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

Sir:

Enclosed is the report 'Water Quality of the Athabasca
0i1 Sands Area. Volume I: Data Collection and Quality."

This report was prepared for the Alberta 0il Sands
Environmental Research Program, through its Water System, under
the Canada-Alberta Agreement of February 1975 (amended September
1977) .

Respectfully,

“ W. Solodzuk, P.%:z.

Chairman, Steering Committee, AOSERP
Deputy Minister, Alberta Environment



Water Quality of the Athabasca 0il Sands Area:

Volume |: Data Collection and Quality

Descriptive Summary

Water quality sample collection and analysis has been an on-
going activity by various agencies in the Athabasca 0il 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 0il 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
quality 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 |: Water Chemistry
Prepared by A.M. Akena

2. Volume Il: Hydrology
Prepared by c.R. Froelich

3. Regional Water Quality of the AOSERP Study Area
Volume |1: .Discussion of 1976 and 1977 Data
Prepared by R.T. Seidner

The objectives of this report, 'Water Quality of the Athabasca
0il1 Sands Area; Volume 1: Data Collection and Quality', were to review
the precision and availability of water quality data of surface water
in the ADOSERP study area; identify sources and location of all data
collected; and describe all quality control measures emplioyed and how

they affect the significance and application of the data.



The final report in this series (WS 1.2.1, due in 1981) will
include a summary of activities from 1978 to 1980 and will summarize
both the natural controls on water quality parameters and the effects
of oil sands developments on water quality in the AOSERP study area.

The report, 'Water Quality of the Athabasca 0il Sands Area;
Volume |: Data Collection and Quality' prepared by A.M. Akena, has
been reviewed by external reviewers and the Research Management Division

accepts this report and recommends that it be published.

’ Qf\zv—"-?~i\/‘an~QAj
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W.R. MacDonald

Director
Research Management Division
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ABSTRACT

This report documents locations of Athabasca 0il Sands
area water quality sampling sites; sampling, analytical and quality
control methods used; the volume and availability of assembled data;
and an extensive appraisal of the quality of the data base. The
quality control measures taken proved to be very useful in identi-
fying causes of variations in analytical data and, as far as this
water quality data base is concerned, in producing valid and

accurate data.
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1. AOSERP STUDY AREA WATER QUALITY STUDIES

1.1 INTRODUCTION

Water quality/quantity studies of rivers and lakes within
the Alberta 0il 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,
Alberta Environment's Environmental Protection Services (EPS) assumed
the responsibilities of planning, conducting and managing the collec-
tion and storage of AOSERP study area water quality data. Activities
relating to the data collection and water quality 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 Watér System objectives (Smith et al. 1979). After 1976,
standardized collection and analysis pfocedures 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.

T.1.1 Report Objectives
The information collected by the Athabasca .0i1 Sands area

water quality monitoring project WS 1.2.1 (formerly HY 2.8.1) is
being published in three volumes. This volume, Volume 1: Data Collection

and Quality, documents:




1. Locations of AOSERP water quality sampling sites;

2. Sampling, analytical and quality control methods used;
3. Volume and availability of assembled data; and
L, A comprehensive appraisal of the quality of the data
base.
Volume |1l (Seidner 1980) and Volume Il! (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

1.3.1 Administrative Decisions

1.3.1.1 Selection of Locations of Water Quality Sampling Stations.

'The distribution of AOSERP surface water quality 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 streamfliow
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 (1976), 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.



After the selections were made, all AOSERP water quality monitoring
stations (Figure 3) were fixed by detailed physical and biological
descriptions, including:
1. Streamflow;
Streamflow at locations where the stream is not gauged;
Stream gradient;
Stream width;
Maximum and average depth;
Cross-section area and configuration;
Pool and/or riffle description;
Substrate characteristics and composition;
Stream bank height, configuration, characteristics,

WO 00~ O 1 & w N

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. Sampling frequency is a major
consideration in the design of a water quality monitoring network
because both the operational costs and the reliability (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 quality 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 quality/quantity parameters, and
investigate relationships between the parameters;

3. Assign priorities to areas of concern; and

L. 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 helicopter required
making extra trips or adjustments to planned sampling 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
quality sites. The deviations from planned frequencies of sampling
reflect program redirection (see Section 1.3.1.1), 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
sampling conditions have imposed some limits 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 T Date of Number of Samplings Da%:s:f
Code Number Description first sample 1976 1977 1978 1979 sample
GOATO7CCOO12 ATHA;AE%;!‘!;“ *"g ud!gsnieﬂ E THE Feb. 1976 14 2 9 10 Oct. 1979
oAToTONso  YORE RREEMTIMPR e | oo ; ) _ ~ yar. 1077
outwccosoo Egigéizévggixgaﬁgggég HCIIURRAY 200 Jul. 1977 _ 4 7 4 Apr. 1979
00ATO7CD0040 HANGINGSTONE CREEK - AT MUY ¢3 Feb. 1976 8 11 10 10 Oct. 1979
00ATO7CD0Y0D SALINE CREEK - AOSERP May 1976 5 3 - - Jun. 1977
soAToTchzo GG E“‘IESvE'E’.i?z&B”Sg"l ATGhY 2000 Feb. 1976 10 7 8 10 Oct. 1979
. 00ATO7CE2000 Ve LR EREERE " LAREC T aBstRRES May 1978 - - 8 10 Oct. 1979
00ATO7CE2191 GUBRSTIMARIYER mrQBQVE ConrLUENCE Jun. 1978 _ - 7 3 Mar. 1979
ouMTumAeG TR GO AR T Feb. 1976 6 12 10 9 oct. 1979
AT [P G LR T | g0 6 9 9 9 Oct. 1979
00ATO7DA0079 NUSKEG RIVER NEAR THE MOUTH - AOSERP Feb. 1976 8 1 1 - Mar. 1978
R T Tl I, 6 12 25 10 |oct. 1979
oAl W RS BE TR | sep. 1976 2 - - - | oct. 1976]
CONTOTOAGRSE  HORFEGENEECREri AuSREESRIVBX"-osenr Jul. 1976 6 4 - - Jul. 1977
ooNromANSS  STAMEY CECRC: REME s | Jul. 1976 4 7 - - | ou. 1977

Continued ....




Table 1. Continued.
Station Date of Number of Sambh'ngs Da}:s:f

Code Number Description first sample 1976 1977 1978 1979 sample
G0ATO70A0006 KEARL UAKE TRIBUTARY TO WUSKEG RIVER )

1 MILE AROVE CONFLUENCE WITH MUSKES R. Jul. 1976 4 9 3 - Apr. 1978
00ATOTDA00S SYRRER, ERERC_7ABEERR uPsTREAN FRoN Jul. 1976 4 11 3 - May 1978
00ATO7DAD0SS :’E;glm §gCE§F§L6§RZ':§:§¥EE::::: Sep. 1976 3 7 - - Jul. 1977
ATOANST  YERSLETERN afl (o B | Jul. 1976 a 5 - - Oct. 1977
00ATOTDAODSS PRBRUSIMERTEN muth ERPForx-2%.BLERA Jul. 1976 4 5 - - Jul. 1977
cokToTORe0e® T RTS Ve TRn R FROR MR rLey caee Jan. 1977 - 7 - - Jul. 1977
contoheose  MARTISEERR RIGRIRIGRSTE 20 | 0. 1976 5 12 15 4 Apr. 1979
oo R | aug. 1976 ‘ : : i
O0ATO7DA0092 KEARL LAKE OUTLET - AOSERP Aug . 1976 4 5 1 - Mar. 1978
00ATO7DA0093 KEARL LAKE INLET ~ AOSERP Aug. 1976 3 4 - - Jul. 1977
0CATO7DA0094 m{gvﬂsxgﬂ lﬁ H&gga UPSTREAM FROM Sep. 1976 2 4 - - Jul. 1977
ookroicess  WRVELCBS SECBHRNC IR T | Jul. 1976 5 5 - - Jul. 1977
00ATO7DA00%6 YRBRLSLETEEN suth ER°FoRc? LT . Aug. 1976 3 5 - - Jul. 1977
OCATO7DA0098 ELLS RIVER NEAR THE MOUTH ND.1 AOSERP Feb. 1976 2 - 7 4 Apr. 1979
00ATO7DA0099 ELLS RIVER NEAR THE HOUTH NO.2 AUSERP Aug. 1976 1 - - - Aug. 1976

Continued ....

ot



Table 1. Continued.
. Station Date of Number of Samplings Da%gsgf
Code Number Description first sample 1976 1977 1978 1979 sample
ponmees B e, | oce. 1976 2 : 12 2 | ren 107
s R | nov. 107 : . : 2 | war. 1979
00ATO7DAOILY ﬂém ﬁ%ﬁ gféﬂﬁmﬁ ung::mM oct. 1976 1 _ _ _ Oct. 1976
00ATO7DAOLLS UNAMED CREEK -NEAR THE MOUTH -AOSERP Feb. 1976 2 - - - May 1976
AR Ty, | oce. 1576 : . - o, 1077
eoAToTRARIEL RETRy Tu&iggiﬁoﬁ"g%ﬁ!"&ﬁ&! Wit May 1976 4 7 - - Nov. 1977
00ATO7DAO12Z EYHUNDSON CREEK AT MOUTH AOSERP Nov. 1976 1 _ - - Nov. 1976
sowtomons  IEREG M1y, L pes e S0 | ook, 1976 2 8 1 . May 1978
00ATO7DAO131 PIERRE RIVER NEAR THE MOUTH aoserp May 1976 4 - - - ﬁov. 1976
00ATO7DAC140 ﬁ gﬁﬂg"’i:s::';::uggﬂ Eﬁé:ﬁ of Poar Nov. 1976 1 10 2 - Mar. 1978
00ATO7DAOLAL " CALUMET RIVER NEAR THE HOUTH - ACSERP Feb. 1976 6 - - - Nov. 1976
00ATO7DA0150 éggizogug gggagcbp AIR MILES NORTH- oct. 1976 5 11 9 _ May 1978
00ATO7DAOLS1 TAR RIVER NEAR MOUTH-AOSERP May 1976 3 1 - - Sep. 1977 |
sowromaotso ORI RS eI av wsc Oct. 1976 2 7 9 4 Apr. 1979
00ATO7DA0170 Eﬁ'[ﬁughlin 55"“.:05&“! R2er®2V%r wsc Oct. 1976 2 12 4 - May 1978

Continued ...
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Table 1. Continued.
Station Date of Number of Samplings Da%gsgf

Code Number Description first sample 1976 1977 1978 1979 sample
OQATO7DA0179 BEAVER RIVER INSIDE SYIIK:RUDE AOS-ERP Oct 1976 2 - - _ Nov 1976
00ATO7DA0180 lV.R RY B YNCR! - MI

RELCHROVEBEET R ERRE Sl T | 5op. 1076 3 11 4 - May 1978
00ATO70A0181 BEAVER RIVER AT HWY 63 ~ AOSERP Aug 1976 5 10 6 - Oct 1978
00ATO7DA0182 BRIDEE EREEK DIVERSION - AT HUY 63 Aug. 1976 4 8 9 10 Oct. 1979
nﬂlﬂnblﬂlﬂi PER _TA VER ~ 26 A E! RTH

HEET ol “Foll P RicRafe- 1} IRLSARE™ Oct. 1976 2 9 1 - May 1978
00ATO70A0200 ATHABASCA RIVER - OFF MCDONALD ISLAND Jun. 1976 15 - - - Oct. 1976
UOATﬁmAGZOI gtgégasck RIVER ~ SITE 3 - HILE 6.5 - Ju 1976 5 2 Feb 1977

_ n. - - eb.

OO0ATO70A0202 ftr’geg’k,su RIVER ABOVE li.C-o.S. PLANT - Feb. 1976 8 - - - Nov. 1976
DOATO7DAO203 ATHARASCA RIVER - SITE 4 - WILE 19 - Aug. 1976 5 2 - - Feb. 1977
QUATO7DA0204 ATHLZAZCA BJVER AT OLD ADSERP DOCK Jun. 1976 7 4 - - Feb. 1977
00ATO7DA0205 gyfsués%sggxm - SITE 6 - MILEAGE Jun. 1976 5 2 - - Feb. 1977|
D0ATO7DA0206 THA! A R TREA ROM E

mﬁEtgff.‘E‘-ﬁﬁgeﬁg RosReb RVl May 1976 5 2 - - Feb. 1977f-
00ATO7DA0207 ATHABASCA RIVER AT FORT MACKAY o, Feb. 1976 6 6 12 10 Oct. 1979
coNTomaszis  ATWSASCA EIVER PRIMSOFLRIEENT™ | S0 076 5 2 - - Feb. 1977
BOATOTOADZ0D  AVER - WILE 2.a - AOSERP o Feb. 1976 9 2 - - Feb. 1977

Continued ....
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Table 1.

