / 

w~~,cu ~+- / 
sk.ac~ 1:,) v=::,\ / LJv -r,c o"-..~ 
~IZ.G o, ~ \-'·.::, \ 

Sample 
Description 

~I"S[, y; ~k_t 
\ I~L" \I l~t 
~\~ti',~··, t~t 
'(~~}S-; ~'zt 
~ \--sl\ {-, \~-t 
\';~J .. S, 1\Q+ 
" . I'' . ' \-{~h\-i\~t 

\\~~ ~',lk-t 
~1-sh t.t I~+ 
-\,:.sk ~',' (~')t 
~~'sh til~t-
~·~-sh s- (\ \: t 
~ l'S·l\ ~; lltf 
~1'-s h ~; \\.Q_-\ 
\;;~, ~·~ IL~t 
V;sh ~·~ \~t 

· ~isl~.\;\\ct 
\' .. l \· II L 
\ ~~~ 1'\ '\t \ \-::J 

"~;0v, S-il6t 

Date{I'ime 
Sampled 

1-::J 1 o51S5 
\0 y (, 

\ai()'?t(\'j 
~~·.I t.p• 

1u I OS~C6 
!4·.5S 

1 I I \Jt:) I <jS 
i i:) .. '-1 ') 

\\ I D') I CIS 

I I ' J. :::j. 
\\I wr.:> t<lS' 

II:("".)'+, 

I J.. I 'J'J ! '1 S· 

""" f, 1"."'0. 0 v. Y·.II'C~ 
\ "";:, I 1.) ';) \"\.:.> 

I()'.L{'5 
I.;). I') "J flb 

1::/ . \)Of 

\ =>;;. I \:) t.:j I '\ ':J 
I "1; C.:fi 

\Cl tOS tq6 
~~:G. 

\\::)\ \lS !'i':; 
v'YI:l t i(I'.Q 

1\ I ~"::ll IS 
t).:C}.) 

I I IO':)tQ'5 
I·~, 0~ 

II 1\JC) !'iS 
('-f.'·ti-5 

\')..I 0.) {"'W 

'l· ~5 
t':$.1!JC)(iS 
\) ',:;)..:; 

1 .l./O'Jt'tS 
t4. t:, 

I ':> t '.)) l~S 
I:J.. o-::r 
iOI'J''JIS:i 

Analysis 
Requested 

Cbl\1\\y()".:>;t\: tkse._ 
\O~~·jks ~ 

li.~>.li.""C\ :CJ ~\ 
X:G p ~i:~>.l. nS. Sf. 

I 

"-!/ \r 

~CJMt)th;t~ t!~ 
~:)~ <=t SG.r,"vk (l.r~\ 

. (' 

1P~K"Rik~l 'IJAH 
\JfWri 

i 

I 
I 

\).-- '\V 

Sample Condition 
Upon Receipt 

~,M 

/ \ \sl", ~·~ ll1 C..O'vv'9(J":J,t9 fkq> rJ t- L~.,;, <::.,(_();) ""'> I'{). t~ s 
Y<... () cy~ (J '?:> \ ; ~\s[, ~if!ct 

1\JIO:,tY:J Sr-wvRL~\ ~d L-t'.'.-::, c.. O<)A / ~~·I"S I<". I·"(' , ""?O ) r 
Sf<.. u~, cJ ~--' ·~1 I \c{ F,'IL:>+ 

itl:v'J/t{') PA tt~ At ~f fAH 
L1tS C 0 u ·-=t .. I ~ '\ 14. C:£ I 

l SR..G '"\ 1:J \-' ·::, i / ~f·<j[\ f ,· !J(1 
,, 10.) u;; ~~VH ~ L\'""...,( Ott 1\J : L( ;;J... 1/ 

COI\\Il\~.1 Cl\ r,<.A, i "' .;, \) ~ 
Special Instructions/Comments: 

Rush (surcharge): _____ _ Standard Turnaround Time: ___ _ 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 

It;) I/ 

Utv:, 
Pr 

frtH 
Pr-I 

I 
! I 
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F 
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r 
L. 
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'.::t,'f---
... , r..: 
e-.G 
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<..!:: 

. .:)-- V) 

"<" 

- I~ ' ..n <J' 

,t.J I 

~~ 
Q.. 
<-
~ 
0 
(.; 

v 
~ ..:: 
'-..i 
~ 
(.,j '< 
'-~ 

Q 
~ 

!;:r --I 

N Cfy\ 
'l' Ql 
Q.() -- 0 - \.._., 

~ L-
vi 
~ '-·"', '-.j 

Q_ 
V\ ,,._ 
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GOLDER ASSOCIATES LTD. Page3_orJ 
CHAIN-OF-CUSTODY RECORD 

Shipment Date:~S 

Phone No.(~ =>S Cj , lf£ 00 
Carrier: ~ 
Weigh B-il-l N-0-. ..;:;: ..:;_,;...:....:-rcjr:'-t:...:87-:5l,--3:;:::-,-\-,-\_a __ 

Sample ID No. Sample 

/ 
_ Description 

SRCF\5 f'31 / \-\sl, ~~ I l,f W\\SC!J I 'd. 
'::::,R \)C'-\ G.) pI~ 
L'Sv'SC CJ I 

/.· ~~~-, vl\~i 
Sk C.f\ ';) \~~ Q,, ..... ( EJ~ '.) ,...... ~ ~\"" ~~· \L* 
SK..D'-\5f: 3\ / 
L.t\\"S <... r''l ~ 7 \~;0h ~~!I d 
'Sf.;,_\.)'\ s \/3 i 
LN,<C.. D~i / ~·~i~~, Fi llt 
Sf.-.. Or-IS 0'3 i / 
\_ ~-c.:- ( 'D::, S · ~~-,h-\\ r~1 
s~ o::\5 <1 'SH 1 
1.-\\; -sc... c a 1.4- v v,~h b· lf. 

SJ~Cl~\'S~":>\ 
,/ ~;oh bd~ U-:, 'S c.. Z) c:J"' 

St<.S::f'\S ~·"JI ~;<sh b\le_ _r,· '-:.,co i'3 I/' 
'SRI")~"::>y ')I ~i'")h b\ (( LS~'SC ~l'f v 
::>~c·~t::> ~ ~\ ~ ,,~L\_ b; iz 

L tJ :;,c-.') r S v 
Sk...t:l'\~9)1 \sh b1. (!( Lt,; -s <:. u {\ ......... 
'S IZIY\ 'S P?,l ~ish b,\Q Lr~ :sc. Cl). ~ ......... 

SiZC/;"..JV~I r; ~~h b'Le u c -s; ( "'')... Lf- v 
":::K o; ~ v~ I . b_,'0 t '\ b' 0 U'JS<... 0 -:>,l ........ 
<S"'-V\St71 

'1\<0h U'\sC00"2, / b~~ 
Srz.ac,s \' 'j 
L{'~ 'S c.. ()C)<"j ,/ ·t;sh b,'k 
-:,r,cAs~ ~~ 
w--:..::,c_ o-v -=r /_' ·~~sh bib 
-::;,"-. o'\ ":l V3 I · ~~,~~, b,0 LX'vsca\\ v 
~"-..'\.:}-\'::>~ ..,_,, 

'<",C.. o I '1_ ../ ~~·sh \J,l~ 
Yn~':>'''"~ 
, tc·-:;c.o~ v' \\s(o ~~~ 
S~ff'.l"J~~~ 
IL 1''-<',r() ~s ./ f\8\ b,·~ 
f-,IZ.b'\S; :>I Vrsh b'b 

Date{fime 
Sampled 

1l I 'Y.> I"C> 
I l ~:;J. :_f 

1\ IDSI'i.S 
1-=1 :s~ 

\':l...ia'S let.:; 
f\a -\: i I"V<> o\o'\ sc.,v.r·~(' 

\. ':l_,(Q'j 1'-\..5 
,::r-:. cy:; .. 

