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ALBERTA OIL SANDS ENVIRONMENTAL RESEARCH PROGRAM 

RESEARCH REPORTS 

These research reports describe the results of investi

gations funded under the Alberta Oil Sands Environmental Research 

Program. This program was designed to direct and co-ordinate 

research projects concerned with the environmental effects of develop

ment of the Athabasca Oil Sands in Alberta. 

A list of research reports publ ished to date is included 

at the end of this report. 

Enquiries pertaining to the reports in the series should 

be directed to: 

Research Management Division 
15th Floor, Oxbridge Place 

9820 - 106 Street 
Edmonton, Alberta 

T5K 2J6 
(403) 427-3943 

Water Qual ity of the 

Athabasca Oi 1 Sands Area 

Volume I 

Da ta ColI ect i on and Qua 1 i ty 

Project WS 1.2.1 

This report may be cited as: 

Akena, A.M. 1980. Water quality of the Athabasca Oil Sands area. 
Volume 1: Data collection and qual ity. Prep. for the 
Alberta Oil Sands Environmental Research Program by 
Po 11 ut ion Con tro I Divis ion, Alberta Env ironment. 
AOSERP Project WS 1.2.1. 100 pp. 



The Hon. J.W. (Jack) Cookson 
Minister of the Environment 
222 Legislative Building 
Edmonton, Alberta 

Sir: 

iii 

Enclosed is the report "Water Quality of the Athabasca 
Oil Sands Area. Volume I: Data Collection and Quality.11 

This report was prepared for the Alberta Oil Sands 
Environmental Research Program, through its Water System, under 
the Canada-Alberta Agreement of February 1975 (amended September 
1977) • 

Respectfu 11 y, 

W. Solodzuk, P. 
Chairman, Steering Committee, AOSERP 
Deputy Minister, Alberta Environment 
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Water Quality of the Aihabasca Oil Sands Area: 

Volume I: Data Collection and Quality 

Descriptive Summary 

Water quality sample collection and analysis has been an on

going activity by various agencies in the Athabasca Oil Sands area since 

the early 1970's. However, standardization of sampling sites, procedures, 

and analysis has received minimal attention because of the diverse num

ber of agencies and organizations (each with its own priorities and 

objectives) who were collecting water quality data. Water quality 

analysis in the Athabasca Oil Sands area should fulfill the following 

two objectives: 

1. Provide a documentation of baseline states prior 

to industrial and residential development; and 

2. Provide a basis from which water quality parameters 

can be utilized to evaluate the effect of oil sands 

development on natural processes. 

With these objectives as a background, a regional water 

qual ity control program was developed by AOSERP. The initial component 

of this program has produced three reports: 

1. An Intensive Surface Water Quality Study of the 

Muskeg River Watershed 

Volume I: Water Chemistry 

Prepared by A.M. Akena 

2. Volume I I: Hydrology 

Prepared by c.R. Froelich 

3. Regional Water Quality of the AOSERP Study Area 

Volume I I: Discussion of 1976 and 1977 Data 

Prepared by R.T. Seidner 

The obj~ctives of this report, '~ater Quality of the Athabasca 

Oil Sands Area; Volume I: Data Collection and Qual ity", were to review 

the precision and availability of water quality data of surface water 

in the AOSERP study area; identify sources and location of all data 

collected; and describe all quality control measures employed and how 

they affect the significance and application of the data. 
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The final report in this series (WS 1.2.1, due in 1981) wi II 

include a summary of activities from 1978 to 1980 and will summarize 

both the natural controls on water qual ity parameters and the effects 

of oil sands developments on water quality in the AOSERP study area. 

The report, "Water Quality of the Athabasca Oil Sands Area; 

Volume I: Data Collection and Qual ity" prepared by A.M. Akena, has 

been reviewed by external reviewers and the Research Management Division 

accepts this report and recommends that it be publ ished. 

W.R. MacDonald 
Director 
Research Management Division 
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ABSTRACT 

This report documents locations of Athabasca Oil Sands 

area water quality sampling sites; sampling, analytical and quality 

control methods used; the volume and availabil ity of assembled data; 

and an extensive appraisal of the qual ity of the data base. The 

qual ity control measures taken proved to be very useful in identi

fying causes of variations in analytical data and, as far as this 

water qual ity data base is concerned, in producing valid and 

accurate data. 
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I. AOSERP STUDY AREA WATER QUALITY STUDIES 

1.1 INTRODUCTION 

Water quality/quantity studies of rivers and lakes within 

the Alberta Oil Sands Environmental Research Program (AOSERP) study 

area have been major components of AOSERP since its inception in 

1975. In the first five years, Water System programs emphasized, as 

a general objective (Smith et al. 1979), the establishment of baseline 

conditions and the development of a detailed understanding of natural 

stream and limnological processes. 

The regional water quality monitoring program was instituted 

in February 1976. Initially, a number of groups (Department of 

Biology, University of Calgary and Inland Waters Directorate researchers) 

collected and analyzed the water samples. But, from April 1976, 

Al berta Env ironment IS Envi· ronmenta I Protect ion Servi ces (EPS) assumed 

the responsibilities of planning, conducting and managing the collec

tion and storage of AOSERP study area water qual ity data. Activities 

relating to the data collection and water qual ity monitoring were 

co-ordinated with those of a hydrometric network operated by Water 

Survey of Canada. Simultaneous operation of water quality stations 

and streamflow stations is important because it enables the researcher 

to compute chemical constituent loadings. 

The stations in AOSERP water quality studies were selected 

to suit Water System objectives (Smith et al. 1979). After 1976, 

standardized collection and analysis procedures were employed ,in an 

attempt to generate a quality-controlled data base. This data base 

helps identify significant naturally occurring water quality param

eters--parameters which should be included in procedures for predicting 

the impact on water quality of oil sands related developments. 

1.1. 1 Report Objectives 

The information collected by the AthabascaOil Sands area 

water quality monitoring project \.JS 1.2.1 (formerly HY 2.8.1) is 

being published in three. volumes. This volume, Volume I: Data Collection 

and Qua I i ty, documen ts: 
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1. Locations of AOSERP water quality sampl ing sites; 

2. Sampl ing, analytical and quality control methods used; 

3. Volume and availability of assembled data; and 

4. A comprehensive appraisal of the quality of the data 

base. 

Volume I I (Seidner 1980) and Volume III (Akena in prep.) are inter

pretive reports purposed to establish baseline water quality 

conditions of the whole study area. 

1.2 DESCRIPTION OF THE AOSERP STUDY AREA 

The AOSERP study area is located in the northeastern part 

of Alberta, approximately 450 km from Edmonton (Figure 1). The area 

is characterized by a northward, gently sloping, flat-to-slightly 

rolling plain, and upland areas highlighted by the Thickwood Hills 

and Birch, Stony, and Muskeg mountains. Associated with these 

landscape features is a myriad of muskeg ponds·and upland area lakes 

drained by the Athabasca River and its tributaries. 

The northerly flow of the main stem Athabasca River receives 

significant discharge contributions from the Clearwater, Hangingstone, 

and Horse rivers, all of which join the Athabasca River in and around 

Fort McMurray. Other large rivers, for instance, the Steepbank, 

Muskeg, Firebag, MacKay, Dover and Ells, join the Athabasca River 

between Fort McMurray and Lake Athabasca. 

1.3 AOSERP WATER QUALITY MONITORING PROGRAM 

I .3. 1 Administrative Decisions 

1.3.1.1 Selection of Locations of Water Quality Sampling Stations. 

The distribution of AOSERP surface water qual ity sampling stations 

and changes in the number of active stations were influenced by the 

distribution of the hydrometric network and considerations of hydro

logical zoning of the study area. 

The AOSERP study area was divided into drainage basins 

(Figure 2). At least one water quality station was located within 
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each basin, provided that a high portion (>50%) of a basin has the 

potential for oil sands development. If it was discovered, during the 

semiannual review, that the water quality parameters showed identical 

or similar levels at stations within the same basin, this was used 

as a justification for a reduction in the number of stations. Also, 

it was felt that of two basins, each much different in size but 

exhibiting similar water quality characteristics and each having a 

station, the station monitoring the larger basin would be selected 

for continued operation. 

In a large number of cases, water quality stations were 

operated in conjunction with streamflow stations. The establishment 

of the streamflow network followed guidelines for minimum streamflow 

network densities published by the World Meteorological Organization 

(1974) and the density of stations in Alberta and Saskatchewan. 

From these considerations and comparison, the existing network 

[13 (1975), 16 (976), 30 (1977), 21 (1978), 18 (1979)] was developed 

(Warner and Spitzer 1978). The general objectives of the hydro

metric studies include providing an inventory of information on the 

hydrologic resources of the study area, determining frequencies and 

magnitudes of flood flows, water level-discharge rating curves, and 

determining whether the water supply is adequate to meet the needs 

of industry, urban development and reclamation (Smith et al. 1979). 

The adequacy of the hydrometric network and information gathered has 

recently been assessed by Yaremko and Murray (1979). 

Before the water quality sampling stations were established, 

attempts were made to ensure that each sampling location was truly 

representative of the water quality of the entire stream. The exami

nation included transecting the stream at the proposed location and 

analyzing the samples for selected parameters. Where lateral or 

vertical stratification in the stream/river was suspected and/or 

observed, a new sampling area was chosen or, as was the case with the 

Athabasca River, three sampling locations across the river were 

monitored. The other factors considered in the selection were ease 

of access for sampling and any abnormal stream conditions. 
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After the selections were made, all AOSERP water quality monitoring 

stations (Figure 3) were fixed by detailed physical and biological 

descri pt ions, i ncl udi ng: 

I. Streamflow; 

2. Streamflow at locations where the stream is not gauged; 

3. Stream gradient; 

4. Stream width; 

5. Maximum and average depth; 

6. Cross-section area and configuration; 

7. Pool and/or riffle description; 

8. Substrate characteristics and composition; 

9. Stream bank height, configuration, characteristics, 

stability, soil type, composition, etc.; 

10. Submergent and emergent vegetation; 

11. Shore, stream bank, overstory and surrounding 

vegetation characteristics and composition; 

12. Presence or absence of algae, aquatic invertebrates, 

fish, and aquatic mammal activity (i.e., beaver dams); 

and 

13. Maps and/or photographs of the sample location and 

surrounding (upstream and downstream) area; and, by site 

markers or landmarks in such a way that interested 

researchers can find the sampling sites without personal 

guidance. 

1.3.1.2 Frequency of Sampling. Sampl ing frequency is a major 

c·onsideration in the design of a water quality monitoring net~rk 

because both the operational costs and the reI iability (and utility) 

of the water quality data derived from the network are related directly 

to the network. The AOSERP water quality monitoring network was not 

developed from results of a statistical analysis (elementary or 

sophisticated) of an existing water qual ity data bank or aimed at 

achieving equal information content from each station (Sanders and 

Adrian 1978). Rather it attempted to: 
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1. Provide a background assessment; 

2. Determine spatial, short-term, and seasonal variations 

in relevant water qual ity/quantity parameters, and 

investigate relationships between the parameters; 

3. Assign priorities to areas of concern; and 

4. Ascertain potential (or actual) effects of oil sands 

related developments. 

The original plans were to sample the regional sites twice 

monthly (weekly during high water period) and to sample the remote 

sites (Birch Mountains region and Peace-Athabasca Delta) monthly. 

Unfortunately, weight and space restrictions on the hel icopter required 

making extra trips or adjustments to planned sampl ing frequencies. 

As a cost saving measure, the Birch Mountains region and Peace-Athabasca 

Delta sites were sampled every other month on an alternate basis, and 

the major regional sites were also cut down to once-a-month samplings. 

Table 1 gives the sampling frequencies for AOSERP water 

qual ity sites. The deviations from planned frequencies of sampl ing 

reflect program redirection (see Section 1.3. l.l), cost-saving adjust

ments, and numerous occasions when sampling trips could not be made 

because of weather conditions, periods of ice break-up or ice formation. 

It is unfortunate that the cost-saving adjustments and insurmountable 

sampl ing conditions have imposed some 1 imits on the number and kinds 

of longitudinal correlations that can be obtained from the data base. 



Table 1. Water quality stations and sampling history. 

Station Date of Number of Samplings Date of 
last Code Number Description first sample 1916 1917 1918 1919 sample 

OOAT07CCOO12 ATHA~ASCA RAnn tOe n~Els ASO~E THE 
i~~ ~ENCE H 5 RI E Feb. 1976 14 7 9 10 Oct. 1979 , 

OOAT07CCOO]O ~~~Hs~~~rut~t8Ai~flDIT~HlsCA 2R~~kls Feb. 1976 3 2 - - Mar. 1977 

00AT07eeO]00 "'RSIlR~V&6 ~i~F~T rc~nAY 100 1977 4 1979 A ~1 S i Rlv A (tnS Jul. - 4 7 Apr. 