Continued.
. Station Date of Number of Samplings Da%gsgf

Code Number Description first sample 1976 1977 1978 1979 sample
At SR e AR Ren Jul. 1976 s 2 1 - Feb. 1978|
GOATO7DA0211 ATHABASCA IRIVER ~ EMBARRAS RIVER s ep. 1976 1 1 - _ May 1977
00ATO70B0011 MACKAY RIVER AT HWY. 63 AOSERP Feb. 1976 7 11 10 10 oct. 1979
NI WY Rbe RIS | oy 1976 2 11 4 - May 1978
00ATO70B0030 RK RIVER NEAR FORT HMACKAY -

PINTCEANER MEAWIERL HoEuzsPor | Feb. 1976 4 12 11 2 Feb. 1979
00ATO7DBO0S0 1 c = 3 MIL E

ﬁtﬁm& RE Rl R bER'S ap g Sep. 1976 3 10 2 - Feb. 1978
00ATO70C0010 FIREBAG RIVER WSC SITE AOSERP Feb. 1976 6 11 11 3 Mar. 1979
00ATO70C0011 FIREBAG RIVER NEAR MOUTH AOSERP Sep. 1977 - 3 - - Nov. 1977
cotemocuozo  hosT,cRERK L v e MILE RVEIE, | oot 1976 1 7 1 - Jan. 1978
00ATO7000010 ATIBASEASEVER AT ENOARRAS AIDEQRY- Jun. 1977 - 4 6 6 Oct. 1979
00ATO7DD0020 ggggegnsori RIVER AT WSC GAUGE - Jun. 1977 _ 5 7 3 Mar. 1979
0DATO70D0090 JACKFISH CREEK AP ATELY 500

R TR Rl e | May 1077 - 5 " 3 Mar. 1979
00ATO7DDO212 3’1’{2%55‘&{““&1515 POINT CHAHNEL Sep. 1976 2 5 4 7 Sep. 1979
sontobeEIs  (TUPITES RRERAGR R Sep. 1976 1 - - - oct. 1976
00ATO7DD0214 ATHABASCA RIVER - GOOSE ISLAMD CHANNEL Sep. 1976 1 - - - Sep. 1976

NEAR LAKE ATHABASCA - AUSERP

Continved ....

|



Table 1. Continued.
Station Date of Number of Samplings Da;‘.gszf
Code Number Description first sample 1976 1977 1978 1979 sample
0DATO7KF0100 MAMARI LAKE CHANNEL - AOSERP Jun. 1977 - 5 6 2 Mar. 197§
e PR | o 7 | - ; : o Jom s
00ATO7KF0140 PRAIRIE RIVER-WSC. SITE -AOSERP Jun. 1977 - -5 5 2 Mar. 1979
00ATO7HAG030 | FEYTRRRRESURITHERR o meviLLION coure "Sep. 1976 1 4 5 7 Oct. 1979
oonomo'on BIYIERE DES m':nsns AT.HII.E 217.5 May 1977 - 1 - - May 1977
01ATO7CD3000 AKE_J6 HILES EAST OF FT. nCrmRY Feb. 1976 -1 - - - Feb. 1976
oot QERIEGARIEE S s | ooy 1076 L i} } _ oct. 1976
01ATO7CE0011 GREGOIRE LAKE AT WIER - AOSERP Oct. 1976 2 11 10 | 10 Oct. 1979
owomazs g GURUERMEETLBHC RS | gan. 1977 - 1 2 - Mar. 1978
oATeAenio R KA AL AR W | gan 1977 - 11 3 - Apr. 1978
I A L T - 12 8 - Nov. 1978
01ATO7DA0300 MCCLELLAND LAKE AOSERP Feb. 1976 1 - - - Feb, 1976
01AT070A2000 GARDINER LAKE LOWER SITE - ACSERP Jan. 1977 - 4 2 - May 1978
01AT070B0035 gaggupuxz ™ SNIPE CREEK BASIN. Jul. 1977 _ 1 _ _ Jul. 1977
014707000080 RICHARDSON LAKE CENTER - AOSERP Sep. 1976 1 5 4 -~ Dec. 1978

Continued ...
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Table 1.

Concluded.

Station Date of Number of Samplings Da%gszf
Code Number ~ Description first sample 1976 1977 1978 1979 sample
01ATO7KFOZ00 £ AR 08 BHERITROMR-R0SLe | 501 1077 - 4 5 3 Mar. 1979
T F e May 1077 ] . . A .
01ATO71D2000 hélé;e}'ﬂ BASKA AL SUNPE,RIINT 5 DuE Jul. 1977 - 4 3 1 Jan. 1979
01ATO7HD2300 DORTE LAKE MEAR FORT CHEPEHYAN Jan. 1978 _ _ 1 _ Jan. 1978

9l
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2. WATER QUALITY DATA COLLECTION

2.1 INTRODUCTION

To produce reliable water quality 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 al. 1975; Edwards et al.
1977), and terms of reference requiring compliance with internal and
external quality 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 Laboratory (Calgary).

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.0.5.E.R.P. REGIONAL WATER guu.m SAMPLING SHEET: PROJECT WS 1.2.1

SAMPLED BY:

STATION DESCRIPTION:

STATION -SAMPLE CODE: OIQ,A,Q, ATOT ,ébé, ety  AST

DDEMYYhhmen

SAMPLING SITE: (date) (time)
Access: meters ups from g
wading meters downstream from gauge.
cablewvay 97251lF meters from murface.
boat 87206F wmeters from right bank facing downstream.
ice cover 97202F meters from left bank facing downetream.
Suspended Sediment Sample? ____ Discharge (flow rate) instant. 97161F.

Stage (lake level).

EIELD PARAMETERS: D2061F temperature (°C) 10301F pH
02041F specific conductance 08102F dissclved oxygen.

WERTHER CONDITIONS: Air temp. °c Barometric Pressure. cm Hg.
Cloud cover [ Precipitation wWind (speed//direction)
MMBER  SYvBOL TYPE PRESERVATICN PARA'ETERS TO BE ANALYZED
B
R 1 litre None ALl __Ca, Na, X, __Se, ___hs
plastic Mg, €1 ___F, __silica,
Sulphate, Conductance ,
Alkalinity, PH.
61 32 ox glass None All __oder, __ colorx, Turbidity
__Tannin & Lignin, Sulfactants
Dissolved solids*, Cr (+6),
Susp. solids¥, Humic Acids,
Fulvic acids. (* total & volatile)
6 1 litve 2.5 ml Conc ]_lan __COD, __Total Kjeldahl,
2 plastic B)80, N, Total Phosphorous,
06 32 ez glass | 2.5 m) Comc H,S0, 0il and Greases
T gm CusO; and
P 32 oz glass | 2 ml 85% 2,0, Phenols.
NC 5 oz plastic None l Iu]_ —OF0, NO =R __NO,-R

Total inorxg. C, Total org. C,
Total dissolved org. C,

; 1 litre 10m1 Conc. HNO l ’511 —tt __Cu __Fe, v,
M plastic (add after umpiing M, 2n, A, __m,
_Agl ___Qh a— ——
) i, Ni, _3.0 ]
e rirer 1 s sl sol. o 0.5 — -
He bottle [ENO, & 0.5% K,Cr,C, e MexoUTY
(-ai after smpling,
Cy 250 ml plastic) 3 ml 6N Nao Cymnide
S 5 oz plastic {2 ml 1M ZnAc Sulphide
CH 32 oz plestic |1 ml 10% MgCO, Chlorophyll wgn
PHH 40 oz w None, (keep cool &
. B8erie g o Total Bydrocarbon

NOTE: FILL BOTTLE TO 908 CAPACITY. Telex Lab prior to or soocn afte samples’
enclose a duplicate copy of each sampling lh.et!.,) * .hipping_ *

KPMARKS ~ PROBLEMS IN SAMPLING ~--- etc.

Figure 4. AOSERP regional water quality sampling sheet.
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2., Date and time of sampling;
Field data and/or test results, other observations,
and sampliing technique employed;

4, Markings to indicate parameters to be analyzed; and

Sample bottle label numbers.

2.2.1 Field Measurements

The field data collection and analyses included, but were
not always limited to the perameters listed 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 Sampl ing

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-
plished 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.



19

Samples collected from lakes and large rivers (e.g.,
Athabasca and Clearwater rivers) generally consisted of surface
"grab'" samples collected from near midstream. The choice of location,
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 be 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 sampling were collected first. When those were filled,
bottles requiring preservatives after sampling and bottles containing

preservatives were then dipped into the water in the sequence:

RGN MH PHH CHS Cr & 06 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

Numbers Co Cu Mn 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
L, 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

8 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:
1. Needle Bar

2. lce Auger Extension
3. Paint from lce Auger
k. Slush Remover

5. lce Chisel

0¢c
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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 sampling, 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 sampling, for Fort McMurray area samples, and between 30 to 48 h
for Peace-Athabasca Delta area samples. The contracted analytical
laboratory assumed responsibility for the samples upon arrival at the

Calgary International Alrport.

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 guidelines emphasized:

1. Adhering to established 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.,

L, Significance of sampling from the same location;

5. Ensuring that the water samples are truly representative
(i.e., employing proper sampling technique and good
judgment) of the water quality station (river, lake,
industrial effluent, etc.) from which the samples
originate;

6. Employing integrated sampling techniques on rivers;



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

Parameter Bottle? Preservative® Analysis Hethod(a) Dectection Limits Maximum Holding
NAQUADAT CODE(S)™»C mg/L (except when Time (working
indicated) days)
Calcium R, plastic None 20103L 0.01 (to Sep 77) 10
0.001 (to present)
Magnesium " " 121021 0.01 (to Sep 77) to
0.05 (to present)
Sodium " " t1o2t  (ro Aug 78) 0.05 (to Aug 78) 10
1103l (to present) 0.0t (to present)
Potassium " " 19102L (to Aug 78) 0.05 (to Aug 78) 10
19103L (to present) 0.0 (to present)
Chloride " " 172031 1.0 (to Sep 77) 7
0.1 (to Jul 78)
0.0t (to present)
Sulphate " " 16306L 1.0 (to Jul 79) 7, (to Jun 78)
0.! {to present) 5, (to present)
Phenolphthalein " " 10151L 0.5 (to Jun 78) 1
Alkalinity (as CaC0j) 0.1 (to present)
Total Alkallnity " " 10101L 0.5 (to Jun 78) 1
(as CaCO03) 0.1 (to present)
pH " " 10301L 0.01 pH units |
Fluoride " " 091051 (to Jul 78) 0.1 (to Sep 76) 7, (to Jun 78)
09107L. (to present) 0.05 (to present) 4, (to present)
Sllica " " th102L {to Jun 76) 0.02 3
141011 (to present)
Conduc tance " " 02041L 0.2 us/cm 1
Colour G-1, glass » 02011L (to Aug 77) 5 (Ret. Units) 1,
02021L (to present) 5 (Pt Co colour 2,
Units)
Tannin & Lignin " " 065511 0.1 1, (to Jul 78)dd
4, (to present)
Total Filtble Res. " " 104511 1.0 7, (to Jul 78)
(TFR) 12, (to Jun 79)
15, (to present)
Total Filtble Res. " " 10551L 1.0 7, (to Jul 78)
Fixed (TFRF) 12, (to Jun 79)
15, (to present)
Total Non-filtble " " 10401L 0.h 7., (to Jul 78)
Res. (TNFR) 12, (to Jun 79)
15, {to present)

Continued...

[44



Table 3. Continued.

Parameter

Bottle?

Preservative”

Analysls Method(s)
NAQUADAT CODE(S)b»c

Dectection Limits
mg/L (except when
indicated)

Max imum Holding
Time (working
days)

Total Non-filtble
Res. Fixed (TNFRF)

Turbidity

Surfactants
{MBAS)

Humic Acids
Fulvic Aclds

Total Inorganic
Carbon

Total Organic
Carbon

Total Diss. Organic
Carbon

Nitrate~-Nitrogen
Nitrite-Nitrogen
(Nitrate & Nitrite)-
Nitrogen

Ammon la-Nitrogen
Total Kjeldahl
Nitrogen

Total Phosphate-~
Phosphorus (as P)

Ortho-Phosphate~
Phosphorus (as P)

Phenols

G-1, glass

NC, plastic

G-2, plastic

NC, plastic

P, glass

None

2.5 mL conc H,S0,
per litre of sample

None

1 g CuS0, and
2 mL 85% H3PO,
per 32 oz of sample

10501L

02073L

10701 L Man. Extr.
(to Aug 77)
10701L Aut. Extr.
(to present)
06581L (eff. Sep 77)
93050t (eff. Jun 78)

06051L
06001L
06101L
07300L
072061
071101
07111IL (intermit.)
075551
07013L (to Sep 77)
07015L (to present)
15406L

15256L

06532L

0.4

0.1 JTU

.01 (to Jun 77)
.003 (to present)

(=]

.0t (to Jun 77)
.003 (to present)

ol (to Jun 77)
003 {to present)

oo (-]

0l (to Jul 79)
002 {to present)

eo

. (to Apr 78)
present)

00
[-]
N
—_
[nd
[+

0.005 (to Jun 77)
0.003 (to present)

0.005 (to Jun 77)
0.003 (to present)

0.00)

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

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

I, (to sep 77)°

3, {(to present}?

1, (to Jun 78)d
5, (to present)

1, (to Jun 78)dd
2, (to present)

1, (to Jun 7ﬂ)dd
2, (to present)

1, (to Jun 78)dd
2, (to present)

1, {to Jun 73)dd
2, (to present)

1, (to Jun 78)dd
2, (to present)

5

1, (to Jun 78)dd
2, (to present)

1,4

Continued...
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Table 3. Continued.

Parameter Bottle” Preservative® Analysis Method(s) Dectection Limits Maximum Holding
. NAQUADAT CODE(S)b»¢ mg/L (except when Time (working
indicated) days)
011 & Grease 0G, glass 2.5 mbL conc Hy50, 065211 0.2 (to Sep 77) |2,d
(or 5 mL 1+1 H,504) 0.1 (to present)
per litre of sample
Sulphlde 5, plastie 2 mL M ZnAc o6lolL 0.05 (to Jul 78) ]
per 5 oz sample 0.0} {to present)
Cyanide CN, plastio 5 mL 6N NaOH 06603L (to Jan 78) 0.01  (to Jan 78) 6
per titre of sample 0.002 (to Mar 78) 2 (most samples)
0.001 (to present)
Total Hydrocarbon PHH, wine None 065001 (eff. Jun 78) 1.0 (to Sep 77) 11, kept cool
{as Cy¢p) bottle (=4°C) out of
sunlight
Chlorophyll "a'" CH, plastie 1 mi, 10% MgCo; 06711L 0.005 (to Sep 76) 0 filtered
per litre of sample 0.001 (to present) immediately
{fiberglass
filter), frozen
and analyzed
within 9 days
Chemical Oxygen G-2, plastic 2.5 mb conc H SO 08301L 1.0 ]
Demand per litre of sample
Cadmium M, plastic 2 mL conc HNOg h8302L (Extr.) 0.00} 15
(to Jun 77)
10 mL conc HNO3
{to present)
added per litre
of sample
Cooper " " 29305L (Extr.) 0.001 15
tron " " 2630hL (Extr.) 0.01 (to Apr 78) 15
(to Sep 77)
26302t (Extr.) 0.001 (to present)
{to Jul 79)
26304L (Extr.)
(to present)
Lead " " 82302t (Extr.) 0.002 15
Manganese " " 253041 (Extr.) 0.001 15
with preconcen.
Zinc n " 30304L (Extr.) 0.001 15

(to Oct 76)
30305L (Extr.)
(to present)

Continued...
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Table 3.