1':>\v'S ,qs 
lu:Lfe""J 

I"'.::,\<;:)') I ,, (.:J 

~~ ·.r.;)s 
\ut<::f.:>rc\'S 

\::t,'.A.?-
iO\c:>Sf-\5 

"'0 t ~ """' ";;c . ..,,pl, 
I\ l tl''.)l <\.5 

l'l.. '),<:J 
11\"Y.:, ISS 

14·~<-j 

IIIOSI'15 
l'i'. :)'t 

\ :J..t -y:;, iC1'S 
~ ·.<) .:1 

I.J.-1 J'JIJ:) 

\~ '.d-!4 
I ?..10'.) l't _::, 

\l-1 '.0"'~ 
\ "">:,(o"::l !i.5 

I'.'S~ 
\()(0~ 1'15 
IG YS 
\~10SI(\S 

I:) {:) 
t"\:~,\:l 'J r"l';:) 

t'-''·Y'l 
IIIOSI·o· 

,a -~1-
1\ l<:::>SI~S 

',·.::,-u 
1\ 1o".itl6 
t\.·S~ 

I'J.(~;} f-0 

,.., S":, 
1':\,t\)J~ ·v 
q,b 

Analysis 
Requested 

(,o;"'-po:>,'f-e fk.s: 
tv "''-~ ""'\""';:::, 1-
c.\"o.t ~ ~ C:V'( !JA !-\, 
\\l~j\ \4-\H.PI-irJH . . 

,i; 0/ 

cm~o"Jii<? 1l--£P 
q "':''Jv 'v\fJ!·S i-
(\w_>~.\~~ ~d" 
V<:•I<:.'V-<:J.,- ~~-~ n:;'\\_ 

"1\'Q~\..-,--.o 

''I v \ 
.. 

\l)rh,VJ')t'i '( \L.{~ 
\CY;:,e~Les ,__ 
\.\h'-.\,\ "\~ \-01 . 
l"''l. ,., ~ Cl -Pt.\r-;>;...0 

' ' ". 
'~" i\<..,~1f~u-~ 

I 
I 

{; ~-

Sample Condition 
Upon Receipt 

.~J u.Jalt 

-

I 

\Y 
Lt' G <- 0 ;}. -:f / 

\.. \.<;,\\11'\.l.J.<<.\ ~·,, ~ (l,C· 
Special Instructions/go~ments: 

Rush (surcharge): ------- Standard Turnaround Time: ___ _ 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 

. -· 
< -· -

-4 

-'i 
-~ 

CJ>Mff\ 
f\~l\\1 
p~~\& 

_, 

-, 

-& 



~ --1 

GOLDER ASSOCIATES LID. Page~ of¥ 
CHAIN-OF-CUSTODY. RECORD 

Fielramplttr: (Signatpr,e) 
'lnYR L=o/r~"'/'i 

Sample ID No. 

5\Z-0 '\~\?~\ 
L-t~ -;:-., c__ o "2:, I ._../ 
Sf.-. c::F\S ~ ~~ 

"""' L\'~s <"...c ~s 

Sample 
Desc· f np1on 

~~tsl, Gi0 
\~ h,'lK 

Special Instructions/Comments: 

Rush (surcharge):-------

Shipment Date: /b ~()\[y) 
Carrier: 0 -;,1 ~/\J\...<:1 
Weigh Bill No.: -, Sf- }< ':) I :S ll 0 

Date!fime 
s l d amp e 

\::,I o 'S t'-\..? 
\Z\' l-\-1 

\~JCl'?f \':) 
I Q,". i{..'?.J 

Analysis 
R ested equ 

r-..o"'-'~o-:,."Q "11--<W 1'\:l 
~ c,l.t s t a_.-.uf 'H' 

~~r,~~':\'\l-~tfj« 
:_,""" L~~J) l\0::.1 hi . 

Standard Turnaround Time: 

Sample Condition 
U R t pon ece1p 

M~-r 
•\. 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LID. 

{ 

i. 
~~ 

r 
l ; 

r 
L 

r 

L 



ETL EnVIro~est 
A DIVISION OF ETL CHEMSPEC ANALYTICAL LIMITED 

9936-67 Avenue. Edmonton, Alberta T6E OP5 Telephone: (403) 434-9509 Fax: (403) 437-2311 
Bay 2. 1313-44 Avenue N.E .. Calgary, Alberta T2E 6LS Telephone: (403) 291-9897 Fax: (403) 291-0298 
107- 111 Research Drive, Saskatoon. Saskatchewan S7N 3R2 Telephone: (306) 668-8370 Fax: (306) 668-8383 
Bay 3, 10919- 96 Avenue, Grande Prairie T8V 3J4 Telephone: (403) 539-5196 Fax: (403) 539-6295 
Unit F -1420 Clarence Avenue, Winnipeg, Manitoba R3T 1T6 Telephone: (204) 452-8104 Fax: (204) 477-8719 

CHEMICAL ANALYSIS REPORT 

GOLDER ASSOCIATES 
1011- 6TH AVENUE S.W. 
CALGARY, ALBERTA 
T2P OW1 A TIN: KYM HOLLEY 

DATE: December 28, 1995 

Lab Work Order#: E511342 Sampled By: M.L. 

Project Reference: 952-2308 TASK7150 SEAL 23-24 Date Received: 11/17/95 

Project P.O.#: 

Comments: 

NOT SUBMITIED 

APPROVED BY: 

fo~: 
• 

Douq Johnson 
Project Manager 

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY. 
ALL SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU REQUIRE ADDITIONAL 
SAMPLE STORAGE TIME. 

ACCREDITED BY: 
(Edmonton) 

CERTIFIED BY: 
(Calgary) 

CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL). For specific tests registered 
with the Association 
STANDARDS COUNCIL OF CANADA· Organic & Industrial Hygiene analysis as registered with the Council 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (AIHA) -Industrial Hygiene analysis registered by AIHA 
AGRICULTURE CANADA· Pesticide in Fruits and Vegetables, pesticides and PCP in meat 
CANADIAN ASSOCIATION OF ENVIRONMENTAL ANALYTICAL LABORATORIES (CAEAL}- For specific tests registered 
with the Association 



ENVIRO-TEST LABORATORIES 
RESULTS REPORT 

POLYNUCLEAR AROMATIC HYDROCARBON (PAH) METABOLITES BY 
HIGH PRESSURE LIQUID CHROMATOGRAPHY I HPLC FLOURESCENCE 

PROJECT: 
ANALYSIS DATE: 
INSTRUMENT: 
COLUMN: 
MATRIX:· 

LAB SAMPLE# 

E5-11-340-52A 
E5-11-342-11A 

GOLDER ASSOCIATES 
December 5, 1995 
VARIAN 5000 LC 
Perkin Elmer HCODSW/PAH Column 
Fish Bile 

SAMPLE I.D. RESULT 
(ug/g,ppm) 
B(a)P 
equivalents 

SRD95P LNSC COMP 07 3.8 
SRD95 LNSC COMP 08 2.3 

Minimum Detectable Level (MDL) 0.02 

B(a)P - Benzo(a)pyrene. 

ND - Not Detected, less than the Minimum Detectable Level (MDL). 

N/A- Not Applicable. 

QA/QC: 

RESULT 
(ug/g,ppm) 
Naphthalene 
equivalents 

550 
420 

0.2 

The Laboratory Method Blank showed no B(a)P or Naphthalene contamination > MDL 

Samples were quantitated by external standard calibration and are reported as B(a)P or 

Naphthalene equivalents. 



Appendix A Test Methodologies 

PAH Metab. in Bile Samples 

POLYAROMATIC HYDROCARBON (PAH) METABOLITES IN BILE METHOD REFERENCE: 
ETL MSOP# 66.00 

THIS IS THE LAST PAGE OF THE METHODOLOGY APPENDIX. 