00AT07CDOO,,"O HANGINGSTOHE CREEK - A!A~lR~] Feb. 1976 8 11 10 10 Oct. 1979 

00AT07CD0100 SALINE CREEK - AOSERP May 1976 5 3 - - Jun. 1977 

00AT07CD2100 fik'tU~Alfi~'I~'EftC~~~XIB~II~Y 2000 Feb. 1976 10 7 8 10 Oct. 1979 

~~~"lR~ft81~E-L~~TA6s~~~ES "-00AT07CE2000 
t"-ay 1978 - - 8 10 Oct. 1979 

00AT07CE2191 fiIlUsHVMmn iiIO'BvE CONfLUEIICE Jun. 1978 - - 7 3 Mar. 1979 

00AT07DA0060 J~~P¥AVK~¥fiR--At·B~I.13sVp~TI6A~RP Feb. 1976 6 12 10 9 Oct. 1979 

00AT07DA0070 ~~=A~R~11 Hwl]6~I~Elo~=JH OF FORT May 1976 6 9 9 9 Oct. 1979 

00AT07DA0079 HUSKES RIVER NEAR THE HaUTH - AOSERP Feb. 1976 8 1 1 - Mar. 1978 

OOAT07DAOOOO VmE
8F

RI;' HA~m !SAH~~~a~ClnH Jul. 1976 6 12 25 10 Oct. 1979 

00AT07DAOO8! 
WlnHlIXS6E -HtRml~Ul!!"~mRP Sep. 1976 2 - - - Oct. 1976 

00AT07DAOO02 ~an1t5l~IE&~rH fiu~ilEsRle~~E-AosERP JUl. 1976 6 4 - - Jul. 1977 

OOAT07DAOO8] ~~~l5l~~E~~TH Au~K~3ll¥vt&O~EAOSERP Jul. 1976 4 7 - - Jul. 1977 

continued .••• 



Table 1 . Cont Inued . 
Station Date of Number of Samplings Date of 

last Code Number Description first sample 1976 1977 1978 1979 sample 
OOlT07DlOO8,. KURL LAKE TRIBUTARY TO IIJSKEG RIYER 

l_"lb~EA'OYE tONFLUEHCE NITH HUSKEG R. Jul. 1976 4 9 3 - Apr. 1978 

OOlT07DlOO85 Wm£flSUK - _ 7 lBU&P UPSTRElH FROH Jul. 1976 4 11 3 - May 1978 

OOlT~7DlOO86 ~SKEGxARl'UTA~l -3 ~I~ES h~STRElH 1976 Jul. 1977 ~SiDi _ lO~~~~ fiJL6E t lI~f HUSKE6 Sep. 3 7 - -.. 
OOlT07DlOO87 ~A~L5~'I~ NI'" ~?RJoRK·~5ABI~fi~ Jul. 1976 4 5 - - Oct. 1977 

OOlT07DlOO88 ~A~L5~'lfifi NIia ~BRJoRK·~5ABlkfi~ Jul. 1976 ; 4 5 - - Jul. 1977 

OOlT07DlOO89 JR~'~AR~pl¥R~~KJioHI~lITLE!lti~~&~ 1977 7 Jul. 1977 Jan. - - -
OOlT07DAOO90 fi2U~tfi!"iK:;i~ RtlEK~ACI6~R"ILE lBOVE Jul. 1976 5 12 15 4 Apr. 1979 

o 
OOl T07DlOO91 

!DA~iDJRtl'II~Ll'I~~~V~:'!~~:ERP Aug. 1976 6 5 - - Oct. 1977 

OOlT07DlOO92 KElRL LAKE OUTLET - lOSERP Aug. 1976 4 5 1 - Mar. 1978 

OOlT07DlOO93 KEARl LAKE INLET - lOSERP Aug. 1976 3 4 - - Jul. 1977 

OOlT07DlO09,. ~£'yRlX(IK1~ ~~k(apUPSTRElH FROH Sep. 1976 2 4 - - Jul. 1977 

OOlT07DAOO95 ~~~it,~i'~ S~F~K: 18sri~Es FRDH Jul. 1976 5 5 - - Jul. 1977 

OOlT07DlOO96 ~A~l~'i6~ NI¥a ~JoRK13_"Ik6iERP Aug. 1976 3 5 - - JuL 1977 

OOlT07DlO098 EllS RIYER NEAR.THE HOUTH NO.1 lOSERP Feb. 1976 2 - 7 4 Apr. 1979 

OOlT07DlOO99 EllS RIYER NElR THE HOUTH NO.2 lOSERP Aug. 1976 1 - - - Aug. 1976 

Continued •••. 



Table 1. Continued. 

Station Date of Number of Samplings Date of 
last 

Code Number Description first sample 1976 1977 1978 1979 sample 

00AT070A0100 UPPER EllS RIVER - 5 HILES BELOW Oct. 1976 2 11 12 2 Feb. 1979 6ARDIMER lAKtS - AT WSc GAUG! - AOs!RP 

00AT070A0110 ~~rXc~I:~~¥tAierl~'I~IU~~[ Nov. 1976 2 8 5 2 Mar. 1979 
, 

00AT07DAOll1 
~llll't;~lliBirR~j~u!fi~i':~TH34 1976 Oct. 1 - - - Oct. 1976 

00AT07DA011S UHAHEO CREEK -NEAR THE I10UTH -ADSERP Feb. 1976 2 - May 1976 - -
DOAT07DA012D lI~i~'~~~!s~ii:ni~1 nafi~ftY~FA~llp Oct. 1976 2 8 - - Nov. 1977 

OOAT070AOI21 ~liKll~~illi~oG~:~snJrol~1 attR May 1976 4 7 - - Nov. 1977 

DOATD70A01Z2 EYHUNDSDH CREEK AT HDUTH AOSERP .-
Nov. 1976 1 - - - Nov. 1976 

ODA:TD7DAOl30 ~l~t' ~IX~RwSc28AU~kES NORTH ~~o~~IJ Oct. 1976 2 8 1 - May 1978 

DOAT07DA0131 PIERRE RIVER HEAR TH! HDUTH AOSERP May 1976 4 - - - Nov. 1976 

ODAT07DAGl~0 fi~E'AnlYI: ~iftRu!~11 ua6~UYoF ~T Nov. 1976 1 . Y - AT WSC 6A - ADS! P 10 2 - liar. 1978 

00ATD7DA01~1 CALUHET RIVER HEAR THE HOUTH - AOSERP Feb. 1976 6 - - - Nov. 1976 

00AT070AOI50 b~RoJA'8!f:PtCKA~3 AIR HILES HORTH- 1976 2 11 2 - May 1978 
SA E-A R Oct. 

00AT07DA0151 TAR RIVER NEAR HOUTH-AOSERP May 1976 3 1 - - Sep. 1977 

00AT070A0160 'i~~lUEfiisE~I~2ErlkEII~~av~ AT WSC Oct. 1976 2 7 9 4 Apr. 1979 
UGE - SER 

00AT070A0170 t~ku~~srIX~RJOsfYnI~~~E~B~Y~T wsc Oct. 1976 2 12 4 - May 1978 

Continued 



Table 1. Continued. 

Station Date of Number of Samplings Date of 
last Code NlJlIber Description first sa~le 1976 1977 1978 1979 sample 

00AT070AOI79 BEAVER RIVER INSIDE SYlICRUDE AOSERP Oct. 1976 2 - - - Nov. 1976 

00AT070AOI80 6IA~5R~~f6eA2ev&x'~NElcunl cRt~1 ~Ik~ s~ GAUG - OSER Sep. 1976 3 11 4 - May 1978 

00AT070AOI81 BEAVER RIVER AT HNY 63 - ADSERP Aug. 1976 5 10 6 .- Oct. 1978 

00AT07DA0182 !R18~fR~REEK DIVERSION - AT HNY 6] Aug. 1976 4 8 9 10 Oct. 1979 

00AT07DA0190 UrGfRoJA'oIfvfi!cKAf
6

_
AI¥ Ui!E~A~i~:p 1978 Oct. 1976 2 9 1 - May 

00AT070A0200 A!H~8~ffi~ RIVER - OFF HCDONALD ISLAND Jun. 1976 15 - - - Oct. 1976 

00AT070A020! t;W:B~SCA RIVER - SITE] - tilLE 6.5 - "- Feb. 1977 Jun. 1976 5 2 - -

00AT070A020Z ATHABASCA RIVER ABDYE G.C.O.S. PLANT - Feb. 1976 8 - - - Nov. 1976 AOSE P _ 

00AT070A020] ~~~B~SCA RIVER - SITE ... - HILE 19 - Aug. 1976 5 2 - - Feb. 1977 

OUlT070A020,. ARtU~c~ U~~R AT OLD ADSERP DOCK Jun. 1976 7 4 - - Feb. 1977 

00AT070A0205 t~AB~'iasIA~ER - SITE 6 - HILEAGE Jun. 1976 5 2 - - Feb. 1977 -
tlOAT070AOZ06 ~1~~~ERAl'ft ~n'&UE&R8MUE Feb. 1977 HI • - OSER May 1976 5 2 - -

OOAT070A0207 ATHABASCA RIVER AT FORT HACKA! AOSERP Feb. 1976 6 6 12 10 Oct. 1979 

OOAT070A0208 t~~AV~icftl~IXE~ RI~~5i~F~uIM~fR~ITH Jun. 1976 5 2 - - Feb. 1977 

IOAT070A0209 ATHABASCA RIVER - ABDVE THE FIREBAG Feb. 1976 9 2 - - Feb. 1977 RIVER - HILE 82.'4 - AOSERP 

Continued •••• 



Table I. Continued. 
Station Date of Number of Samplings Date of 

last 
Code Number Description first sample 1976 1977 1978 1979 sample 

80AT070A0210 fi9~,~O~i6:~lln l~E"J~&iBlal8YvER 1 Feb. 1978 Jul. 1976 5 2 -

00AT070A0211 ATHABASCA RIVER - EHBARRAS RIVER Sep. 1976 1 1 - - May 1977 

OOAT070BOO11 HACKAY RIVER AT IINY. 63 AOSERP 
Feb. 1976 7 11 10 10 Oct. 1979 

00AT070B0028 ~¥Jfi:rl~l~ RI&Egx~EITAB~~EGi~~lUEHCE 1978 Oct. 1976 2 11 4 - May 

00AT070B0830 '~l~~~lf ~i;HX~~G~iA~wi8t:8~ Feb. 1976 4 12 11 2 Feb. 1979 

00AT070B0840 E~~L~EcUl'ft HAlK~'L&IOrUV~ t~sVi~ Sep. 1976 3 10 2 - Feb. 1978 

00AT070C0010 FIREBAG RIVER WSC SITE AOSERP Feb. 1976 6 11 11 3 Mar. 1979 

00AT070COO11 FIREBAG RIVER NEAR HOUTH AOSERP Sep. 1977 - 3 - - Nov. 1977 

00AT070C0020 h88JHC~El' Ws2"EiU!kF HIl! AB~la~lp Oct. 1976 1 7 1 - Jan. 1978 

00AT07000010 tlHmSEUIVER AT EIlBARRAS A!~&gUp- Jun. 1977 - 4 6 6 Oct. 1979 

-
00AT07OO0028 RICH4~OsoN RIYER AT WSC GAUGE -

AOSE Jun. 1977 - 5 7 3 Mar. 1979 

00AT07000090 JA~iinpC!&~ ~i~n~~n~rbbao'HE ~'H SAIRlT oasp May 1977 - 5 4 3 Mar. 1979 

00ATO.7000212 ftmt~~S~AounRsiT'I~ :gl~lpCHAllNEl Sep. 1976 2 5 4 7 Sep. 1979 

00AT07000213 AI~4Btl~~ ~'~IIA5c~l~TiH~~R~HANNEl Sep. 1976 1 - - - Oct. 1976 

00AT07000214 ATHABASCA RIYER - &OOSE ISLAIID CHANNEL Sep. 1976 1 - - - Sep. 1976 
NEAR LAKE ATHABASCA - AOSERP 

; 

Continued •••• 



Table 1. Continued. 

Station Date of Number of Samplings Date of 
last 

Code Number Description first sample 1976 1977 1978 1979 sample 

00AT07KF0100 ItAItAWI lAKE CHANNEL - AOSERP Jun. 1977 - 5 6 2 Mar. 1979 
, 

00AT07KF0101 ie&K3~~'JbX:,ftll~~iUI:l~TREAH Jun. 1977 - 5 5 4 Jul. 1979 

OOAT07KFOlItO ~IRIE RIYER-WSC. SITE -AOSERP Jun. 1977 - 5 5 2 Mar. 1979 

00AT07NA0030 YI¥I~'EBISuJ~llR OF REYIlllON COUPE Sep. 1976 1 4 5 7 Oct. 1979 

OOAT07NAOOll 1~li~E DES ~HERS AT HIlE 217.5 May 1977 - 1 - - May 1977 

01AT07CDlO00 kft~&RJ6 HILES EAST OF fT. HCHURRY Feb. 1976 1 - - - Feb. 1976 

01AT07CE0010 ~':!iII:ohIKfiAiFA~IreCwl~YSfiF ANZAC 
.. 

1976 Oct. 1976 1 - - - Oct. 

01AT07CEOOll GREGOIRE LAKE AT WIER - AOSERP Oct. 1976 :l 11 10 10 Oct. 1979 

O1AT070A020. !!pr~ BlHBveBtl~&TI~BlICH ~Utp Jan. 1977 - 11 2 - Mar. 1978 

O1AT070A0210 Ut~ ~TlIJRlltiME~AIN LODGE IN Jan. 1977 - 11 3 - Apr. 1978 

OlAT070A0220 fit~EU5¥lE~AlfislUpBIRCH.HOUNTAINS Jan. 1977 - 12 8 - Nov. 1978 

OlAT070A0300 HCCLEllAND LAKE AOSERP Feb. 1976 1 - - - Feb, 1976 

OlATD70A20DO GARDINER LAKE LOWER SITE - ADSERP Jan. 1977 - 4 2 - May 1978 

. 
0IAT070BD015 1~~£Up LAKE _IN SNIPE CRE~K BASIN Jul. 1977 - 1 - - Jul. 1977 

01AT07OO008D RICHARDSON LAKE CENTER - ADSERP Sep. 1976 1 5 4 - Dec. 1978 

Continued ••• 



T b 1 a e . c 1 d d one u e . 
Number of Samplings Date of Station Date of last Code Number Description first sample 1976 1977 1978 1979 sample 

OlATD7KF0200 ~~~H~Aftl~!INR ~Jlgm~RaIVVU~URP Jul. 1977 4 5 3 Mar. 1979 -
DlAT07KF0201 ~~:Bllt~R~ot~2~~~58AUtINII¥VE7~EsT .. 

May 1977 - 5 4 2 Feb. 1979 

D1AT07MD200D b~~~ AJH~'~~~ AINB~~&I~yI~TAOSVU~ Jul. 1977 - 4 3 1 Jan. 1979 

OlAT07M02300 DORIE UKE NEAR FORT ~ICIV~~N Jan. 1978 - - 1 - Jan. 1978 

-

\11 

-
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2. WATER QUALITY DATA COLLECTION 

2.1 INTRODUCTION 

To produce reliable water qual ity data, guidelines and 

terms of reference were developed to guarantee the two conditions 

that must be met. Firstly, the sampling procedure employed in the 

field must produce samples that are truly representative of the water 

quality of the stream, river, lake, or point source; and these 

samples must be handled in such a way that they do not deteriorate 

or become contaminated before they reach the analytical laboratory. 

Secondly, the analyses of the water for the various parameters must 

be accurate. To ensure the latter, an analysis contract, patterned 

after an example in the literature (Edwards et ale 1975; Edwards et ale 

1977), and terms of reference requiring compliance with internal and 

external qual ity control conditions were drawn up. The external 

quality control was provided by the participation of Alberta Environ

ment's Pollution Control Laboratory and Environment Canada's Inland 

Waters Labora tory (Ca I gary). 

2.2 FIELD WORK 

Environmental Protection Services personnel in Fort McMurray 

and Fort Chipewyan were responsible for all the field measurements, 

samplings, and sample shipment. 

Truck, trail bike, snowmobile, jet boat, float plane and/or 

helicopter were used, as required, to reach sampling sites. During 

late fall to early spring, a portable ice auger was used to drill 

through the ice cover. 

AOSERP water quality field sheets (Figure 4) were used in 

the study to enter detailed information and eliminate problems that 

can arise from improper identification, of samples, since constituent 

levels may vary with stream/river depth, flow, and distance from 

shore and from one shore to the other. Generally, the pieces of 

information included: 

1. Source and location of site (station number and/or 

full description as required for data processing), 

including a cross-section locator; 
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A.O.S.E.R.P. llEGIONAL WA'l'ER gUlILI'.!'Y SAMPLING SHEE'l': PROJECT WS 1.2.1 

SAMPLED BY: 

STATION DESCRIP'l'ION. 

STA'l'ION -SAMPLE CODE: 

SAMPLING SI'l'E: 
Access: 
___ wading' 

___ cableway 

.0,5,A,O, AT An I , , , I • ,1$kSJi , J • J I I , I J'I S T 
DDtltlYYhhmlll 

(datel (time I 
____ meters upstreem fraIII gauqe. 

____ meten downstreem fEOlll 9&11118. 

____ !Zlli! meters fEOlll surface. 

boat 

ice cover 

____ ~ meters fram riqht I:>aDk facinq downstream. 

____ ~ ... ters from left bank facing clownstr_. 

Suspended Sedaent SlIIIIPle? __ 
Staqe (lake levell. 

FIELD PARAME'l'ERS: ~ temperature (oCI 

_____ 0204lF I8P8cific conductance 
~pH 

____ ~ diasolved oxyqen. 

WEATHER CONDITIONS: Air temp. __ oC Barometric Pressure. em 8q. 

Cloud cover _, Precipitation Wind (l8P8ed//direction) __ _ 

1YPE PARA'mPS TO BE AKIlLYml 

.UAll 
-' R 1 11tre IIoDe _ca, __ Ha, __ JC, _S.,_A 

plastic _~, __ Cl __ I', __ Silica, 
_Sulphate, __ conductance, 
__ Alkalinity, __ pH. 

61 32 01: glass 1I0ne ILJAll _odor, _color, __ 'l'Urbidity 

_'1'annin , Liqnin, __ Sulfactanta 

__ Dissolved solida*, -- Cr (+6), 

_SU.p. solids*, __ Humic Acid., 

__ !'u1ric acids. ~ total , volatile 

1 litre 2.5 ml Cone lUll _COD, _'1'otal ltjel4ahl, 
62 plastic H2SO4 _ 1III3-H, _Total PhoephorOUl, 

06 32 01: qlass 2.5 ml Conc ~S04 - Oil 8Jl4 Gru ... 

P 
1 !JIll CUS04 8JId 

32 oz gl .. s 2 ml 85' 1!3P04 -- Phenols. 

NC 5 oz plastic None UAll _o-P04 , _H03-HJ0
2

-1l 

_ Total inozq. C, _'1'otal 0l'9. 
'1'otal di .. olved orq. C, 

C 

1 litre 10 .. 1 cone. BNO 
UAll 

__ Cd, _Cu, _Pe, _V, M plastic (add after umpiing __ lin, Zn, _Al, _JIb, -__ Ag, _co, - -
_Ti,. Hi, Be, , 

HG ~ oz ryrex -2 mr- sal. of 0.5' 
--Mercury bottle ~ , 0.5' ~cr~ 

( afte: slIIIIPl 

Cv 250 m1 plasti c) 1 ml 6111 lIIaell --Cyanide 

S 5 oz pla.tic 2 ml lJ! ZnAc _Sulphide 

CH 32 oz plastic 1 ml 10' MgC03 -- Chlorophyll "A" 

PH H 40 oz W~tle Hone, (keep cool & __ '1'Otal Hydrocarbon 
out of sun) 

~: FILL BO'l"l'LE TO 90, CAPACI'l'Y. 'l'elex Lab prior to or soon after sbippinq umples 
,enclose a duplicate copy of each samplinq sheet.) . 

IQ!MARKS - PIlOIIl.EMS IN S»IPLI1IG -- etc. 

Figure 4. AOSERP regional water quality sampl ing sheet. 

" 
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2. Date and time of sampl i ng; 

3. Field data and/or test results, other observations, 

and sampl ing technique employed; 

4. Markings to indicate parameters to be analyzed; and 

5. Sample bottle label numbers. 

Field Measurements 

The field data collection and analyses included, but were 

not always limited to the perameters 1 isted in Figure 4. Portable 

field instruments (a Radiometer pH Meter, a Hydrolab Conductivity

Temperature Meter, and a Hydrolab Dissolved Oxygen Meter) were 

calibrated in the Mildred Lake laboratory immediately before each 

sampling round using procedures supplied by the manufacturers. These 

instruments were used for on-site measurements which, together with 

other required field data and observations, were recorded on the 

field sheets. Whenever possible (i.e., where NAQUADAT code numbers 

are available) these results have been coded and entered on the 

computer files containing the chemical analyses results from the 

contractor. 

The numerous gaps in field data were a result of instrument 

failures, freeze-ups, temporary malfunctions and/or breakages caused 

by means of transportation used or weather conditions. 

2.2.2 Sampling 

The collection of water samples basically followed Environment 

Canada's procedures (Water Survey of Canada 1978). 

In the case of a shallow stream, an "integrated" sample from 

top to bottom (in the middle of the stream) was taken in such a way 

that the sample is made composite according to flow. This is accom

pI ished by lowering the sample container (mouth tilted down) by hand 

to near the bottom, making sure not to contaminate the sample with 

bottom sediment or debris, and allowing the container to fill (mouth 

tilted up and facing upstream) as it is being pulled up. 
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Samples collected from lakes and large rivers (e.g., 

Athabasca and Clearwater rivers) generally consisted of surface 

"grab" samp1 es co 11 ected from near mi dstream. The choi ce of locat ion, 

depth, and frequency of sampling of the lakes and large rivers was 

influenced to a great extent by logistic and fiscal considerations. 

It is realized, for instance, that taking monthly grab samples from 

a lake would probably not identify seasonal variations caused by 

stratification, rainfall, runoff, wind, and biotic processes. Unfor

tunately, transect, depth-integrated and more frequent samplings, 

required by an intensive study of the this area, would he time 

consuming and very costly. 

All possible sources of sample contamination were investi

gated and eliminated. One source of possible lead contamination was 

found to be the ice drilling equipment used during winter samplings. 

The ice auger flighting was coated with a lead based paint (see 

Table 2). The paint layer consequently was removed using a sand 

blaster. Procedures and other pieces of equipment were routinely 

checked to identify/eliminate possible sources of contamination. 

Another precaution taken during sampling from ice-holes 

(or stagnant bodies of water) included using a stainless steel bucket 

or taking the samples in sequence; those that do not require preser

vatives after sampl ing were collected first. When those were filled, 

bottles requiring preservatives after sampl ing and bottles containing 

preservatives were then dipped into the water in the sequence: 

R G1 NC M HG RiH rn S Cv G2 III P 
This ensured that overflow did not contain a constituent that would 

contaminate subsequent samples. 

2.2.3 Sample Preservation, Storage, and Shipment 

Deterioration of water samples is a concern in any water 

quality sampling program. Attempts to reduce the effects of physical, 

chemical, and biological processes which may result in sample deterio

ration have included the following preventive measures: 



Table 2. Analyses of paint sample scrapings from ice drilling equipmenta . 

Sample b 
Numbers Co Cu tin Ni Cd Cr Pb Zn 

1. 0.002 0.007 0.020 0.004 <0.001 0.010 0.103 0.013 

2. 0.002 0.017 0.020 0.004 <0.001 3.750 23.40 0.030 

3. 0.002 0.010 0.068 0.063 <0.001 0.250 1.600 0.024 

4. 0.006 0.022 0.018 0.006 <0.001 0.350 0.520 0.570 

5. 0.001 0.004 0.042 0.004 <0.001 0.150 0.850 0.014 

a These quantities (mg/L) are relative since scrapings were not weighted. The scrapings were 
digested and all samples diluted to the same volume prior to.analysis. 

b Sample Numbers: 

I. Needl e Bar 

2. Ice Auger Extension 

3. Paint from Ice Auger 

4. Slush Remover 

5. Ice Chisel 

N 
o 
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1. Use of specific containers; 

2. Use of chemical preservatives; and 

3. Minimum transit time. 

As shown in Figure 4, some samples required that preser

vatives be added on-site after sampl ing, while others had the 

preservatives in the bottle prior to sampling. The specific containers 

and preservatives used during the history of this study are documented 

in Table 3. 

Water samples and a set of the completed field sheets were 

crated, air freighted and generally arrived at the laboratory within 

24 h of sampl ing, for Fort McMurray area samples, and between 30 to 48 h 

for Peace-Athabasca Delta area samples. The contracted analytical 

laboratory assumed responsibil ity for the samples upon arrival at the 

Calgary International Airport. 

2.2.4 Field Work Summary 

The above discussions outlined field measurements, sampling 

procedures, and precautions taken to collect relevant data, minimize 

sample deterioration, and ensure that the samples were truly represen

tative of the source. The guidel ines emphasized: 

I. Adhering to establ ished sampling sequence and 

frequency; 

2. Using proper site codes and descriptions; 

3. Accuracy and clarity in recording all field data, 

comments, observations, identification of bottles, 

sampling time, date, location, etc., 

4. Significance of sampling from the same location; 

5. Ensuring that the water samples are truly representative 

(i.e., employing proper sampl ing technique and good 

judgment) of the water quality station (river, lake, 

industrial effluent, etc.) from which the samples 

or i g i nate; 