Continued,

Parameter

gottle?

a
Preservative

Analysis Method(s)
NAQUADAT CODE (S)b,c

Dectection Limits
mg/L (except when
indicated)

Maximum Holding
Time (working
days)

Vanadium

Nickel
Aluminum
Cobalt
Beryllium

Chromium (+6)

Mercury (T)c

Boron (Diss.)®

Silver (Extr.)®

G-1, glase

neG,
polypropylene,
on rare
occasions
polyethylene)

M, plastic

R, plastie

AG, plastic
(to Sep 77)

M, plastic
(to present)

None

1 ml HN°3

per § oz sample
(to Sep 76)

1 mL 30% HNO; +
1 mL 5% K,Cr,07
per 2 oz sample-
added after

(to present)

2 mL conc. HNO,
(to Jun 77)
10 mL conc. HNOj3
(to Sep 77)

None
(to present)

0.5 g EDTA + | mlL
1:1 HNO3 per 5 oz
sample-added after
(to Sep 77)

10 mL conc HNO; per
litre of sample
-added after

(to present)

2300iL (T)

23002L (T)
with preconcen.

283021 (Extr.)
13302L (Extr.)
with preconcen.
27302t (Extr.)
04301t (Extr.)
04030L (Extr.)

24101L (correction

for color interference

instituted Jun 78)

80015L (to Oct 76)
80011L (to present)

05105L (to Dec 77)
05106L (to present)

47301L (to Jul 77)
573021 (to present)

0.01 (to Dec 76)
0.00% (to present)

0.002 (to Apr 78)
0.001 (to present)

0.01
0.002 (to Apr 78)
0.001 {to present)

0.00!

0.003

0.0002 (to Oct 76)
0.0001 (to present)

0.01

0.005 (to Mar 77)
0.001 (to present)

15

7 (to Jul 79)
10 (to present)

5

Continued...

%4



Table 3. Concluded.

Parameter Bottle® Preservative® Analysis Method(s) Dectection Limits Maximum Holding
NAQUADAT CODE (S)b.c mg/L (except when Time (working
indicated) days)
Arsenic M, plastie 2 mL Conc HNO3 per 3310hL (Diss.) 0.005 (to Aug 76) 15
(to Jan 77) titre of sample 0.00! {to Mar 77)
(to Jan 77) 0.0005 (to Jun 77)
0.0002 (to present)
G-2, plastic 2.5 mL Conc H,50,
(to Jun 78) per litre of sample
(to Jun 78)
R, plastic No preservative
(to present) (to present)
Selenium M, plastic 2 mb conc HNO;3 per 341021 (Diss.) 0.005 (to Aug 76) 15
(to Jan 77) litre of sample 0.002 (to Jun 77)
(to Jan 77) 0.0002 (to present)
G-2, plastio 2.5 mL Conc H,S0,
(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) 23101L Beryllium (Dissolved) ohiolL Antimony  (Extractable) S130iL
Vanadium (Dissolved) 23102L tron (Dissolved) 26101L Antimony  (Dissolved) sTioiL
Cadmiuvm (Dissolved) 48102L Mercury (Extractable) 80311L Barlum (Extractable)  56301L
Nickel (pissolved) 281021 Mercury (Extractable) 80313L Strontium (Extractable) 3830IL
Lead (Dissolved) 82103L Molybdenum (Extractable) 42301L Strontium (Dissolved) 38101L
Cobalt (pissolved) 27101L Titanftum (Total) 92500t Boron {pissolved) 05102L
Copper (pissolved) 29105L Chromium (Extractable) 243021 Boron {Extractable) 05301t

2 Refer to Figure b,
b

© Man. Extr.

Total

Di sS. Dissolved

d at 4°¢c

= Manual Extraction
Aut. Extr. - Automated Extraction
T -

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

9t
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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 quality
data relates to the '"'quality" of containers and preservative reagents
and the accuracy of analyses required to define the natural water
quality of the AOSERP study area. An appropriate description of the
composition of study area waters required:

I. 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 Coliform, Fecal Coliform, and Standard Plate
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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Provide only new bottles for samples to be analyzed

for trace metals;

Provide only preservative reagents of the quality
recommended by Alberta Environment's Pollution Control
Laboratory. The lists of sample containers and
preservatives used during the study are shown in

Table 3. No deviations from these lists were permitted;
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; .

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;

Supply data on punched cards (or high density nine-
track tape) compatible with Government of Alberta
Computer System and acceptable to the NAQUADAT program;
The contractor was required to meet the quality control
criteria specified in Section 3; and

Persistent gross errors in the analyses reported to EPS

were subject to penalties under terms of the contract.

DATA STORAGE AND RETRIEVAL SYSTEM
The Athabasca 0il Sands area water quality data collected
by this AOSERP project are stored in NAQUADAT, the computerized National

Water Quality Data Storage and Retrieval System, which is a repository
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of water quality information designed to store physical, chemical
The
below gives an example of a NAQUADAT reporting format.

and selected bacteriological and hydrometric data. insert

STATION DOATO7DA0090 LATITUDE 3570 15M 345 LONSITUDE 111D 27M 53§

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

SAMPLE 97202F 97206F 97251F 02061F 02061L 10301F 10301L
DATE TIME SAMPLING SANPLING DEPTH OF TEMPERATURE  TEMPERATURE PH PH
DIST. FROM DIST. FROM SAMPLING OF OF
nstT LEFT BANK RIGHT BANK MWATER WATER
FROM SURF.
DHYHMN M L] " DES.C. DEG.C. PH UNITS PH UNITS
5 678 10 30 1. 0.3 15.5 8.1 7.65
21 6781015 1.5 5.0 0.4 14.5 7.9 7.48
10 7 78 09 15 1.5 2. 0.3 14.5 7.0 7.80
20 7 78 09 00 1. 3. 1. 7.50
15 87810 20 4. 1. 0.3 13. 8.2 7.40
SAMPLE D2041F 020631 08102F 20103L Jaio2i 11102L 191021
DATE TIME SPECIFIC SPECIFIC OXYGEN CALCIW MAGNESTUM SODIUM POTASSIUM
CONDUCT . CONDUCT. DISSOLVED DISSOLVED DISSOLVED DISSOLVED OISSOLVED
MsT
02 CA [ NA
D HYHRMN us/ch us/tn MG/L MG/L HG/L MS/L MG/L
5 6 78 10 3¢ a3 130 5.2 20.0 6.0 10.8 03L 0.40 03L
21 6 768 10 15 120 166 9.5 21.9 5.7 10.7 03¢ 0.20 O3L
10 7 78 09 15 120 211 9.9 28.7 7-9 12.4 O3L 0.10 03L
20 7 78 09 00 227 30.0 9.0 13.7 03L L.01 o3t
15 8 78 10 20 74 189 8.8 3.3 8.8 14.1 O3L 0.50 03L
SAMPLE 17203L 16306L 10151L 10101L 063011 062010 10602L
DATE TIME CHLCRIDE SULPHATE ALKALINITY ALKALINITY CAREOHATE BICARBONT. HARDHESS
DISSOLVED DISSOLVED FHENOL, - TOTAL {CALCD. ! (CALCO.) TOTAL
MsT PHTHALEIH (CALCD. }
cL S04 CACO3 cACo3 co3 HCo3 CACC3
DK Y NN MG/L ne/L ne/L s/t MG/L MG/L Me/L
$ 67810 30 1.3 4.3 L.l 86.0 o 105. 74.6
21 678 10 15 1.9 4.1 L.l 90.4 0 110. 8.2
10 7780915 2.1 5.0 L1 119.4 o las. 104.2
20 7 78 09 0O 2.4 4.5 L 131.7 [ 161. 112.0
15 87810 20 2.0 6.2 L.l 125.8 L] 153, 124.4

For complete information on the capabilities, graphic plots,
and all reporting formats of the NAQUADAT system, the reader is
requested to contact:

Data arid Instrumentation Section

Water Quality Branch

Environment Canada

Place Vincent Massey

Ottawa, .

KlA 0E7

Canada
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2.5 AVAILABILITY OF AOSERP WATER QUALITY DATA

All the data generated by the AOSERP regional water quality
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 list 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 Branch

Alberta Environment

9820 - 106 Street

Edmonton, Alberta

T5K 276

Telephone (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 (including pre-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:

1. No definition of extent or accuracy;

2. Unclear location of sampling sites;

3. Incomplete field data;
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Lk, 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. lInconsistencies 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
validated, 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 literature. Specifically, they prescribed internal
and external quality control conditions.

The Athabasca 0il1 Sands area water quality 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 locations of sampling
sites, sampling procedures, analytical methods, data, quality assurance,

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

3.1 CONSULTANT CAPABILITY

Consultant laboratories in Alberta were requested to submit
proposals detailing 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 lon Balance and Data Checks. For analytical data to be

acceptable, an ion balance (NAQUADAT method 00103L) 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 & to verify compatibility of
analytical data. These checks are based on relative levels and/or
proportionality. The ability to spot inconsistencies allowed 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 duplicates
submitted by EPS and replicate 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

Parameter B

Computer
Check Criteria

pH

Conductance

Turbidity

Total Organic
Carbon

Total Organic
Carbon

Total Inorganic
Carbon

Total Kjeldahl
Nitrogen

Nitrate + Nitrite
Nitrogen

Total Phosphorus

Total Filterable
Residue

Total Non-Filterable

Residue

Carbonate (or Phenol-
phthalein Alkalinity)

Total Dissolved Solids

Total Non-Filterable
Residue

Chemical Oxygen Demand

Dissolved Organic
Carbon

Total Alkalinity

Ammonia Nitrogen

Nitrite Nitrogen

Ortho~-Phosphorus

Total Filterabile
Residue Fixed

Total Non-Filterable
Residue Fixed

when pH > 8.3,

CO3 > 0.0

w
L

0.65A + 20%

>
L]

B * 20%

B >(1 to 4) A

A= (1/5)B

A>B

A>8B
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The consultant was informed of results of all duplicate
analyses. |If there occurred deviations (in either in-lab or biind
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 1imit, 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 leVe]s
at which improvement of precision is desirable and necessary.

The levels of acceptable deviations specified 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 1imit 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 parameters monitored throughout
the study period, the only noticeable exception being the set of three
duplicate zinc analyses reported for November 1977 samples (see
Appendix 5.2). Other parameters exhibiting slight 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 quality
control program, the consultant was also required to participate in:
1. Federal Quality Control Studies administered by
Inland Water Directorate, Burlington, Ontario;
2, Provincial Quality 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 Quality 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, Burlington (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
quality control samples for various groups of water quality parameters.
Chemex lLaboratories (Alberta) Ltd. and Alberta Environment's Pollution
Control Laboratory participated in a significant number of the more

recent studies.

3.1.2.2 Provincial Quality 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 capabillities 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 compatibility (interchangeability) is clearly demon-
strated by the range of values reported in these quality control

studies.
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provincial Interlaboratory Quality Control Studies.

A list of parameters analyzed and laboratories involved in

1

Analytical
Laboratories

WNa, Mg, C1,
§042", NHy-N
{in surface
vaters)

" Cafpon (roral, Inove

ganic and organie),
Tannin & Lignirn,
Total Phosphate-P
and Phenol

Phenols and Chemical
Oxygen Demand (in

NOy-N, NO4-N,
HOZ-N + na,-ll {in
ie N

synthetic
and :ndustrial vaste
waters)

sy i
an¢ industrial
waste waters)

T-POy, ©-~PO,
{in synthetic
samples and
industrial
waste waters)

Dissolved RH4-R,

Total Kjeldahl
Nitrogen {in synchetic
samples and industrial
waste waters) .

Albarta Government's
Pollution Control
Laboratory Clover Bar

Environment Canade's
Inland Water Directorate
Lab Calgary

Chenex Labs {Alberta)
Ltd. Calgary

Syncrude Canada Ltd.
Edmonton

Syncrude Canada Ltd.
Fort NcMurray

g N NS

AN A NSNS

GCos Fort McMurray

Ehvironment Canada's
EPS Lab Edsonton

iy SPsP N s

, City of Edmonton
Waste Water Traatment
Laboratory

A R AN IR N B Y EN

"Alberts Environsant's

Earth Scisnces and

Licencing Division
Lethbridge

-~

Western Industrial
Laboratories

bow Chemicals
. Fort Saskatchewan

Celanese (Canada) lnc.
Bédmonton

Gulf OL1 (Canada) Led.
Edmonton

Gulf 0il {Canada) Ltd.
Calgary

Texaco (Cansds) Ltd.
Ramon

Imperial 0il
Bdmonton

Esso Chemical (Canada)
Redwater

Core Labozatories~Canada
Led. Edmonton

Sl IS B N BN BN N A Y Y S

b e,
Core laboratories-Canada
Ltd. Calgary

R M Hardy & Associates
Led. Edsonton

-~

Chemical & Geological
Labaratories Ltd.
Sdmonton

Chemical & Geological
Laboratories Ltd.
Calgary

S tEN~

<

S SN INs

Aenewabla Rasources
Consulting Services Ltd.
Rdmon ton

-

Nestern Co-Operative
Pertilisers Ltd.
Calgary

Canadian Pertilisers Co.
Medicine Bat

Cominco Carssiand
Pertilisers

Powell Analytical &
Consulting Sarvices
Calgary

Westarn Co-op
Fertilisers Ltd.
-Medicine Nat

Comineo Ltd., Carseland
Plant. Calgary

NSNS NS

SN s NSNS
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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 quality 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:

1. Replicate bulk water samples from the field;

2. ''Design samples'', solutions of known chemical

composition; or

3. "Spiked samples', natural water or'industrial_effluent

samples to which known amounts of one or more

chemicals have been added.

3.2.1 | Sample Exchange Program

Triplicate 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 replicate 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 comparativé performance
in such sample exchange programs, including:
1. Manner of splitting and/or preparation of samples for
exchange;
2. Analytical methodology;
Coefficients of variation for a particular method at
different concentration levels;
Detection limits attainable;
5. Application of internal quality 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.

3.2.2 Results of Sample 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 listed 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 particulariy critical to the

water quality 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

éarry suspensions of fiqe 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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Table 6. Tri-laboratory analyses of design samples (June 1977).