W.O.#E51134t 
PAGE 1 , 

[: 

r t J. 

r 
i . 
t ' 

( 

L, 



Page j_ of !j_ GOLDER ASSOCIATES LID. 
CHAIN-OF-CUSTODY RECORD 

Field ?a~pler:. (Signature) Ship~ent Dat~:. ~o~ \ b~~S 
~~\Q., ~ "-~\..0-Q Carner: __ -,...~·~_.:.._ 

Phone No. ~~) d_2('( -:f<.O\) Weigh Bill No.: Cf X I 31/:? 

Relinquished by: (Signature) 
V<t;o~-'7 

R-ioe<l.., 'di! ny:(Signature) Date Tim~ !? £/J 
-:727~ n 16 r ,- · · . ,;. 

R~ab by: (Signature) Dat/' ' ' Ti Relinquished by: (Signature) 

Relinquished by: (Signature) 
t · I I. 17/ct( f?:tnz. m 

R tved at lab by: (Stgnature) Date Ttme 

Relinquished from lab by: (Signature) Received by: (Signature) Date Time 

Sample ID No. 

SK.u'ic.:~ P'.2!1 / LrvSC. <Jb ¥ 
Sf.:.D"6{:-?I / LN'SC()()~ 

SRDriSt-'21/ / LrvSG(Jt ~ 
SR.Ot:ISP~ 
Ul~()l't / 
SRO<ic.)\?31 / tJ~'S(:O I "::! 
SaJ:J'tCJ~JI / LKS<..Ot<.i 
Sll..Cl'-1\:)P)\ 
L\\,'--,(_ \J ~ 0 / 
S/'"·dJc( cJ p :S 1 / L(t::;(. C) • j__ <! 

;.)~\Jq S.f .:;,1 
'uPs( -a "l a_ / 

Sample 
Description 

/A-'.·st, p; ltz t 
. ~~~~. ti itt t 
. fish ~i(ld 

t;~L, +i \~1 
\~~:h ~~ \k"t 
\;s~ ~ .. , 1\Qt 
~i0k .\\ I\Q1 
~ t d\ ~·I \\ tt 
I_~·(~;l, \\' (\ d 

ANALYSIS REQUEST 

Dateffime 
Sampled 

(\..) l 'J tj !'t:J 
, d.·., a 

IG I 0') t% 
r.o t; n~ 
11 ll.)'~diS 

1 :1·.~a 
I I I 0'..) t't:l 

~~. D1 
.o 'uS 'J' 

1'1; 45 
I "l_( 0 S /'{J 

<1 ··~'5 
( l/Or:il'-15 
·,y ).'~ 

t'li) J I t.:J 

I '1 . I 2 
: ~IY.j (IS· 
l :)_ ·. Q() 

Analysis 
Requested 

(()rr'\~':;>/ie ffoS<. ~ 
'&lrv..p ~~ <;:.~h t/ C.~<. C.. ''f-'t 
~' Let--> ~iu.ts i HS. 

S'E 

V; J 

Sample Condition 
Upon Receipt 

.~ Jt£to:!.~. 

J 
\ / 

Special Instructions/Comments: Pl-.w...s.e ncrfe. Conclt itZ? n '(Jr 6-&t I 0/Y'Q.rrt'v-tt.i 

Rush (surcharge): Standard Turnaround Time: ___ _ 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 

-

I 

~ 



Sample ID No. 

( §,(l\SI'OI / w.:.sc..eu:, 
:s..:.v6v~t / i t.!-:~(Jt)S 
'SR.(.)"\ 'i::> ~2, I 
1-"-.."S (..()'() :+. v 
SR.~& P 3\ / w~. )011 
5RDqsD7>l /' u..:-sc.o \?, 

./ sRCf~ fi_;)t ....----' U\ISC"{') 1<~ _.r 

:srzD'i £\)3 i 
t.JJsc.a :;.s ./" 
sRCJ'-~oY2>' 
t_k' < (()~I / 
-y ... r/ iS \J :') I 
d 1..' s.c: t.) '), '=!- ..,....-· 

( :srz.u'\~F~c:., / 
Ll-J ;:,c "' 

r_~~~~tf( /' 
S~D"\':)?'31 
U\J'3:<J<o / 
:sR..C)'15 v,~ / 
L.J\JSCOI 
::SR\YI51~31 / 
. J.J :C.,( () \ 

GOLDER ASSOCIATES LID. Page~ of-t" 
CHAIN-OF-CUSTODY RECORD 

Sample 
Description 

v~.\ \;tt.:_t 
\ \ "Gk ~i l\t+ 
~\ d.t\ ~-. l\c_t 
\~\)h\i l~t 
\ \--sl\ f'; \~1 
"'8 \· II c\-""'< "'-.\1 1\Q. 

~·~l, \:i\~t 
\'\~~ ~·,tl-t 

\-\~1\ Fi 1\Q t 
f\~k£akt 
·tl~h tdtt 
. ~;~h ~((((t 
~ i-sl, ~; II ~f 
~ 1,0 h ~·; t\Q_~ 

Shipment Date: ~/ c i 1 i ~ ("( S 
Carrier: (rfc~ 
Weigh Bill No.: ~ \ \P 

Date(fime 
Sampled 

Analysis 
Requested 

Sample Condition 
Upon Receipt 

1-:J \ 0~ t<.f.) 
C'ci~'".:.:t~ ti"Q.0t ~~\~t 10 .y (, 

\ () i ·~C) /f\'.) \O<n _.,;,LDS .._. 
I "'l.. '. i <o '<S.~,n\~c ~:f ~"\ 

\ i) i OS t_'IS IG p ~"t~L P\5, SE:. 
tl..f.: r-,5 I 

111 01-:JI <tS I liJ'L{"d 
\ I I '0 ':> I cl S 

1\')::::t I 
\I J iJ!"" t<l5 

1'7 : ~'"'.J't 
\).('J:;I'i~ I 

t"'-4') f I '"·""X .J ,, ~'·· V\c~ 
\ '">;) I;)':_) ("\.!:) 

\()'.tt'-5 
IJ.Ij';fll~ 

I :J . i)"f 

\ ?•0GJ I-;'.) ,; \I' ( "}. '.)5_ 
1<J \OS 1~6 

'-.<::lM DVS;t!( tt~ I;;):Q. 
\I.JI \LS 11'::! +h.~'\ sn.t.'\vk 1.\rcl, ~"vv::\ t i(t.Q (' 