6. Employing integrated sampling techniques on rivers; 



Table 3. A historical summary of sample containers, preservatives, holding times, analysis 
methods and detection limits. 

Parameter 

Calcium 

Magnesium 

Sodium 

Potassium 

Chloride 

Sulphate 

Phenolphthalein 
Alkalinity (a5 CaCO!) 

Total Alkalinity 
(as CaCOl) 

pH 

Fluoride 

Silica 

Conductance 

Colour 

Tannin' Lignin 

Total Flltble Res. 
(TFR) 

Total Flltble Res. 
F I xed (TFRF) 

Total Hon-flltble 
Res. (THFR) 

Preservat I vea 

R. pZaatio Hone 

" " 

" " 

" 

" " 

" 

" " 

" 

" 
" 

" 

" " 
0-1. gla88 

" " 

" 

" 

Analysis Hethod(g) 
NAQUADAT CODE(S) .c 

2010lL 

12lD2L 

1Il02L (to Aug 78) 
1I10lL . {to present) 

19102l (to Aug 78) 
1910ll (to present) 

I 720ll 

16l06l 

1015ll 

1010ll 

10lOIl 

09105l (to Jul 78) 
09107l (to present) 

1~102l (to Jun 76) 
1~IOll (to present) 

020~IL 

020lll (to Aug 77) 
0202ll (to present) 

06551l 

JOII51l 

l0551l 

lO~OIl 

Dectect Ion Liml ts 
mg/L (except when 
Indicated) 

0.01 (to Sep 77) 
0.001 (to present) 

0.01 (to Sep 77) 
0.05 (to present) 

0.05 (to Aug 78) 
0.01 (to present) 

0.05 (to Aug 78) 
0.01 (to present) 

1.0 (to Sep 77) 
0.1 (to Jul 78) 
0.01 (to present) 

1.0 
0.1 

0.5 
0.1 

0.5 
0.1 

0.01 

(to Jul 79) 
(to present) 

!to Jun 78) 
(to present) 

(to Jun 78) 
(to present) 

pH units 

0.1 (to Sep 76) 
0.05 (to present) 

0.02 

0.2 

5 
5 

0.1 

1.0 

1.0 

O.~ 

ps/cm 

(ReI. Units) 
(Pt Co colour 
Units) 

Maximum Holding 
Time (working 
days) 

10 

10 

10 

10 

7 

7. (to Jun 78) 
5. (to present) 

7. (to Jun 78) 
~. (to present) 

1 

d I. (to Jul 78) d 
~. (to present) 

7. (to Jul 78) 
12. (to Jun 79) 
IS. (to present) 

7. (to Jul 78) 
12. (to Jun 79) 
15. (to present) 

7. (to Ju I 78) 
12. (to Jun 79) 
15. (to present) 

Cont inued ••• 

N 
N 



Table 3. Continued. 

Parameter 

Total Non-flltble 
Res. Fixed (TNFRF) 

Turbidity 

Surfactants 
(HBAS) 

Humic Acids 

Fulylc Acids 

Total Inorganic 
Carbon 

Total Organic 
Carbon 

Total Dlss. Organic 
Carbon 

Nitrate-Nitrogen 

Nitrite-Nitrogen 

(Nitrate & Nltrlte)
Nitrogen 

Ammonia-Nitrogen 

Total Kjeldahl 
Nitrogen 

Total Phosphate
Phosphorus (as p) 

Ortho-Phosphate
Phosphorus (as P) 

Phenols 

" 

Me. pZastia 

" 

" 

" 

0-2. pZastia 

" 

" 

Me. pZastia 

p. gZass 

Preseryati yea 

None 

" 

" 

" 

2.5 mL conc H2S0~ 
per litre of sample 

None 

I g CuSO~ and 
2 mL 85% H3PO~ 
per 32 oz of sample 

Analysis Hethod(s) 
NAQUADAT CODE(S)b.c 

l050lL 

020nL 

1070lL Han. Extr. 
(to Aug 77) 

1070lL Aut. Extr. 
(to present) 

06581L (eff. Sep 77) 

93050L (eff. Jun 78) 

06051L 

0600lL 

0610lL 

OnOOL 

07206L 

07110L 
07111L (intermit.) 

07555L 

0701)L (to Sep 77) 
07015L (to present) 

15~06l 

15256L 

06532L 

Dectectlon Limits 
mg/L (except when 
Indicated) 

O.~ 

O. I JTU 

0.02 

1.0 

1.0 

0.5 

0.5 

0.5 

0.01 (to Jun 77) 
0.00) (to present) 

0.01 (to Jun 77) 
0.003 (to present) 

0.01 (to Jun 77) 
0.003 (to present) 

0.01 (to Jul 79) 
O. 002 (to pre sen t) 

O. I (to Apr 78) 
0.02 (to present) 

0.005 (to Jun 77) 
0.003 (to p'resent) 

0.005 (to Jun 77) 
0.003 (to present) 

0.001 

Haximum Holding 
Time (working 
days) 

7. (to Ju I 78) 
12. (to Jun 79) 
15. (to present) 

7. (to Jun 78) 
2. (to present) 

I. (to Sep 77)d 

3. (to present)d 

12 

12 

d 
I. (to Jun 78) d 
5. (to present) 

d 
I. (to Jun 78) d 
2. (to present) 

d I. (to Jun 73) d 
2. (to present) 

I. (to Jun 78)d d 
2. (to present) 

d 
I. (to Jun 78) d 
2. (to present) 

d 
I. (to Jun 78) d 
2. (to present) 

5 

5 

5 

d 
I. (to Jun 78) d 
2. (to present) 

I.d 

Cont i nued ••• 

N 
W 



Table 3. Continued. 

Parameter Bottlea Preservative a Analysis Hethod(s) Dectection limits Haxlm ... Holding 
NAQUADAT CODE(S)b,c mg/l (except when Time (working 

Indicated) days) 

011 II Grease OG. glass 2.5 ml conc H2SD~ 065211 0.2 (to Sep 77) 12,d 
(or 5 ml 1+1 H2S0~) 0.1 (to present) 
per lItre of sample 

Sulphide S. plastic 2 ml IH ZnAc 0610ll 0.05 (to Jul 78) 
per 5 oz sample 0.01 (to present) 

Cyanide CN. plastio 5 ml 6N NaOH 06603L (to Jan 78) 0.01 (to Jan 78) 6 
per litre of sample 0.002 (to Har 78) 2 (most samples) 

0.001 (to present) 

Total Hydrocarbon PHH. llline None 06500L (eff. Jun 78) 1.0 (to Sep 77) II, kept cool 
(as C10) bottle (~,.°C) out of 

sunlight 

Ch I orophy II "a" CR. plastio I mL. 10% HgC03 06711L 0.005 (to Sep 76) o filtered 
per litre of sample 0.001 (to present) Immediately 

(fiberglass 
filter), frozen 
and analyzed 
wi thin 9 days 

Chemical Oxygen G-B. plastio 2.5 mL conc H SO 0830lL 1.0 ,. 
Demand per litre of sample 

N 
Cadmium N. plastic 2 mL conc HN03 48302L (Extr. ) 0.001 15 .l:-

(to Jun 77) 
10 mL conc HN03 
(to present) 

added per litre 
of sample 

Cooper " 29305L (Extr.) 0.001 15 

Iron " 26]0'IL (Extr. ) 0.01 (to Apr 78) 15 
(to Sep 77) 

26302L (Extr. ) 0.001 (to present) 
(to Jul 79) 

26304L (Extr.) 
(to present) 

Lead " " 82302L (Extr.) 0.002 15 

Hanganese " 2530ltL (Extr.) 0.001 15 
with preconcen. 

ZInc " " 3030ltL (Extr. ) 0.001 15 
(to Oct 76) 

30305L (Extr.) 
(to present) 

Cont i nued •.. 



Table 3. Continued. 

Parameter Bottlea Preservat Ive a Analysis Method(s) Dectectlon limits Haximum IIolding 
NAQUADAT CODE(S)b,c mg/l (except when Time (working 

Indicated) days) 

Vanadium " " 2300ll (T) 0.01 (to Dec 76) 15 
0.001 (to present) 

23002l (T) 
with preconcen. 

Nickel 283021 (Extr.) 0.002 (to Apr 78) 15 
0.001 (to present) 

Aluminum " IH02l (Extr.) 0.01 
wi th preconcen. 

Cobalt " 2]302l (Extr.) 0.002 (to Apr 78) 15 
0.001 (to present) 

Beryllium " 0"3011 (Extr. ) 0.001 15 
0"030l (Extr.) 

Chromium (+6) 0-1. glass None 2"101l (correct Ion 0.003 2 
for color Interference 
Instituted Jun 78) 

Mercury (T)c HG. I ml HN03 80015l (to Oct 76) 0.0002 (to Oct 76) 7 (to Jul 79) 
polypropylene. per 5 oz sample 8001ll (to present) 0.0001 (to present) 10 (to present) 
(on rare (to Sep 76) N 
occasions I ml 30% HN03 + \11 
pol vethy lene) I ml 5% K2Cr207 

per 2 oz sample-
added after 
(to present) 

Boron (Dlss.)c M. plasHa 2 ml conc. HN03 05105l (to Dec 77) 0.01 15 
(to Jun 77) 05106l (to present) 
10 mL conc. HN03 
(to Sep 77) 

R. plaatia None 
(to present) 

Sliver (Extr.)c AG. plastic 0.5 g EDTA + I ml "nOll (to Jul 77) 0.005 (to Har 77) 15 
(to Sep 77) 1:1 HN03 per 5 oz "n02L (to present) 0.001 (to present) 

sample-added after 
(to Sep 77) 

M. plastia 10 ml conc HN03 per 
(to present) II tre of sample 

-added after 
(to present) 

Conti nued ••. 



Table 3. Concluded. 

Parameter Bottlea Preservative a Analysis Hethod(s) Dectect Ion Llml ts 
NAQUADAT CDDE(S)b,c mg/L (except when 

Indicated) 

Arsenic N, plastic 2 mL Conc HND, per 3310~L (0155.) 0.005 (to Aug 76) 
(to Jan 77) II tre of sample 0.001 (to liar 77) 

(to Jan 77) 0.0005 (to Jun 77) 
0.0002 (to present) 

0-2,. plastic 2.5 mL Conc H2S0~ 
(to Jun 78) per litre of sample 

(to Jun 78) 

R, plastic No preservative 
(to present) (to present) 

Selenium N, plastic 2 mL conc HNO, per 3ltl02L (0155.) 0.005 (to Aug 76) 
(to Jan 77) litre of sample 0.002 (to Jun 77) 

(to Jan 77) 0.0002 (to present) 

0-2, plastio 2.5 ml Conc H2S0~ 
(to Jun 78) per litre of sample 

(to Jun 78) 

R, plastic No preservative 
(to present) (to present) 

OTHER METAL FORMS MONITORED OCCASIONALLY: 

Vanadium (Dissolved) 2310lL Beryllium (Dissolved) OltlOIL Antimony (Extractable) 
Vanadium (Dissolved) 23102L Iron (Dissolved) 2610lL Antimony (Dissolved) 
Cadmium (Dissolved) It8102L Mercury (Extractable) 80311L Bar I. urn (Extractable) 
Nickel (Dissolved) 28102L Mercury (Extractable) 80313L Strontium (Extractable) 
Lead (Dissolved) 82103L Molybdenum (Extractable) 4230lL Stront lum (Dissolved) 
Cobal t (Dissolved) 2710lL Titanium (Total) 92500L Boron (Dissolved) 
Copper (Dissolved) 29105L Chromium (Extractable) 24302L Boron (Extractable) 

a Refer to Figure It. 

b For details of analytical methods and Instrumentation, refer to Alberta Environment (1977). 

c Man. Extr. 
Aut. Extr. 
T. 
Dlss. 

d at "DC 

- Manual Extraction 
- Automated Extraction 
- Total 
- Dissolved 

Maximum Holding 
Time (working 
days) 

15 

15 

5130lL 
5110lL 
5630lL 
3830ll 
3810lL 
05102L 
0530ll 
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7. Adding the right preservative, in the right amount, 

and into the numbered bottle; 

8. Avoiding solutions not used in sample preservation 

from contaminating samples; 

9. Expediency in shipping of properly labelled samples; 

and 

10. Contacting the analytical laboratories to inform 

them that samples have been shipped. 

2.3 LABORATORY ANALYSES 

The second criterion for producing dependable water qual ity 

data relates to the "quality" of containers and preservative reagents 

and the accuracy of analyses required to define the natural water 

qual ity of the AOSERP study area. An appropriate description of the 

composition of study area waters required: 

1. Results of timely analyses for major ions, nutrients 

and certain organics; 

2. Results of timely determinations of levels of other 

parameters susceptible to change; and 

3. Documentation of concentrations of heavy (and trace) 

metals that may, in the future, be mobilized by oil 

sands mining operations and which may have significant 

effectson aquatic fauna. 

·Bacteriological samples were collected in containers supplied by, and 

the analyses (Total Col iform, Fecal Col iform, and Standard P·late 

Count) performed by the Public Health Laboratory (Edmonton). The 

chemical analysis contract was awarded yearly to the laboratory that 

proved to be most competent in an open tender competition. 

2.3. 1 Chemical Analysis Contract 

The Terms of Reference for the chemical analysis contract 

required the contractor to: 

1. Provide all sample bottles, suitably labeled teflon-

capped vials, preservative reagents and shipping labels; 
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2. Provide only new bottles for samples to be analyzed 

for trace metals; 

3. Provide only preservative reagents of the quality 

recommended by Alberta Environment's Pollution Control 

Laboratory. The 1 ists of sample containers and 

preservatives used during the study are shown in 

Table 3. No deviations from these 1 ists were permitted; 

4. Analyze samples for specified parameters taken from 

those in Table 3, and according to specific directions 

accompanying each sample. Because several research 

projects were involved, the analytical requirements 

varied ,by project; and in the later parts of the 

project, parameters showing consistently low levels were 

dropped when and where project reviews considered that 

such a move would not compromise the value of the data 

base; 

5. Use the standard methods and detection limits (Table 3) 
agreed to in the contract. When alternative methods 

were proposed by the contractor, they were first reviewed 

with the Pollution Control Laboratory before being 

approved for the contract; 

6. Supply data on punched cards (or high density nine

track tape) compatible with Government of Alberta 

Computer System and acceptable to the NAQUADAT program; 

7. The contractor was required to meet the quality control 

criteria specified in Section 3; and 

8. Persistent gross errors in the analyses reported to EPS 

were subject to penalties under terms of the contract. 

2.4 DATA STORAGE AND RETRIEVAL SYSTEM 

The Athabasca Oi 1 Sands area water qual ity data collected 

by this AOSERP project are stored in NAQUADAT, the computerized National 

Water Qual ity Data Storage and Retrieval system, which is a repository 
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of water quality information designed to store physical, chemical 

and selected bacteriological and hydrometric data. The insert 

below gives an example of a NAQUADAT reporting format. 

STATION 00AT070A0090 LATITUDE 570 15M 34S LONGITUDE 1110 2711 51S 

HARTLEY CREEK - ONE-QUARTER MILE ABOVE CONFLUENCE WITH MUSKEG RIVER GAUGE - AOSERP 

SAMPLE 97202F 97206F 97~SlF 02061F O:061L 10101F 10301L 
DATE TIME SAnPLING SAMPLltlG DEPTH OF TEMPERATURE TEMPERATURE PH PH 

DIST. FROM DIST. FROM SAMPLIIIG OF OF 
lIST LEFT BANK RIGHT BANK wnER WATER 

FROM SURF. 
D H T H H M H M DEG.C. DEG.C. PH UNITS PH UNITS 

5 6 78 10 10 1. 0.1 15.5 8.1 7.65 
21 6 78 10 IS 1.5 5.0 0.4 14.5 7.9 7.48 
10 7 78 09 15 1.5 2. 0.1 14.5 7.0 7.80 
20 7 78 09 00 1. 3. 1- 7.50 
15 8 78 10 20 4. 1. 0.1 13. 8.2 7.40 

SAMPLE 020UF 0204lL 08102F 20101L 12102L 11102L 19102L 
DATE TInE SPECIFIC SPECIFIC OXTGEN CALCIUM HAGNESIUM SODIUM POTASSIUM 

CONDUCT. CONDUCT. DISSOLVED DISSOLVED DISSOLVED DISSOLVED DISSOLVED 
nsT 

02 CA 116 HA K 
0 n T H n I/S/CII US/CII I1G/l l1G/l ItG/L l1G/l HG/l 

5 6781030 81 130 5.2 20.0 6.0 10.8 Oll 0.40 an 
u 6 78 10 15 120 166 9.5 21.9 5.7 10.7 03l 0.20 all 
10 7780915 120 211 9.9 28.7 7.' 12.4 an 0.10 Oll 
20 7780900 227 30.0 9.0 11.7 03l l.OI 03l 
15 8 78 10 20 74 189 8.8 31.1 8.8 14.1 Oll 0.50 03l 

SAMPLE 17Z03l 16306l 10151L 1010H 0610lL 06201L 1060ZL 
DATE T1I1E CHlCIIIDE SULPHATE ALKALINITY ALKALINITY CAR&OIIATE BICtr.SDHT • HARDllOSS 

DISSOLVED DISSOLVED FHEIIOL - TOTAL (CALCD.I (CALCD. I TOTAL 
nsT PHTHAlEIl1 (CAlCO. I 

Cl S04 CAt03 CACOl COl HCOl CAcel 

D " T H n IIIVl I1G/L nG/l t1;I'L nG/l MG/l HG/l 

5 6781030 1.3 4.3 l.l 86.0 o. 105. 74.6 
ZI 6 78 10 15 1.9 4.1 l.l '0.' o. 110. 78.2 
10 7780915 2.1 5.0 L.l 119.4 O. 1 .. 6. 104.2 
20 7780900 Z.4 4.5 L.l 131.7 O. 161. 112.0 
15 8781020 2.0 6.2 l.l 125.8 O. 153. 114.4 

For complete information on the capabil ities, graphic plots, 

and all reporting formats of the NAQUADAT system, the reader is 

requested to contact: 

Data and Instrumentation Seation 

Water QuaZity Branah 

Environment Canada 

PZaae Vinaent Massey 

Otta1J)a~ Canada 

KZA OE? 
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2.5 AVA I LAB IL ITY OF AOSERP WATER QUALITY DATA 

All the data generated by the AOSERP regional water qual ity 

monitoring program and the Muskeg River watershed study (Akena 1979) 

are stored in Alberta Environment's NAQUADAT files. Unfortunately, 

water quality data collected by other AOSERP studies, for instance, 

biological and groundwater studies, are not contained in this data 

bank. Most of these other data are, however, published in AOSERP 

reports. A 1 ist of AOSERP publications is available at the back of 

this report. 

The water quality data stored in Alberta Environment's 

NAQUADAT files are updated regularly. In order to obtain a retrieval 

from the data files, it is only necessary to inform 

Water Quality Control Branah 

Alberta Environment 

9820 - l06 Street 

Edmonton~ Alberta 

T5K 2J6 

TeZephone (403) 427-5828 

of the information required from the NAQUADAT files and agree to pay 

the computer costs (minimal) associated with the request. 

2.6 NON-AOSERP WATER QUALITY DATA 

In addition to the AOSERP study area surface water quality 

data collected since February 1976, the project has also assembled 

some non-AOSERP (includingpre-AOSERP) surface water quality data. 

Most of this latter set of data was abstracted from reports of Federal 

and Alberta Government Departments, Alberta Research Council, universi

ties, private consulting firms and oil sands industry (Appendix 5.1). 

Unfortunately, the studies culminating in these reports used a wide 

variety of collection, storage, and analysis procedures. A majority 

of the data bases contain: 

I. No definition of extent or accuracy; 

2. Unclear location of sampl ing sites; 

3. Incomplete field data; 
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4. Lack of documentation of sampling procedures and 

sample preservatives used; 

5. Unidentified analytical laboratories; 

6. Lack of rigorous quality control and quality assurance 

programs; 

7. Inconsistencies in sites and parameters monitored; and 

8. Incomplete or lack of documentation of analytical 

methods, detection limits and precision (see Sections 2 

and 3). 
Because the available information is incomplete and/or cannot be 

val idated, no attempts will be made to evaluate these data bases in 

terms of AOSERP's general objectives. The user is advised to place 

little emphasis on the precision or accuracy of the data and to exercise 

caution when comparing the results of those studies with AOSERP's. The 

above remarks should not, however, be misconstrued to mean that previous 

studies are worthless. 

2.7 SUMMARY 

The project used trained field technicians, reliable sampling 

and sample preservation techniques to ensure that the field work was 

sufficiently free of error. 

The quality and accuracy of laboratory analyses were assured 

by enforcement of conditions of the chemical analysis contract patterned 

after examples in the I iterature. Specifically, they prescribed internal 

and external quality control conditions. 

The Athabasca Oil Sands area water qual ity data generated by 

this AOSERP project are stored in Alberta Environment's NAQUADAT files; 

and are readily available in one of the many NAQUADAT reporting formats. 

Non-AOSERP water quality data have not been entered in the NAQUADAT 

files because of uncertainties associated with the location~ of sampl ing 

sites, sampl ing procedures, analytical methods, data, qual ity assurance, 

and qual ity control measures used by the various groups. 
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3. QUALITY CONTROL PROGRAMS AND DATA COMPARABILITY 

3. 1 CONSULTANT CAPAB I LI TV 

Consultant laboratories in Alberta were requested to submit 

proposals detail ing their services, equipments, expertise, experiences, 

and fee schedules. Awarding the analytical service contract to a 

laboratory depended heavily on analytical performance; and retention of 

the contract was assured only as long as a high standard of day-to-day 

performance was reflected in the exhaustive performance evaluations 

(see Section 3.2). 

3.1.1 Consistency of Analytical Data and Internal Quality Control 
Programs 

3.1.1.1 Ion Balance and Data Checks. For analytical data to be 

acceptable, an ion balance (NAQUADAT method OOl03L) within the range 

0.90 to 1.10 was required. In the case of a smaller amount of sample 

being available for analysis and thus insufficient sample to recheck 

some of the ion analyses, an analysis report containing an ion balance 

within the range 0.85 to 1.15 was accepted. 

The consultant reported an ion balance in the range required 

by the contract for each set of samples analysed. 

The consultant has also recently instituted computer check 

programs as means of validating analysis data. The programs provided 

the bilateral checks listed in Table 4 to verify compatibility of 

analytical data. These checks are based on relative levels and/or 