Design Chemex Pollution Inland
Parameter Ooncentration Lab Control Lab Waters Lab

o - 7.9 7.9 7.9
Conductivity 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
Magnesiumn 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 Cat03)  17.85 18.8 a3 17.8
Chloride 43.2 43.3 46 46
Fluoride 0.55 0.59 0.56 -
Sulphate 51.2 50 55 49
Amronia Nitrogen 0.23 . 0.22 0.28 -
Kjeldahl Nitrogen 0.41 0.39 1.72 0.37
Total Phosphorus 0.20 0.13 0.23 -
Cadmium 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
Chromium 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 Carbon 50 77 ’ 82 96
Total Inorganic Carbon 30 27 22 27

Total Carbon 80 104 104 123
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Table 7. Analyses of design samples (July 1977).

Design Chemex Pollution

Parameter Concentration Lab Control Lab
Conductivity 603. 644. 550.
Total Cissolved Solids 318.3 368.0 280.0
Total Hardness (as CaCO3) 170.2 168.4 172
Calcium 44.5 44.0 44.0
Magnesium 14.4 14.2 16.0
Sodium 39.7 41.0 4C.0
Potassiun 8.4 e.8 g.4
Total Alkalinity (as CaCOj3) 35.7 3%.0 58.0
Chloride 86.4 97.4 76.0
Fluoride 1.1 1.28 1.1
Sulphate 102.4 98.4 62.0
Kjeldahl Nitrogen (#3) 0.41 0.14 0.39
Phosphorus (#3) 0.20 0.185 0.22
Kjeldahl Nitrogen (#4) 3.51 3.90 3.05
Phosphorus (#4) 0.66 0.61 0.67
Ammonia Nitrogen (as N) (#7) 0.23 0.26 0.24
Ammonia Nitrogen (as N) (#8) 1.59 1.10 1.64
Chemical Oxygen Demand (#2) 231. 316. 212,
Cadmium 0.073 0.075 0.060
Copper 0.102 0.100 0.106
Iron 0.678 0.80 -
Lead 0.352 0.400 0.340
Manganese 0.397 0.40 : 0.422
Zinc 0.174 0.165 0.170
Vanadium 0.157 0.070 0.196
Selenium 0.044 0.030 0.0415
Arsenic 0.154 0.160 0.140
Nickel ’ 0.152 0.190 0.155
Alumirum 0.904 : 1.00 - 0.880
Cobalt 0.396 0.400 0.371
Chromium 0.209 0.25 0.182
Mercury 0.00%4 0.020 0.0077
Ortho Phosphate (#9) 0.19 0.185 0.15
Ortho Phosphate (#10) 0.052 0.055 0.040
Nitrate + Nitrite (as N) (#9) 0.38 0.29 0.41
Nitrate + Nitrite (as N) (#10) 0.11 0.11 0.11

Total Organic Carbon (#2) 90.0 20.0 89.9




Tablie 8. Analyses of design samples (April 1977)

Y]

Design Chemex

Concentration Lab
Cadmi um 0.012 0.016
Chromium (+6) 0.03 0.75
Copper 0.015 0.017
lron 0.09 0.12
Lead 0.03 0.175
Manganese 0.06 0.07
Silver 0.03 0.028
Zinc 0.03 0.040
Vanadium NIL <0.001
Nickel NIL 0.002
Aluminum NIL 0.01
Cobalt 0.024 0.031
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Table 9. Analyses of design samples (July 1977)
Paraneter Concentamtion payy  sdv i g1y Chemex
alkalinity (as CaD3) - 33, 33, 33, 32.5
pH - 7.6 7.5 7.7 8.2
Conductivity - 300 280 285 257
Calcium 12.8 11.0 12.0 10.0 11.4
Magnesium 9.3 10.0 10.0 10.0 9.2
Total Hardness - 71 72 €8 -
Sodium 30.9 28.0 29,0 27.0 27.2
Potassium 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) .27 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
Bicarbonate 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 Chromium 0.66 - 0.54 - 0.35
Ammenia Nitrogen 0.42 - 0.39 0.44 0.50
Total Phosphorus 0.14 - 0.11 0.12 0.105
Total Xjeldahl Nitrogen - - - - -
Nitrogen (as N) 0.42 - 0.59 0.64 0.51
Arsenic 0.004 - - - 0.0006
Selenium 0.008 - - - 0.0014
Total Organic Carbon 30 - 36 24 33
Total Carbon 70 - 73 63 69.0
Total Inorganic Carbon 40 - 37 39 36.0
Ortho Phosphorus (as P) - - - - -
Nitrate + Nitrite (L.L.) 0.026 - 0.005 0.015 0.003
Phenols 0.008 - 0.008 - 0.010
Mercury 0.0005 0.0005 0.0006 0.0005 0.00045
Iron 0.7 0.725 0.73 0.73 0.72
Cobalt 0.008 0.008 0.009 0.007 0.008
Copper 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
Cadmium 0.004 0.004 0.604 0.004 0.003
Chromium 0.008 0.008 0.008 0.008 0.008
Lead 0.011 0.012 0.010 " p.0L2 0.014
Total Dissolved Solids - 151 145 142 -
Zinc 0.02 0.023 0.025 0.024 0.021
Beryllium 0.005 0.004 0.005 0.003 0.005
Silver 0.009 0.009 0.009 0.010 0.009
Vanadium 0.020 0.021 0.002 0.02 0.038
Molybdenum 0.008 0.008 0.007 - 0.006
Aluminum 0.08 0.082 0.078 0.086 0.09
Carbonate - - - - 10.5




Table 10. Analyses of design samples (September 1977).

Design Chemex
Concentration 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
Silver 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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Table 11. Analyses of spiked samples (Conn Creek, April 1977).

Design Addition

Parameter (Minimum Present) Chemex 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
Silver 0.02 0.009
Copper 0.01 0.015
Cobalt 0.016 0.018

Mercury 0.002 <0.0001
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Table 12. Analyses of spiked samples (Poplar Creek, August 1977).
Parameter Design Addition Pollution Control Chemex Lab
(minimum present) Lab

Silver 0.03 <0.001 0.028
lron 0.09 - 0.12
Cobalt 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 0.0 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

Difference

Parameter Unspiked Spiked Chemex Lab Expected
Ammonia Nitrogen 0.03 0.02 ~0.01 0

Total Kjeldahl 1.01 0.91 -0.10 0
Nitrogen

Total Phosphate 0.024 0.025 +0.001 0
Chemical Oxygen 38 32 -6 0
Demand

Selenium® <0.0002  <0.002 NIL +0.001
Arsenic? 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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Table 14. Analyses of disguised design samples (July 1979).

Parameter Design Addition Pollution Control Chemex Lab
(minimum present) Lab
Sod i um 75.6 75.0 75.0
Cobalt 0.05 0.055 0.050
Copper 0.05 0.049 0.053
Nicke! ' 0.1 0.096 0.097
Cadmium 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
Mo1ybdenum 0.1 0.001 -
Aluminum 0.1 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
Potassium - . 1.7 11.8
Fluoride 1.0 1,16 1.07

Sulfate 100 112 110




Table 15. Most probable reasons for lack of agreement in the values of certain parameters.

Parameter

Amount of
Particulate
in Sample

Differences in
Analytical Methods
(or phase Analysed)

Sampling
and/or
Preservation

Analytical Instrument
and Parameters
subject to
uncontrollable

fluctuations

Effects of
Holding Time
and
Microbial Processes

Alkalinity (as CaCOj3)

PH

Conductivity

>

Calcium

Total Hardness

Silica
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Sulphate

Bicarbonate

Surfactants

Color

Turbidity

Total Kjeldahl Nitrogen

Ammonia Nitrogen

Nitrate + Nitrite (as N)

Total Organic Carbon

Total Inorganic Carbon

=

Total Phosphorus (as P)

Ortho Phosphorus

Chemical Oxygen Demand

Phenols

Mercury

IR R - S i S R O i - O

Iron

Copper

Selenium s Arsenic

Zinc

Nickel

Aluminum

EIRECRE L R

Filterable Residue Fixed

Non-Filterable Residue Fixed
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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 significant 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 precision
and accuracy, for the analyses of phenol. The range and significance
of these variations, at the measured parameter level, raise concern
in the abilities 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 Chemex Pollution

Parameter Concentration Lab Control 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

Ssurfactant (#2) 0.050 0.053 0.045
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each other and with the design concentrations. It 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 NOZ-N, N03-N, total
PO,-P, ortho P0,-P, NH3-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 N03-N, half of the laboratories
(specifically, laboratories #1, 5, 6, 8, 9, 11, 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 POA-P and ortho POA-P, most labora-
tories (except laboratories #2, 3, and 26) reported slightly higher,
but satisfactory, analyses for total POA-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 studies (Tables 6 and 7, and Appendix 5.3) conducted between
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 POh-P and ortho POh-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
NH3-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

NH3-N values (reported by laboratory #22) showed no agreement.



Table 17.- Analyses of river water samples for nutrients.

a
Sample Laboratory Number 3::1:"
Parameter  Number 1 2 5 6 7 8 9 1 15 16 17 18 22 23 24 25 26 28 (in mg/L)
NITRATE- 1 0.235 1.500 0.16 0.16 0.19 0.35 0.04 0.15 0.35 <0.005 0.215 0.54 0.83 1.13 0.2
N1TROGEN 2 0.225 0.800 0.15 0.13 0.19 0.22 <0.0f 0.19 0.25 0.050 0.090 0.54 0.10 0.67 0.19
3 3.780 7.500 2.92 3.58 3.27 3.30 2,54 3.43 1.98 3.500 3.480 4.05 3.68 by, 50 A
4 3.600 7.500 ' 2.75 3.37 3.08 3.450 3.39 3.83 1.85 2.930 4.040 4.05 3.43 22,60 0.95 A
5 h.600 9.500 3.08 3.89 . 3.53 3.70 h.17 h.62  1.88 4.050 4.200 5.18 4.08 25.60 0.95(A+0.5)
6 4,750 9.500 3.66 4.06 3.80 3.80 2.78 4.8 1.96 4.100 3.880 5.33 &.24 28.70 (A+0.5)
NITRITE- 1 0.210 0.256 0.28 0.18 0.19 0.22 0.2} 0,20 0.20  2.500 0.22 0.2
NITROGEN 2 0.200 0.244% 0.21 0.18 0.18 0.20 0.19  0.20 0.20 1.400 <0.01 0.19
3 0.320 0.365 0.33 0.28 0.30 0.30 0.37 0.32 0.36 4.900 0.32 B
4 0.300 0.295 0.33 0.28 0.27 0.29 0.35 0.29 0.36 5.800 0.31 0.95 B
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(B+0.5)
6 0.850 2.400 0.83 0.75 0.85 0.80 0.93 0.84 0.84% 15.700 0.85 (8+0.5)
NITRATE- 1 0.445 1.756 o0.40 0.3% 1.70 0.h6 0.38 0.26 0.36 0.55 0.09 1.05 1.12 0.h
NITROGEN 2 0.525 1.0k% 0.36 0.31 1.52 0.4 0.37 0.20 0.38  0.46 0.1) 0.10 1.12 0.38
+ 3 h.100 7.865 3.25 3.86 5.68 3.70 3.57 2.8, 3.80 2.30 3.20 §.00 4.06 ¢
NITRITE- 4 3.900 7.795 3.08 3.65 5.18 3.50 3.35 3.68 4,18 2.14 3.00 3.74 4.06 0.95¢
NITROGEN 5 5.400 11.400 3.92 4.60 9.20 h.50 4.31 .91 5.50 2.66 3.50 h.58 5.04 0.95(C+1)
6 5.600 11.9300 4.55 4,81 9.20 &80 4.65 3.58 5.78 2.80 3.70 5.09 5.39 (c+1)
Design
Sample Laboratory Number Value
Parameter Number ] 2 3 5 7 8 9 n 15 16 17 18 23 25 26 27 {in mg/L)
TOTAL 1 0.260 0.3377 0.287 0.29 0.30 0.260 0.27 0.23 0.30 0.300 0.25 0.246 0.310 0.26 0.4 0.28 0.24
PHOSPHORUS 2 0.280 0.3408 0.319 0.29 0.28 0.280 0.27 0.31 0.27 0.270 0.2h 0.262 0.310 0.26 0.4 0.33 0.25
(as P) 3 0.019 0.2578 0.109 0.06 <0.15 0.065 ©0.0h 0.0) 0.02 0.048 <0.02 0.032 0.007 0.0h 0.6 0,02 0.95 D
4 0.016 0.2857 0.156 0.05 <0.15 0.065 0.03 0.0 0.03 0,040 <0.02 0.040 0.007 0.02 0.6 0.04 )
5 0.430 0.8758 0.58% 0.%3 0.57 0.580 0.47 0.39 0.50 0.h20 0.3% 0.422 0.460 0.4} 1.1  0.47 0.95(p+0.5)
6 0.470 0.8405 0.603 0.48 0.61 0.600 0.51 0.4%) 0.49 0.500 0.39 0.365 0.500 O0.4% 1.1 0.49 D+0.5
ORTHO } 0.260 0.4700 0.260 0.25 0.29 0.270 0.25 0.290 0.26 0.3 0.24
PHOSPHATE 2 0.280 0.h000 0.270 0.26 0.27 0.260 0.24 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 0.0} <0.01 0.006 <0.02 0.000 0.01 0.6 E
5 0.410 0.5800 0.440 0.h4 0.40 0.360 0.33 0.290 0.4 1.1 0.95(E+0.5)
6 0.40 0.6500 0.480 0.43 0.45 0.380 0.36 0.330 0.43 1.1 (E+0.5)

Continued...

AT
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Similarly, samples #1 and 6 were also supposed to be identical,
3-N (e.g., laboratories #4, 10, and 22) and TKN
(e.g., laboratories #4, 10, 22, 24, and 26) gave results that

but results for NH

showed no measure of agreement. A significant lack of agreement
also occurred in the analyses of identical samples #2 and 4 for
NH3-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 Quality Control Studies. The following Chemex

Laboratory's nutrients analyses, on design samples, showed deviations

greater than the acceptable standard deviation:

Table Number Date Parameters
7 February 1977 TKN, NH3-N, N02-N + N03-N
June 1977 total Poh-P
July 1977 NH3-N, total POA-P, NOZ-N + N03-N

Rather surprisingly, the Chemex duplicate nutrient analyses (Appendix
5.2) of bulk water samples collected for the regional water quality
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 planned for nutrients. The study
will investigate N03-N, NOZiN, NH3-N, total POA-P and ortho POA-P.