l\ I ~C) I \~ p~ 8'\8~:1 PA H td,·.aa 
1\ IO'::lJQ'5 PAf~rt 

~ 

1 -~,o4 ; 
1\ /\)C) t<t:) Sk~(5~~~ / ';~\ r. rkt I 

\ 
1.-W'S GIS t<+··t.f5 
'SR~Y~S tJ ~~ / .~;sh~, \~t \), (0'.J.f? I 
t..J\:-;:.,ct, q·.~5 

~~~~~1\:>. / ~ i0l~\ \;\\at t1-tt'JS ,c;s 
I) ',.;J. <6 

SR.J)~~~3l / s~ ;':,h\;i t~+ 
I d. (0 )./~S 

L.S~ 2JG :;q... / r4 '·I~ 

3k.D'1 1:) ~ \ ~ ~ \-s \'\ t- i 16t Lh\"S-.Co"'l..,?, / 
:)~R~~.j~ / ~ \sl", \-\I Li 
~"-01SfJ3\ 
'--~~-::.,Coo-S / ~ ~\ sl, tr'f let 
SR._ lf', c.J 1-' ;61 
L~C 0 D ·-=t I "',·<J .. I \ F'i IU2f 
AO '\ lj \! ?:, l / ~~~i-\ f\flt1 L..l\.~( 0 i I 

COI\t,l\~'i cr, r,-~.>; i "' €.. ~ ~ 
Special Instructions/Comments: 

Rush (surcharge): ------

I)ID)I_':iS 

!.:J.·.D? \JI"' -Jr 
IOt'::l';f;) 

C.0•VY;X)"5rfe tl...,~ P t '0 ·~iS 
,()1()~{'1:! 

~~L~:s><t~c{ l~:f"S 'r" . ..,,., , ~ > r 
t010';1t:) p A tt~ A I ~~·/ fA H 
I Lj . [.:;;::, I 

11 tO J I;;:_ ~HJV t1 /; ~ f\.l . L( ;l.. 

Standard Turnaround Time: ----

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LID. 

--

V~t 
f-" 

~ Pr 
fM1 

P/11 

r ,, .. 
"t ' 

-' 

i 1 
-l 

f I 
{ . 



~ -I 

l 

I 

7 

"( 

7 

GOLDER ASSOCIATES LTD. Page ...3_ of_:} 
CHAIN-OF-CUSTODY RECORD 

FW~ Sampler: (Sig!lature) 
~ •1..:""'-\.Y 1 ,~. rr~:(,QQ 

Phone No.(:~) '}__q ~ ~t+fOO 

Sample ID No. Sample 

/ 
. ···Description 

SRCf.\~ f'31 / ~-\~l\ ~~ I L,i W\lc::,c_u i'::.\ 
~ (J"{ c.> P ~I 
1.:...{\JSC <J tct // ~~d, ~d~ 
SKc:R'=> t I 
t4,'<-" (. €)~ ~ ~/ . ~-~\'\ ~~ \b-t 
:::;;l< .. .iH 5 P 3 I 
LJ:,K <.., f'\ d- 7 / \';~l, ~' II d 
~()<"\S\13 \ 
.1..1\c -sc6~i / ~~;~J, ti I~ 
Sf....V.6P"3l / 
t \\,'<"' ( 'D -::, C::> t~sl~, ~~,· (~1 
SR.\Ji5 G'S'r-'=31 
u._;-scc:.ot+ V · ~~·~h b· I-€ 

SI'C<"~t'"';.\ 
.,/ -~ ;("}·-. b t' \ L.l-.i ~:> <.. ~ r;:Jf.:. 

Sl<..\)'' c, ~ ·::,' ~;c::,l.\ b l (e. r.- ~-J o i 3 ,/ 

"Sf..O'i"':>~ '\ \-sh b~ k LJ{,~(. ~i't v 
5l'C{tt.:> f '"'JI -~ ;~L\ b; IR_ LtJSC-JI S v 
Sk...0<"\~\>)1 \sh bit~ Lt~-sC.. ~ {~ v"' 
'SR.({\<:> P3, l !-i~l~, bi·(Q r..t~ ::sc- a).~ ._.... 
s'-:.a.-sP~t \I i~r~, bt. ·o UJ-:; ( Q ")..If: V 
~0<'~~~~1 

b_,·0('\ 6!' ~. L.NS(..0~'1. ~ 

st-.lf1St~l t!sh bde LJY. sc..::.>o-; X 
~o<;,s~') 
t_.flls c.. ClO'"'J X -~ish b ,·G_ 
sr,~s~: ::,\ 

X ·rlshb;(o LN.S<-Ov-=f 
~o~;<:J~\ 

~~8"' bdP ~J.s<...al\ v 
~::...CA<:>~~~ 

-:,.--;:,C..O I -:1_ ./ ~~·E>l1 6,·G 
St:s.A':> \)"::j ~ 
, t.•-s <. o'' v ',·G(\ ~/~ 

'::,h..\Ii"") ~·:::,I f . lc)l· b I\''<" r'-) r-\.S ./ . r8.\ 
'":>k...D"/::Jl'::, I 

Vt6h bd2 

Shipment Date: \\J cA 1 ~ (jS 
Carrier: C0~ 
Weigh Bill No.: Cfifg :) I 3 \\a 

Date(fime 
Sampled 

I I I YJ /'-C:J 
11 \). ::{ 

t(/~l~i~ 
I~. S 

\':l..to:S lclt; 
Y\o ·t 1-v<l ok '5c,.,-r,i;;> 
\')..,(C:."jl~ 

\ 1-'· a=t-
1"'::>1-o'S ,q~ 
_11:): l..f ('"':> 

,"">_:,le>St.)S 
I:J. ·• t:'.:6 

\\Jt~{\~ 
\~'.").?... 

i o 1 c:>'-·":> f1.:> 
"\:) 1: .-,_ . ~~ .... "S( ·.-.,~l· 

\\\ -;)..., 1(\S 
li. )..-::J 

II\ ·y~ t<1 $ 
14·?, '1 

\1 I 0 ':>l'i.S 
1'1'~'+ 

\ :l..I':)'S t'IS 
s·-~_d 

I.J.\ Cl'JI'.J.5 

\~ .d.Ll 
\?J../0";, ,.,~ 

\L<'.O"'~ 

'-:.,(0 •::, 1'1.5 
t·.S"\ 

iOt'-'~ /CO / \Cl yS 
\~t.::JS/~5 v 

f :;),'. (_~ 
t"~II::>"'Jt'-1,';:, 

/ t'-1'·'-1."1 
11 tOS t'-6 

,() '·":.'-, 1- / 
1\ \<::IC::::>f'\5 ..; ', .. :::,u 
\\ to'Stc6 ..; tl·S~ 
1'J.I·;:J.J f..u 

tl.·S~ / 
\'.:t,\ 0J~'·-:.. 
q,i.:::l I 

Analysis 
Requested 

C,o; .... p():i•'-f-c tk-~ 
tV -J_""'""r~:;:) "'t 

~"-c."!~~ c:o, PAA _. 
\\I ~j\ ~H,f-'Hr~ff . . 

I.J/ (1.1 

(_':)~o"'.lii~ 1l~ 

IS_sG,-.~ts "~-
(\~,,(\\ ~~ ~0,.. 

"' <:\::)-• ·\.- ""jl\:;'1.( 

" I Q ~ka.. ~~~· 

'~ v \ 

CDr•·,o:rJii \ \Ls~ 
\CJ".:f-·V>.-{>le6 ~ 

l\..\1"1..~'"\~ tor 
t~ll\' ~{) ~Pv.~l.J) 

;{- ' \J ,.~~~~f l·~Lt~-f 

I 
L 

I 

"'/ '\/ 

Sample Condition 
Upon Receipt 

5uL l~t 

I 

\Y 
U' G C..-0 .S._'"}. / 

~ (c, ·,-.;t; i 1'\l.).< c.. "·, ... ~ a_c· 
Special Instructions/~~ments: 

Rush (surcharge): ------- Standard Turnaround Time: 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 

-~ 

-)'i 

-lfC 

-41• 
- 4'~· 

-~l.f( 

(.o{rlf~v~ 
fi Rl\\"1 \l · 
111~\~1-

-l.fZ 
....lft~ 

-Sb( 

-~/, 

@,ll;Lfl 
-~ 

-3q 

-'-f ~ 
-~q 

-tq 
-l( 
-9tl 



~ -I 

GOLDER ASSOCIATES LTD. Page!{ of¥-
CHAIN-OF-CUSTODY RECORD 

Sample ID No. 

( 51-Z-.0 C\'::>~~\ 
L-( I-;.,(_ 0 '2, I ,_,/' 
~c:F-\S '€· ~~ 

"""' LN..-""'c..c~S 

r 
-·<-~-"-

Sample 
Descr· f lp lOU 

~ ~6-l\ Gi-~ 
\G,\\ h;·lR' 

Special Instructions/Comments: 

Rush (surcharge):-------

Shipment Date: i b r.....J() ·J(..( ) 
Carrier: 1 , - ,, '""1-y- •/t. /\---~, 

Weigh Bill No.: -· r, y )< c 2 \ :S t ( u 

Datemme 
s led amp 

\ :)fw'St~.:> 
;y l-1 l 

\~IQ~'::)fl:) 
IQ·. 4·-6 

.; 
./ 

Analysis 
Req ested u 

r:__;r""'(:P":.>~"t:.:. i ~-w f'\:j 
~·<:.>.-..•.[ \,.. ':::- 1 rJ. . .,._JJ c~p 

~~ o~~;~.-r" f"-' ~1 ' L"'<:,J:I ;u'\'.r.~. · 