proport i ona 1 i ty • The ab iIi ty to spot i ncons is tenc ies a 11 owed the 

consultant to repeat the analyses that produced the conflicting data. 

As a result, few discrepencies exist in the data base. 

3.1.1.2 Precision. The consultant was also required to demonstrate 

an internal quality control program and to submit documentation of it 

with monthly invoices to EPS. Such a program included blind dupl icates 

submitted by EPS and repl icate analyses of at least one set of samples 

per 20 sets reported (Appendix 5.2). 
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Table 4. Bilateral checks used by Chemex Labs (Alberta) Ltd. 

Parameter A 

pH 

Conductance 

Turbidity 

Total Organic 
Carbon 

Total Organic 
Carbon 

Tota 1 I norgan i c 
Carbon 

Tota 1 Kj e I dah 1 
Nitrogen 

Nitrate + Nitrite 
Nitrogen 

Total Phosphorus 

Total Filterable 
Residue 

Total Non-Fi I terabl e 
Residue 

Parameter B 

Carbonate (or Phenol
phthalein Alkalinity) 

Tota 1 D issol ved Soli ds 

Total Non-Filterable 
Residue 

Chemical Oxygen Demand 

Dissolved Organic 
Carbon 

Total Alkalinity 

Ammonia Nitrogen 

Nitrite Nitrogen 

Ortho-Phosphorus 

Total Filterable 
Residue Fixed 

Total Non-Filterable 
Residue Fixed 

Computer 
Check Criteria 

when pH > 8.3, 
C0

3 
> 0.0 

B = 0.65A ± 20% 

A = B ± 20% 

B >(1 to 4) A 

A,?,B 

A '" (1/5)B 

A > B 

A > B 

A > B 

A > B 

A > B 
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The consultant was informed of results of all duplicate 

analyses. If there occurred- deviations (in either in-lab or bl ind 

duplicates) greater than 10% of the mean value on any particular 

analysis (or that would result in a deviation in mean value greater 

than ten times the detection limit), the consultant was required to 

make every effort to discover the source(s) of error and correct the 

situation. If the deviation greater than 10% of the mean value 

occurs where the analysis results are less than 10 times the detec

tion I imit, the consultant was required to demonstrate an improvement 

of its precision. Such deviations were considered particularly 

serious if the parameter monitored was critical and/or showed levels 

at which improvement of precision is desirable and necessary. 

The level s of acceptab 1 e devi a t ions spec i fi ed above (and in 

American Public Health Association 1976) were based on the under

standing that, as the level of any species present in the water sample 

approaches the detection I imit for the particular analytical method, 

the accuracy of the result for that species decreases. Consequently, 

higher deviations would be expected at concentrations approaching 

the detection limit. The concentrations of many trace and heavy metals 

in AOSERP study area waters tend to be close to the detection limit 

of the analytical methods used; thus, analysis results would be. expected 

to show significant percentage deviations. 

Appendix 5.2 shows that there were minor and very few real 

variations in the concentrations of the param~ters monitored throughout 

the study period, the only noticeable exception being the set of three 

dupl icate zinc analyses reported for November 1977 samples (see 

Appendix 5.2). Other parameters exhibiting sl ight variations appear 

to be limited to those parameters (see Section 3.2.2.1) which, when 

particulates are present, are most susceptible to problems of sample 

duplication. Nevertheless, the tabulated results show that very few 

analyses differed more than the acceptable coefficients of variation 

or standard deviations (American Public Health Association 1976). 

There was amasingly a high percentage of zero deviations produced in 

these duplicate analyses. 
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3.1 .2 Accuracy and External Quality Control Programs 

In addition to demonstrating a rigorous internal qual ity 

control program, the consultant was also required to participate in: 

1. Federal Quality Control Studies administered by 

Inland Water Directorate, Burlington, Ontario; 

2. Provincial Qual ity Control Studies administered by 

Alberta Environment's Pollution Control Laboratory; and 

3. Project quality control and tri-laboratory sample 

exchange programs administered through the project. 

3.1.2.1 Federal Qual ity Control Studies. The results of the 

series of national Interlaboratory Quality Control Studies, conducted 

since 1970, have been analyzed and published by Inland Water 

Directorate, Canada Center for Inland Waters, Burl ington (Aspila and 

Carron 1979 and references therein). 

These studies assembled and evaluated the quality of the 

data obtained by participating laboratories in the analyses of 

qual ity control samples for various groups of water qual i ty parameters. 

Chemex Laboratories (Alberta) Ltd. and Alberta Environment's Pollution 

Control Laboratory participated in a significant number of the more 

recent stud i es. 

3.1.2.2 Provincial Qual ity Control Studies. Six provincial Inter

laboratory Quality Control Studies were carried out between October 

1976 and December 1979. These studies have been helpful in improving 

the capabilities of Alberta laboratories. 

The list of parameters analyzed and participating labora

tories are provided in Table 5. Analyses, with statistical evalua

tions of data generated by the participating laboratories, are available 

in published public documents (Nahulak and Paul 1977, 1978; RamamoorthY 

1980). 

The need for quality control programs and eventual achieve

ment of data compatibil ity (interchangeability) is clearly demon

strated by the range of values reported in these quality control 

studies. 
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Tab 1 e 5. A list of parameters analyzed and laboratories involved in 
provincial Interlaboratory Quality Control Studies. 

Study 1 2 3 • 5 • NlIIQber 

:~~2~'N~!~JI 
c.rDOll ~u.. 'tnOl"- 'bench and Che'fI1c.l :g~:: .. N~a;'i. (1n 

,. .. P04 _ o ... PO. 
;!::~l;~:l::~iN . '.,"u.Ulr. ,enloc and organic). O_,gen Deu.nd Uri lin synt.hetlc 

Anal,".d Un surfaoe fannin , L19nir.. .,nthelle ..... pl •• .ynt.het.ic e.-pl.e8 .Plpl •• and 111 t,rD/fan tin .ynueu.e 
.atara) 'J'oul Pbaapha"-, aad .a.ndldt.l".l.al " •• te anc! indu8u.i.&l indu.trial 8.aple. and 1ndu'tZ1&1 

and Phanol "ater.' w.U .• ".tersl wan ..... aul's) " •• t. vaters) 
Analytical 

Labor.cor.ielS 

AlHru Govera-eat '. I I I I I I PoUut..i.on Coauol 
IoabOr&tory Claver IU' 

£nvll'OMllint Canada' .. 
1 .. 1.15 W.t.el' D1nctorate I I I I 
""" Calg.,.,. 

o..u: LaD. IA!.bene} I I I I I I Lt.d. calgary 

5yneZ'lId. Canada Ltd. I I I I ._-
i,nerude canada Ltd. I I I I I Port .... un)' 

GeOS Fort Ildlurray " " I " :;;l.:.: .... t C&D.:a~UIn I I I I I 

~!:ie O~.~~;= __ t I I Wboratocy 

Ii bart. Envir-.nt'. 
Eartb Sciena.. and I I I L1CUGUI Di viaion 

a..t.bbdd,. 

.... ul'n IUII.cda1 I I I I 1oADo1'.l.Od •• --Dow Cbeaical. I Fort S •• Utabblan 

C.lane.e (caudal InG. I --Gulf OU .e ..... ,Lt.d. 
I I --Gulf 011 ,Canada) Ltd.. 
I calV.ry 

'I'aaco .caud., Ltc!. I I 
_ .... 

l.,u'ial Oil 
I --I.aao Cbea1cal 'Canada) 
I I I _ ... 

CMe Laboz.tol'1_-C ...... 
I Ltd. -.-

Con .s.bontal'i.e.-canaCla I I Ltd.. Ca190ry 

R H •• I'dy , ".ociaua 
I I I I Ltc!. --

=:-~I':.:-~i"l 
I I I I --~l._1ag_l 

I I I LUol'a&ol'1ea Ltd. I "19_ 
... ., .. 1 ..... u .... 
CoaaulUDg .... i •• ioU. I I I --.... hm Co-opeI'.Uft 
hI'UU. ... Ltd. I 

Ca19·:ry 

c:....u.an "rcilihn .CO. 
....u.ailla .. t. I I 

co.iDao Canal.D' 
I I .. rUU .... "19uy I 

.... 11 &ulyUoal I 
coaea1UIII ,en' ... 

C&19_ I I I 
.... tel'n co-op 
F ... cUbeZ'S LU. I I ·lIetiel .. Bat 

t'OIUaco Ltd. I Cue.land 
PlaDt. Cal, • ..,. I I I 
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3.2 PROJECT QUALITY CONTROL AND AN EVALUATION OF THE QUALITY 
OF AOSERP WATER QUALITY DATA 

The project quality control and interlaboratory sample 

exchange programs were designed to provide external checks on the 

effectiveness of the consultant laboratory·s internal qual ity control 

program and a way of identifying areas where improvement in analytical 

methods would be desirable. For these sample exchange programs, 

agents of EPS submitted: 

3.2. 1 

I. Replicate bulk water samples from the field; 

2. IIDes ign sampl es ll
, sol ut ions of known chern ical 

compos i t ion; or 

3. "Spiked samples", natural water or industrial effluent 

samples to which known amounts of one or more 

chemicals have been added. 

Sample Exchange Program 

TripI icate sample sets distributed in the program were 

obtained from water samples (bulk, design, or spiked) collected in 

a 20 L polypropylene (or polyethylene) bottle with a spigot at the 

bottom. To ensure uniformity of sub-samples, each repl icate set of 

bottles was filled from the spigot while the sample was being gently 

stirred with a long glass rod. 

Various factors affect a laboratory's comparative performance 

in such sample exchange programs, including: 

I. Manner of spl itting and/or preparation of samples for 

exchange; 

2. Analytical methodology; 

3. Coefficients of variation for a particular method at 

different concentration levels; 

4. Detection I imits attainable; 

5. Appl ication of internal qual i ty control programs to 

increase probability of accurate test results; 

6. Sample contamination; 
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7. Deterioration or change in parameter concentration as 

a result of time lapsing before samples were analyzed; 

and 

8. Amount of suspended matter present. 

Results of Sampl e Exchange Program 

The tri-laboratory sample exchange analysis results are 

tabulated in Tables 6 to 14 and Appendix 5.3. The program found 

significant agreement in analyses of most design samples (Tables 7 
to 10) but numerous analytical discrepancies for bulk water 

(Appendix 5.3) and spiked samples (Tables 11 to 14). The parameters 

identified as problem areas are those whose values differed more than 

the acceptable coefficient of variation, relative or standard deviation 

at the measured parameter level; and where such variations appeared 

in several sample exchanges. These parameters are 1 isted in Table 15 

together with the most probable reasons for their variations. 

The parameters discussed in the following sections are 

chosen because they help illustrate variable analyses and quality 

control or because the parameters are particularly critical to the 

water qual ity of the region. 

3.2.2.1 Effects of Holding Times and/or Particulates on Data Quality 

3.2.2.1.1 Particulate Materials. Study area surface waters frequently 

carry suspensions of fine organic,debris, calcereous materials and 

clay minerals. It is therefore not surprising that the parameters 

showing the most frequent and significant deviations were those 

influenced by particulate materials and effects of microbial processes. 

The project attempted to improve sample duplication and 

minimize the variations (caused by the changes in temperature, medium, 

pH, dissolved gases, and holding time) in the concentrations of dis

solved major ions, major ion-related parameters, metals and nutrients. 

For instance, variations in dissolved carbon dioxide affect both the 

pH and the specific conductance. These variations could also explain 
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Tabl e 6. Tri-laboratory analyses of design samples (June 1977) • 

Design Chemex Pollution Inland 
Parameter concentration Lab Control lab Waters lab 

t=ti 7.9 7.9 7.9 

Canducti. vi ty 301.5 305 350 309 

Total Dissolved SOlids 159.15 158.8 178 

Total Hardness (as CaC03) 85.1 84.6 94 93.9 

calcium 22.25 22 25 24.9 

Magnesium 7.2 7.2 8 7.7 

Sodium 19.85 20 20 20 

Potassium 4.2 4.4 4.2 4.3 

Total Alkalinity (as CaC03) 17.85 18.8 33 17.8 

Olloride 43.2 43.3 46 46 

Fluoride 0.55 0.59 0.56 

Sulphate 51.2 50 55 49 

AtmDnia Ni'b:cqen 0.23 0.22 0.28 

Kjeldahl Nitxogen 0.41 0.39 1.72 0.37 

Total Phosphorus 0.20 0.13 0.23 

ca.dm.ium 0.017 0.016 0.015 0.018 

Lead 0.050 0.020 0.014 0.024 

Iron 0.15 0.15 0.15 0.11 

Manganese 0.08 0.08 0.08 0.085 

Ou:ani.tIlI 0.05 0.045 0.035 0.04 

Silver 0.040 0.025 0.038 0.04 

Copper 0.01 0.021 0.017 0.017 

Cobalt 0.04 0.037 0.039 0.043 

Phenol 0.008 0.007 0.006 

Total Organic Carlx:n 50 77 B2 96 

Total Inorganic Cm:ban 30 27 22 27 

Total Cal:i:xxl 80 104 104 123 
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Table 7. Analyses of design samples (July 1977). 

paraneter 
Design 

Concentratial 

eo.."'lductivity 

Total I::issolved Solids 

TOtal Hardness (as cam3) 

Ca2cium 

!-'..agnesiml 

Sodium 

Potassiu-r. 

Total AlI.alinit'j (as cam3) 

Chloride 

Fluoride 

Sulphate 

Kjeldahl Nitrogen (#3) 

PhosphorUS (#3) 

Kjeldahl Nitrogen (#4) 

PhospOOrUS (#4) 
J.\mtCI1ia Nitrogen (as N) (#7) 

AnrtDnia Nitrogen (as N) (#8) 

Chsnical OXygen Demand (#2) 

cadmium 

Copper 

Iron 

Iead 
Manganese 

Zinc 
vanadiml 

selenium 

Arsenic 

Nickel 

Aluminum 
Cd:lalt 

Olxanium 
Mercmy 

Ortho Pb:lsphate (#9) 

603. 

318.3 

170.2 

44.5 

14.4 

39.7 

8.4 

35.7 

86.4 

1.1 

102.4 

0.41 

0.20 

3.51 

0.66 

0.23 

1.59 

231. 

0.073 

0.102 

0.678 

0.352 

0.397 

0.174 

0.157 

0.044 

0.154 

0.152 

0.904 

0.396 

0.209 

0.0094 

0.19 

Ortho Phosphate (#10) 0.052 

Nitrate + Nitrite (as N) (#9) 0.38 

Nitrate + Nitrite (as N) (UO) 0.11 

Total Organic Caxbon (#2) 90.0 

ChEmex 
Lab 

644. 

368.0 

168.4 

44.0 

14.2 

41.0 

8.8 

39.0 

97.4 

1.28 

98.4 

0.14 

0.185 

3.90 

0.61 

0.26 

1.10 

316. 

0.075 

0.100 

0.80 

0.400 

0.40 

0.165 

0.070 

0.030 

0.160 

0.190 

1.00 

0.400 

0.25 

0.020 

0.185 

0.055 

0.29 

0.11 

90.0 

Pollution 
Control ~ 

550. 

280.0 

172 

44.0 

16.0 

40.0 

8.4 

58.0 

76.0 

1.1 

62.0 

0.39 

0.22 

3.05 

0.67 

0.24 

1.64 

212. 

0.060 

0.106 

0.340 

0.422 

0.170 

0.196 

0.0415 

0.140 

0.155 

0.880 

0.371 

0.182 

0.0077 

0.15 

0.040 

0.41 

0.11 

89.9 



41 

Table 8. Analyses of design samples (April 1977) 

Design 
Concentrat ion 

Cadmi um 0.012 

Chromium (+6) 0.03 

Copper 0.015 

Iron 0.09 

Lead 0.03 

Manganese 0.06 

S i 1 ver 0.03 

Zinc 0.03 

Vanadium NIL 

Nickel NIL 

Aluminum NIL 

Coba 1 t 0.024 

Chemex 
Lab 

0.016 

0.75 

0.017 

0.12 

0.175 

0.07 

0.028 

0.040 

<Q.OOI 

0.002 

0.01 

0.031 
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Table 9. l'.nalyses of design samples (July 1977) 

Parameter 
Design P.C.L. P.C.L. P.C.L. 

Chemex c:ancentration JUll:7 JUl~ 12 JUl;t 13 

Alkalinity (as CaCD3) 33. 33. 33. 32.5 

pH 7.6 7.5 7.7 8.2 

Ccnductivi ty 300 280 285 257 

Calciun 12.8 11.0 12.0 10.0 11.4 

f.!agneSium 9.3 10.0 10.0 10.0 9.2 

Total Hardness 71 72 68 

Sodium 30.9 28.0 29.0 27.0 27.2 

Potassiun 0.687 1.5 1.2 1.2 2.05 

Silica 0.57 0.5 0.8 0.5 0.66 

Nitrate + Nitrite (as N) .271 0.3 0.3 0.3 0.325 

Chloride 49.7 50 50 48 47.4 

Sulphate 30 28 22 24 22.6 

Fluoride 0.8 0.83 0.79 0.76 0.75 

Bicarlxmate 39.9 40.0 40.0 40.0 39.6 

Surfactants 0.2 0.19 0.20 

Tannin and Lignin 0.833 0.1 0.5 

Hexavalent CManiun 0.66 0.54 0.35 

l\ImDIlia Nittogen 0.42 0.39 0.44 0.50 

'l'ctAl PhosphorUs 0.14 0.11 0.12 0.105 

Total Kjeldahl Nitmgen 

Nitrogen (as N) 0.42 0.59 0.64 0.51 

Arsenic 0.004 0.0006 

Seleniun 0.008 0.0014 

Total Orqanic CaEIxx'l 30 36 24 33 

Total Cal:bon 70 73 63 69.0 

Total lnOJ:9aIlic ca:dxm 40 37 39 36.0 

Ortho Phosphorus (as P) 

Nitrate + Nitritle (L.L.) 0.026 0.005 0.015 0.003 
Phenols 0.008 0.008 0.010 
Mercuzy 0.0005 0.0005 0.0006 0.0005 0.00045 
Imn 0.7 0.725 0.73 0.73 0.72 
Cobalt 0.008 0.008 0.009 0.007 0.008 
Cqpr 0.003 0.004 0.004 0.005 0.005 
Manganese 0.020 0.022 0.022 0.022 0.022 
Nickel 0.005 0.006 0.006 0.008 0.007 
caclmiun 0.004 0.004 0.904 0.004 0.003 
Olxaaium 0.008 0.008 0.008 0.008 0.008 
lAIad 0.011 0.012 0.010 0.012 0.014 
'l'ctal Dissolved SOlids 151 145 142 
Zinc 0.02 0.023 0.025 0.024 0.021 
Bel:ylliun 0.005 0.004 0.005 0.003 0.005 
Silver 0.009 0.009 0.009 0.010 Q.009 
V!lM4iIml 0.020 0.021 0.002 0.02 0.038 
Mo1ybd1!1num 0.008 0.008 0.007 0.006 
AllDinun 0.08 0.082 0.078 0.086 0.09 
cazI:lcIlatle LD.S 
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Table 10. Analyses of design samples (September 1977). 

Des ign Chemex 
Concentra t i on Lab 

Cadmium 0.010 0.009 

Chromium (+6) 0.025 0.015 

Copper 0.012 0.008 

Iron 0.075 0.08 

Lead 0.025 0.005 

Manganese 0.050 0.039 

Si lver 0.025 0.015 

Zinc 0.025 0.028 

Vanadium NIL <0.001 

Nickel NIL <0.002 

Aluminum NIL <0.01 

Cobalt 0.020 0.020 

Titanium NIL <0.05 

Mercury 0.050 0.043 
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Ta b 1 e 11. Analyses of spiked samples (Conn Creek, Apr i 1 1977) • 

Design Addition 
Parameter (Minimum Present) Chernex Lab 

Zinc 0.02 0.039 

Cadmium 0.008 0.004 

Lead 0.02 0.018 

Iron 0.06 2.95 

Manganese 0.04 0.15 

Chromium +6 0.02 0.02 

5 i 1 ve r 0.02 0.009 

Copper 0.01 0.015 

Cobal t 0.016 0.018 

Mercury 0.002 <0.0001 
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Tab 1 e 12. Analyses of spiked samples (Poplar Creek, August 1977). 

Parameter Design Addition Pollution Control Chemex Lab 
(minimum present) Lab 

Si lver 0.03 <0.001 0.028 

I ron 0.09 0.12 

Coba 1 t 0.024 0.032 0.031 

Lead 0.03 0.48 0.175 

Manganese 0.06 0.076 0.07 

Copper 0.015 0.017 0.017 

Cadmium 0.012 0.013 0.016 

Zinc 0.03 0.041 0.040 

Mercury 0.003 <0.0001 <0.0001 
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Table 13. Analyses of unspiked and spiked samples (September 1977). 

Chemex Lab Di fference 

Parameter Unspiked Spi ked Chemex Lab Expected 

Ammonia Ni trogen 0.03 0.02 -0.01 0 

Total Kj el dahl 1.01 0.91 -0.10 0 
Ni trogen 

Total Phosphate 0.024 0.025 +0.001 0 

Chemical Oxygen 38 32 -6 0 
Demand 

Selenium a <0.0002 <0.002 NIL +0.001 

Arsenic a 0.0002 0.0040 +0.0038 +0.01 

a Spiked sample has 0.01 ppm As and 0.001 ppm Se added. 
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Tabl e 14. Analyses of disguised design samples (July 1979). 

Parameter Design Addition Pollut ion Control Chemex Lab 
(minimum present) Lab 

Sodium 75.6 75.0 75.0 

Cobal t 0.05 0.055 0.050 

Copper 0.05 0.049 0.053 

Nickel 0.1 0.096 0.097 

Cadmi um 0.05 0.049 0.053 

Lead 0.05 0.056 0.050 

Zinc 0.05 0.053 0.051 

Manganese 0.05 0.396 0.34 

Chromium 0.05 0.064 

Vanadium 0.:05 0.046 0.063 

Molybdenum 0.1 0.001 

Aluminum o. 1 0.290 0.022 

Nitrate + Nitrite 18.0 18.05 

Nitrite 1.0 1.00 

Chloride 50.0 52.0 50.0 

Calcium 28.5 25.0 24.2 

Potass ium 11.7 11.8 

Fluoride 1.0 1. 16 1.07 

Sulfate 100 112 110 



Table IS. Most probable reasons for lack of agreement in the values of certain parameters. 