3.2.3 Variations Attributable to Significant Differences in
Analytical Methods

3.2.3.1 0il 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-1,2,2-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, h7°C; Freon 112, IOSOC), 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 selenjum.

‘ In the procedure for d?ssolvgd arsenic, the water samples are
.pretreated with conc. HC! and KZSZOS and then reacted (95°C) with
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Table 18. Analyses of river water samples for arsenic and selenium

(April 1978).

Selenium (mg/L)

Chemex P.C.L. I.W.L, Sampie Source Cond
e ot OMy 0 My 15Mar 2My 27 dun
Samplie No.

1 <0.,0002 <0.0002 <0.0005 <0.0002 <0.0002 IWL (Sample #40) -

2 0.0006 0.0002 <0.0005 0.0002 <0.0002 Frenchman River 1680
32 0.0005 0.0002 - 0.0003 <0.0002 Composite Sampie 410
4 0.0008 0.0004 0.0005 0.0005 0.0004 Qu'appelle R., Sask. 1850
5 0.0005 <0.0002 <0.0005 0.0002 <0.0002 Qu'appelle R., 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 <0.0005 0.0003 <0.0002 Swift Current Cr., Sask. 1890

Arsenic_ {mg/L)

Chemex  P.C.L. I.W.L. Sample Source Cond
pateof oMy My I5Mr 2Ny 27 dun (Chenex)
Sample No.

1 0.44 0.77 0.53 0.52 0.55 IML (Sample #40) -

2 0.0011 0.0022 0.0009 0.0012 0.0011 Frenchman R. 1680
ki 0.0051 0.0079 - 0.0054 0.0060 Composite Sample 410
4 0.0032 0.0052 0.0034 0.0030 0.0009 Qu'appelle R.,Sask. 1850
5 0.0071 0.0122 0.0072 0.0062 0.0067 Qu'appelle 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

2 0.25 mL-of 50 mg/L As in 200 nL sample was added (thus As - 0.00625 mg/L).
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a HCI-SnCl2 and KI soiutions. The Pollution Control Laboratory, on
the other hand, analyzed for total arsenic (and total selenium) and
used conc. HC1 and conc. stoh in the pre-digestion of its arsenic
samples.

In addition to the above differences, it was noted that the
N03- 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 N03- 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 QOther 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 limits.

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

organic 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 quality control studies
will remain.

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
techniques, may be determining only a portion of the '"'dissolved"
or Yextractable' metal concentration. It is also possible that, for
samples containing humic acids, volatile organo-metallic 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 1 to 2 during storage (preser-
vation with 10 mL conc. HNO3 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 aluminosilicates) 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 communication) recently conducted some experiments
in which the humic acid precipitates were washed with 1:1 HN03, dis-
tilled water and redissolved in NHAOH solutions and the pH adusted to
7.5 prior analysis. Analyses of the solutions showed that Cr+3 (11%),
o3 (162), Fe*3 (38%) and V+h (7%) were precipitated with the humic
acids; while for Cd, Mn, Cu, Al, Pb, Ni, and Zn, only 0 to 3% of the
metals (by weight) were precipitated.

The discussions above indicate that dissolution of sedi-
mentary metal forms could significantly incréase the ''dissolved" or
organic solvept Uextractable' 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 2[) 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 deterioraiion or
recovery problems. The agreements are significant considering 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 HN03,
it is probable that the pH-dependent solvent extraction procedures

would dissolve varying amounts of the precipitates.



Table 19.

Analyses of Eymundson Creek samples (1978).

Pt oy e e
Sample Number
Lab (L[] PCL CHEMEX ™D PCL CHEMEX W PcL CHEMEX IWD PCL CHEMEX
3046 0.18 0.10 0.15 0.001 0.006 0.003 3.1 - 3.0 0.35 0.320 0.30
30h7 0.19 0.10 0.12 0.001 0.003 0.003 3.2 - 3.0 0.35 0.320 0.30
3048 0.16 0.10 0.15 0.001 0.003 0.002 3.2 - 3.0 0.35 0.325 0.30
3049 0.17 o.10 0.06 0.00) 0.003 0.002 3.2 - 1.5 0.35 0.325 0.30
3050 10.22 0.10 0.14 0.001 0.00% 0.002 3.2 - 3.0 0.35 0.325 0.30
3051 0.18 0.10 0.14 0.001 0.004 0.002 3. - 3.0 0.34 0.325 0.30
3052 0.23 0.10 0.14 0.001 0.003 0,002 3.t - .o 0.34 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
3054 0.27 0.t0 0.1k 0.00) 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
Mean, X 0.20 0.10 0.13 0.001 0.0035 0.002 3.2 - 2.9 0.35 0.322 0.30
S.p., 0 0.034 0.00 0.028 0.000 0.0010  0.000) 0.003 - 0.47 0.004 0.024 0.003
Date 23 26 27 16 26 24 14 - 27 1h 26 27
Analyzed Nov. Oct. Nov. Nov, Oct. Nov. Nov. Nov. Nov. Oct. Nov.
Parameter l’f;}? ﬁ I;‘;:""' ‘;z:
le Number
Lab wo PCL CHEMEX o PCL CHEMEX D PCL CHEMEX (L] PCL CHEMEX
3046 0.035 0.018 0.016 - < 0,003 0.00k <0.00) < 0.002 < 0.001 0.016 0.012 0.022
3047 0.0h} 0.018 0.017 - <0,003 0.004 <0.001 < 0.002 < 0.001 0.013 0.01] 0.019
3048 0.037 0.018° 0.016 - <0.003 0.004 |<0.001 < 0.002 < 0.001 0.018 0.010 0.02)
3049 0.03 0.018 0.016 - <0.003 0.003 |<0.00! < 0.002 < 0.001 0.017 0.013 0.018
3050 0.036 0.018 0.018 - <0.003 0.004 <0.001 < 0.002 < 0.001 0.017 0.013 0.022
3051 0.035 0.018 0.016 - <0.,003 0.005 {<0.001 < 0.002 < 0.001 0.015 0.013 0.019
3052 0.033 0.018 0.016 - < 0.003 0.00k [<0.001 < 0.002 < 0.00% 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 0.013 0.018
3054 0.033 0.018 0.016 - <0,003 0.002 <0.001 < 0.002 < 0.001 0.018 0.013 0.018
3055 0.033 0.019 0.016 ~ <0.003 0.005 |<0.001 < 0.002 < 0.00t 0.018 0.012 0.020
Mean, X 0.035 0.018 0.016 -  <0.003 0.003 [<0.00} < 0.002 < 0.001 0.016 0.012 0.020
$.0., © 0.002) 0.0003 0,00067 - 0.000 0.0018 0.00 0.00 0.00 0.00t7 0.0012 0.0017
Date 27 23 2% - 6 1] 27 6 24 23 6 24
Analyzed Nov. Oct. Nov. Nov. Nov. Nov. Nov. Nov. Oct. Nov. Nov.

09



Table 20. Analyses of Hartley Creek samples (August 1978).
Aluminum Copper fron Lead
Parameter mg/L mg/L mg/L mg/t
Sample Number
Lab iwD PCL CHEMEX WD PCL CHEMEX WD PCL CHEMEX Wb PCL CHEMEX
2058 0.16 0.020 0.06 < 0.001 < 0.001 < 0.00} 0.5h ~ 0.57 |< 0.004 0.003 0.007
2059 0.20 0.020 0.09 < 0,000 < 0.000 < 0.001 0.54 - 0.57 |< 0.004 0.003 0.002
2060 0.11 0.021 0.08 < 0.001 < 0.001 < 0.001 0.53 - 0.56 |< 0.004 0.003 < 0.00t1
Mean, X 0.157  0.0203 0.076 - - - 0.537 - 0.567 |< 0.004 < 0.003 0.0045
$.D., o 0.0451 0.0006 0.0‘53 0.00 0.00 0.00 0.0058 - 0.0058| 0.00 0.00 0.0025
Date 22 13 18 13
Analyzed Nov. Oct. Sept. Oct.
Parameter Manganese Nickel Vanadium Zinc
mg/L mg/L mg/L mg/L
Samplé Number
Lab WD PCL CHEMEX IWD PCL CHEMEX 1WD PCL CHEMEX WD PCL CHEMEX
2058 0.029 0.035 0.075 0.016 < 0.001 < 0.00} 0.001 < 0,002 < 0.00!} 0.022 0.004 0.002
2059 0.026 0.032 0.025 0.016 < 0.001 < 0.00] 0.001 < 0.002 < 0.001 0.043 0.001 0.002
2060 0.027 0.035 0.028 0.015 < 0.00t < 0.001 0.001 < 0.002 < 0.00] 0.015 0.005 0.003
Mean, X 0.0273 0.034 0.0427 0.0157 < 0.001 < 0.00} 0.001 < 0.002 < 0.00l 0.0267 0.045 0.0023
$.D., ¢ 0.0015 0.0017 0.028 0.0006 0.00 0.00 0.00 0.00 0.00 0.0146 0.0030 0.0006
Date 18 13
Analyzed Sept. Oct.
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Table 21.

_Time series analyses of Poplar Creek samples (22

hmmwl9m)ﬁ

SAMPLE_NUMBER BLANK M-1 M-2 M-3
DATE_ANALYZED A B c A B c A B c A c
IRON PcL| <0.02 <0.02  — .21 LA7 W4k | 120 1.h2 1,38 | 1.20  1.43 1.0
CH | <0.01 <0.01 <0.00 | 1.3% 1.3 1.35 | 1.33  1.35  1.33 | 1.3%  1.35  1.35
INL| <0.02 <0.02 <0.02 | 1.3% 1.36 1.35 | 1.3k 1.37  1.36 | 1.3%  1.36 1.3
COBALT pcL| <0.001 <0.001  — 0.002 0.002 <0.001 | 0.002 0.002 <0.00! | 0.030 0.031 0.026
CH | <0.000 <0.000 — | <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001 | 0.025 0.027 <0.00}
INL| <0.002 —  <0.002 | <0.002 <0.002 0.002 | <0.002 <0.002 0.002 | 0.029 0.029 0.029
NICKEL PCL| <0.001 <0.001  — 0.005 0.00% 0.005 | 0.006 0.004 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 0.006 | 0.030 0.032 0,031
INL| <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
INLf <0.003  ~  <0.003 | <0.003 <0.003 <0.003 | <0.003 <0.003 <0.003 | 0.028 0.028 0.027
MANGANESE PCL| <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| <0020 - — |<0.020 - -~ |<0.020 - - {<0.020 - ~
ch | <0.010 <0.001 0.10  0.06 - 0.09  0.06 - 0.06  0.06 -
| <o.02 - — | 0.017 o0.020 o0.024 | 0.015 0.017 0.020 | 0.017 0.022 0.02)
COPPER pcL| <0.0001 <0.001 - 0.006 0.008 0.007 | 0.004 0.005 0.004 | 0.037 0.038 0.038
CH | <0.002 <0.000 <0.001 | o0.00h o0.004 o0.00k | 0.004 0.00h 0.004 | 0.03% 0.035 0.03
INL| <0.000 - <0.001 | 0.005 0.005 0.007 | 0.005 0.004 0.006 | 0.039 0.0h2 0.037
CADHIUM 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  —  <0.000 | <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 | <0.000 <0.001 <0.001 | 0.006 0.008 0.008 | 0.006 0.008 0.008 | 0.03% 0.035 0.035
INL] <0.0001 - <0.000 | 0.0046 0.00h 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
¢ | o000 o000 — | 0.002 0.002 ~ | 0.002 0.002 - 0.002 0.002 -
mL{ <0.002 - — | 0.002 o0.0001 0.002 | 0.001 0.001 0.002 | 0.002 0.002 0.002

Continued...
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Table 21,

Continued.

SAMPLE NUMBER

N-4

-5 -6 -7
DATE ANALYZED A B c A B c A 8 c A B c
1KON
PcL | 1,20 A2 vke |2z b2 137 | 120 A3 1.36 .21 1.38  1.37
o .36 1.33  1.37 | 1.3k 1.35 1.33 1.3 1.35  1.33 1.36  1.ho  1.33
comALT e |13 136 138 | 13 1.3 1,37 .3 1.36 1.37 | 1.3 1.35  1.37
PCL '] <0.001 <0.002 <0.001 | 0.002 0.002 <0.001 | 0.002 0.002 <0.001 | 0.002 0.002 <0.00!
CH  [<0.001 <0.000 <0.001 {<0.001 <0.001 <0.001 |<0.001 <0.001 <0.001 |<0.001 <0.001 <0.00)
_— 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
PCL | 0.005 ©0.00k 0.004 | 0.005 0.004 0.005 | 0.008 0.003 0.005 | 0.006 0.004 ©.004
¢ | 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 PcL | <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 0.58 | 0.590 0.580 0.580
ch | 0.500 o0.510 0.500 | 0.510 0.510 0.500 | 0.520 0.500 0.500 | 0.510 0.510 0.5i0
I | 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 PCL |<0.020 - - |<0.020 - - }<0.020 - - |<.020 - -
¢ | 0.130 o0.060 - 0.100 0.060 - 0.090 0.060 - 0.120 0.060 -
I | 0.017 0.017 o0.021 | 0.017 0.013 0.018 | 0.014 0.019 0.019 | 0.014 0.020 0.018
COPPER pcL. | 0.0046 0.005 0.005 | 0.006 0.005 0.004 | 0.005 0.005 o©0.004 | 0.005 0.005 ©.004
CH 0.004 0.004 0.004 0.004 0.00h 0.004 0.004 0.004 0.004 0.004 o0.004 0.004
Inn | o.00h o0.004 0.008 { 0.005 0.005 0.006 | 0.006 0.005 0.007 | 0.004 0.005 0.006
CADHIUH PCL }<0.001 <0.001 <0.001 |<0.001 <0.001 <0.001 |<0.001 <0.00} <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 <0.00)
INL |<0.001 <0.001 <0.00} |<0.001 <0.001 <0.001 |<0.001 <0.001 <0.001 |<0.001 <0.00) <0.00!
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
¢ | 0.007 0.009 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 0.00% | 0.003 0.005 0.005 | 0.003 0.00% 0.00k | 0.00k 0.005 0.00k
VANAD UM 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
¢ | 0.002 0.002 - |<o0.001 0.00! - 0.001 0.001 - |<0.000 0.001 -
INL | 0.002 0.000 0.002 | 0.0001 0.002 0.001 | 0.002 0.002 .0.001 | 0.002 0.002 0.00)

Continued...
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Continued...