Standard Turnaround Time: 

Sample Condition 
U o R . t p n ece1p 

~~t 
A\ 

PLEASE RETURN WHITE COPY TO GOLDER ASSOCIATES LTD. 

I 

f 

[ 

f ' 

r 
l J 

l.J 

L 



\ 
\ 

Sa more Oescnctran:£yco~,/c ;:~,~ .z;, vr · /.,- ':) 

/ll fi_p1<. 

Fish jspeciesl Sex I Lengtnj Weightj Date lj 
No. 1 I I (mm) I (g) I ;~\'r I 

Personnel: KA Paoe: /1 / 

Ageing Materials 
Scale I Fin Ravl oto. I Other I Commems 

c'1 q v, 1 rJ r,p,<. ,-YI i 5'-/D 'I I ?, ,.., I rr, "~ ':1 'I• I v, I I ! Jl· . . s 1- ',:· 

i'-~ l IIV (i. f' I( I c\ '3qJ..i '-i .1. c I C:•c I 'J J... I I 3 I I I '/i:J - ) I 

'i'l1 \).!A' f' !( L<-- i51 I :?1'2-I,Jchl.l I TD-3t c r-~·~-1..' I M .L 
I '] ,) !.it:' p /( r-7 J 'l '( I I(. <') {1j· i) I 2 I I I · 1-ct-:Jr-tl 

~,lC\) lll)(p: I ':) lf (. ! J <..cl ~d 1c I I ,"=', I I I ro. )t '' 

:. C II ,VHI( I l"- I '-\CSI + c"' 0'-~ J..: I 4 I I ' ·0)-3 ( 

:::_ "3 ..J ' I~ £pI( i ('() I L-~\ 11 J. ?,<. (' •"' '\'1 r: 'I I ..., I ; 1(.( . \ f• ' (; I 

"rt :)_ ~(\I'll ( c-~,-C I i s ,pi ('\.4•\" I (, I -rU- ] (-f.l! 

, J. ~~ I tH P 1( I r:· I '7 J. (> I s 0"'),, If";~'; --;· I 1'7 ' I I 1 rc- - 3 t-/.;> 

iII IUH•( I F I r,J. c· i 1S:sin,'4l\ (< I I i/ -rr,- '1;-/r) 

'-r'lr• rv' R r 1< :2 ~' 'S ,,so Iocr ..2 1 - I ~ I .0 , ··1 .cc~ .-~~i-f/. cc - ' ' .. , ,: .. -,,. . . 
Yl liJRrl< I c~ I 333 I YC·(', I~ J :d I :..t I I 7'/J- -~ ~ v 

rr,7 [j ~PI( (;. 3l!C I 1.?-0 ·2l--+ J. '1, I ~ - - I - I 7/7 ~{ • <·-c ....... vt" .. r ·~~-
,......., ........ ...-:,..,-:zr. 

c: I Cl ,·'UI( I l.·. )yC I Cf (". l('d j.,) I I i -rn-31' 
')1'1 I l.)k C I( t L. 3:J.O ?,5 I ()d II I I TD- ~I i1<-t?d.<.J./ (, f,Z:,~ 

0A'+ ;HP1c rY1 Cf_'j ~:;(~!'II (>Ill-., l ,t.:; /L, . ?1-) 

~-; s· ~ r, f 1l (Y\ 50 .~i il J.C/ "'"'' -~ !~ -r'l ( - "< /-'7 

C' j) 1\) ~pI( d .. ;). )'/ f ('r;) rr. "-') \..) I I I-,< - ) I - j 

C'J; I 1' r P II n~ Li ~I 71 c "'''-'\I 4 ;Tcr- 51<2 
0 3 (' 1,) (\ fC I( .rY1 (;_, :,5 I I G(\' ,..,n•· I c; I l;c.:- ·-:; I. 'i-

,, ~. l rJ ;: e 1( F' :l, 7,"~ ~ ,c-:. ""/h-_, s I I "6 I rc<- 3 t-~"<'' 
;( ( .. I '( p II I i_, 4l·.~· I J'iC 1'\:+ , -~ I c, I I T;J- "21 

'1 7 (.-. ~~ ( .: 1/ 1'h , 3 .)_I ·f. 7c-l t~.-:;, i 1 ;;___ I i i J"tl- 3/-/f' 
'i..JU IV ~ F' I ( F . (;"if: G c:-..:-,) I f!::lll 1'J 11 I 7 rc·- ·'?t-/'\ 

c )<.../. ,,-.;, i'l( F ) -~I L~ :,l/0 I"' 4') I u. ' I 7 i I ...-(:- ·s ;- .z__ 

).,,c-:. I I' K f ,( I l.\. ' i, 7 I II C f' 11'\:fll. I I {'' 

J I -rn- -~ I ,//t:' . ./// ..//~ 
I J lt r.'u:'k' G:.. 5(i'i2 I :l<;C'· 10· j '.J... [.., I I ..- ) /l 

-:; 7 lo 10 IZ f' I( r /I c:: I ;_s:;r- I"''": I I T I I l~L ... j,/-,!C' 

'i'fL I '~ ~ PI( I ~ !3(, I -1 l.SOI,.., ~') ·'; i . Cj . I I ! ,.,..-", ~- ··:; /• /3 
n n _;, /,' ( f I( I L·, llf s I Js'IS<or-·~ I I I ;J/:::>-JI 

0 3\..· I tJ {', r:' I( ' I r: I 2'i C' I _, y .( 5 ir ':) 'f . I I ( :rc~-l~-··c 

,_, ::: :.... ; .~. f ,.( I c\. I(,(-., I )?.. j::..:f'1)... 5 I I I I I fiJ. ) I 

':\.-/ c ('\ p,( I r -~ <:.: ,, I '-'),C~IIi'~·J 1$1 -1 I I : ·/ .. Li· f;-:l_'jj 

0,, -r· I i,;'..lli' I 1- ':1·-6 I cr .. : !.~'"·"' , < '?; I I I r/~-·~,-

I I I 
I I I I I I ! 

I I I I I I 

I I I I 

I I I I 
I I I I 
I I 1 I I 

I I I I I I I 

I I I I 

I I I I 

I 

: 
i 

I 

I 

: 

I 

I 
I 
I 

I 
I 
I 

I 

I 
I 
\ 

I 
I 
I 
I 

I 

I 
I 

I 

I 
f 

I 
I 

I 

I 

I 

I 
I 

I 

I 



Proiect No.: C?C)2.- 2- :;:.o 8 Personnel: tb;JC,.c 
Samcle Oescnotion: l.J\:~C c.. S(Jr: ..:._ I ~-<J._ I r. 

J ,._, < ~ M.,'-">C.L) 
!crt/ Paae: 

' 

Fish I Spedesj Sex j ~::I w~9~ht ~ Date ll Ageing Materials 
No. Scale I Fin Ravi Cto. I Cther i CJmmems ' 

tJ3A wtt.c IVl J..h I J,4o I rv'~ . q I '?, I I I TL(,-:; 1 ! 

42"1 Uf/S\ J41 j(;<; I c9 'fo I -h~. 9' I t0~ I I l Tu-J; ! 

AZB [f) tf)( IF 344 i SDo I iJl;_,,q I ~ I I I -rt -v 
? 1-1 wr-/~c 

;-
-:<,tt~ I CJ4o I Ma.' !'± s I I i -rl(- 31 r-

C:K i DH"':C v1'\ 4- 2.-)' I lObO I I'Y'h. I I A- 0 I I I ill -41 
r..c:,o ,Jf-h( r I,£,\ I '}?t, I (Yl~ 14 4 I I I '1\.r '>\ 
-~r>o7 ), 11-t S(_ I - 4~ "\ I I /()0 I fY'.t. ,.:r 7- I I I /lA- 51 

I ;, ) c; I I} t/j (. F ,..,;2'2>1 f I <;o i il)l']c.... /If i I 6 I ! i '; 4 <31 

4111 1 >f./Sf fYI 2zo I 14-o I r"Yl~ 1! ~ I I I •1U. -3; 
411 I ;JH<,c_ I IV\ ·";,c . .;_ I I tOO I t.·:'-L< q I : 4 i , '-'t-:z,r 
4<:';1 fl: I u:r!SC I ·r::: 7r~ 51, I s-~( ' ,l/1....;:, (1 II I .;; i i I nrJr 

i ~ i v.f)C 1M I ;;<_ tJo I 140 '0·\.,,~ q I 
I i I I rv-E' c·c~4·d .. ,../c:(c?&z:tr't.-tJ. ~ " ~- .. ~ 

I (J • ~~ 

7t 
.. -, 

;?4] lv.ltf<)( IF= I ''-(.~ i t<.:o l,·y( o II I I ! -rr.r<l 
'7,('.{/ I I ;../)( F 3~<; I f'4o ' rl!~~.) s- I 4 I I l.::r11_-'JL I 

C;:;;. :A ~~.)i-/ X. p; -.:!, i <i I 42-0 l_r'YL./i I 4 I I I .r_L{·- 3; I 

?.'17- llifK( LA /4<::. I 4c lrx 1-20 I I I I I I TJ2.··_3l_ 

3cr I vii-1-K .. l.\ 3tE:: 1 :;s\ 1exhl I I A I I I -rt)-2._ I ' 