Amount of Differences in Sampling Analytical Instrument Effects of 
Particulate Analytical Methods and/or and Parameters Holding Time 

Parameter in Sample (or phase Analysed) Preservation subject to and 
uncontrollable Microbial Processes 

flllctllatinn .. 
Alkalinity (as CaCOJ) X X 
pH X X 
Conductivity X X X 
Calcium X 

Total Hardness X 

Silica X X 
Sulphate X 
Bicarbonate X X 
Surfactants X 
Color X X 
Turbidity X X X 
Total Kjeldahl Nitrogen X X 
Ammonia Nitrogen X X 
Nitrate + Nitrite (as tI) X· 

Total Organic Carbon X X 

Total Inorganic Carbon X X 

Total Phosphorus (as p) X X 

Or tho Phosphorus X X 

Chemical Oxygen Demand X X 

Phenols X 

Mercury X X 

Iron X X 

Copper X X 

Selenium Ii Arsenic X X 

Zinc X X 

Nickel X X 

Aluminum X X 

Filterable Residue Fixed X X 

Non-Filterable Residue Fixed X X 



why the ratio of the concentrations of total inorganic carbon 

(holding time 5 days) to bicarbonate (holding time 1 day) frequently 

deviated from the 1:5.2 expected from a theoretical consideration. 

In one study, the project conducted time series analyses of 

field-filtered samples. The participating laboratories had agreed 

to standardize holding times, sample bottles and preservatives. The 

analyses showed few sign'ificant variations for heavy metals (see 

Section 3.2.3.2.2). 

3.2.2.1.2 Organic Compounds and Nutrients. Organic compounds and 

other nutrients are utilized by micro-organisms inhabiting most 

natural waters. While the rates may be altered, the activities of 

the biotic components (algae, bacteria, fungi, etc.) do not, however, 

stop after samples are removed from their sources. So that biochemical 

redox reactions (including processing of organic material), utilization/ 

sedimentation of nutrients (especially C, N, P and Si), and bacterial 

respiration could be major factors influencing the variations in the 

concentrations of these parameters and others affected by medium 

change. (American Public Health Association 1976; Riemann and 

Schierup 1978). 

The parameters most affected by holding times and microbial 

processes are listed in Table 15. The list suggests a need to develop 

sample treatments that will allow researchers, who cannot conduct 

on-site analyses, to generate consistently accurate data. 

Phenol. The results of provincial Interlaboratory Quality 

Control Study No.2 (Nahulak and Paul 1977) and No.3 (Nahulak and 

Paul 1978) showed significant disagreements, in terms of precis.ion 

and accuracy, for the analyses of phenol. The range and significance 

of these variations, at the measured parameter level, raise concern 

in the abil ities of most laboratories to produce accurate analyses. 

The AOSERP water quality project conducted a quality control study 

(Table 16) of phenol. The samples were analyzed by the Pollution 

Control and Chemex laboratories and produced impressive agreement with 
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Table 16. Analyses of design samples (May 1977). 

Design Chernex Poll ution 
Parameter Concentration Lab Con tro 1 Lab 

Phenol (#1 ) 0.010 0.012 0.010 

Phenol (#2) 0.015 0.012 0.016 

Surfactant (#1 ) 0.030 0.029 0.028 

Surfactant (#2) 0.050 0.053 0.045 
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each other and with the des ign concentrations. I t appears that, 

for phenol and other refractory parameters, the success in the 

project was in promptness in the analyses of water samples. 

Nutrients. Utilization and/or sedimentation of nutrients 

by organisms have major influences on sample nutrient concentrations. 

The provincial Interlaboratory Quality Control Study 

(Ramamoorthy 1980) investigated the parameters N0 2-N, N0
3

-N, total 

P04-P, ortho P04-P, NH
3

-N and total Kjeldahl nitrogen (TKN). 

Variations attributable to differences in holding times were evident 

in the analyses for nutrients (Table 17). Laboratory #1 is Chemex' Labs. 

In the study of N02-N and N0
3

-N, half of the laboratories 

(specifically, laboratories #1,5,6,8,9, II, 16, and 17) showed 

an adequate degree of accuracy and precision in their results, and 

some measure of agreement with the design concentrations; while the 

rest (specifically, laboratories, #2, 7,15,18,22,23,24,25,26, 

and 28) did not. 

In the study of total P0
4

-P and ortho P04-P, most labora

tories (except laboratories #2,3, and 26) reported slightly higher, 

but satisfactory, analyses for total P04-P compared to the design 

concentrations. But analyses for these parameters in industrial 

effluent samples (Samples #3, 4, 5, and 6) produced significantly 

variable results. It appears that the presence of sediments and/or 

variations of sample holding times was responsible for the variations 

in the results. This observation is supported by AOSERP sample 

exchange s~udies (Tables 6 and 7, and Appendix 5.3) conducted be~ween 

Chemex, Pollution Control and Inland Waters laboratories, which 

showed only slight variations. The significance of holding times on 

changes in concentrations are particularly evident in the study of 

total P04-P and ortho P04-P where spiked industrial samples (samples 

#5 and 6)' showed lower values than expected by consideration of the 

spike concentrations alone. 

The Interlaboratory Quality Control Study also investigated 

NH
3

-N and TKN. Although samples #3 and 5 are supposed to be identical, 

the TKN values (reported by laboratories #10, 22, and 26) and the 

NH
3

-N values (reported by laboratory #22) showed no agreement. 



Table 17. Analyses of river water sampl es for nutrients. 

Design a 
Sample Laboratory Number Value 

Parameter Number 2 5 6 7 8 9 II 15 16 17 18 22 23 2~ 25 26 28 (In mg/l) 

NITRATE- I 0.235 1.500 0.16 0.16 0.19 0.35 0.0" 0.15 0.35 <0.005 0.215 0.5~ 0.83 1.13 0.2 
NITROGEN 2 0.225 0.800 0.15 0.13 0.19 0.22 <0.01 0.19 0.25 0.050 0.090 0.5~ 0.10 0.67 0.19 

3 3.780 7.500 2.92 3.58 3.27 3.30 2.5" 3."3 1.98 3.500 3."80 ~.05 3.68 "".50 A .. 3.600 7.500 . 2.75 3.37 3.08 3.1to 3.39 3.83 1.85 2.930 ".O~O ".05 3.~3 22.60 0.95 A 
5 ".600 9.500 3.08 3.89 3.53 3.70 ".17 ".62 1.88 ".050 ".200 5.18 ".08 25.60 0.95(A+0.5) 
6 ".750 9.500 3.66 ".06 3.80 3.80 2.78 ~.85 1.96 ".100 3.880 5.33 ".2" 28.70 (MO.5) 

NITRITE- I 0.210 0.256 0.2" 0.18 0.19 0.22 0.21 0.20 0.20 2.500 0.22 0.2 
NITROGEN 2 0.200 0.2"" 0.21 0.18 0.18 0.20 0.19 0.20 0.20 I.~OO <0.01 0.19 

3 0.320 0.365 0.33 0.28 0.30 0.30 0.37 0.32 0.36 ".900 0.32 8 .. 0.300 0.295 0.33 0.28 0.27 0.29 0.35 0.29 0.36 5.800 0.31 0.95 8 
5 0.800 1.900 0.8" 0.71 0.78 0.75 0.88 0.79 0.8~ 13.800 0.50 0.95 (8+0. 5) 
6 0.850 2."00 0.89 0.75 0.85 0.80 0.93 0.8" 0.8" 15.700 0.85 (8+0.5) 

NITRATE- I 0.""5 1.756 0."0 0.3" 1.70 0."6 0.38 0.26 0.36 0.55 0.09 1.05 1.12 D." NITROGEN 2 0."25 1.0"" 0.36 0.31 1.52 0."" 0.37 0.20 0.38 0."6 0.11 0.10 1.12 0.38 
+ 3 ".100 7.865 3.25 3.86 5.68 3.70 3.57 2.8" 3.80 2.30 3.20 ".00 ".06 C 

NITIlITE- " 3.900 7.795 3.08 3.65 5.18 3.50 3.35 3.68 .... 8 2.1" 3.00 3.7" ".06 0.95 C 
NITROGEN 5 5."00 11."00 3.92 ".60 9.20 ".50 ".31 ".91 5.50 2.66 3.50 ".58 5.0" 0.95(C+I) 

6 5.600 11.900 ".55 ".81 9.20 ".80 ".65 3.58 5.78 2.80 3.70 5.09 5.39 (C+I) 

V1 
N 

Design a 
Sample Laboratory Number Value 

Parameter Number 2 3 5 7 8 9 II 15 16 17 18 23 25 26 27 (In mglLl 

TOTAL I 0.260 0.3377 0.287 0.29 0.30 0.260 0.27 0.23 0.30 0.300 0.25 0.2"6 0.310 0.26 O.It 0.28 0.2~ 

PHOSPHORUS 2 0.280 0.3"08 0.319 0.29 0.28 0.280 0.27 0.31 0.27 0.270 0.2" 0.262 0.310 0.26 O.~ 0.33 0.25 
(as p) 3 0.019 0.2578 0.109 0.06 <0.15 0.065 0.0" 0.01 0.02 o. alt8 <0.02 0.032 0.007 0.0" 0.6 0.02 0.95 D .. 0.016 0.2857 0.156 0.05 <0.15 0.065 0.03 0.01 0.03 0.0"0 <0.02 O.oltO 0.007 0.02 0.6 0.0" D 

5 0."30 0.8758 0.58" 0."3 0.57 0.580 0."7 0.39 O.lto 0."20 0.3It 0."22 0."60 0."1 1.1 0.'17 0.95(D+0.5) 
6 0."70 0.8"05 0.603 0."8 0.61 0.600 0.51 0."1 0."9 0."00 0.39 0.365 0.500 D."" 1.1 0."9 0+0.5 

ORTHO I 0.260 0."700 0.260 0.25 0.29 0.270 0.25 0.290 0.26 0.3 0.21t 
PHOSPHATE 2 0.280 0."000 0.270 0.26 0.27 0.260 0.2" 0.310 0.26 0.3 0.25 
(as p) 3 0.006 0.1800 0.025 0.02 <0.01 0.005 <0.02 0.000 0.02 0.6 0.95 E .. 0.008 0.1800 0.022 0.01 <0.01 0.006 <0.02 0.000 0.01 0.6 E 

5 0."10 0.5800 0.""0 D."" 0."0 0.360 0.33 0.290 0."1 1.1 0.95(E+0.5) 
6 0.1t60 0.6500 0."80 0."3 0."5 0.380 0.36 0.330 0.lt3 1.1 (HO.5) 

Continued ... 
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Similarly, samples #1 and 6 were also supposed to be identical, 

but results for NH
3

-N (e.g., laboratories #4, 10, and 22) and TKN 

(e.g., laboratories #4, 10, 22, 24, and 26) gave results that 

showed no measure of agreement. A significant lack of agreement 

also occurred in the analyses of identical samples #2 and 4 for 

NH
3

-N (e.g., laboratories #4,9,10, and 26) and for TKN (e.g., 

laboratories #4, 10, 16 and 26). 

It is important to note that in the above comparisons the 

available information was evaluated in terms of data compatability 

or interchangeability and no attempts were made to generate any 

statistical distribution. 

Project Qual ity Control Studies. The following Chemex 

Laboratory1s nutrients analyses, on design samples, showed deviations 

greater than the acceptable standard deviation: 

Table Number Date 

February 1977 

June 1977 

July 1977 

Parameters 

7 
6 

9 

TKN, NH
3

-N, N0 2-N + N0
3

-N 

total P04-P 

NH
3

-N, total P04-P, N02-N + N0
3

-N 

Rather surprisingly, the Chemex duplicate nutrient analyses (Appendix 

5.2) of bulk water samples collected for the regional water qual ity 

program showed occassional variations in TKN values only. 

The frequency and size of the variations in the concentrations 

of the five nutrients increase significantly when the tri-laboratory 

sample exchange data (Appendix 5.3) are considered. 

A time series study, similar to that conducted for heavy metals 

(See Section 3.2.3.2.2), is being ~lanned for nutrients. The study 

will investigate N0
3
-N, N0 2-N, NH

3
-N, total P04-P and ortho P04-P. 

3.2.3 Variations Attributable to Significant Differences in 
Analytical Methods 

3.2.3.1 Oil and Grease. The extraction procedures'employed in the 

determination of oil and grease do not separate (and quantify) a 
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specific substance; rather groups of substances (e.g., fatty acids, 

fats, waxes, oils, hydrocarbons, soaps etc.) that have similar 

physical properties. These properties include their mutual solubility 

in the extracting solvent. No solvent is known that will selectively 

dissolve only oil and grease. The Pollution Control Laboratory uses 

Freon 112 (1,1,2 trichloro-l,2,2-trifluoroethane), while Chemex Labs 

and Inland Waters Laboratory both use low boiling petroleum ether. 

Because of their specific extractive properties, certain 

solvents may extract other soluble compounds in addition to oil and 

grease. For instance, Freon 112 will extract organic dyes and 

elemental sulphur. Thus, the extraction of other compounds, the 

possibility of differential recovery of others (e.g., lubricants and 

emulsifiers), the difference in temperatures used to evaporate the 

solvents (e.g., petroleum ether, 47°C; Freon 112, 105°C), and the 

effects of bacterial degradation introduce variations to the analysis 

results. Low boiling fractions (e.g., kerosene and gasoline) may also be 

lost at the temperature necessary to remove the last trace of the 

extraction solvent. 

Analysis results reported by the Pollution Control Laboratory 

frequently showed significantly higher values than those reported by 

either Chemex or Inland Waters laboratories. It is most probable that 

the difference is in the analytical methods employed. 

3.2.3.2 Heavy and Trace Metals Forms and Concentrations 

3.2.3.2.1 Arsenic. An accurate determination of trace amounts of 

arsenic in water and wastewater is crucial because of its toxic nature •. 

A review of tri-laboratory sample exchange data (Table 18 and 

Appendix 5.3) for arsenic shows that the values reported by the Pollu

tion Control Laboratory were consistently higher than those reported 

by both Chemex and Inland Waters laboratories. It appears that the 

difference is in the analytical procedures. Chemex and Inland Waters 

laboratories analyze for dissolved arsenic and dissolved selenium. 

In the procedure for dissolved arsenic, the water samples are 

pretreated with conc. HCl and ~S208 and then reacted (9SoC) with 
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Tab 1 e 18. Analyses of river water sampl es for a rseni c and selenium 

(Apri 1 1978) • 

Selenium {mg/L} 

Chemex P.C.L. I.W.L. Sam(!le Source Cond 

Date of 9 May 30 Hay 15 Mar 2 May 27 Jun Analyses 

Sample No. 

<0;0002 <0'.0002 <0.0005 <0.0002 <0.0002 IWL (Sample #40) 

2 0.0006 0.0002 <0.0005 0.0002 <0~OO02 Frenchman River 1680 

3a 0.0005 0.0002 0.0003 <0~0002 Composite Sample 410 

4 0.0008 0.0004 0.0005 0.0005 0.0004 Qu'appe11e R.e Sask. 1850 

5 0.0005 <0:0002 <0~0005 0.0002 <O~ 0002 Qu'appe11e R. e Sask. 1550 

6 0.0012 0.0008 0.0008 0.0009 0.0007 Oldman R., Alta. 350 

7 0.0015 0.0010 0.0020 0.0014 0.0008 Moose Jaw R., Sask. 2480 

8 0.0004 0.0003 <O~ 0005 0.0003 <0.0002 Swift Current Cr., Sask. 1890 

Arsenic (mg/q 

Chemex P.C.L. I.W.L. Same1e Source Cond 
Date of 9 May 30 May 15 Mar 2 May 27 Jun 

(Chemex) 
Analyses 

Sample No. 

0.44 0.77 0.53 0.52 0.55 IWL (Sample #40) 

2 0.0011 0.0022 0.0009 0.0012 0.0011 Frenchman R. 1680 

3a 0.0051 0.0079 0.0054 0.0060 Composite Sample 410 

4 0.0032 0.0052 0.0034 0.0030 0.0009 Qu'appe11e R.,Sask. 1850 

5 0.0071 0.0122 0.0072 0.0062 0.0067 Qu'appe11e R.,Sask 1550 

6 <0.0002 <0'.0002 <0.0005 0.0002 0.0003 Oldman R. ,Alta: 350 

7 0.0028 0.0045 0.0024 0.0023 0.0026 Moose Jaw R., Sask. 2480 

8 0.0015 0.0021 0.0013 0;0015 . 0.0014 Swift Current Cr., Sask. 1890 

a 0.25 mL of.50 mg/L As in 200 mL sample was added (thus As - 0.00625 mg/L). 
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a HCI-SnCI 2 and KI solutions. The Pollution Control Laboratory, on 

the other hand, analyzed for total arsenic (and total selenium) and 

used cone. HCI and cone. H2S04 in the pre-digestion of its arsenic 

samples. 

In addition to the above differences, it was noted that the 

N0
3 

ion, from nitric acid used as a sample preservative (up to 

January 1977), interfered with the analytical methods for Se and As 

employed by Chemex and Inland Waters laboratories; while only selenium 

was interfered with in the method used by Pollution Control Laboratory. 

The pre-digestion step employed by the Pollution Control Laboratory 

removed both N0
3 

ion and Se; thus, requiring Se and As to be analyzed 

by individual procedures. 

When the three laboratories used identical no-digestion 

methods, there was interference in all cases. 

After June 1978, samples for Se and As were collected in the 

R bottle (no preservative added) and no, or very little, difference 

remained in the analytical data (see Appendix 5.3) for arsenic. 

3.2.3.2.2 Other Metals.. It should be apparent from the above discus

sions that problems of metal analyses, especially in quality control 

studies, are hard ones to control because of variability in sample 

sediment contents; and, because laboratories are either not analyzing 

these metals routinely or are using different analytical procedures. 

Different procedures employ different sample preparation techniques 

(e.g., preconcentration, digestion or solvent extraction) to improve 

sensitivity, recovery, and/or lower the detection 1 imits. 

Metal-Organic Interactions. A large number of the procedures 

(especially those for atomic absorption) in common use utilize one or 

more properties of metal-organic (or metal complex-organic) solvent 

interactions to help in determining the concentrations of metals in 

water samples (Stein and McClellan 1980 and references therein). 
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Unfortunately, a consideration of: 

1. Choice of organic solvent [i.e., selectivity of the 

solvent for the specific metal(s)]; 

2. Solvent medium (including masking agents and effective 

pH range); 

3. Relative stabilities of the complex(es) formed in the 

organ i c extract; 

4. Completeness of extraction of the complex(es) by the 

organic solvent; 

5. Solution uptake rate; 

6. Effects of varying concentrations of common ions or 

complexing agents on percent recovery; and 

7. Combustibility aspects of the solvent; 

mean that, unless analytical procedures are standardized to the 

smallest detail, recurrent disagreements in qual ity control studies 

wi 11 rema in • 

In addition to the factors outlined above, AOSERP study 

area waters contain significant concentrations of humic acids 

Unless these acids are destroyed (e.g., by UV irradiation), the 

analytical procedures, using solvent extraction or complexiometric 

techn i ques, may be determ i n i ng on 1 y a por ti on of the lid i sso 1 ved" 

or "extractable" metal concentration. It is also possible that, for 

samples containing humic acids, volatile organo-metall ic compounds 

are lost in the carbon rod atomic absorption technique. 

The project attempted to eliminate humic acid interference 

by ensuring that, for "dissolved" or "extractable" metals, sample 

pH's were lowered to approximately pH I to 2 during storage (preser

vation with 10 mL conc. HN0
3 

per litre of sample) and filtration prior 

to analysis. This, however, created new problems because, at these low 

pH's, a significant amount of sedimentary 'mineral) metal forms (e.g., 

sulphides and aluminosil icates) can be dissolved. Furthermore, the 

humic acid precipitates filtered and discarded prior to analysis 

generally contained significant amounts of strongly bound metal ions. 
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Korchinski (personal cOlmlunication) recently conducted some experiments 

in which the humic acid precipitates were washed with 1:1 HN0
3

, dis

tilled water and redissolved in NH40H solutions and the pH adusted to 

7.5 prior analysis. Analyses of the solutions showed that Cr+3 (11%), 
+3 +3 +4 Co (16%), Fe (38%) and V (7%) were precipitated with the humic 

acids; while for Cd, Mn, Cu, AI, Pb, Ni, and Zn, only ° to 3% of the 

metals (by weight) were precipitated. 

The discussions above indicate that dissolution of sedi

mentary meta 1 forms coul d sign if icantly increase the lid i ssol ved" or 

organic solvent " extractable ll metal concentrations; and that, depending 

on the sediment (mineral) content, preservation and analytical pro

cedures may over-estimate the concentrations of the measured metal 

form (e.g., aluminum) and probably produce non-duplicatable results 

on duplicate bulk water samples. Results of the analyses of water 