- Table 21. Continued.
SAMPLE NUMBER M-8 M-9 M-10
DATE ANALYZED A B c A B ¢ A B c
IRON pcL | 1.2 ko 137 ) n2zr w137 | 1.200 1.38 0 1.36
ch | 1.3 133 135 | 136 635 1.33 | 1.3k 1.35 1.3
i |13 0370 136 | 33 37 37 | 12 1037 137
COBALT PCL | 0.002 0.002 <0.001| 0.002 0.002 <0.001) 0.002 0.002 <0.00]
cH ] <0.001 <0.001 <0.001<0.001 <0.001 <0.00i]<0.00 0.001 <0.00]
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
i | 0.005 0.006 0.006] 0.006 0.006 0.006| 0.004 0.006 0.006
IN. | 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 <0.003 <0.003|<0.003 <0.003 <0.003
MANGANESE PcL | 0.590 0.580 0.580] 0.600 0.580 o0.570| 0.600 0.580 0.580
¢h | 0.510 0.500 0.500] 0.500 0.500. 0.500]| 0.510 0.510 0.510
I | 0.610 0.630 0.600] 0.620 0.630 0.600| 0.620 0.630 0.610
ALUMINUM pcL |<0.020 - - <0020 - - |<0.020 - -
¢h | o100 o0.060 - | 0.070 o0.060 - | 0.070 o0.060 -
i | 0.016 o0.019 o0.018] 0.015 0.017 o0.019] 0.015 0.020 0.019
COPPER PCL | 0.005 0.005 0.005| 0.005 0.005 0.005| 0.005 0.005 0.00k
¢ | o.o0b o0.004 o0.004| 0.0046 o0.004 0.00h| 0.006 o©0.00h 0.004
inn | 0.006 0.005 o0.004] 0.005 0.005 0.006] 0.005 0.005 0.007
CADMIUM PCL | <0.001 <0.001 <0.001| <0.000 <0.001 <0.001| <0.001 <0.001 <0.00
cH | <0.001 <0.001 <0.001| <0.001 <0.001 <0.001| <0.001 <0.001 <0.00l
INL | <0.001 <0.001 <0.001| <0.001 <0.001 <0.001| <0.001 <0.001 <0.00}
Zinc PcL | ©0.008 0.008 0.006] 0.008 o0.008 0.006] 0.007 0.0l10 0.006
¢ | 0.007 0.008 0.007] 0.007 0.008 0.007] 0.007 0.007 0,007
INL | 0.005 0.005 o0.008| 0.005 0.005 0.005| 0.005 0.006 0.006
VANADI UM PCL |<0.002 ©0.002 <0.002|<0.002 0.002 <0.002| <0.002 0.002 <0.002
: ¢H |<0.001 o0.00! - | <0.001 <0.00} - | o.002 o0.002 -
I | 0.002 0.00z o0.001] 0.002 0.001 0.002{ 0.001 0.002 0.002



Table 21,

Continued.

SAMPLE NUMBER

SPIKED SAMPLE #1

SPIKED SAMPLE #2

WATER - CONTROL

SPIKE ADDED
DATE ANALYZED {mg/1.) A B c A B c A B c
IRON PCL 1.20 1.4} 1.38 1.20 1.4 1.36 1.20 1.h42 1.38
CH 1.36  1.50  1.35 1.34 1.33 1.35 1.34 1.35  1.35
INL 1.3 1.36  1.38 1.34 1.37  1.37 1.32 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 <0.00! <0.00]
INL | 0.029 0.029 0.029 | 0.029 0.029 0.030 <0.002 <0.002 0.002
N1CKEL 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 0.03% 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
CcH 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 0.516  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 -
i | 0.017 0.025 o0.02% | 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 0.004 0.004
CH 0.034 0.035 0.035 | 0.03% 0.035 0.034 "0.004 0.00% 0.004
INL | 0.040 o0.041 0.039 | 0.040 0.04) 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
INN | 0.016 0.028 0.026 | 0.020 0.028 0.022 <0.001 <0.001 <0.001
ZINC 0.028 PCL | o0.030 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 0.03% 0.007 0,007 0.007
IN. | 0.023 0.021 0.027 | 0.023 0.025 0.022 0.004 0.005 0.004
VANAD IUM PCL | <0.002 0.002 <0.002 |<0.002 0.002 <0.002 <0.002 0,002 <0.002
CH | <o.00t 0.00! - <0.001  0.001 - <0.001  0.001 -
INL | 0.002 0.002 0.00! 0.001 0.001 0.001 0.002 0.002 0.001

Continued...
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Table 21. Concluded.

Key
A B ¢
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 : " " " n
LEAD n " 1" "
COPPER " " " "
CADMIUM " n " "
Z'Nc [1] " [1] . . [1]
MANGANESE Chemex 29 Jan 26 Feb 23 Mar
inland W. 5 Feb 23 Feb 26 Mar
P.C.L. 25 Jan 2] Feb 21 Mar
VANADI UM Chemex 22 Feb 23 Feb -
inland W. 30 Jan ] 1 Mar 2 Apr
P.C.L. 25 Jan 2} 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
AL UM INUM 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 believed 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 sodium hydroxide solutions (e.g., ''Baker Analysed"
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

quality 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 quality of the data base. External checks of the consultant labo-
ratory's internal quality control program were provided by inter-
laboratory saﬁple 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 reliability of AOSERP water quality data base; since
valid and accurate data are needed for interpretive and predictive

evaluations of the water quality of the ADSERP study area.
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Procedures used to analyze for aluminum.

Laboratory

Analysis Methods

NAQUADAT

Code
Number

Description

Chemex

Inland
Waters

Pollution
Control

13302L

13303L

13306L

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
preconcentrated and 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 CHC13. 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 aliquot is titrated
with NH,OH to the blue end point of bromo-
phenol blue, then back~titrated with stoh
until the blue color disappears. The pH

is adjusted to 6.0 + 0.1 with a buffer.

An aliquot is extracted with ethyl propionate
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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APPENDI X

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



Table 23.
control branch.

Sources of non-AOSERP Athabasca oil sands area surface water quality data catalogued by water quality

Title of Report and Year

Author or Affiliation

Brief Summary of Report Content

Investigation of Oil Spill in
Athabasca River & April 1968

Alberta Department of
Health Environmental
Health Services Division

Counteractive measures to restrict oil pollution of the Athabasca River from the
contaminated slough area on the G.C.0.S property were discussed in a meeting on
26 March 1968 in Edmonton, Subsequently a trip was made on & April 1968 to

ohserve the waste water treatment facilities, the site of the oil spill and the
condi tion of the river,

Water Quality Summary - Athabasca
River 1966-71

Alberta Department of
the Environment Division
of Standards and Approvals

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 criterla and water quality standards
for the Athabasca River.

Fort McKay Water Supply Report
7 May 1969

H.A. Kerr, P.Eng. Soils,
Geology and Groundwater
Branch

D.A. Shillabeer, P.Eng.
Environmental Health
Services Division, Alberta
Department of Health

An investigation of all potential water supplies for the settlement was conducted
on 7 May 1969. Various sources 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.

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

K.A. Clark
Alberta Research Councll

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.

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

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

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.

1978 Breakup in the Vicinity of
Fort McMurray and Investigation of
Two Athabasca River ice Jams
December 1978

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

The work presented in thls 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.

Continued...
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Table 23. Continued.

Title of Report and Year

Author / Affiliation

Brief Summary of Report Content

Toxicity of Wastewater Discharges
and their Effects on Recelving
Water and Northwest Pulp and Power
Co., Ltd., Hinton, Alberta.
January 1975

Environment Canada
Environmental Protection
Service

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 bioassayed exhibited acute lethal toxicity to Rainbow Trout which can be
attributed to toxic components in the waste water.

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

Alberta Department of
Health Environmental
Health Services Division

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.

Disposal of Waste Waters from
Bleached Kraft Pulp Mills to the
Athabasca River.

April 1965

Department of Public
Heal th Division of
Sanitary Engineering

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

Aquatic Studles on Various Rivers
in the Fort McMurray Region:

Clearwater River

Horse River

Hangingstone River

Gregolre Lake and Tributaries
September 1972

Department of Natural
Resources

Fish and Wildlife Division

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

Gregolre Lake Study
May 1969

Department of Natural
Resources

Fish and Wiltdlife Division

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.

Water Quality Study - Athabasca
River

1966

Bryant F. Bidgood

Fish and Wildlife Division

The report covers biological and chemical characteristics of the Athabasca River
above and below the G.C.0.5. plant site.

Summary Report - Athabasca River
Winter 1966-67

Alberta Department of
Health Environmental
Health Services Division

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

Continued...
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Table 23. Continued.

Title of Report and Year

Author / Affillation

Brief Summary of Report Content

Hydrologic, and Hydraulic
Characteristics of the Athabasca
River from Fort McMurray to
Embarras

December 1977

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

A dessemination of the data which has been collected between Fort McMurray and
Embarras by the Alberta Research Counci! and other agencies. 1t also provides some
Insight into the river's behavior along this reach.

New Town of Fort McMurray Sewage
Sampling Program
August 1974

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

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.

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

Syncrude Canada Limited
Research Department

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 quality.

Environmental Impact Assessment
Lease 13 Mining Project
Alberta 011 Sands

June 1975

Shell Canada Limited

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 dralnage basin.

Water Sample Analysis
Water Treatment Plant
Fort McMurray

January - October 1979

Pollution Control Lab
Pollution Control Division
Alberta Environment

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

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

Town of Fort McMurray

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

Birch River
December 1969 - November 1973

Water Survey of Canada

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...
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Table 23. Continued.

Title of Report and Year

Author / Affiliation

Brief Summary of Report Content

Summary Report - Athabasca River
Pollution Survey
1967-68 ‘

Alberta Department of
Health Environmental
Health Services Division

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.

Athabasca River Water Survey .
8 July 1968

29 July 1968

8 August 1968

Alberta Department of
Health Environmental
Heal th Services Division

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 oll concentrations (10.5 and 11.9 mg/L) observed at Fort McKay at an
earlier date,.

Summary Report - Athabasca River
Pollution Survey
1969-70

Alberta Department of
Health Environmental
Heal th Services Division

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 basls.

Poliution Survey Summary:
Athabasca River
1970-71

Alberta Department of
the Environment
Pollution Control
Division

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 - Athabasca River
1971-72

Alberta Department of the
Environment
Pollution Control Division

Water quallty 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.

Summary Report - 6.C.0.S. Process
Waste Effluent
Winter 1967-68

Department of Health
Envirommental Health
Services Division

The effluent from the 6.C.0.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 1.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...
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Table 23. Concluded.

Title of Report and Year

Author / Affiliation

Brief Summary of Report Content

Water Sample Analysis of the
Athabasca River

Department of Energy and
Natuyral Resources, Fish and
Wildlife Division

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.

Water Quality Data,
Alberta, 1961-1973
{(Publ ished 1975)

Inland Waters Directorate
Water Quatity Branch
Ottawa, Canada

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
Natlonal Water OQuality 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.

Detailed Surface Water
Quality Data, Alberta

1974-1976

(Published 1980)

inland Waters Directorate,
Western and Northern
Region, Water Quality
Branch, Calgary, Alberta

The report .represents detailed chemical, physical and biological data from short term
spectal 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 197k 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).

LL
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5.2 DUPL ICATE ANALYSES REPORTED BY CHEMEX LABS (ALBERTA) LTD.
(Table 24)



Table 24.

Duplicate analyses reported by Chemex Labs (Alberta) Ltd.

e

QOATICEDO12 DOATOTZAODEC 00ATOTCDOL0C COATDIDADO9E ODATOIDA0Z0S DOATOTDAODSD
HHEL RS R L R R el v o - asmee PR AR L L (e s LT T e