12.8 LJN')( I u 1.C:,.c;. ldbe I ec+ 2 _L I ;;J, I I TD- 3L i 
L 

d2J I .Ji-1')(... I l) 130 
I 
I~G ICXfC! : I :2 I i ; ·t~:>·-~r 

,;--1 3 !till\ ( u I 3 J {co I )..:'. 6 I OU2 3 I I I ~ I jj)-?,; 
~'.;:, ... ) (' 1) ttJc v 1 .. 14'S'"" I "\D I co·ri I I I I ...,...../)_ ;r ··Co,~ ... .f'ct'uf1n ~~ 

473 (J/hC. d I I f .. ? I 1«.' lrr;f'/ I !oi I I Th-1/ 

44\ I LJttK U. tool Cfc I o..r~i I I I I {f.;:,- s/ ; 

3·;;z.<c, I :~-+sc. lv I 1.5'4 I ;;::><', lec-~::zc I I .s I I ID-Jj 

3'/C ' c,),-/.Jc lu I rFr;- &o lcXI?o I I I To· -y I 

c;., y(. I t.c' .f :; ' 1'1"7/ 3X:2 I so-0 im<''( tf , I 3 ! I l;rt(- )'t-.x 7 

s 3'1- l\J ,j ·_, (. r '-{ I ;), I I I c; c I (h .il 1J I-I i I i (c I ' r~., ;:,, :.n-
s l 9{ :_,,i ':, (. r :.; ) ), I 1\ t·;:' I "'""'~' '~ I (I) I l·ru- ·~l·J-1 I 

Jl.- .l;. /.:. r\ \I ~ 2:JYL.J I Slc/ 0 1\'\r, I '-') I I fl - ')l I i 

J. q I IW·\sr f" Y·\ S" I f:.,:,r lf'-1.~'; c) I '-{ I I ;t'_C( 51-11 I 
3'fli /u;:L"C m HJ..I '-/ s 0 I r"'1 .~ .~,I 3 I I li . ]I-// 

r 
L 

i I i I 

I ' I I I I '·, I I I I I 

I I I I II I ! I I 

I I I I II I I I I I 

I I I I I I ! -
I I I I I I I I 

I I I J I I I I .. 
I I I I I I I 

I I I I I I I 

I I I I I I i I 

~ - ·~-

I i i I i I I ! 

I I I I I I I I I 
I i I I i i 

I I I I I 

i .· 



Project No.: q Sd. · :;_3os 
Sample Description: p£C-'~ 1. 

Fish Species Sex I Length I Weight I Date 
No. (mm) (g) ,qc: s 

I '/50 A RG:;. \..(,. I ':l. "5 iS C'I'J I y 

330 ,A R,(; !'... /')1 3io :> (-0 o-_.1. 1(, 

c.,-4-0 Mr:.,~ 41 29.7 "?f? () In!?~ 
~JC( /f;.r(6i2.. 111 3o'J 5so (C/2.3 

:~46 ,_,-,/' ~ 
/''7<.(:.'1"\ l' L8~ 7-~ Qfi'9 

'1>14 l!t..L:.r4- i- Roo i((_j af/8 
:[6<_) f4./:ul2. /) ':l 'J. 0 100 ad<Rc 

5G1' t9tfc: t t"-' ,,.:''<r:o I?) Ov.,J.o 
;; (('7 LJ I' r: !( ;:: ~t(';? ;}. I 0 o,__t 1c: 

'? y;) "' ,{(.' /l (':'-7 3'' -..J Y&-o ()r I/~' 
.y·pu ~;('(.;1 r:= ..2.~ 2 I .2;} 0 n·l:l-. 
Q/!0 /',('(,/( .F :275' .?r.n (](1<><.1. 
(/)'} ~/(.' f( De I¥'() CJn Od.;2'2. 

Y3V ,.<J RC .( C-< c71~ I )_..Q of,;;; 
SIJ o /]I?& I: V\ .::?3 s- I I'? L') ()c/;;;}1 

5"1~ ,4.KG'/( ;::- .;> ,Y() d.Po {'k_ iCJ. I 

')-';) 7 4tfCR ;:: ::z ?\ .21 s: 16/d I 

:Jl(c7 A/'i:: !:'.. F 3s-o ~s-o az<C•/;a-
/]c}q ;::,fr:;tf (.J: ;;? y:. 7 c?rm ;n4PJ 

JfY ,;::,((/' '-1.. g_.~-.::, /)0 fri.Cv !r 

sse; /t,{C'(( ~ .:> y~ ~j'O 1?:>4't'I'J 
.:,£. .-q 

..) ' ;9/:(, A ""'- j']O '/0 od 2 2 

C)'/ 5( ,.:;'R(:: R ;::· 3f3 (,4-~ .0"-"V.? 

r'l) i r) 41'{/( 0' ,.:) <."CI . '//6 

'i:JG /? RcR. ;?? ::?6 I 310 n.'?Y_(-

CJ"CY.,I /T/({ k C{ .;:; g ~ 3.:: .:,- m-"v b 
0~ -<Jf'f I' ;?7 3Y.O v.ro rlY7 I 

Y/3 !7'~r(., R L-<- -'Jo() /crO 474'1 "7 I 
y'; <-/. /7ft f. ,C' 2 3 ( I ( 0 IJ'/17 'j {), 
I 1(,/ '3. ~Rt-R I.A ?. ;;; ,';' /00 lmA<f.:n 
II 3t) 1::1:. (- ((. I< :;..?':< ~'fO lfl1<'".7.C 

o-:s: lA'tr, /<. r7 ""l :;lt) 1.2 r r/)v; 
/.J. (., ~Ufi rv; 313 )/(TO /-"! -<:v 'J I 

;?,_.{) /.:lbll P7 3~ 0 5/0 ""Cy· '/ 
/:.2. f ~i'6(< ;:::::- vs~ Y'fO ~4't' 7 

r-o A'r."( (t (Y7 57/ t.r: 1) j"':?-<1'/? 

,-nJ. /]/((/( G. 3:20 .Y,;:;o j?141(6 

Personnel: I<'A!(B Page: 1 C1 \ 
\S 

Ageing Materials 
Scale Fin Ray! Oto. I Other I Comments I 

I TO-!.( /) ~ .: ,.- '"r ... ,....P ·," I 
3 -rD- j ( 

3 TZ?- 31 ! 
4 rtf}-J/ I 
2.._ ro-:; .. 
:;;;., -J"l)-':?/ 

;)._ 7'!7- 3 i I 
;2_ r.o- ~ .. I 

:;:2_ r_o- s I I 
0' 

' 
/_a-S! i 

3 _D2- .5/ 
s ::;-..-::;.7-f / I __, ;;"/-)- 3 / ~ 

2 I 7£1-5 I I 
I 

2 7/.J-'3 / 
B3 rP- s 1 

3 ;::rp - )~ I 

)I ;:7',.0-.YI- .J"' ( 

2. :r£1- >;-<{"( 

0< r,c-- u-s 3 i 
3 7.??- 11- .:z ~ ..., 

r.o- ?t I -
<Y i 7-0-5/-2 I 
.., 

£,0- :J/- 2__ ----
3 7',??- ~;-;;z_ 

3 "?"';:]-.?!-;' 

- - - ------ 7/J- ?t-c;" 71, .a--;7.: ~.e.~ 
,..-., 

7L'<- ? /-2-0'-.. 

.;( /L'(-? j-/:2._ 

3 /D ? 1-S '7 
3 ·-;ry -· 'Sr-J(, 

2- I 7~-r- ?r'l o I 

<I 7c-<- 3/-// 

5 ::ret- ?!-~'/ 

c I ??/ - :?f-t'( 
( _:r.('( - ~ / - ?< "" 
<i _..,.../.)_ ~'/ . .../ 



Fish j Specie$ Sex I Length I Weight I Date 11 
1 I I (mm) I (g) I I 

.(5D . £;/I)<.£ I / u I ,;(JJ<;" . I 0 OU?4-

, I ("q I L-1'1/SG f1A I 'Z~<rl i rz_.qo 1/Y],_ ' If I 
i8~ lbJSC It! ., ..., •7 

./~c.- I Ar:-r. I .~.q I 
i7J Lt>);,.(, (11 4G2 I {.4c· I r1-1t" .t1 I 
I r A il,,,l<;c. r:: LJ (.- 2._ I b 2.c I ;i?P1 I 

J_3c; I ;_ 11 !)[, I F I '::?/12 I 5'7C I !J1u.u4 I 
21) l;_.tU )c_ I tn I 35:) I 4~0 I' ,q ' : (¥1;;..__ · 

1 ,q I l-tvSc.. I AI) '7,'2.')1 4-4o I 1"11\....,4 I 
2 ')O I J.-t-'-'l)c. IM I LJ'I D I 94..:..> I ,"f1..:_,'( I 

~~I ! L.-1\.)')( i j/11 I 2_(,) i :::..1\'-'' I· f1'Lo,a 1 

),..c- I 
...., ' I i.-i'JX.. I "~ I 2 oo I ! Z,D i (!J<f)41 

-l2l I i..-r,)sc I() It)<-::" I c;:?c I,'Y/, .. Cfl 
Y.ro t- Jtt-''::?- u I ')C, I c;o I n!J.~' 7-l 
2,<( q i-t.Vv: ... u t'l-&: I )-() I CLffGc. I I 

I 
I I 

I 

i I 
I 

I I I 
I I 

, I 

I I I I I I 

I I I 
I I I 