samples from Eymundson Creek and Hartley Creek (Tables 19 and 20) 

showed that aluminum, copper, nickel, zinc and possibly lead were 

problem areas. Consequently, the project conducted a few studies in 

.which some of the pre-analysis procedures (e.g., digestion, preconcen-

tration, and extraction) were standardized. In one study field, filtered 

samples were used and the analysis results showed drastic improvements 

in data compatibility. Specifically, analyses of filtered (and spiked) 

water samples from Poplar Creek (Table 21) showed excellent agreements 

between laboratories in the analyses of Fe, Co, Pb, Cu, Cd, Zn and V. 

The study found no evidence of time-dependent deterioration or 

recovery probl ems. The agreements are sign i ficant cons i deri ng that the 

total organic carbon content in the filtered water was 60 mg/L, mostly 

as humic acids. The problems associated with humic acid interferences 

would therefore prevail. Specifically, unless all the laboratories 

filtered out the humic acid precipitates (which contain metal-

humate complexes) formed during the sample preservation with HN0
3

, 

it is probable that the pH-dependent solvent extraction procedures 

would dissolve varying amounts of the precipitates. 



Tabl e 19. Analyses of Eymundson Creek samples (1978). 

Par."",ter Nlckal ~~~~ V.n~~~um Zinc 
_Ii "",II 

S_le Nunober 

Lab IYD PCL CHEHEX IYD PCL CHEHEX IYD PCL CHEHEX IVO PCl CHEHEX 

30116 0.1. 0.10 0.15 0.001 0.006 0.003 3.1 - 3.0 0.35 0.320 0.30 

)0/17 0.19 0.10 0.12 0.001 0.003 0.003 3.2 - 3.0 0.35 0.320 0.30 

)0~8 0.16 0.10 0.15 0.001 0.003 0.002 ).2 - 3.0 0.35 0.325 0.30 

30119 0.17 0.10 0.06 0.001 0.00) 0.002 3.2 - 1.5 0.35 0.325 0.30 

3D50 0.22 0.10 0.11t 0.001 O.OO~ 0.002 3.2 - 3.0 0.35 0.325 0.30 

3051 0.1. 0.10 0.11t 0.001 0.00lt 0.002 3.1 - 3.0 0.3" 0.325 0.30 

3052 0.23 0.10 0.1" 0.001 0.003 0.002 3.1 - 3.0 0.3~ 0.320 0.30 

3053 0.23 0.10 0.15 0.001 0.003 0.002 3.3 - 3.0 0.35 0.320 0.30 

305" 0.27 0.10 0.1" 0.001 0.003 0.002 3.2 - 3.0 0.35 0.320 0.30 

3055 0.20 0.10 0.15 0.001 0.003 0.002 3.0 - 3.0 0.35 0.320 0.31 

Hun, i 0.20 0.10 0.13 0.001 0.0035 0.002 3.2 - 2., 0.35 0.322 0.30 

S.D., IJ 0.03" 0.00 0.028 0.000 0.0010 0.0001 0.003 - 0.1t7 0.00" 0.02" 0.003 

Date 23 26 27 16 26 21t I" 27 I" 26 27 
Analyzed Nov. Oct. Nov. Nov. Oct. Nov. Nov. - Nov. Nov. Oct. Nov. 

'a ra"", tar IUaer ~~ Vanadium Zinc 
IIHI/l III!I/L Jll!l!l 

Satwole Number 

Lab IVO PCL CHEIIEX IVD PCL CHEHEX IVO PCL CHEIIEX IVO PCL CHEHEX 

301t6 0.035 0.018 0.016 - < 0.003 0.00" < 0.001 < 0.002 < 0.001 0.016 0.012 0.022 

30"7 0.0111 0.018 0.017 - < 0.003 o.oolt <0.001 < 0.002 < 0.001 0.013 0.011 0.01, 

301t8 0.037 0.018' 0.016 - < 0.00] o.oolt <0.001 < 0.002 < 0.001 0.018 0.010 0.021 

30lt9 O.DJIt 0.018 0.016 - < 0.003 0.003 <0.001 < 0.002 < 0.001 0.017 0.013 0.018 

3050 0.0)6 0.018 0.018 - < 0.003 o.oolt < 0.001 < 0.002 < 0.001 0.017 0.013 0.022 

3051 0.035 O.DIB 0.016 - < 0.00) 0.005 < 0.001 < 0.002 < 0.001 0.015 0.01) 0.01, 

3052 0.033 o.olB 0.016 - < 0.003 O.oolt <0.001 < 0.002 < 0.001 0.016 0.011 0.022 

3053 0.035 0.018 0.016 - < 0.003 0.003 < 0.001 < 0.002 < 0.001 0.016 0.01) 0.018 

30s/t 0.033 o.olB 0.016 - < 0.003 0.002 < 0.001 < 0.002 < 0.001 0.018 0.013 0.018 

3055 0.0]] 0.019 0.016 - < 0.00] 0.005 < 0.001 < 0.002 < 0.001 0.018 0.012 0.020 

Mean, i 0.035 0.018 0.016 - < 0.003 0.003 < 0.001 < 0.002 < 0.001 0.016 0.012 0.020 

5.0., 0 0.0021 0.0003 0.00067 - 0.000 O.OOIB 0.00 0.00 0.00 0.0017 0.0012 0.0017 

Date Z7 23 2~ - 6 21t 27 6 21t 23 6 21t 

Analyzed Nov. Oct. Nov. Nov. Nov. Nov. Nov. Nov. Oct. Nov. Nov. 



Table 20. Analyses of Hartley Creek samples (August 1978). 

Aluminum Copper Iron lead 
Parameter mg/l III!I/l mall mall 

Sample Number 

lab IWD PCl CHEHEX IWD PCl CHEHEX IWD PCl CHEHEX IWD PCl CHEHEX 

2058 0.16 0.020 0.06 < 0.001 < 0.001 < 0.001 0.5" - 0.57 < o.o~ < 0.003 0.007 

2059 0.20 0.020 0.09 < 0.001 < 0.001 < 0.001 0.5" - 0.57 < 0.00" < 0.003 0.002 

2060 0.11 0.021 0.08 < 0.001 < 0.001 < 0.001 0.53 - 0.56 < 0.00" < 0.003 < 0.001 

Hean, it 0.157 0.0203 0.076 - - - 0.537 - 0.567 < o.oM < 0.003 0.00"5 

S.D., a 0.0"51 0.0006 0.0153 0.00 0.00 0.00 0.0058 - 0.0058 0.00 0.00 0.0025 

Date 22 13 18 13 
Analyzed Nov. Oot. Seot. Oct. 

Parameter Manganese NIckel Vanadium Zinc 
mall mgll mall mgll 

Sample Number 

lab IWD Pel CHEHEX IWD PCl CHEHEX IWD PCl CHEHEX IWD pel CHEHEX 

2058 0.029 0.035 0.075 0.016 < 0.001 < 0.001 < 0.001 < 0.002 < 0.001 0.022 0.00" 0.002 

2059 0.026 0.032 0.025 0.016 < 0.001 < 0.001 < 0.001 < 0.002 < 0.001 0.0"3 0.001 0.002 

2060 0.027 0.035 0.028 0.015 < 0.001 < 0.001 < 0.001 < 0.002 < 0.001 0.015 0.005 0.003 

Mean, X 0.0273 0.03" 0.0"27 0.0157 < 0.001 < 0.001 < 0.001 < 0.002 < 0.001 0.0267 0.0"5 0.0023 

S.D., (J 0.0015 0.0017 0.028 0.0006 0.00 0.00 0.00 0.00 0.00 0.01"6 0.0030 0.0006 

Date 18 13 
Analyzed Sept. Oct. 



Table 21. Time series analyses of Poplar Creek samples (22 January 1979) a . 
SAMPLE NUMBER BLAIIIJ( 11-1 M-2 M-3 
DATE ANALYZED A B C A B C A B C A B C 
IRON PeL <0.02 <0.02 - 1.21 1.47 1.44 I. 20 1.42 1.38 1.20 1.43 1.40 

CH <0.01 <0.01 <;0.01 1. 34 1.33 1.35 1. 33 I. 3S 1.33 I. 34 1.35 1.35 
lNL <0.02 <0.02 <0.02 1.34 1.36 1.35 I. 34 1.37 1.36 1. 34 1.36 1.36 

COBALT 
PCl <0.001 <0.001 - 0.002 0.002 <0.001 0.002 0.002 <0.001 0.030 0.031 0.026 
CH <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.025 0.027 <0.001 
INL <0.002 - <0.002 <0.002 <0.002 0~002 <0.002 <0.002 0.002 0.029 0.029 0.029 

NICKEL 
Pel <0.001 <0.001 0.005 0.004 0.005 0.006 0.00lt 0.005 0.033 0.030 0.033 -
CH <0.001 <0.001 <0.001 0.005 0.006 0.006 0.005 0.006 u.006 0.030 0.032 0.031 
lNl <0.002 - <0.002 0.005 0.006 0.005 0.006 0.007 0.006 0.035 0.035 0.032 

LEAD PCl <0.003 <0.003 - <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.028 0.028 0.028 
CH <0.002 <0.002 <0.002 <0.002 <;0.002 <0.002 <0.002 <0.002 <0.002 0.029 0.027 0.029 
INL <0.003 - <0.003 <0.003 <0.003 <0.003 <0.003 '<0.003 <0.003 0.028 0.028 0.027 

MANGANESE 
PeL <0.008 <0.008 - 0.580 0.580 0.590 0.580 0.580 0.580 0.580 0.580 0.570 
CH <0.001 <0.001 <0.001 0.500 0.500 0.500 0.500 0.520 0.500 0.510 0.510 0.510 
INL <0.001 <0.001 <0.001 0.620 0.630 0.610 0.620 0.630 0.600 0.610 0.630 0.600 

ALUMINUM 
PCL <0.020 <0.020 - - <0.020 - - <0.020 - -- -
CH <0.010 <0.001 0.10 0.06 - 0.09 0.06 - 0.06 0.06 -INl <0.02 - - 0.017 0.020 0.024 0.015 0.017 0.020 0.017 0.022 0.021 

COPPER 
PCl <0.001 <0.001 - 0.006 0.008 0.007 0.004 0.005 0.004 0.037 0.038 0.038 
CH <0.002 <0.001 <0.001 0.00lt 0.00lt 0.004 0.004 0.00lt o .00lt 0.034 0.035 0.034 
INl <0.001 - <0.001 0.005 0.005 0.007 0.005 o .00lt 0.006 0.039 0.042 0.037 

CADMIUM PCl <0.001 <0.001 - <0.001 <0.001 -<0.001 <0.001 <0.001 <0.001 0.028 0.026 0.029 
CH <;0.001 -<0.001 "0.001 <;0.001 '<0.001 <0.001 <0.001 <0.001 <0.001 0.027 0.028 0.028 
INL -<0.001 - <0.001 <;0.001 <0.001 <;0.001 <0.001 <0.001 <0.001 0.018 0.021 0.029 

ZINC PCL 0.008 0.006 - 0.007 0.009 0.006 0.008 0.008 0.006 0.028 0.033 0.033 
CH <0.001 <0.001 <0.001 0.006 0.008 0.008 0.006 0.008 0.008 0.034 0.035 0.035 
'NL <0.001 - <0.001 0.004 0.00lt 0.005 0.002 0.005 0.004 0.021 0.026 0.020 

VANADIUM PCL <0.002 - - <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
CH 0.001 0.001 - 0.002 0.002 - 0.002 0.002 - 0.002 0.002 -
INL -<0.002 - - 0.002 0.001 0.002 0.001 0.001 0.002 0.002 0.002 0.002 

Continued ••• 



Table 21. Continued. 

SAMPLE NUMBER M-4 M-5 M-6 M-7 
DATE ANALYZED A B C A B C A B C A B C 
IkON PCl 1.20 1.42 1.40 1.21 1.42 1.37 1.20 1.43 I. 36 1.21 1. 38 1. 37 

CH 1.34 1.33 1.37 1.34 1.35 1.33 1.34 1.35 1.33 I. 36 1.40 1.33 INl 1.34 1.36 1.38 1.34 1.36 1.37 1.34 1.36 1.37 1.33 I. 35 1.37 COBALT PCl' <0.001 <0.002 <0.001 0.002 0.002 <0.001 0.002 0.002 <0.001 0.002 0.002 <0.001 
CH <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
INl <0.02 <0.02 <0.002 <0.02 <0.02 0.002 <0.02 <0.02 0.002 <0.002 <0.002 <0.002 

NICKEL PCl 0.005 0.004 0.004 0.005 0.004 0.005 0.008 0.003 0.006 0.004 0.004 0.005 
CH 0.005 0.007 0.005 0.005 0.006 0.006 0.005 0.006 0.006 0.005 0.006 0.006 
INl 0.006 0.006 0.006 0.007 0.006 0.006 0.007 0.007 0.006 0.007 0.005 0.005 

lEAD Pel :<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 
CH <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
INl <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 

MANGANESE PCl 0.580 0.570 0.580 0.580 0.580 0.570 0.590 0.580 0.580 0.590 0.580 0.580 
CH 0.500 0.510 0.500 0.510 0.510 0.500 0.520 0.500 0.500 0.510 0.510 0.510 
INl 0.620 0.630 0.610 0.620 0.630 0.600 0.610 0.630 0.600 0.610 0.630 0.600 

ALUMINUM pel <0.020 - - <0.020 - - <0.020 - - <0.020 - -
CH 0.130 0.060 - 0.100 0.060 - 0.090 0.060 - 0.120 0.060 -
INl 0.017 0.017 0.021 0.017 0.019 0.018 0.014 0.019 0.019 0.014 0.020 0.018 

COPPER PCl O.oolt 0.005 0.005 o.oolt 0.005 0.004 0.005 0.005 0.004 0.005 0.005 0.00lt 
CH 0.004 o.oolt 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.00lt 0.004 
INl 0.004 0.004 0.008 0.005 0.005 0.006 0.006 0.005 0.007 0.004 0.005 0.006 

CADMIUM PCl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
CH <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
INl <0.001 <0.001 <0.001. <0.001 <.0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

ZINC PCl 0.008 0.008 0.006 0.008 0.008 0.006 0.008 0.008 0.007 0.008 0.009 0.006 
CH 0.007 O.oog 0.008 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 
INl 0.005 0.005 0.004 0.003 0.005 0.005 0.003 0.004 0.004 o.oolt 0.005 0.004 

VANADIUM PCl <0.002 0.002 <0.002 <;0.002 0.002 <0.002 <0.002 0.002 <0.002 <0.002 0.002 <0.002 
CH 0.002 0.002 - <0.001 0.001 - 0.001 0.001 - <0.001 0.001 -
INL 0.002 0.001 0.002 0.001 0.002 0.001 0.002 0.002 . 0.001 0.002 0.002 0.001 

Conti nued ••• 



Table 21. Continued. 

SAMPlE NUMBER M-8 M-9 H-l0 
DATE ANALYZED A B C A B C A B C 
IRON Pel 1.21 1.40 1.37 1.21 1.41 I. 37 1.20 I. 38 I. 36 

CH 1.34 1.33 1.35 I. 34 1.35 1.33 1.34 I. 35 I. 35 
INl 1.34 1.37 1.36 1.33 1.37 1.37 1.32 I. 37 1.37 

COBALT PCl 0.002 0.002 <0.001 0.002 0.002 <0.001 0.002 0.002 <0.001 
CH <0.001 <0.001 <0.001 «0.001 <0.001 <0.001 <0.001' 0.001 <0.001 
INl <0.002 <0.002 <0.002 <0.002 ~0.002 0.002 <0.002 <0.002 0.002 

NICKEL PCl 0.006 0.005 0.005 0.006 0.003 0.005 0.006 0.008 0.005 
CH 0.005 0.006 0.006 0.004 0.006 0.006 0.004 0.006 0.006 
INL 0.007 0.007 0.005 0.008 0.006 0.005 0.007 0.005 0.006 

lEAD PCl <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 
CH <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
INl <0.003 <0.003 <0.003 <0.003 <\).003 <0.003 <0.003 <0.003 <0.003 

MANGANESE Pel 0.590 0.580 0.580 0.600 0.580 0.570 0.600 0.580 0.580 
CH 0.510 0.500 0.500 0.500 0.500. 0.500 0.510 0.510 0.510 
INl 0.610 0.630 0.600 0.620 0.630 0.600 0.620 0.630 0.610 

ALUMINUM PCl <0.020 - - <0.020 - - <0.020 - -
CH 0.100 0.060 - 0.070 0.060 - 0.070 0.060 -
INl 0.016 0.019 0.018 0.015 0.017 0.019 0.015 0.020 0.019 

COPPER Pel 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.00lt 
CH 0.004 0.004 0.004 0.004 0.004 0.00lt 0.004 0.00lt 0.004 
INl 0.006 0.005 0.004 0.005 0.005 0.006 0.005 0.005 0.007 

CADMIUM PCl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
CH <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
INl <0.001 <0.001 <0.001 <0.001 ~O.OOI <0.001 <0.001 <0.001 <0.001 

ZINC PCl 0.008 0.008 0.006 0.008 0.0011 0.006 0.007 0.010 0.006 
CH 0.007 0.008 0.007 0.007 0.008 0.007 0.007 0.007 0.007 
INl 0.005 0.005 0.004 0.005 0.005 0.005 0.005 0.006 0.006 

VANADIUM Pel <0.002 0.002 <0.002 <0.002 0.002 <0.002 <0.002 0.002 <0.002 
CH <0.001 0.001 - <0.001 <0.001 - 0.002 0.002 -
INl 0.002 0.002 0.001 0.002 0.001 0.002 0.001 0.002 0.002 

Continued •.. 



Table 21. Continued. 

SAMPLE NUMBER SPIKED SAMPLE #1 SPIKED SAMPLE #2 WATER - CONTROL 
SPIKE ADDED 

DATE ANALYZED (mg/l) A B C A B C A B C 

IRON PCl 1.20 1.41 1.38 1.20 1.41 1.36 1.20 I. 42 1.38 
CH 1.36 1.40 1.35 1.34 1.33 1.35 I. 34 1.35 I. 35 
INl 1.34 1.36 1.38 I. 34 I. 37 I. 37 I. 32 1.36 1.37 

COBALT 0.028 PCl 0.029 0.029 0.026 0.030 0.030 0.029 0.002 0.002 <0.001 
CH 0.027 0.027 <0.001 0.027 0.025 <0.001 <0.001 <0.001 <0.001 
INl 0.029 0.029 0.029 0.029 0.029 0.030 <0.002 <0.002 0.002 

NICKEL 0.028 PCl 0.033 0.030 0.033 0.033 0.030 0.034 0.006 0.004 0.005 
CH 0.030 0.032 0.032 0.030 0.032 0.032 0.006 0.006 0.006 
INl 0.035 0.035 0.033 0.037 0.034 0.034 0.006 0.007 0.005 

lEAD 0.028 PCl 0.027 0.028 0.028 0.027 0.027 0.027 <0.003 <0.003 <0.003 
CH 0.029 0.030 0.030 0.029 0.030 0.029 <0.002 <0.002 <0.002 
INl 0.028 0.028 0.027 0.028 0.028 0.026 <0.003 <0.003 <0.003 

MANGANESE PCl 0.580 0.580 0.580 0.590 0.580 0.580 0.580 0.580 0.580 
CH 0.510 0.500 0.500 0.510 0.500 0.510 0.510 0.510 0.500 
INl 0.620 0.630 0.610 0.620 0.630 0.600 0.620 0.630 0.600 

ALUMINUM PCl <0.020 - - <0.020 - - <0.020 - -
CH 0.080 0.060 - - 0.060 - 0.110 0.06 -
INl 0.017 0.025 0.024 0.018 0.023 0.025 0.014 0.017 0.020 

COPPER 0.028 PCl 0.037 0.037 0.037 0.038 0.038 0.038 0.004 o.oolt 0.004 
CH 0.034 0.035 0.035 0.034 0.035 0.034 0.004 0.004 0.00lt 
INl 0.040 0.041 0.039 0.040 0.041 0.036 0.006 0.006 0.006 

CADMIUM 0.028 PCl 0.028 0.026 0.028 0.028 0.026 0.028 <0.001 <0.001 <0.001 
CH 0.027 0.028 0.028 0.027 0.028 0.028 <0.001 <0.001 <0.001 
INL 0.016 0.028 0.026 0.020 0.028 0.022 <0.001 <0.001 <0.001 

ZINC 0.028 PCl 0.030 0.033 0.031 0.030 0.033 0.033 0.007 0.008 0.006 
CH 0.034 0.03" 0.035 0.033 0.033 0.034 0.007 0.007 0.007 
INl 0.023 0.021 0.027 0.023 0.025 0.022 0.004 0.005 0.004 

VANADIUM PCl <0.002 0.002 <0.002 <0.002 0.002 <0.002 <0.002 0.002 <0.002 
CH <0.001 0.001 - <0.001 0.001 - <0.001 0.001 -
INl 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.001 

Cont inued ••. 



Table 21. Concluded. 

a Key 

A B C 

COBALT Chemex 26 Jan 22 Feb 22 Mar 
Inland w. 2 Feb 22 Feb 27 Mar 
P.C.L. 25 Jan 21 Feb 21 Mar 

NICKEL " " " " 

LEAD " " " " 

COPPER " " " " 

CADMIUM " " " " 

'" ZINC " " " " '" 
MANGANESE Chemex 29 Jan 26 Feb 23 Mar 

Inland w. 5 Feb 23 Feb 26 Mar 
P.C.L. 25 Jan 21 Feb 21 Mar 

VANADIUM Chemex 22 Feb 23 Feb 
Inland w. 30 Jan I Mar 2 Apr 
P.C.L. 25 Jan 21 Feb 21 Mar 

IRON Chemex 26 Jan 22 Feb 29 Mar 
Inalnd W. 5 Feb 23 Feb 26 Mar 
P.C.L. 25 Jan 21 Feb 21 Mar 

ALUMINUM Chemex 5 Feb 
Inland 30 Jan 28 Feb 
P.C.L. 25 Jan 21 Feb 21 Mar 
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Factors Related to Procedures. The variations in nickel 

results have an added dimension. All three laboratories used the 

most widely used, although not necessarily the most efficient (Stein 

and McClellan 1980), extraction system for metal ions--ammonium 

pyrolidine dithiocarbonate dissolved in methyl isobutyl ketone. In 

the procedure, the sampel pH is adjusted prior to buffering with a 

sodium acetate solution. It is bel ieved that the observed variations 

in nickel data are caused, in part, by the use of nickel contaminated 

NaOH solutions used to adjust the sample pH. The label on commercial 

reagent grade sod i um hydrox ide sol ut ions (e. g., IIBaker Ana I ysed" 

REAGENT) frequently report 5 mg/L Ni as an impurity. 

The lack of agreement in aluminum analysis results is 

probably caused by differences in analytical methods (Table 22). 

3.2.3.3 Variations Between Measuring Instruments. AOSERP water 

qual ity data have, on occasions, shown significant variations between 

field measured and laboratory pH and specific conductance values. One 

possible reason is a lack of agreement among instruments. Figure 5 
illustrates observed variations between four commercial conductivity 

meters. This does not mean that the instruments were faulty or 

generally improperly operated, but merely that correlations between 

instruments are sometimes poor. Human error cannot, however, be over

looked. Field technicians have on occasions forgotten to apply 

multiplying factors required to instrument readings. 

3.3 SUMMARY 

An exhaustive performance evaluation of the consultant labo

ratory was instituted and maintained by the project leader to ensure 

the qual ity of the data base. External checks of the consultant labo

ratory's internal quality control program were provided by inter

laboratory sample exchange programs. These programs also investigated 

and identified causes of variations in analytical data; and areas where 

improvements in preservation and analytical methods were desirable. 

The program clearly demonstrated the usefulness of quality control 

programs and the reI iability of AOSERP water quality data base; since 

valid and accurate data are needed for interpretive and predictive 

evaluations of the water qual ity of the AOSERP study area. 
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Figure 5. A comparison of specific conductance readings obtained 
from four instruments. 
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Table 22. Procedures used to analyze for aluminum. 

Laboratory 

Chemex 

Inland 
Waters 

Pollution 
Control 

NAQUADAT 
Code 

Number 

13302L 

13303L 

1 3306L 

Analysis Methods 

Description 

Aluminum is analyzed by atomic absorption
direct aspiration method. The sample is 
acidified with a dilute mineral acid, shaken, 
and left overnight. The solution is then 
preconcentratedand aspirated, and the absor
bance measured spectrophotometrically at 
309.3 nm and compared with those of standard 
aluminum solutions. 

Aluminum is analyzed by the solvent extraction
atomic absorption method. The sample is 
acidified with a dilute mineral acid, shaken, 
and left overnight. An 8-hydroxyquinoline 
solution and a buffer (pH 8) solution are 
added to the sample solution, then the pH is 
adjusted to between 7.5 and 8.5. This 
solution is extracted twice with CHCI3. The 
extracts are combined and then aspirated. 
The absorbance, of the combined extracts, is 
measured spectrophotometrically at 309.3 nm, 
and compared with those of identically 
prepared standard aluminum solutions. 

Aluminum is analyzed by the solvent extraction
atomic absorption method. The sample is 
acidified with a dilute mineral acid, shaken, 
and left overnight. An al iquot is titrated 
with NHhOH to the blue end point of bromo
phenol "olue, then back-titrated with H2S04 until the blue color disappears. The pH 
is adjusted to 6.0 ± 0.1 with a buffer. 
An al iquot is extracted wi th ethyl prop ionate 
containing 8-hydroxyquinoline and the solvent 
layer aspirated. The absorbance is measured 
at 237.3 nm and compared with those of identi
cally prepared standard aluminum solutions. 
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5. APPENDIX 

5. I SOURCES OF NON-AOSERP ATHABASCA OIL SANDS AREA SURFACE 
WATER QUALITY DATA CATALOGUED BY WATER QUALITY CONTROL 
BRANCH (Table 23) 



Table 23. Sources of non-AOSERP Athabasca oil sands area surface water quality data catalogued by water quality 
control branch. 