FARAMETERS DUPLICATE ORIGINAL DUPLICATE oRIGIHAL DUPLICATE ORIGIMAL DUPLIGATE ORIGINAL DUPLICATE
Calcaum n.5 2.8 57.0 55.0 22.0 22.0 27.0 270 n.0 .5 280 205
nagrasivm 7.7 7.8 1.0 13.2 7.5 [ 19 7.6 1.7 5.7 5.5 1.2 .9
Sodium 6.5 6.0 12.0 12.0 4.0 .0 Y oss 6.0 7.4 7.2 .0 1.0
Potassium 1.2 1.1 1.0 0.7 0.9 3 0.2 0.2 1.5 .6 [ X 0.5
Chloraide 3.0 3.0 5.1 $.2 1.5 i.8 2.2 2.0 1.4 1.3 1.2 1.2
Sulphate 26.0 28,5 0.8 L0 ’.5 .0 1.3 2.1 1.0 1.8 [ 0.5
Total Alkalinity 103.0 8.0 228.4 235.3 101.0 .3 01,6 9.5 8%.6 2.7 113.4 7.
PH L2 8.3 .8 5.0 1.0 1.2 7.8 7.9 ' 7.6 2.8 7.7 7.8
Carbonate 0.0 0.0 0.0 0.0 v.e 0.0 0.8 0.0 0.0 0.0 0.0 0.0
Bicarbonate 28,6 ues 278.4 288,12 123.1 18.6 123.9 17.6 105.6 3. 138.2 4.1
Total Hardness 105.4 105.8 195.9 191.7 5.2 8.3 "7 9.1 75.9 77.6 9%.2
rlooride 0.1 c.1o 0-14 .12 °.09 0.08 0.06 L 0.05 0.09 0.0% n.o8 0.g?
Salica 5.3 5.5 2.0 24.2 7.8 7.3 .8 7.9 6.2 6.1 .0 0.2
Condustance 240 250 a0 400 b Y 17 198 21 200 207 190 205
Tnreshold Odor Ra L m» " 4 LY RA Y oA L3 q BA
coler E) 25 35 30 LY 0 30 €0 120 135 7 70
Tannan & Lignan o.80 0.85 0.08 0.07 2,48 2.3 1.28 .40 2.80 2.48 1.65 160
Total Filtble. Res. 160 ey} 2% 264 42 126 r 12 e 18 123 o
Toral Filttis. Res. Fizad 104 % 256 244 127 33 o 0 . 7" 2.0 ”
Tetal Non-Filtbie. Res. [ a3 0.8 1.2 s 200 a0 [ ] 2602 2307 1. 1.6
Total Yon-Filtble. Res. Fixed e 397 L 0.4 0.4 200 196 2.8 2.4 24s6 2302 9.2 [R]
Tusbadity HA Ra RA NA 2e A uA A 678 RA 2.0 A
Surfactants L c.02 L B.p2 1 o.02 L o0.02 L o.02 L 0.0 1 0.02 L 0.02 1 0.02 1 0.02 L 0.02 1 0.02
Humac Acids A 16 0 E5Y EX ) 6.5 5.0 s 1.5 1.0 [ 1.5
Faivae acad RA LLY Na :-\- WA RA A NA RA NA RA b
Total Organic Carmon 1 19 1.5 17 ” EH) 20.5% 20.¢C 57 5€ 24.% 24
Toral inorganic larson 27 F4d 46.% a8 1 19 27.0 27.0 23 22 29 27
Total Daas. Orgaric N L] L L 1Y L3 o E 'Y LY WA HA = “
Natrate XNitrogen L] LY A KA L L) m LY A A BA L1Y
Nitraee Natxogen ¥ i 23 NA KA A A [ Y XA u nA A L’y
Nitrste & Kitzate Katrogen o o4 0.66 6.c2 0.02 L 0.0 1 o.01 T 6.01 1 e L 0.03 1o [ $Y EO N
Ammonis Natrogen o.o¢ 0.e9 ©.05 .08 0.6 0.18 0.2 0.13 0.04 0.04 ©.03 0.22
Tota) Xyeddahl Nitroger 2.82 328 3.66 1. .8 .72 .40 1.2v 3.20 3.5 1.20 i.er
Toral Phosphorus A 0:125 1 o0 1 c.00 0.3 0.3 0.04 0.0¢ 2.8 i 0.03 t.os
orthe Phosphorus 1 0.01 T 0.0 e.02 i 0.0 0.22 0.1e 1 0.0 1 0.0 0.03 0.02 t.02 8.02
Cyanade i 0.0 1L 0.0 T 0.0 T e i 00 1 o.02 1 0.0 T 0.0 L es.0l L eo.o01 T 0.03 1 .0l
Chanios) Oxygen Demané 35.6 74 .5 546 123.7 16.5 8.6 61.6 267 282 ac.p "«
Camiun L b.003 L .00l L ¢.001 L 0.0 T o.000 L c.002 L o.00) 1 0.00) L o.00 T o.00 1 0.001 i ro.erl
Nexavalenr Chremie ©.004 0.006 0.016 0.013 0,006 ©-004 6.180 0.178 o.010 0.01s T 0.003 T c.or2
Coppar €.032 6.034 0.02¢ 0.023 0.009 ©.007 0.002 0.002 0.059 0.0 c.oe2 0.002
Iren 8.7 5.0 EN ) 3.0 5.3 5.6 0.50 0.46 63.0 %] 0.0 0.91
eed 0.006 ©.o0¢ & 6.002 i o.002 ©.008 ©.008 1 0.002 3 o.002 0.0 0.020 z 0.002 T c.o02
Nanpanese 0.2m0 0.290 0.2¢ 0.255 £.100 0.09¢ 0.07 0.20 1.7 168 ¢.03 5.032
Silver i 0.005 i o.005 1 0.00% + 0.005 i Bt.005 i 0.00% L 0.008 1 0.00% X 0.005 i 0.00% L 0.005 1 p.00s
2ine ©.049 0.047 ©.013 c.m5 ©.038 0.040 0.010 0.008 0.3% 0.349 ©.002 L o.pD1
vanadiue L o0.01 i+ 0.0 oo T .01 i o.o0) L o.001 3 c.o02 1 o.00) 1 o.002 1 o.0m 1 ¢.00) I o.001
Selenimm 1 0062 i o.002 0.002 L o.002 6.0025 1 0.002 1 0.002 T o.002 1 0.0005 I ©.000% L 0.0005 I 0.0008%
Mereury 1 £.0002 1 o.0pb2 i D.00D2 L 0.0002 L o.0002 L 0.0002 1 0.0002 3 ©.08002 L 0.0002 1 0.0002 1 0.0002 1 o.o002
Arsenic 1 0.005 3 0.008 L 0.00% A 0.003 0.906 % 0.005 0.015 0.0x2 0.038 0.008 1 .00 3 0.00%
Wickal 0.018 0.022 i S.0m 1 o0.002 .008 8.004 L e.002 1 0.002 ©.071  ©  0.068 2 .00 1 p.002
Alumingn 1.60 1.9 3+ 0.0 1 0.08 3.30 3.30 °.09 10.30 o.08 0.07
Cobalt 0.006 0.006 0.006 0.044 L 9.002 1 b0.002 . 0.002 L 0.002 0.044 L 0.001 L 0.0p2
Soren 0.05 .06 .08 .09 "0.30 0.27 0.01 0.03 148 0.4t 0.q
Titanium " " n u = m » u » »A RA N
seryllis ®A n mn L x " = n A 7S 'S nA

Jul/76

Aug/76

Aug/76

Continued...
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Table 24.

Continued.

OGATOTD00ID 00ATOTDNOO4D 0OATOTDAG20S GOATO7DADLEL Q0ATOTDA0ONS QOATO7DBOO1L
’Ew?ﬁlﬂﬂfﬁ E;Iﬂl ﬂi&ﬂmm W'“"“ v g1 47 W 63 - e g B gt g IR Y o VR S en. o
PARAMETERS ORIGIIAL DUPLICATE  ORIGINAL DOPLICATE ORIGINAL DUPLICATE ORICIMAL DUPLICATE ORIGINAL DUPLICATE ORIGINAL DUPLICATE
Calcium an.s 28.¢C 20.0 2.0 3.0 2.0 4.5 .8 8.8 0.5 3.0 M.0
Hagnasiom 7.8 7.3 8.8 s.8 7.0 [N ) 22.0 2.¢ 10.7 20.7 4.0 .0
Sodimm 8.0 .8 2.8 2.0 7.3 t.0 '162.8 161.0 22,0 22,0 2.0 28.0
Potansioe i 0.9 .5 0.4 0.5 o.40 a.e %] o.¢ [X] 1.5 3.4
Chleride 0.4 0.8 0.3 0.2 5.8 1.4 217.5 215.¢0 3.1 3.1 7.6 7.6
Sulphate 2.2 10.6 6.0 1.8 17.8 14,6 53.5 $5.0 6.7 6.7 21.9 21.3
Total Alkalinity 106.1 il1.4 72.9 77.4 7.0 8.0 260.0 264.0 138.6 139.6 160.1 164.0
" 2.6 7.6 2.3 7.4 1.7 7.85 7.2 7.7 78 7.8 7.0 7.5
carbonate 0.0 e.¢ 0.0 .0 c.0 0.0 0.0 o.0 0.0 8.0 6.0 0.0
Sicarbonate 125.2 195.8 " 0.4 1.2 102.4 326.7 3210 170.2 170.2 204.9 199.9
Total Baréness 102.0 102.5 2.6 7.3 287.0 02,9 27%6.6 2749 us.2 2182 1550 1ss.0
fiuorade 0.10 0.10 0.06 L 0.08 .07 0.10 0.18 0.17 0.07 0.07 0.17 0.36
Silica 6.3 6.3 “s [R] s.3 5.9 e [ 13.6 3.6 s 8.9
Conductance 220 208 120 135 as 133 1330 2380 270 27 380 3s¢
Threshold Odor Mumber » [ [ LY 2 2 2 2 2 2 2 2
Color 1s0 163 160 170 35 100 60 [1] 1l0 108 130 2%
Tannin & Ligmin 1.40 .35 2.58 2.4 .00 2.20 0.60 0.55 130 1.48 2.3 2.1
Total Piltble. Res. 232 us 5.3 e 188 Y] 730 0 134 LT 230 238
Total Filtbla. Bes. Fimed 24 120 .0 €5.0 122.5 s7.0 s [ .0 * 216 224
Total Non-Filtbls. Res. €0 2.0 64 5. . 30,8 €0.4 a8 1.2 0.8 [ 40
Tatal Won-Piltble. Res. Fixed 2.9 2.4 2.8 2.3 .2 4. 24.9 4.8 1 0 L 0.4 2.8 2.0
Turbidity w A [’y A n »A » [ [ - 5.2 4
Surfactants 3 o.02 T o.02 1 o.02 L o0.002 1 0.02 1 0.02 005 [’ L o.02 : o.02 Tt 0.02 L o.02
sumic Acids 1.8 .0 JTR %.0 2.8 [N 2.0 2.0 [] 6.0 8.0 .0
fulvie Acid uA oA [ Y [ 1Y 'Y [ 1) [ 1Y BA L) " RA -
Total Oryemic Cazben EL » n n 22 1.0 «“ . 3 2 39 »
Total Inoryanic Carbon a1 E] 10 1Y a 1.0 n » E1) 22 % 3
Total Diss. Organic Carben A LY N (78 1 w.s 3 » 2 32 37 3
Nitrste Nitzogen A w - LY w » w 'y [N 7Y 1Y =
Nigrite Nizzogen BA L) L 'Y RA m » A L) o A A [’y
Bitrate & Ritxrite Mitvogen L 0.0 L 0.01 L 0.01 L 0.01 0.82 1 0.0 L 0.01 L 6.01 8.01 0.81 5.01 0.01
Amsonis Witregan 0.06 0.0¢ 0.04 0.0¢ 0.10 0.48 0.48 0.06 ©.06 0.12 8.12
Total Zjeldanl Wizrepen 0.65 0.73 0.7 0.68 0.4 (X1 °.n 1.3 l.40 0.69 0.72
Total rhosphorus 0.09 0.0 0.12 0.07 0.0 0.12 €12 0.42 0.09 0.07
ortho Phosphorus 0.02 . 8.02 0.02 0.02 0.03 0.0 ©.082 0.02 L o 0.02 0.02
Cyanise T 0.01 L 0.0 PR Y U Y X 1 1 0.0 T o0 L 0.0 1 0.0 t oo L o0.01 1 0.01
Chenical Oxygan Demsnd 7.8 7.0 2.2 0.6 29 1] 3 a2 an 134 82 L]
Cadnioe  0.003 1 o.001 L o.001 T 0.002 3 0.001 0.001 T 0.003 L e.002 L 0.000 ¥ Dp.00
Bexavalent Chremim 0.007 o.008 T T 0.003 0.004 t 0.003 0.003 0.003 1 o8.003 t 0.003
Copper 0002 1 0.001 0.008 0.007 0.007 0.001 ©.001 ©.003 0.90¢
Lron .82 PR 1) 2.30 2.0 2.0 0.51 0.5 1.60 162
iees | [ 0.012 0.006 0.007 1 oloo2 T 0.002 v.005 0.004
Nangenees 0.063 0.335 ©.350 0.318 0.135 0.025 0.026
v T T & s.008 1 0.008 'S 1 0.008 T 0.00% L o.008 T p.o0s
tine o.01s 0,046 .01 0.003 0.003 0.00¢ 0.00¢
Venediwm | 0.003 o.002 L 0.002 1 0.000 L o.001 1 0.001 L 0.802
Selenim L L L 0.0008 1 0.0005 L 0.0005 1 0.0005 1 D.0005 t o0.0005 I 0.9905
Mercary T T 1 ©.0002 T 0.8001 L 0.0003 1 0.0001 L 0.0001 T 0.0001 & 0.0001
Arsenic L 6.009 1 e.00 1 0.001 L e.000 T 0.001 1 o.001 1 oo
Riokal L o.002 0.002 L s.002 0.006 1 0.002 L o.002 L o.002 L o.002
Alwmin 0.27 0.62 o.40 0.5 0.04 c.04 0.06 0.0¢
Bobalt : T 0.002 L o.002 L 0.802 . 0.002 1 o.002 L 0.002 L 0.002 1 0.002
Soron . .08 0.1¢ 0.22 03¢ 0.02 0,03 °.20 .30
Tinaniem 'Y » LY - [T = 'S A [ "
Serylliss [N - 7Y mm [ 'Y [’ [y 'Y [’ L uA L

Sept/76

Nov/76

Nov/76

Continued...
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Table 24, Continued.