! ! ' ! ! ; I 
I I 

' I I I l , I 
' 

' I I l i 
I I I 

I I I I 

I 1 
I I 
I I I 

' J 
I I I 

I I I 

I I I 
I I I I I I 

I I 
I I I I 

Pace:/ c:{/ 
Ageing Materials 

Scale IFin Ravi oto. I Other! 

71)-51 ' '-t' _-&/ M _j_,, I 

lj(~ I I r.t:l -3; (""' ; 

4 I I '/U .. 3J i 

~· I I I 1"-1-\J ! 

7 I I I _TL -:r t (~ ' I 

I 3 I I ' -~.- sr 1..-. ,, 

I ~ 
I 

I '/( t-_y· '- I I 

I ..5 I I -~-11 ,.,... I 

~~ I I l /y -)( ·<f V· ; :. , .... · ~ . 

I 
-·') 

; -ru- 31 .:> : 

I I I I -r tJ --3/ I 

I I I IY ~ 3! I 
I I I I -ro-JI I 
I I I I T0-2.; r~\ I 

I I I - I 
I I I I 

J I I 

I I i 

J J \ 
I ! I 

I I I ! 

I I I 
I I i I 

I I I 
i I i 

I I I 

I I 

I I I 
I i ! I I 

I I I I 

I 
-

I I I I 
I I ' : I 

I I I I 

I I I ! 

I I I I 

1 J I i 
I I I 
I I I I 

I I I I 

I I I \ I 

I I ; 

I I I I 

I I I I 

-'' 

r 
t 

f ; 

r 
l 
r 
I 

L: 

I 
L. 

r 
Lj 

l 
t ' 

I 
t 



i 

I 

Proiect No.: 9s.:?- .:?3o.? 

Samote Descnotion: k"t=-?L' ..l..d~e"' 

Fish 'Species! Sex I Length! Weight~ 
No. I I (mml i Cg) 

1170 lwnsc.. I'-' 1.:~<.--~ l.:<on 
111/ I tviiS'c I~ I "J:d' I 'fl(C> 

1/ 7d I;:...,..,Sc IF ' '3t"J~- ' 'f:Jo I /olcr.: 2 J i I ' 
~/1 3 iw.YSC .M I :l $"'c.f I :2 s-o lnr:v .. BI 
~t?r. tiJifS'c.. £A 1 ?G I go I tn.•d3 
II 7 7 i<~d'.5( f1 .2 3 ~I I 7 C'J ihJ..vi:? ' 
t/7 .f (..uriS<": lr I :zgo! ;::c,·o 1.0·,.;J 
' I'? fj lc..,.,tsr. r I "23 3 I :.tV.:> l~y~.J I 
,; "6Cl li.,"f'SC 11'"7 13SO I Y~() ~~·Y'J3i 

• 1 .r: I ~wtf£ ( ('1 l;l-3:> I 3 i D I P:Y. ..., :;J 
//:? _, b....:rc !t11' 130<'> I 360 ~~v;.l.:JI 

I I I I i I 
I I I I I 
I I I I II 

I ! 
I I I I 

I I I I I I 
I I I 

I 

I ! I 
I I : I 
I I I I 

I I I 

I I I I 
I I 
I I I 

I I I I 
I I I , I 
I I I I I I 

I I I I I 

I I 
I I. .. I I I ' 
I I I I I 
I I I 

I ' I I I I 

I I I I T 
I I I I I r 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I I 
I I I I I I 
I I I I I 
I I I I I 
I I I I I I 
I I I I I 

Personnel: *'"" Pace: / o:/" / 

Ageing Materials 
Scale i Fin Ravi Cto. I Other i 

I .y· I I I 

I ·~ 
...J I . I i : 

I I I I l,.o,o;, ,/I ,..{, ,/~,4, -~.,,,.. : 

·~ I : - I I I 

3 I I I ! 
I 3 I I 
I ~ I I I I 
I I I I . ,t,; :,;, ,:;,.,,s'"'c ~ ,.;, .'.'A • F-•'!( i 

y I I I 

! i 
' 

I I I I I I 

I I I i 
I I I I 
I I I I 

I I I I I 
I I I l i 

I I ! I 

i i 

I I I I 

I I ! I 
! I I I I 
I I I I I 

' 
I I i I 
I I I ! 
I I ! I 

I I I ' 

I I I ' 

I I I I I 

I I ; i ' 
I· I I I 

I I I I I 

I I I I 

I ! i I 

I I I I : 

I I ! ' : 

I I I I i 

I I I I 
I I I I 

I I I I I 

I I I I I 

! I ! i 

I I I I 

I i I I : 



; I I I 
i i I I 
: I i 

I I I I : 

: I I \ I 

l I 1>0 15(JI7 I g cl :::,6 OJ' J I I I ;t//1 

l oi)O JSIY7!S cl IJOJ'-.5 I I I 51 

lbf:O/Jfl/7 !f.d J60cfJI I I L. I 

1 

! )Jf" 0 )5()/7 12_ d SbUY J I I I 3 i 
I L-IV /SIY7 I[. d J'b dJI5 I I I _;, I 

e;> f o '7 :5(){7 I r;d 5 b Oil5 I i _)' I 
i I 5 i.o?SfV71$ciJbO'dJJ I I I 5 I 

I hr o .?SillY 1fd56 OJIJI ' ' I I c. I 
E"[o?j()!TI[ dJ'bO)'S [ o ?S, s s 

i ?:" d 0 ) S !)/7 I[. c/ J 6 C7 J' 5 I I ':'> I 
: c:~ 1 ) 2 9 7 5 (1/ 7 /f. d 5 b ClcY I ! I 

I 

j 10£ O?SfV715dS 0/J I I I ') I 
: !JcoJ5(1171E-dS6otY I I I 

'l 
~~C:O?S()I'fl[c/:!!JCIYS 1 I L I 
I t- t?D )sfi/7/L:.t.S&, OYS \ 

I I L I ' 
i 91':0 )£fi/T/£d5,f,OJ/S I I I £- I 
I J Z: O?.J!V71 r o~Jb OYS ! I I '7 I 
I /,>C?D ?SfV?'l[c;IJ6 O)'S i I I '-:/ I 
I ~'C'O -:JS~¥71'£ dJbO';;-S I I I ") j ! 

1 C?:?O 7S,v7/[dSbC7.:/Si I I ') I 
I 1 e> o ) r tV; 1 r_ c1 N a;ys 1 I I G? I 
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L»SC 004. not assayed 4.540 
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Tissue Level 

SAMPLE Tocopherol Retinol Retinyl Palmitate 
Long nose J,Jg/gram ~gig ram J,Jg/gram 

3 84.15 2.19 117.02 
4 327.75 0.96 54.28 
5 216.64 1.33 260.13 
6 202.43 1.71 131.01 
7· 93.46 1.17 107.14 

11 107.90 1.98 146.31 
12 29.21 1.78 108.45 
14 227.24 1.05 147.85 
15 464.75 0.48 107.89 
18 82.51 1.69 352.50 
19 367.04 0.69 62.15 
27 143.94 5.49 256.28 
24 175.62 1.02 217.06 
25 143.33 5.01 245.80 
31 169.15 8.50 609.30 
32 377.09 0.88 41.50 
35 56.55 3.28 157.37 
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BASELINE STUDY 
Histopathology of Fish November, 1995. 

Overview: 

Findings: 

EXECUTIVE SUMMARY 

This report contains the pathological evaluation of 
Mountain White, Walleye and Burbot fish 
submitted by Golder Associates Ltd to 
GLOBALTOX INTERNATIONAL CONSULTANTS INC. 

in October 1995. 

The findings ranged from incidental changes that 
could be attributed to the method of capture and 
sampling to chronic parasitism. There were no 
changes consistent with toxicity, nor were there any 
neoplasia 

Recommendations: 

More tissues per submission may help 
GLOBALTox to give a better picture as to the 