Title of Report and Year 

Investigation of Oil Spll I In 
Athabasca River 4 April I~68 

Water Quality Summary - Athabasca 
River 1966-71 

Fort McKay Water Supply Report 
7 May 1969 

Monthly Analyses of Athabasca 
River Water Sampled at and 
near Fort McMurray, Alberta 
September 1957-58 

1977 Break-up and Subsequent Ice 
Jam at Fort McMurray 
June 1977 

1978 Breakup In the Vicinity of 
Fort McMurray and Investigation of 
Two Athabasca River Ice Jams 
December 1978 

Author or Affiliation 

Alberta Department of 
Health Environmental 
Health Services Division 

Alberta Department of 
the Environment Division 
of Standards and Approvals 

H.A. Kerr, P.Eng. Soils, 
Geology and Groundwater 
Branch 
D.A. Shillabeer, P.Eng. 
Environmental Health 
Services Division, Alberta 
Departll!ent of Health 

K.A. Clark 
Alberta Research Council 

P.F. Doyle, Transportation 
and Surface Water 
Engineering Division 
Alberta Research Council 

P.F. Doyle, Transportation 
and Surface Water 
Engineering Division 
Alberta Research Council 
D.O. Andres, River 
Engineering Branch 
Alberta Environment 

Brief Summary of Report Content 

Counteractive measures to restrict oil pollution of the Athabasca River from the 
contaminated slough area on the G.C.O.S property were discussed In a meeting on 
26 Karch 1968 In Edmonton. Subsequently a trip was made on 4 April 1968 to 
observe the waste water treatment facilities, the site of the 011 spill and the 
condition of the river. 

This report Is concerned with data compilation and evaluation of water quality of 
the Athabasca River during the last five years (1966-1971). This data has been 
reviewed In relation to existing water quality criteria and water quality standards 
for the Athabasca River. 

An Investigation of all potential water supplies for the settlement was conducted 
on 7 Kay 1969. Various sour~~s 'of water were analysed In the lab: school well, 
Hudson Bay Company well, Athabasca River, McKay River, Beaver River, muskeg 
runoff (north and south of settlement) and the school cistern. 

Samples were collected on a once-a-month basis for an entire year In response to 
requests from parties Interested In the development of the tar sands. 

This report documents the 1977 spring breakup and subsequent Ice Jam on the Athabasca 
River below Fort McMurray which produced the highest flood levels In Fort McMurray 
and neighboring Waterways since 1936. 

The work presented In this report is a part of continuing research program to study 
breakup and related phenomena In Alberta rivers. The report presents field 
documentation and a partial data analysis of the 1978 spring breakup and two major 
Ice Jams on the Athabasca River. 

Cont i nued ••. 



Table 23. Continued. 

Title of Report and Year 

Toxicity of Wa.stewater Discharges 
and their Effects on Receiving 
Water and Northwest Pulp and Power 
Co., ltd., Hinton, Alberta. 
Janua ry 1975 

A Study of Current Pulp Hili 
Loadings in the Athabasca River 
September 1967 

Disposal of Waste Waters from 
Bleached Kraft Pulp Hills to the 
Athabasca River. 
April 1965 

Aquatic Studies on Various Rivers 
In the Fort McHurray Region: 

Clearwater River 
Horse River 
Hanglngstone River 
Gregoire Lake and Tributaries 

September 1972 

Gregoire Lake Study 
Hay 1969 

Water Quality Study - Athabasca 
River 
1966 

Summary Report - Athabasca River 
Winter 1966-67 

Author / Affiliation 

Environment Canada 
Environmental Protection 
Service 

Alberta Department of 
Health Environmental 
Health Services Division 

Department of Public 
Health Division of 
Sanitary Engineering 

Department of Natural 
Resources 
Fish and Wildlife Division 

Department of Natural 
Resources . 
Fish and Wildlife Division 

Bryant F. Bidgood 
Fish and Wildlife Division 

Alberta Department of 
Health Environmental 
Health Services Division 

Brief Summary of Report Content 

Samples of wastewater discharges from Northwest Pulp and Power Ltd. were collected 
In August 1974, for bacteriological and chemical analysis and toxicity testing. All 
samples bloassayed exhibited acute lethal toxicity to Rainbow Trout which can be 
attributed to toxic components in the waste water. 

The report covers 3 areas: Athabasca River flow distribution, average loadings from 
Northwest Pulp and Power Ltd., and assimilation of biochemical oxygen demand on the 
Athabasca River. 

An assessment of the water quality of the Athabasca River In order to facilitate 
more pulp and paper plants In the Hinton area. 

The report covers geographical and geological characteristics of each river plus 
biological and chemical characteristics of various sample sites In each river 
system. 

The report covers morphometry, physical and chemical data, Inflow and outflow, 
plankton, bottom fauna, and fish fauna Including catch records from 1944/45 to 
1965/66. 

The report covers biological and chemical characteristics of the Athabasca River 
above and below the G.C.O.S. plant site. 

The Athabasca River was sampled on 5 occasions during the winter of 1966-67, to 
study the effects of the pollutlonal load from the Kraft pulp mill at Hinton, 
Alberta. Samples were taken In 6 locations; from Hinton to Fort HcHurray. 

Cont inued ... 



Table 23. Continued. 

Title of Report and Year 

Hydrologl~ and Hydraulic 
Characteristics of the Athabasca 
River from Fort McMurray to 
Embarras 
December 1977 

New Town of Fort McMurray Sewage 
Sampling Program 
August 1974 

Water Quality Monitoring 
Athabasca River 
1968, 1969, 1970 - 1980 

Environmental Impact Assessment 
Lease 13 Mining Project 
Alberta 011 Sands 
June 1975 

Water Sample Analysis 
Water Treatment Plant 
Fort McMurray 
January - October 1979 

Records of Dally Water Analysis 
Tests at the Fort McMurray Water 
Treatment Plant 

Birch River 
December 1969 - November 1973 

Author I Affiliation 

P.F. Doyle, Transportation 
and Surface Water 
Engineering Division 
Alberta Research Council 

D.E. Morrison, Municipal 
Engineering Branch 
Department of Environment 

Syncrude Canada Limited 
Research Department 

Shell Canada Limited 

Pollution Control Lab 
Pollution Control Division 
Alberta Environment 

Town of Fort McMurray 

Water Survey of Canada 

Brief Summary of Report Content 

A dessemlnatlon of the data which has been collected between Fort McMurray and 
Embarras by the Alberta Research Council and other agencies. It also provides some 
Insight Into the river's behavior along this reach. 

This report Is a summary of the sampling and analyses conducted on the sewage from 
the Fort McMurray lagoons. The program began 19 August and continued until 
21 August. 

These are excerpts from Syncrude's Annual Documentation (Internal Report); they 
discuss the types of studies done in that particular year, results of the studies 
and the changes with repect to water Qual ity. 

One chapter In the report discusses water Quality studies conducted within the 
Shell Lease (Lease 13) area. The studies date back to spring 1973 and Involves 
the lower Muskeg River drainage basin. 

These are monthly laboratory results not publicized or put In report form. 

These are records of water analysis done before and after treatment In the Fort 
McMuray Water Treatment Plant. These are dally record sheets are not publish or 
put In report form. 

These samples were taken by the Water Survey of Canada crew whenever they were 
at the Birch River Site. Routine analyses were conducted and the results are put 
on the NAQUADAT Computer System, but not In a report form. 

Continued ... 



Tab1e 23. Continued. 

Title of Report and Year 

Summary Report - Athabasca River 
Pollution Survey 
1967-68 

Athabasca River Water Survey. 
8 July 1968 
29 July 1968 
8 August 1968 

Summary Report - Athabasca River 
Pollution Survey 
1969-70 

Pollution Survey Summary: 
Athabasca River 
1970-71 

Water Quality - Athabasca River 
1971-72 

Summary Report - G.C.O.S. Process 
Waste Effluent 
Winter 1967-68 

Author I Affiliation 

Alberta Department of 
Health Environmental 
Health Services Division 

Alberta Department of 
Health Environmental 
Health Services Division 

Alberta Department of 
Health Environmental 
Health Services Division 

Alberta Department of 
the Environment 
Pollution Control 
Division 

Alberta Department of the 
Environment 
Pollution Control Division 

Department of Health 
Environmental Health 
Services DIvision 

Brief Summary of Report Content 

The Athabasca River was sampled on 6 occasions during the winter of 1967-68. 
Surveys are made during the winter of each year when low river flows and ice cover 
concentrate the problem of pollution. Samples were collected from 9 locations 
starting in Hinton and ending In Fort McMurray. 

On 8 July 1968, water samples of the Athabasca River were obtained at 5 mile 
Intervals between Tar Island and Fort McKay, the survey was repeated on 29 July and 
8 August. This survey was done In an effort to derive an explanation for the 
excessive 011 concentrations (10.5 and 11.9 mg/l) observed at Fort McKay at an 
earlier date. 

Five sampling surveys were conducted on the waters of the Athabasca River and Its 
tributaries during the winter 1969-70. Samples were taken to analyze the river 
waters for chemical composition and bacteriological constituents on a regular basis. 

A total of 6 surveys were conducted on the Athabasca River during the winter of 
1970-71. Tests for chemical and bacteriological constituents were run on samples 
from 5 sItes on the river from Hinton to Tar Island. 

Water quality surveys of the Athabasca River were conducted during winter of 1971-72. 
November through February. To evaluate the loadings Into the river, the analyses 
of Industrial and municipal discharges were also performed. 

The effluent from the G.C.O.S. plant at Tar Island is discharged Into the Athabasca 
River approximately 20 miles downstream from the town of Fort McMurray. The effluent 
consists of three streams: process waste, sludge setting pond, and lagoon waste. 
The Process waste Is a continuous flow and Is the topic of this report. The rate 
of discharge ranges from 7-12 million I.G.P.D. The effluent was sampled six times 
during the winter survey. All samples were grab and were tested according to 
procedures set forth by Standard Methods. 

Continued ... 



Tab 1 e 23. Conc1 uded. 

Title of Report and Year 

Water Sample Analysis of the 
Athabasca River 

Wa ter Qua II ty Da ta, 
Alberta, 1961-1973 
(Published 1975) 

Detailed Surface Water 
Quality Data, Alberta 
197"-1976 
(Published 1980) 

Author / Affiliation 

Department of Energy and 
Natural Resources, Fish and 
Wildlife Division 

Inland Waters Directorate 
Water Quality Branch 
Ottawa, Canada 

Inland waters Directorate, 
Western and Northern 
Region, water Quality 
Branch, Calgary, Alberta 

Brief Summary of Report Content 

Eight water samples collected from sites on the Athabasca River (22 March 1968) 
were analysed by the Alberta Department of Agriculture, Veterinary Service 
Division. These results are not publicized or put into any report. 

The report presents a summary of water samples collected (within Alberta) 
and analysed between 1961 and 1973. The water quality data (chemical physical and 
biological) were collected by Water Quality Branch laboratories as part of the 
National Water Quality monitoring program. The Athabasca River (at Fort McMurray) 
and the Clearwater River (at Fort McMurray) were monitored between October 1967 
and December 1973. The detailed information on these and other sites Is reportedly 
available In the water survey of Canada NAQUADAT files. 

The report .represents detailed chemical, physical and biological data from short term 
special studies and/or surveys or long term monitoring of selected surface waters 
in Alberta during the period 1974-1976. Among the stations monitored were, 
the Athabasca River at Fort McMurray (12 February 1974 to 21 November 1976), 
the Athabasca River at Fort McKay (7 August 1974 to 17 November 1976), and the 
Clearwater River above Fort McMurray (12 February 1974 to 21 November 1976). 
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5.2 DUPLICATE ANALYSES REPORTED BY CHEMEX LABS (ALBERTA) LTD. 
(Tab 1 e 24) 
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5.3 TRI-LABORATORY SAMPLE EXCHANGE ANALYSIS RESULTS 
(Table 25) 
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Table 25. Tri-laboratory sample exchange analysis results. 
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'raul F.i.lt.bl •• au. ri .. d 

'l'ot.al Non-rUtbl.. Re •• 

Toul Non-FUtDl •• "es. Fixed 

Surfacunt.. 

8\111.1c Adele 

'uhic Acid 

'tot.al 01'98n1C Canan 

'tou.l lnoJ'9.niC~ Carbcm 

Total eus. Org.,u.e Ca:rbOn 

H:a.t.r1" aU.rogen 

Nitrate' Hiu1t.. IUt.z'09e11 

Totel Itjeldabl Hi'tl'Dgen 

.hUDl 

oil' GJ' ..... 

Sulphide 

'7Ou.1 PhOapbOZ'us 

Ortho PhOsphOrus 

CYaDide 

ChlDS'ophyll -,,-

..... .... .....,_ .. 
Silnl' 

liDC 

a.1.nlum 

AI' .. nic 

tU,ckel 

Cobdt 

Baron 

OOA":(l7DAOQ70 

Ch ... ex 
Lob 

30.0 

I.' 
30.0 

2.6 

U.S 

7.0 

145 

7.7 

0.0 

1'76.8 

11S.3 

0.10 

6.3 

"0 

130 

2.1 

20' 

170 

li.D 

2"1.2 

12.0 

10 0.02 

'.0 
•• 

25 

17 

•• 
lOA 

L 0.0l 

0.2l 

1.36 

L 0.001 

L 0.1 

Pollution 
Cont.rol Lat 

" 
10 

3C.0 

2.' 
11 

L 10 

161 

7.' 
0.0 

196.0 

138.0 

0.13 

12.7 

'" 
.A 
.A 
.A 
NA 

'A 
'A 

.A .. 

.A 

.A 
,A 

24 

" N. 

•• 
•• 
0.02 

0.53 

2.40 

0.012 

1.2 

Mao RA 

0.24 0.25 

a.02 0.a2 

"" .. 
IIA MA 

n 72 

0.016 0.013 

O.on 0.075 

o.On O.on 
0.12 3.64 

0.175 G." 

G.070 0.016 

0.021 10 0.001 

0.0010' O.DU 

10 0.001 L 0.01 

L 0.0005 10 0.005 

10 0.0001 

L 0.0005 

0.002 

0.01 

0.031 

0.2l 

•• 
•• 

L 0.0001 

0.0008 

0.002 

0.01 

0.032 

.. 
•• 

Apr/77 

Inl.n~ 
WU •• rs Lab 

90 

DO,.T07DAOOIO 

rlt:rlrl';&~ ;Jm !1.'·h~ll:.t:'711 
~h_x PolluUon Inland 
wI:! Contrel wb ... ten wb 

•• 
•• .. 
2.0 

•• 
•• 
•• 
N. 

•• 
lUl.S 

0.09 

5.2 

250 

V' 
1.015 

lSD 

.A 

•• 
'A 
'A 
0.03 

'A .. 
.A 

17.5 .. .. .. 
0.028 

0.0' 

1.,2 

10 0.001 

O.t 

•• 

.A .. .. .. .. 
0.00' 

1.10 

L 0.002 .. .. 
0.00. .. 
•• 
.A .. .. 
D.06 

•• .. .. 
• A 

,7 

•• 
'A 
•• 
1.0 .. 
N. 

•• 
•• 
N. 

135 

C.12 

t •• 

200 

•• 
1.1 

1" 

.A 
'A 

MA 

.A 
0.15 

.A 
'A 

31 

•• 
NA 

NA 

0.539 

0.0' 

2.19 

0.004 

1., 
•• 
IA 

NA 

•• 
NA 

.A 

NA .. 
0.004 

1. , 

D •••• .. 
.A 

0.013 .. .. 
.A .. 
.A 

0.025 .. .. .. 
lOA 

Jun/77 

OO)'T07DA00'70 

Cheme. 
Lab 

29.0 

o. S 

35.5 

2.' 
23.2 

6.6 

154.4 

B.OS 

0.0 

111.2 

ll!.S 

0.12 

5.6 

315 

80 

1.3 

20' 

161 

,.t 
2.' 
..35 

D.OS 

1.5 

.A 

29.5 

27.0 

2"1.0 

'A 
.A 
0.010 

O.H 

1.08 

L 0.001 

0.2 

VA 

0.040 

0.005 

NA 

RA 

59.0 

L 0.001 

D.D04 

0.004 

0.3' 

L D.D02 

0.067 

It 0.001 

O.OU 

L 0.001 

L 0.0002 

L 0.0001 

O.ODOS 

0.031 

0.09 

L 0.002 

0.21 

.A .. 

Pollution 
Control lAb 

21.0 

10.0 

33.0 

1.7 

20 

10 10.0 

15 •• 0 

7.' 
0.0 

187.0 

111.0 

0.14 

7.5 

JOS 

•• 
'A 
1.1 

.A 

• A 

NA 

.A 

0.2'1 

N. 
VA 

22.0 

Ji.O 

.A 

•• 
'A 
O.OlB 

.A 
2.1' 

D.OOB 

1.2 

.A 
10 0.05 

0.010 

'A 
.A 

60 

L 0.001 

0.003 

L 0.001 

0.33 

J., O.OU 

0.076 

10 O.DOl 

0.06'1 

10 O.Dl 

'A 
10 0.0001 .. 

0.005 

aA 

L 0.001 

0.16 

.A 

.A 

Jul/77 

OOJt.1'D'7DAD12D 

~!~!:;~~:\!~rt:turi ~r,!'!; ,Er~ 
Inland 

Vaters Lab 
Ch..... ,DIlution Inler.c: 

Lab Control Lab Waten Lilt-

31. 9 

10.0 

37.0 

1.' 

20 

'.2 
155.0 

'.1 
0.0 

NA 

121.0 

0.12 

6.0 

'62 
,A 

70 

•• .. 
•• 
5A 

6.2 

.A 
N. 
NA 

2B.O 

34.D 

24.0 

•• 
NA 

.A 

NA 

1.1 

D.OOl 

L 1.0 

NA 

0.032 

NA 

•• 
•• .. 
.A 

•• 
I. 0.001 

CI.38 

L 0.001 

0.3. 

0.005 

0.Cl20 

L 0.004 

I. 0.001 

L 0.001 

• 0.0 

15.0 

22.5 

a.S(! 

2.7 

1 .. 

" 
7.50 

0.0 

76..B 

161. E 

(l.U ... 
,91 

.. 
1.2S 

270 

251 

31 

32.5 .. 
0.08 

L 1.0 

NA 

u.s 
14. S 

12.0 

L C.OOl 

o.oas 

O.oos 

O.oB 

2.00 

L 0.001 

.. 
n.o 

23.0 

1.8 

2.0 

13. 

" 
7.1 

0.0 

'7'.0 

173.0 

0.41 ... 
." 

.A 
D •• 

'" 
2 .. 

" .. 
•• 
0.09 

NA 

•• 
17.0 

11 

• • 
.A 

0.008 

0.06 

10.54 

0.010 

RA NA 

0.108 0.10 

0.005 0.015 

IIA "" 

52 32 

L 0.001 L 0.001 

L 0.003 L 0.002 

D.OD4 O.ODl 

4.10 3.29 

L 0.002 1. D.DDl 

0.115 0.163 

I. 0.001 L 0.001 

0.011 a. 029 

L 0.001 L 0.01 

L 0.0002 NA 

L 0.0001 I. 0.0001 

0.0005 1. 0.0002 'A 
0.017 

D.l72 

0.002 

MAo O.OOE 

0.04l 0.52 

O.OOl I. 0.002 

0.15 

NA 

•• 

0.16 

NA .. 
•• 
• A 

•• 

Aug/77 

Cont i nued ••• 

"7.4 

14.1 

21.D 

1.' 

2.·4 

1" 
os 

7.1 

0.0 

•• 
1'79.D 

~.l 

'11 

•• 
•• 
.A 

•• 
•• ., 
" .A 

•• 
N' 

1&.0 

13.0 

.7. 

0.01 

0.0 

0.002 

•• 
NA 

O.D~. 

0.005 

N. ., 
•• .. 
N. 

•• 
•• 
.A 

•• 
0.002 

L 0.0005 

0.0000: 

L 0.0005 

•• 
IIA 

... 
0.18 .. .. 



Table 25. Conti nued. 

001r.'1'07080011 

P IdtAM!:TERS 'Dllut.1on Inland 
Cont.rc.l:.aD w.uu Lab 

CalCUli!: 

SOdlWD 

Pot. •• dum 

Chloride 

Sulphau 

Total Alkalinity 

PH 

Carbonat.e 

81C&rbonat.. 

Toul HerelnellS 

rhoude 

SHu:. 

Conduct.ance 

ThreshOld Oclar Humber 

32.0 

11.2 

25.0 

1.41 

7.C 

14.B 

143.0 

'.36 

1.2 

171.' 

126.0 

D.l~ 

1.0 

201 

Color 120 

'l'otal PUtbl •• aa.. 175 

'total rilule. Ru. Fixed 118 

Toul lIon-F.ilWle. R... 2.0 

'lotal lIOn-hle1 •. Ra ... rued 0." 

'l'urbidi.'ty a., 

Surfactant.s 0.15 

HUllUC Acids 1. 1.0 

Fulvic Acid NA 

Tot.l organiC: carbOn 2C.0 

Toul Inorganic Carbor. 26.5 

'l"ot.d D1a... organic CarDOn 2C. 0 

MU.raU .U.tl'ogen 0.003 

N1Ulu IUtroger. 0.00' 

NUnte , Nitrite Nn.rOtJen 0.012 

~.ia IUtrogen 0.02 

Toul Jl,jel4ahl Ni.t.rogan 0.92 

..... 01 NA 

ail , Gr..... 0.5 

Sulphide lilt. 

Taeal Phoaphorus 0.0251 

OnlaD PbOaphOE'U5 1. 0.003 

Cyanide lilt. 

Cblorophyll -A- III. 

Cbea1cal D.",en Deaand 6S. 0 

Ca~_ 1. 0.001 

H .. avalent ctanc_ 1. 0.003 

COpper 0.002 

Uon 0.5. 

Lead L 0.002 

.......... O.OlS 

SUvel' 1. 0.001 

au,e 0.005 

V .... diua L 0.001 

L 0.0002 

L 0.0001 

32.0 

12.0 

H.C 

1.2 

7.0 

23 

133.D 

•• 
162.0 

128.0 

0.13 

2.S 

110 

•• 
•• 
1.S 

N. 
N. 

•• 
•• 

13 

0.15 

•• 
•• 

H.D 

3C.O 

.A 

.A 

•• 
0.011 

0.06 

2.00 

0.001 

.A 

•• 
1. 0.05 

0.017 .. .. 
I1.S 

L 0.001 

L 0.002 

L 0.001 

0.'0 

L 0.003 

0.011 

L 0.001 

0.009 

1. 0.01 

L 0.0002 

L 0.0001 

35.2 

12.1 

n.c 
1.1 

'.C .. 
139.0 

I.C 

N • 

•• 
131 

.A 
1.0 

ll. 

•• 
aD 

•• 
234.0 

156.0 

2.0 

1.0 

S.S 

NA 

.A 
NA 

30.0 

n.o 
2'.0 

•• 
•• 

L 0.01 

L 0.1 

0.1 

0.002 

.A 

.A 

.A 
'A 
'A 
'A 

.A 

So 0.001 .. 
L 0.001 

0.41 

L o.ooc 
IIA 

L 0.004 

0.010 

L 0.001 

L 0.0005 

0.00013 

0.0003 0.0005 10 0.0005 

Nick.l L 0.002 1. 0.002 D.DDS 

Al.ainD 0.05 L 0.02 D.Oll 

"0.002 L 0.001 .L 0.002 