health of the individual under investigation. 
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BASELINE STUDY 
Histopathology ofFish Nov., 1995. 

INTRODUCTION 

Athabasca River 
FINAL REPORT 

This report contains the results ofthe pathological evaluation of Mountain Whitefish, Goldeye, 

Burbot and Walleye taken in the spring of 1995 from the Athabasca river, as requested by Dr. 

Stella Swanson of Golder Associates Ltd. These samples are part of an Environmental Effects 

Monitoring program for various regions of the Athabasca River. Each fish has been evaluated 

and gross observations supplied by Golder Associates Ltd., have been incorporated in each 

report. The pathological terminology used in this report is that used by the American College of 

Veterinary Pathology and the Armed Forces Institute of Pathology. Following a summary 

morphological diagnosis (a statement of standardised altered morphology with respect to process, 

duration, exudate and other findings), a comment section has been inserted to explain the 

observations. It should be noted that the order of the morphological diagnoses does not reflect 

the order of importance. 

Photographs of lesions and parasites, taken with Ektachrome 100 diapositive film, can be found 

at the end of the report. · 

II METHODOLOGY 

1/.A SAMPLING 

Samples were taken by Golder Associates Ltd. All tissues sampled were trimmed, routinely 

processed, sectioned at 5 Jlm, stained with hematoxylin and eosin, and mounted. Where 

necessary special stains were used to highlight specific lesions or causative agents. Parasites 

were identified wherever possible. All samples were well packaged and arrived with a chain of 

custody form, which has been attached to this report as Appendix A. 

Page 1 GLOBALTOX 
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11.8 Quality Assurance 

Athabasca Rive:r 
FINAL REPORT 

Drs. R. MUller and C.G. Rousseaux were the pathologists who read all aspects of the work. 

Samples were trimmed by Dr. MUller, and then processed. Each sub-sample was labelled and 

records kept using the method outlined in Section II. E. Samples and pathological interpretations 

were double checked. All blocks were resealed and stored in water-resistant material for 

archiving. 

II. C Comments on Samples Submitted 

Samples were received in sealed containers (triple protected) that would not allow exposure of 

third parties to the formalin. The rigid outer containers prevented damage to the primary 

container. 

1/.D Suggestions for Improving Future Samples 

Standardisation of sampling was maintained. Fixation and labelling was excellent. No further 

improvements on specimen submission needs to be made at this time, except to decrease the 

trauma to th~ intestine when sampling 

1/.E Sampling Method 

The standardised codes used for cassette identification can be found in Table 1. in the future, 

recall from the archives for comparison purposescan be made using this coding system. 
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Athabasca River 
FINAL REPORT 

Table 1. Identification Codes for Cassettes Containing Fish Tissues. 

A 

D 

F 

L 

M 

N 

p 

R 

s 

u 

Hypophysis (pituitary) 

Eyes Dl Right 

D2 Left 

Oral cavity mucosa 

Tongue 

Gills Ll 

L2 

L3 

Stomach Ml 

M2 

cranial right 

middle right 

caudal right 

esophagus 

cardia 

B 

E 

G 

J 

M3 

M4 

Upper intestine 0 

Liver (lobes marked on cassettes) Q 

Brain c Spinal Cord 

Nerves (marked on side of cassette) 

Thyroid H 

Mesentery K 

L4 

LS 

L6 

fundus 

cranial left 

middle left 

caudal left 

pylorus, pyloric caeca 

Lower intestine 

Open 

Aorta 

Heart 

Urinary system R4 Cloaca (other parts marked on the cassette) 

Spleen T Ovaries and Testes T1 Testis right 

T2 Testis left 

Open v Bone marrow w Bone (specify on the cassette) 

X Muscle (specify on the cassette) 

\' Skin, fin etc. (specify on the cassette) z Miscellaneous 

All special areas of sampling other than the coded ones are marked on the side of the cassettes 

Page 3 GLOBALTOX 



This material is provided under educational reproduction permissions 
included in Alberta Environment and Sustainable Resource 
Development's Copyright and Disclosure Statement, see terms at 
http://www.environment.alberta.ca/copyright.html. This Statement 
requires the following identification: 
 
"The source of the materials is Alberta Environment and Sustainable 
Resource Development http://www.environment.gov.ab.ca/. The use 
of these materials by the end user is done without any affiliation with 
or endorsement by the Government of Alberta. Reliance upon the end 
user's use of these materials is at the risk of the end user. 
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