BoraD 0.11 R" 0.31 

MAo IIA II" 

IIA M" lilt. 

Sept/77 

91 

00,\'1'0 7CD2 30t 

~m:~&lllJ':1tI=r:rmm' I ••• 

OOAT0'7DA(l15D 

Chene. PollutJ.on Inland Ch.... POllUUDrl Inland 
Lab CQDt:rol Lab "_Un Lab Lab Control .1..1" ".t.en L&to 

12..0 

C.7 

11.0 

0.1' 

24.0 

'.S 
U 

'.46 
0.0 

6C.6 

n.3 

D.ot 

,.:Z 
1 .. 

15 .• 

S.O 

19.2 

0.'. 
24.9 

'.0 

" 7.' 
0.0 

62. B 

N. 

•• 
7.2 

172 

35 Hit. 

D.50 0.&2 

101 110 

It.D II 

11.2 12.0 

C.8 ".2 

3.10 6.9 

0.01 L 0.05 

1. 1.0 II'" 

IIA lilt. 

9.0 22.7 

12.0 11.:; 

t.O 10.2 

Mit. O.OU 

•• lOA 

0 •• 1" 0.093 

L 0.01 0.03 

1.20 1.20 

lilt. 0.006 

D.' 2.' .. .. 
0.038 0.0.16 

0.011 ItA .. .. .. .. 
28 26 

1. 0.001 L 0.001 

L 0.003 L D.OD2 

0.002 0.32 

0.72 1.37 

1. 0.002 L 0.003 

0.034 0.021 

L 0.001 L 0.001 

0.031 0.007 

L 0.001 L 0.002 

L 0.0002 O.DODl 

1. 0.0001 L 0.0001 

0.0006 0.002' 

L 0.002 0.001 

0.15 0.110 

L 0.002 L 0.001 

0.02 0.20 

L O.OS WA 

31.0 

13.2 

21.5 

1.15 

1.1 

35.3 

lSl.O 

7.68 

0.0 

11Z.6 

149.2 

0.22 

S.7 

)70 

lS.! 

14·,3 

22.' 

1.7 

12.4 

n.2 

•• 
7.6 

'.0 
194.2 

141.3 

0.14 

I.C 

..2 

7, 62 

o. a 0.7 

2.... 230 

201 196 

10.1 iii. 4 

7.2 7.' 

6. iii 5.2 

D.2o 0.26 

1. 1.0 Nit. 

•• NA 

lB.S 19.0 

3".0 34.0 

15.5 Hit. 

NA •• 

IIA 0.003 

0.02.5 NA 

0.02 0.021 

~_lD 1.1 

L 0.001 0.004 

1. 0.1 0.1 

lUi L 0.02 

0.079 0.012 

0.00' 0.007 .. .. .. .. 
".0 to.o 

L 0.001 J. 0.001 

D.ODS L 0.0002 

O.DOt O.OlD 

2.30 2.30 

L 0.002 L 0.003 

0.101 0.1 

L 0.D01 IIA 

0.006 0.005 

L 0.001 L 0.002 

1. 0.DD02 1. 0.0002 

L 0.0001 L 0.0001 

0.000' 

1. 0.002 

a.D7 

L 0.002 

Q.14 

L 0.05 .. 

O.OOU 

a.002 

CI.ll 

0.00" 

H' 

•• .. 

ODA'l'07i)A0160 

£~i~~-it~~!i"=lrH'Jl:~f'! n MK 
theme. 
Lo. 

46.0 

12.5 

26.5 

2.se 

1.1 

70.0 

163.0 

7.88 

0.0 

198.7 

1".3 

0.22 

7.l 

liS 

Pollut.ion Inland 
Control Lab Waters Lab 

51.0 

15.0 

26.0 

2.2 

2.0 

5'.0 

N. 

7.7 

0.0 

nE.D 

190.0 

0.23 

S •• 

uo 

60 95 

1.0 0.6 

255 220.0 

203 322.0 

20.0 23.0 

14.. 11 

21.6 O.ll 

0.11 Nit. 

1.0 NA 

MA MA 

22.0 17.0 

27.0 31.0 

U.s NIr. 

lilt. Hit. 

NA NA 

0.031 0.022 

O.Ol 0.06 

0.63 1.45 

L a.aOl 0.006 

C.7 2.' 

lilt. lilt. 

0.112 0.13 

0.00' MA .. .. .. .. 
50.0 5'.1 

L 0.001 L 0.001 

L 0.003 L 0.002. 

0.005 L 0.001 

4.00 3.74 

L 0.002 L a.oOl 

O.OSo 0.050 

L 0.001 lilt. 

O.oll 0.00' 

0.002 L 0.002 

L 0.0002 

L 0.0001 

0.0001 

L 0.0001 

0.0015 0.0022 

0.002 0.006 

0.20 O.lDe 

L o. 002 1. 0.001 

0.20 0.20 

L 0.05 Biro 

.. NA 

Oct!77 Nov!77 Nov!77 

Cont i nued ••• 



Table 25. Continued. 

PARAMETERS 

E.icl.UI'Ii 

Ha9n •• i wa 

Sodl.Ulr. 

Chloride 

Sulphu.e 

'lou 1 Alkal1ni ty 

PH 

Carbonate 

Total HaZ'dnen 

FlllOride 

Silica 

CDllductance 

Threshold Odor NUllber 

Color 

'rOul Flltble. Rea. 

Toul ril~le. Ilea. Pi •• ct 

'I'Ou.1 Non-F11tb18. Rea. 

Toul IIOn-FUtble ... a. Find 

'tul'bidity 

Sudact.anu 
__ ie Acid. 

'ulvie Acid 

Toul or,.n.i.c CarlMm 

Total InorgaD.lC Cari»cm, 

'l~u.l Pta •• Drganic Carbon 

Nluat. RitrD98ft 

IUtrU. Nitrogen 

N1trat.e , lIitr1ta Nitrogen 

~1a 1Ih.z-ogen 

Total k;eldabl 11t.I'OVtm 

Phenol 

011 , GI' .... 

Sulpb1de 

'1ou1 Phapftol'U. 

Ol'tbo PhoaphOl'U 

CY.ft.lde 

ChlOl'ophyll -,-

Load -. 
11198r 

zift. 

Vau.ti_ 

8eleD..i_ -... ..,. 

"l'y11i_ 

DOA'rCI'CC0012 

57:r~,·l.H: tff IWU'.t~ ,..1 
Cheaex Pollution Inland 

Lat. Control Latl .. at.en J,.ab 

5S.0 

16.0 

14.0 

2.00 

'.1 
28.5 

19S.C 

B.15 

0.0 

237.7 

203.2 

0.13 

0.1 

382.(0 

20 

0.30 

2S1 

203 

0.' 
L 0.4 

1.S 

0.09 

L 1.0 .. 
12.0 

34.0 

12.0 

• A 

•• 
0.0&2 

0.06 

0.!8 

.A 
2.' .. 
0.011 

0.004 .. 
•• 

L 0.1t01 

L 0.003 

0.003 

0.2.6 

L 0.002 

0.008 

L 0.001 

0.005 

L 0.001 

L 0.0002 

L 0.0001 

0.0002 

L 0.002 

0.05 

1. O.ODZ 

0.05 

L 0.05 .. 

L 0.01 

0.02 

D.OOS9 

92 

DOATO'DA0207 

"tu-"'~:' .,.1' .1 '0-1 NtU~ AlI'H'" 
Ch..... Pollut.ion InlanCi 

Lab Contr"l LUI V.een Lab 

52.5 

15.0 

20.0 

1.70 

U.S 

27.8 

177.0 

7.79 

0.0 

2lS.8 

192.8 

0.12 

'-S 

422 

2. 
0.25 

200 

227.0 

2.' 
0.' 
1.' 
0.0& 

1. 1.0 

NA 

U.S 

31.5 

n.o 

•• 
"" 
O.ll 

0.07 

0.!9 

L 0.001 

• A 

0.021 

0.010 

N' 
•• 

55.0 

16.0 

20.0 

2.1 

14.0 

35.0 

176.0 

7.0 .. 
214.0 

N. 

C.ll 

'.0 .. , 
NA 

•• 
•• 
•• 
.A 
NA 

•• 
lOA 

•• 
N. 
lOA 

12.0 

5'.0 

68.0 

•• 
•• 
0.200 

NA 

•• .. 
'" 
•• 
•• 
0.005 

•• 
•• 

• 0 .. 

1. 0.001 1. 0.001 

L D.OOl 1. 0.002 

O.DOl G.OU 

0.35 0.31 

L 0.002 L 0.003 

0.015 0.012 

1. 0.001 L 0.001 

0.010 O.OO! 

L 0.001 L 0.002 

L 0.0002 IIA 

L 0.0001 L 0.0001 

L 0.0002 IIA 

L 0.002 0.002 

0.04 0.034 

L 0.002 L 0.001 

n.nl NJ. 

56.] 

15.e 

19.0 

2.0 

15.0 

32.0 

In.o 

7.' .. 
N' 
•• 
0.12 

'.3 .. , 
N. 

20 

N. 
241.0 

17l.0 

2.0 

L 1.0 

0.5 

N • 

2.0 

10.0 

10.0 

38.0 

'.0 
•• 
•• 
0.10 

L 0.1 

•• 
NA 

I. , . ., 

•• 
0.02 

0.005 

•• 
•• 
•• 

L 0.D01 

L 0.015 

0.001 

0.32 

D.D04 

0.020 

L 0.00" 

0.008 

L 0.001 

L 0.0005 

0.04 

l. 0.0005 

0.017 

0.11 

L 0.002 

0.07 

L 0.05 •• L 0.05 

... L 0.001 D.ODS 

Dec/77 Dec/77 

00l..'I'0'Do\0080 

M~llr'n:lt RJUf !""£,2~i!M~'"" 
Ch.e. Pollut.ion 11':1ano 

LAb Con~E'gl J.ab "aten 1.ab 

77.51 

18.2 

14.4 

1.' 
~.6 

1.. 
273.2 

7.89 

0.0 

333.0 

268.4 

0.15 

12.' 
455.0 

'0 ... 
301.0 

263.0 

0.0 

2.< 

5.3 

0.10 

l. 1.0 

N • 

38.0 

69.0 

37.0 

•• 
•• 
0.015 

0.49 

1.95 

•• 
'" 
•• 
0.035 

0.00' 

L 0.002 .. 
.< 

D.OOl 

0.004 

0.003 

1 •• 7 

L 0.002 

76.0 

11.0 

14.0 

1.< 

6.0 

L 10 

283.0 

'.1 
•• 0 

345.0 

268.0 

0.12 

13.4 

533.0 

.. 
0.' 

lll.O .. 
•• 
•• 

12.b 

0.15 

N' .. 
22.0 

n.o 

•• 
N • 

N' 
0.24 

0.60 

2.2t 

•• .,. 
N • 

0.10 

0.02' 

0.011 

•• 
50.8 .. 

L 0.002 

0.002 

2.10 

L O.ODl 

80.9 

22.3 

15.0 

1.S 

s .• 

l.' 
211.0 

7.1 

0.0 

•• 
•• 
0.16 

13.0 

523.0 

•• 
's 

•• 
335.0 

211.0 

'.0 
3.0 

10.0 

.... 
10 1.0 

23.0 

15.D 

72.0 

16.0 

NA 

•• 
D.oIC 

L 0.1 

1.1 

N' 
II. .. 
0.02 

10 D.D03 

L 0.005 

•• 
•• 

1. 0.001 .. 
L 0.001 

1.10 

L O.DOt 

0.705 D.720 0.10 

L O.DOl L 0.001 L O.OOf 

0.002 0.004 0.007 

L 0.001 L 0.002 L 0.001 

.L 0.0002 L 0.0002 L 0.0005 

10 0.0001 L O.OODl 0.10 

0.0002 L O. 0002 L 0.0005 

L O.OOZ L 0.001 0.010 

0.05 0.125 10 0.15 

1. 0.002 L 0.001 10 0.002 

0.03 Nil. D.H 

•• L D."~ 

•• ... 
Jan/78 

IIA .. 
Cant i·nued. 

00ATO'lD"OU1 

Ch ... x Pollu.t.1.on Inland 
w,b Control :Lab Waten Lab 

'77.5 

18.2 

U.4 

1.< 

5.0 

L 1.0 

27l.2 

7.89 

•• 
•• 
•• 
0.15 

12.9 

455 

03 

17 .. 
2.' 

163 

147 

8.0 

N • 

liD 

226 

0.29 

7.3 

0 .. 

40 18 

0.4 0.3 

301 .. 141 

263 380 

6.0 lilt. 

62.4 lilt. 

5.3 13.0 

0.10 0.30 ... ... 
811. lilt. 

.... !S.O 

61.0 33.0 

37.0 NA 

0.2'72 IIA 

0.005 NA 

0.277 0.444 

0.12 

0.95 .. 
N. 

N' 

0.024 

0.009 

L 0.002 

N' 

0.31 

1.25 

OA 

N' 

•• 
0.06 

0.025 

o.au 

N' .. .. 
L 0.002 1. o.DOl 

L 0.003 0.33 

0.003 0.003 

1.1'7 0.23 

L 0.002 L D.ODl 

O. '705 1.120 

L 0.001 L O.Oal 

0.002 0.03. 

L 0.001 L 0.002 

1111. 11. 

L 0.0002 1. a.OoOl 

III. lilt. 

L 0.002 L 0.001 .. .. 
NA ." 
.,. Nil. 

NA .. I. .. 
Jan/78 
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Table 25. Continued. 

PAIWIE"l'ERS 

e&1c1111D 

Cblol'ide 

lu,1pba" 

'rota1 Altalilli ty 

PH 

~ .. 
81ca;rboMU 

FlUDdde 

slbca 

conducu.nee 

~I" •• bolcl Oda:r .... 1' Ca_ 
"allAin • Lalnin 

'rOt.al rUttile .... . 

'foul FUdale. .... rUed 

'rDtal acm"'PiltD1e .... . 

'7Dt.&1 Ikm-I'ilttlla ..... Fi ... 

IIWbidity 

lul.CUDU 

8.ic Acid. 

hlYic Acid 

'I'OUl aquie CAl'bon 

'foul lBO .... nie carlaOn 

_cal JU,... Oquia Carl:Jorl 

• .luaU! l1uogen 

MUd.g .,uog_ 
11t,l'aUi , liUU •• itz~n 

-.mi.. litn1Jeft 

'l'Dt.al Ijeltlahl 11uog.n 

........ 1 

on,. Gnu_ 

Iu.lpbide 

'IOtal PhD.,... ... 

DrUID ..... pboz' .. 

., .. -
0._,11 ·a· 
~"1 __ 

....... 

..... leat Cbnai_ _. 

.... 
IoMd _ .. 
aiber .... 
..... 111_ .. -. ... ...., -. 
l"en1 

101_ 

-'10 

lone 

'IhuJ._ 

""'ll~_ 

DU1'07MD060 

nu.,r.anl 
...... t·a.rur.'f!':Y2., 

C...... Pol111t1011. Inland 
Lab CClnuol loG a.ten Lab 

'GOoD '1.0 

U.. 23.0 

55.0 52.0 

2.2 2.1 

'7.1 1.0 

13.5 L la 

36Z.O 366.0 

7070 7.' 

0.0 0.0 

U1.3 "'6.0 

272.. 2U.O 

D.ll 0.3 

13.1 13.' 

625 ItO 

15 

•• 2 

C13.D 

337.0 

2 •• 

I. D •• 

1.5 

., 
•• 2 

tSD.D 

.1 .• 
... ... 
, .. 

•• lS •• 11 

I. 1.CI IIA 

III ... 

ao.s •• 0 

51.5 '1.0 

20.0 D. 

0.272 IIA 

0.005 .. 

0.1'71 O.U' 

0.12 0.1 

O.'S D." 

... ... ... ... 

... ... 
0.2. L •• 05 

0.00' 0.011 

J. 0 •• 02 0.006 

... ... 
a a 

I. O.DOl I. 0.001 

L O.OOJ I. D.DOI 

0.011 0.001 

0.4' 0.4' 

10 0.101 L •••• 3 

0.022 o.oa, 
J. .... 1 J. 0.001 

D."", 0.021 

I. 0.101 I. 0.002 

13.' 
U.I 

5C.0 

2.2 

,., 
12.0 

335 •• 

, .. ... 
a ... 
... 

U.O 

115.0 

lOA 

,. 
a 

377.0 

a85.0 ... 
... 

10.0 

lUI 

... 

15.0 

Il.D 

7.0 

... 
a 

D.2' ... 
0.' 
a 

a 
a 
0.020 

I. ••• ., 

L 0.015 ... 

I. I.Hl ... 
I. •• 0.1 

O.i' 

a. D.'" 
o.on 

" D .... 

o.on 
I. ••• 01 

L 0.'.02 I. O.DOOI I. .... 05 

I. •• 0001 0.1003 .. " 

ODA'!'07CDOD40 
......... _ ... a~.." 

u.s 
u .• 

n.D 

2. '0 

ll.O 

21.5 

In.1 

'.85 . .. 
110.2 

UI.o 

0.11 

1.5 

no 

'0 
0.1 

270 

2U.0 

23.2 

16.0 

lD.2 

D.U 

lUI 

a 

15.0 

32.5 

11.0 

IIA 

a 
0.152 

a 
0.Dl5 

... 
lUI 

IIA 

D.DIS 

O.OU 

L ••• 01 ... 
a 

L 0.,,1 

••• 03 

L •• 001 

1.17 

I. D.D02 

'.101 

I. 0."1 

0.001 

I. 0.101 ... 
I. 0.001 

PDllut.iOll 
CDDtl'Dl Lab 

" U •• 

u.o ... 
3&.0 

21 •• 

In.o 

'.1 ... 
lt2.D 

141.0 

0.2. 

1.2 ... 
a 

IS 

0.1 

32< 

25'.0 

2'7.0 

2>.0 

... 
0.11 

IIA 

IIA 

11.0 

.3.0 ... ... 
o.DU 

1.11 

•. 0' 
0.14 

IIA ... 
IIA 

0.1. 

0.'16 

0.00. 

IIA 

lUI 

I. 0.001 

I. D.H2 

D.DU 

1.U 

" D.016 

0.115 

I. 0.001 

'.001 
0.003 

... 
I. ..... 1 

I. o.DDOZ 0.0023 L 0.0005 11& _ 

" •• 012 0.012 0.1.' L 0.1'01 0.00. 

0.03 ••• 2 0.13 '.21 '.210 

I. 0.002 L 0.101 L I.oaz L 0.111 I. D.DOI 

D.U.. 0.41 0.22 .. 

I. 0.05... a I. ••• 1 IIA 

... ... lUI ... I. 0.111 

Feb/78 Apr/78 

11l1 .. u1 
... un Lab 

40.5 

11.1 

.1.0 

3.0 

".0 
30.0 

156.0 

1.1 

0.0 

ltD.2 

UI.' 

0.11 

1.1 

062 

... 
" ... 

230.0 

25 •• D 

21.0 

, ... 
lD 

D"''!'D1CDO040 

---- .. -!.:Id' 
o-a Pollau,OIl 

I.oab Contll'Dl Lab 

22.1 

i.1 

u.s .. , 
11.50 

1 •• '0 

11.2 

7.ts 

a 
101.5 

15.0 

0 •• 5 

i.to 

us .• 

llO 

1.5 

122.1 .... 
U.2 

'.2 
1.1 

Zl.O 

1.0 

11.0 

1.1 

U.D 

25.0 

1'.0 

'.5 ... 
10~.O 

".0 
•• 12 

5.2 

2U.0 

tl 

1.5 

216.0 

151.0 

lUI 

lUI 

:I:I.Z 

1.1 

11.0 

1.1 

12 •• 

le.o 

17.0 

1.1 

... 
IIA 

... 
5.1 

212.C ... 
100 ... 

... 
li.D ... 
5.1 

IIA '.11 '.15 lUI 

IIA .. 1.0 .. IIA 
IIA 23.1 _ _ 

12.. u.s 20.0 20.0 

31.0 311.5 23.0 aD.D 

11.0 II.D ... _ 

IIA 0.005 IIA _ 

• D.002 L D.oS IIA 

0.10 0.0.5 L 0.'5 0.01 

IIA 0.020 0.25 ... 

D.'. 0.'2 5.11 0 •• 7 

IIA I. 0 •• 01 .... , •• 02 

IIA 0.1 L 1.0 0.35 

IIA L 1.D L 0.02 .. 

D.D" 0.032 0.0' 0.0" 

0.01. D.IlS IIA D.DZ2 

0.003 .. IIA _ 
IIA _ IIA IIA 

.. IIA _ IIA 

I. 0 ••• 1 ... lUI lUI 

.a t.I1D '.011. lUI 

I. •• 001 L 0.,,1 I. 0 •• 11 I. ••• 11 

1.41 1.02 •• ,' 1.11 

'.007 L 0.002 "o.on "D.OD. 

'.lU ' •• 17 ..... • •• n 
I. I.HC .. .. lUI 

..... ..101 .... , .... , 

I.H2 L 1 •• 01 L 1.002 a 
L ..... 

•• IS 

0.0001 

... 
•• U 

I. 0.1.2 

'.Ie 
1M 

IIA 

.... n IIA 

L '.1001 I. D .. IOOl 

'.0011 0.0110 

1.001 D.ID2 

0.17 0.135 

IIA .. 

1M lUI .. .. 
IIA I. •••• 1 

L '11 •• 005 

0.07 

•••• 0& 

0 •• 12 

lUI 

lUI 

D.lI .. .. 

DDA,.07DAD207 

21.0 

1.1. 

5.10 

0.1' 

1.1. 

lS.5 

11l.1 

7.'. 
..D 

12'.0 

lOD.O 

•• U 

•• 50 

111.0 

30.D 

0.' 
125.0 

113.0 

'14.0 

502.0 

320 •• 

D.lD ... 
• a 

U.5 

21.5 

RA 

D.D7C 

D.'U 

O.Oa7 

O.UD 

1.·51 

J. 0 .. 001 

0.1 

L 0.01 

0.135 

D.D08 

D.DDl ... 
a7l.o 

I. D.DOl 

0.0l • 

••• U 

3.10 

0.1'1 

0.211 

0.101 

0 •• 11 

0.003 .. 

Polbticm 
COntrol Lab 

al.o 

1.0 

6.0 

0.10 

'.0 

17.D 

'1.0 

'.5 
•• 0 

l11.D 

102.0 

•• ll 

2.5 

221.0 

.a 

D.' 
.. 

SoID.D 

lUI 

IIA 

0.19 .. .. 
11.D 

ll.D 

... 
lUI 

L '.001 

0.001 

..05 .... 
L a.Dol 

L 1.0 

L 1.02 

D.U 

L 0.001 

L D.ODZ 

IIA 

71.0 

lUI .. 
'.Ol. 

2.51 

0.001 

0.215 

I. '.DOI 

'.021 

0.017 

lUI 

L •• 0001 I. ••• Ol .. 
O.OlD 

lUI 

0.0001 

... 
a 
lUI 

lUI 

0.001 

• a 
O.ODS ... ... 

Jun/78 Jul/78 
Continued ••• 

Ibland 
"aten Lab 

26.4 

11.' 
5.1 

0.' 
1.5 

li.O 

16.0 

1.1 

0.0 

0.13 

'.5 
2lS.0 

Ra 

50.0 ... 
... 
Ma 

25'.0 ... 
118 

IA .. 
MA 

lUI 

.. 

... 
IIA 

0.05 

... 
1.1 

L •• 001 

L 0.1 

... 
G.3' ... 
0.002 

.a 

I. 0.001 

IIA 

0.0.3 

D.S. 

10 D.DD. 

..'0 ... 
'.14 
0.010 ... 

L D.DZ 

.a 
IIA ... 

L 0.001 

IIA 

.A .a 
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Table 25. Cont i nued. 

PARAMETERS 

Calcl.Uftl 

Sodiwr. 

.Ot. ... 5.l.Wf. 

C1",lora.de 

sulphate 

Toul Alkal:Lna.y 

PII 

Carbonat.e 

I.e.rbona'e 

Ten .... l Hardnes, 

Fluonde 

,sllice 

Conductanee 

'l'hr •• hold Odor NWllber 

Color 

'foul Filt.tole. Re., 

'foul fUtblt:. aas. rued 

'Total NQn-riltllle. Rea. 

'roul NDlI-F.i.lttale ••• 5. rbad 

'1'larbidJ.t.)' 

lurfacUonU 

a_ie'Acids 

.FulvJ.c: Acid 

Youl Or,anic Carbon 

Minet.e RitrogUi 

lIn.rlu lIiuogen 

lIit:rate .. Mit.riU Nitrogen 

~i. MiUOIJer; 

'rotal Xje1dahl lila trogen 

Phenol 

ou , G ..... e 

Sulph1.de 

'fotal Pho.phorus 

Or-thO PhosphOrus 

cyanide 

ChlDl'ophyll -A-

Cbealc:al OXygen Deund 

.... v.1.nt Chraai ... 

aiDe 

k •• nic 

R.a.cke1 

Al.uainu 

Cobalt. 

lorOft 

a.ry1h._ 

DOATD7DAD070 ODA'l'01CE2191 OOA'l'07DAOO" 01.\,.Q7CED011 

tw:sUl"' ... :J.nI i:erl'll ClNWlIItI 

ChelRU Pollution Inland Ch_ •• .ollutior. Inland. C~. 'ol1uUOII Inland eM.X 'ollu'Uon In lane 
wb CDntrol Lab Waten loab Lab Con'tZol Lab Waura Lab Lab Control Lab "aters Lab Lab Control wb lII.ten Lab 

24.2 

1.90 

l3.0 

1.40 

11.30 

15.6 

12l.4 

7.90 

0.0 

150.S 

97.0 

0.05 

5.80 

371.0 

• A 

2.3 

244.0 

165.0 

'.0 
3.6 

7.S 

0.22 

•• 
110\ 

25.0 

1.0 

" 
1.2 

n.o 
14.0 

131.0 

8.0 

0.0 

160 

96.0 

0.12 

S.S 

330.0 

•• 
•• 
•• 
110\ 

•• 
•• 
0.22 

110\ 

110\ 

2"1.0 40.0 

24.5 29.0 

25.5 HA .. .. 
HA 0.016 

0.040 0.062 

IIA "0.05 

0.41 2.04 

1. 0.001 0.005 

1.0 2.6 

L 0.01 B" 

0.33 1. 0.05 

0.011 0.016 

0.00'7 0.022 .. .. 
60.0 13.0 

1. 0.001 L 0.00l. 

0.005 IIA 

1. 0.001 L 0.001 

0.750 D.50 

G.OO'l 1. 0.003 

0.074 0.010 

L 0.001 L 0.001 

0.002 0.006 

L 0.001 L 0.002 

L 0.0002 1. 0.0002 

0.0002 0.001 

0.000' a.oon 
0.003 L 0.001 

NA IIA 

" 0.001 L 0.001 .. .. 
HA M" 

liA M" 

Sept/78 

30.0 

1.1 

40.C 

0.'0 

55.50 

13.0 

132.1 

"1.15 

0.0 

112.0 

U5.5 

0.10 

7.50 

400.0 

60 

0.1 

264.0 

188.0 

121.0 

105.0 

61.0 

0.22 

L 1.0 

17.0 

26.5 

29.0 

20.5 

•• 
•• 
0.140 

0.100 

1.30 

0.001 

0.1 

IIJI 

0.110 

0.064 

•• 
N' 

5S 

IIA 

0 ••• 1 

0.a02 

2.20 

1. 0.002 

0.071 
"-
L 0.001 

0.00' 

I. 0.001 

I. 0.2 

L 0.1 

0.0015 

L 0.001 

0.22 .. 
0.16 .. 
•• 
Nov/78 

n.s 
1.1 

42.0 

1.1 

U.S 

210 

10"1.0 

7.7 

0.0 

UO.4 

116.1 

•• 
S.I 

5Sl.0 

•• 
10 

•• 
•• 
110\ 

lOS. 0 

IIA 

37.0 .. 
•• .. 

17.0 

10.0 

n.O 

•• 
•• 
0.13 

0.003 

1.' 
0.03 

105.0 

IIA 

0.11 

0.02' .. 
WA 

IIA 

•• 
•• 
0.003 

1." 
Ie 0.00" 

0.11 

L 0.00" 

0.011 

L 0.001 

0.0005 

0.03 

L 0.0005 

0.002 

0.30 

IIA 

0.11 

IIA .. 

U.O 

7.50 

6.50 

o.n 
1."0 

13.8 

&3.2 

7.30 

0.0 

101.S 

'3.5 

L 0.05 

3.00 

110.0 

3D 

0.7 

111.0 

11.0 

11.4 

1.2 

5.0 

0.12 

Z. 1.0 

0.37 

0.0 

'.0 

1.0 

2.0 

13.0 

19.0 

8.0 

0.0 

n.o 
11.0 

0.13 

1.1 

113.0 

•• 
9'7.0 

0.6 

200.0 

•• ... 
•• 
'.0 
0.15 .. .. 

16.0 17.0 

16.0 26.0 

U.S 43.0 

N" MA 

III. 0.002 

o.au 0.065 

0.004 L O.O~ 

0.'4 D." 

L 0.001 0.004 

L 0.1 0.1 

L 0.01 1.00 

0.031 D.n 
a.ODB 0.013 .. .. 
B" Milo 

21 36.0 

IIA L 0.001 

0.004 O.OU 

L D.OOI 0.002 

O. no 1.0 

L 0.002 Ie 0.003 

0.012 0.013 .. .. 
0.013 G.GO" 

L D.OO~ L 0.002 

23.8 

6 .• 

7.' 

1.0 

1.2 

14.0 

".0 

7.' 
0.0 

81.7 

2(1.4 

0.09 

'.2 
204.0 

•• 
40.0 .. .. 
•• 
'.0 
N' .. 
IIA 

1.0 

13.0 

19.0 

6.0 

2.7 

0.80 

1.20 

s .• 
64.6 

7.S 

0.0 

N' 

•• 
L 0.05 

L 0.02 

168.0 

20 

D.' 
110 

81 

1.2 

L 0.4 

2.' 
0.15 

L 1.0 

'.0 

13.0 17.0 

15.0 15.0 

14.0 17.0 

NA O.Oll 

MA 0.003 

O.OB 0.016 

L 0.1 O.OU 

1.4 0.76 

0.003 L 0.001 

L 1.0 0.5 

IIA L 0.01 

0.018 G.OlS 

0.010 0.004 

I" 0.002 

I" L 0.001 

IA 27 

II" L 0.001 

I" 0.005 

0.002 L 0.001 

0.62 0.100 

1. 0.004 Ie 0.002 

0.017 0.052 

N. IIA 

.,.002 0.004 

L 0.001 L 0.001 

I. 0.0002 1. 0.00002 L 0.0005 0.0001 

L 0.0001 I. 0.0001 L 0.0001 0.05 

Ie 0.0002 0.0005 L 0.0005 L 0.0014 

D.DOl 0.005 0.004 L O.DOl 

O.lf Ie 0.020 0.12 L 0.01 

R" L 0.001 Nit L a.DOl .. .. .. .. .. . . N" MAo 

IIA L O.DDl .. .. 

11.0 

6.0 

6.0 

0.1 

2.0 

'.0 

&7.0 

7.' 
0.0 

12.0 

71 

0.12 

L D.S 

146.0 

" 
D.S 

N • 

N. 
1.0 

•• 
2.0 

0.13 

•• 
NA 

15.0 

19.0 .. 
0.002 

•• 
0.014 

D." 
1.35 

0.022 

0.3 

1. 0.02 

•• 
L 0.002 

L 0.002 .. 
"2.0 

L 0.001 .. 
0.003 

0.15 

0.004 .. .. 
0.015 

I. 0.002 

•• 
L 0.001 

•• 
0.003 

0.030 

L 0.001 

•• 
•• 
I. 

Dec/78 Jan/79 
Continued ••• 



Table 25. Concluded. 

PAIWSE'l'ERS 

SOdiUlll 

ChlorU. 

Sulphate 

'1oul Alkal.ini. ty 

PH 

C .. rbcmate 

Bicarbonate 

'!'Oul lIardn .... 

Fluoride 

Silica 

Conduct.ance 

'tbreahoU Odor thlllDer 

Color 

T.nnin , Lignin 

,"otal Filtbl ..... . 

'l'otal rUtl:lle ..... h.ed 

'!'Otal Hon-F.iltll>le. Rea. 

Total lIon-FUtbl •• R ••• Fixed 

'l'ubidi.ty 

Surf.etabU 

8.i.1: Acid, 

r,,!vic Acid 

'rotal orqente Carbon 

'IOtal lDor9antc Canaan 

'!'Ou.l DUI. orlJaa.ic Carbon 

Niuete IUtZ'Og'en 

IUtri" au.U0gen 

Mitr.te , Ib.tdte lIitrogen 

a-m,b N1t.~en 

'fOu.l Jt;eldahl Ibtrogen 

,uaol 

OU .. Gr .... 

BUlpllitS. 

'lOt .. 1 Pboapbo:ru 

Ortlao Pho.pbOnq: 

Cy.a.1d. 

ChlO1'OJ1hrll "." 

........ 

........... 
111".1' 

line 

V.udt_ 

S.lent_ 

Nucuzy 

Al'aenic 

Ntok.l 

A1U1l.iftUil 

CObalt ...... 

DO~'l'a7C'D2100 

Cheal ... 
~ .. 
20.0 

'.50 

l2.0 

1.lD 

46.0 

11.3 

72.1 

7.' 
0.0 

".0 
"'.0 
0.08 

13.20 

300.0 

lS 

D.' 
1 .. 

12. 

•. I 

D.' 
S.' 
0.0' 

L 1.0 

L 1.0 

6.5 

17.0 

6.0 

0.110 

0.010 

0.200 

0.0'0 

0.44 

L 0.001 

1.3 

L 0.01 I. 
HA 

HA 

IIA 

IIA. 

L 0.003 

a.DOZ 

0.750 

L D.ODZ 

O.aJo 
IIA 

D.aD2 

L D.DDl 

L 0.0002 
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