BOATOTNA0203 DOATOIDADLAE ODATOTDAODAS QUATETDCBO10 OOATOTDAL12) OO0ATCTDEODIO

sveasscs v - o v vmmes  WSBTICELADURITL ORI TN e e mc s aneene i ko S U e b ik
PARAMETERS ORIGIMAL DUPLICAYEZ ORIGINAL DUPLICATY DUPLICATE ORIGINAL DUPLICATE ORIGIMAL DUPLICATE
Caleaun 36.0 3.0 8. 9.0 8.0 7.0 22.5 2.5 8.8 s 21.0 2.0
Aagnesium 9.6 9.6 16.4 15.4 24,95 4.5 10.2 0.2 3.7 3.7 6.5 6.5
Sotivm 0.0 30.0 0.0 w.0 10.5 0.5 4.0 “o .7 0.6 7.5 7.3
rorassion 1. 19 1.8 1.8 1.8 1.9 1.2 1.2 a1 (R 2.0 2.0
Chloride 35.7 2.y 2.7 2.7 e 3.6 2.1 23 3.5 3.3 6.7 0.6
Sulphate 4.7 2.0 6.0 5. 6.5 Lo 45 4.0 17.8 .0 a2 1.0
Toral Alkalinity 1214 222.¢ 230.0 254.0 3260 326.0 124.0 1240 .0 mn.0 4.6 .6
e 7.8 7.8 7.3 7.3 2.6 7.8 [ ] 8.2 6.6 6.7 7.7 [X]
Cazbonste .0 0.0 0.0 6.0 0.0 0.0 0.0 °.0 0.0 e.0 0.0 2.
Sicarsonate 4n.7 204.8 309.4 9.4 2.4 51,2 151.2 a9 “.3 0.9 0.1
Total Hardneas 129.4 2.3 239.8 318.2 18.1 123.1 123.1 3.5 36.9 7%.2 79.2
Tiveride o.08 0.08 0.20 0.10 0.9 0.20 011 0.12 017 0.17 0.10 0.08
Silica 8.3 8.3 4.0 14.0 16.0 26.0 6.7 7.0 2.3 2.9 3.4 3.4
Conductance s EL T 450 as0 590 590 m an 11 129 192 182
Threshold Odor Number 2 2 N N ‘ [ 2 2 2 2 . [
Coler 1s 28 [ 1] s L1 L s s L) s s0 [
Tannin & Ligmin .40 0.40 1.60 1.85 0.7 0.7 0.4 0.3 1.6 1.6 1.20 .20
Total Filtble. Res. 251 ass s 294 9 62 166 162 ” ”» 110 13
Tots) Filtbls. Res. Faxed 208 224 208 FYeY m 324 149 248 4 1] €3.0 66.0
Total Won-Filtble. Mes. 4. 5.6 8.0 63.0 7.6 [0 5.6 €0 w.. a. 26.4 [y
Toral Mon=Filtble. Res. Fined 1.6 2.0 26.0 27.0 4.8 6.0 3.6 3.6 3.3 3¢.0 6.3 WA
Turbadity PR 1.7 190 [y 5.5 5.7 11 .3 20 E} . 5.1
Suzgactants 1 o.02 L e.02 T 0.02 1Y T o.e2 L o.02 L 0.02 L 0.02 1 0.02 L 0.02 0.07 ww
nmsc Acids L o L Lo 2.0 Y L 1.0 r 10 T 1.0 z 1.0 s €0 L Lo [N}
Tukvac Acad » 113 L'y A L L LS LY L3 nA KA RA
Teral Organic Carbon .5 [ 3 I 1.0 0.5 [EY 1 s 15 24 23
Toral lasrganic Carbon 25.8 25 a 4 s2.¢ 52.3 20 1 ’ ? 12 1
Total Diss. Organic Carbon s.c 6.0 n n 8.3 9.0 LR L 12 L 24 24
Sitzate Natrogen 'y = L'y » L] - L " L b L] b
¥itrite Nitrogen " Y [ 7Y n " =" L] = A " »
Ritzave & Matrite Nitrogan 0.04 0.04 0.02 .02 0.03 0.02 0.00 0.09 L 0.0l T 0.0 L 0.01 L B.0)
Mamonis Mitrogen 0.12 0.26 1.40 3.36 0.47 0.67 .09 8.0 0.13 0.0 0.01 T o.01
Total Zjeldahl Nitrogen 0.0 2.40 2.28 .4 L 0.57 0.4 .n 2.20 1.30 1.23
Total Phosphorus o.0¢ 0.03 0.3¢ 0.36 8.0 0.08 0.08 .30 0.3 0.10 o.1e
Ortho Phosphorus PR N 3 L o .02 o.02 0.03 0.02 s.02 0.03 0.03 0.02 0.02
Cyanids m - 'y A L3 LY [ 1 LY LY L WA L)
Chamieal Owygen Damand s ” [ " » [ 1 17 [¥] 7% 51 .
Cadmivm L s.om + o002 L 0.0m L 0.001 |13 |3 1 L 0.001 T L o.o01 L c.00d
Sexsvalant Chremiom L 0.003 L e.00 % 0.002 1 0.003 3 L % 0.003 1 L ©0.003 1 0.002
Copper 0.007 0.120 0.220 0.005 0.002 0.003
Iren 0.52 0.5¢ 9.0 188 [ B 1} 1.50 1.46
Lead 1 0.002 1 o0.002  o.o02 L 0.002 L T 0.002 L L 0.002 L1 o.002
[rr— 0.022 o.021 .72 0.7 0.7 0.046 0.048
Siiver L 0.005 1 0.008 L 0.008 » 1 L L L o.0m1 L 1 o.001 T o.001
3ine @.029 8.027 0.008 0.006 0.028 0.008 ©.009
vanadios ©.803 ©.002 0.002 0.002 L L L 1 s.om L L 0.001 1 0.001
Selenium L 0.0005 L 0.0085 L 0.0005 i o.0008 T 3 L T 0.0005 T 0.0005 L 0.0005
Wereury 0.0004 0.0003 0.0003 ©.9003 o L T 0.0003 T 0.8001 1 0.0001
Arsenic L ob02 1 o) T 0.00 L 0.002 L L T 1 o.0005 L L 0.0005 L 0.0005
Haakel L o.0m2 L o.002 ¢.008 ©.008 L L : 1 0.002 L 0.002 1 0.002
Aluningm ©.04 0.08 0.02 0.0 0.21 ©.23 0.20
Cobait L o.002 i o.o02 T e.002 L ©.002 L . L T o.002 L L 0.002 L 0.002
Beron 0.2 0.1¢ e.20 0.16 0.20 0.16 0.2
Titanium A L = uA [ A A NA 1Y
Baryllium L] L] 3 " 7% [ 7Y m 103 |13 '3 ¥A
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DOATO?DADLOC VOATOTDROO IO DOATOTRBODED BOATO TOADDSO OOATO7DADDSD ODATOIDADOSZ

e smnue  ERER IMEAGE, RN gy BENMETS SRR S EIRLTEY AL SAROEL™ RS AL
PARANETERS SKIGINAL _ DUPLICATE ORIGINAL ___ DUPLICATE DUPLICATE ORIGINAZ. DUPLICATE ORISINAL DOPLICATE
Calcium 13.0 .0 2.3 8.5 2.5 2.8 2.5 32.5 s 32.8 3.5 23.5
Nagnasium a7 3.7 g0 3.0 “s 4.3 . 2.5 3.5 *.5 .5 7.0 7.0
sodium 2.1 2.7 .0 s.0 2.2 2.2 2.0 22.0 22.0 22.0 10.5 10.5
rorassum 0.9 0. 1.4 18 0.3 0.3 6.7 0.7 0.7 0.7 0.2 0.2
Cnloride 0.3 (W] 1.6 3.0 1. 2.0 1¢.4 .8 e s 1.0 1.0
Sulphate 6.0 [B] 3 1.8 7.8 8.z 7.3 8.2 7.3 5.3 8.2
Total Alkalimaty @ " st 7.0 s uz. ia.s 14z 1.8 100.90 .2
PH 7.4 [P [ 1% [ 7.9 7.0 7.e 7.8 7.5 7.7 1.7
Carbonate 0.0 0.0 o.0 a.0 0.0 0.0 0.0 8.0 0.0 0.0
2icarbonate ss.5 ss.8 8.0 8.2 s1.0 .2 174 1.2 174,98 121.9
Total Eardness 7.7 . .1 .1 4.7 120.3 120.3 1203 120.3 878
Fluoride 0.07 0.0? 0.12 0.34 L 0.05 L 0.0% 0.16 0.5 ©.16 0.15 1Y A
Silica iz i 2.7 2.7 2.6 2.6 5.4 5.4 5.4 5.4 6.1 [
Conductance 108 108 217 216 9.0 an.s 320 20 320 320 19¢€ pil]
Threshold Odor Number 2 2 . 4 4 4 ¢ [ ‘ [ 2 2
calor 25 25 ”0 00 2% 170 10 10 0 10 110 FH]
Tannin & Lignin 0.60 .60 1.8 1.6 2.7% 2.00 1.6 1.5 1.6 1.5 1.6 1.5
Total Piltble. Res. 72.0 s6.0 130 132 60.0 57.8 192 194 192 pLY 12 120
Total Filthle. Rea. Pined a0 a0 3.0 7.0 0.0 n.0 157 10 157 s 7.0 .0
Total Mon-Filtble. Ras. &0 ('Y s 'y 1.2 1.6 5.0 w 5.0 " 2.9 m
Total Non=Filtble. Mes. Pixed 2.4 A s 0.4 MA L 0.4 L 0.4 1.6 n P § mn 1.6 LY
Turbidizy 1.3 1.2 2.1 2.0 1.9 2.0 a3 3.5 .3 3.5 1.0 [R]
Surfactants 0.08 [Ty 0.0 » .06 [ 0.02 0.02 0,02 0.02 A [
Humic Acids T 1.0 T 1.0 1.5 1.0 25 2.5 s 1.5 1.5 3.5 'Y [
Fulvie Acid wA wm Y " RA 'Y " " 7Y A 'y [
Toral Organic Carben 1 ] 27 7.8 E1] 28 27 268 27 26.5 2 L]
Total Inorganic Garbon 9 [ b 7.5 L} L} 35 35 as s 23 24
Total Diss. Drganic Carbon 14 12 25.% 23.5 26 27 24.5 2 24.% E2] 27 t i
Katrate Nizregen " WA nA 7Y nA uA wA 7Y [/ HA m Ka
Natrate Nitrogen NA [ 7Y L' na LY L [ 7Y RA KA " NA RA
Mitrate & Mitrite Nitrogen 1 e.o1 L o0 0,008 L ©0.003 L o.003 L o.003 0.014 0.034 0.03¢ 0.014 0.020 0.02¢
Ammonia Witrogen o.01 0.0l 0.06 0.05 0.08 0.08 0.01 0.01 6.0 - o.o1 1 o.01 s.01
Total Kjeldahl Nitrogen 0.85 0.61 1.06 1.13 .02 1.00 1.00 .02 i.00 1.02 1.00 .03
Total Phospharus 0.06 0.08 0.0% 0.092 0.080 o.048 0.033 0.032 s.033 0.031 ©.026 0.028
ortno Phosphorus 0.01 0.01 5.01) 0.015 ©.018 0.01¢ 0.006 0.006 0.006 0.00¢ ©0.006 0.00¢
Cyanide oM s L1 LY s a ™Y LS [ L u =
Chemacal Oxypen Demand [H o 58 a ” ” $5 13 58 s " .
Catmion L o.001 L o.e01 1 o.o001 L s.00i L e.001 L o.001 T 0.001 . o.0m 1 o.on} L o.o01 1 o.000 1 0.001
sexavelent Chrowium L 0.003 L 0.003 L 0.003 0.004 0.003 1 v.end L+ 0.003 0.002 1 0.003 t.003 B [
copper 0.002 0.001 o.002 0.001 1 0.003 0.001 0.002 T o.em 0.001 1 c.o01 1 0.001 L e.om
Iron 0.41 0.38 2.10 1.0 0.64 Ol 0.00 0.7 0.%0 6.n 0.42 2.4
Lend L 0.002 L 0.002 1 0.002 L 0.082 L 0.002 L D0.0D2 L 0.002 3 0.002 i o.002 3 0.002 i 0.002 1 0,002
Nanganese 0.088 0.056 0.145 0.245 0.026 0.92% 0.020 ©.026 o.028 0.02¢ 0.022 o.019
Silver L 0.001 T 0.001 T 0.001 L o.002 L 0.00 1 0.001 L 6.002 1 0.001 i 0.001 i t.om na u
2inc 0-005 0.00¢ ©.007 0.007 0.018 0.027 o.0¢¢ 0.044 o.04 0.044 ™ =
vanadion 1 e.001 ©.001 0.801 s.001 L o.00) 1 o.00 1 6.00 0.00) ¥ o.001 1 o.00 L v.001 1 0.001
Selenimm L 06,0005 L 0.9005 T 8.0002 L 0.0002 1 5.0002 L 0.0002 1 0.9002 L 0.0002 L ©0.0002 L D.0002 L 0.0002 L 0.0002
- 0.8002 ©.0002 3 0.0000 & O.000) L 0.0001 L 0.0001 L 0.000) L 0.8001 L 0.0000 L &.00D) 1 0.0003 1 0.000)
Arsanic 0.0016 0.0013 & 0.0002 & 0.0002 ©.0007 0.0003 0.000¢ ©.0002 0.000¢ ©.0004 £.0004
Niokel % 0.002 1 0.002 i .00 i o.002 3 0.002 L 0.002 T 0ab02 L o.002 L 0.002 L 0.002 1 0.002 T o.002
Alunieus 0.1¢ 0.14 0.09 L 0.0 0.04 0.0 0.04 0.03 0.04 [y "
Cobalt 0.002 L 0.002 * 1 o.002 L 8.002 L B.002 1 6.002 i 0.002 i 0.002 L 0.002 ' 'y
Sorsa .07 0.08 [ .12 0.0 o.18 0.8 0.1 0.8 0.10 0.32
Titanioe L3 n " " = - = - = i -
Beryllimm RA L2 = L] 'Y mA u 'S [ [ = w
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D0ATOTDC0020 SOATOTDAGCTC BOATOTDACASL OLATOTDAD200 OOATO7DR0030 SOATOTEACOES

RERIG RPURE ™ Sl TLPHE Wl LI T T st ot ot e 03 - e bR i BAR gy -7 hhehY il DB ER e ton

ORIGINAL DUPLICATE ORIGINAL DUPLICATE ORIGINAL DUPLIGATE _ ORIGINAL DUPLICATE ORIGINAL DUPLICATE ORIGINAL DUPLICATE
caleius 2.5 2.5 3.0 28 6.0 §6.0 8.8 .8 F1 Y s w.5 n.s
Magnes o [R] 6.8 [ X 10 1.2 12 (4.5 as 5.0 .o 1.0 4.8
sodum 1.5 1.4 35.8 EE] .8 26.3 3.0 3.0 9.7 .? 6.3 §.2
Potassium 0.04 0.04 2.40 1.7 390 2.9 .30 1.30 .20 1.20 1.0 1.0
chioride 0.4 0.4 0.2 20 20.3 2.0 o.4 0.4 0.7 0.8 1.2 .2
Sulphate [ 4“6 6.6 10 $5.0 85.0 6.2 6.0 5.9 1s.8 0.1 0.1
Toral Alkalimaty 8.4 0. 1544 154 7.8 sa.s 53.1 101.9 302.0 1644 1856
" . (K] s.00 s.08 7.9 7.90 7.98 T.47 7.45 EN 7.9 791 7.95
Carbonate 0.0 o0 0.0 [T v.0 o.0 0.0 0.0 0.0 0.0 0.0 0.0
Sicarbonate l0s.2 105.3 8.2 7 227.0 228.9 5.6 6.7 24.2 124.3 200.4 201.9
Total Hardness 87.8 .. .8 m 230.6 2306 87.2 s7.2 . 206,21 104.1 360.4 158.3
Fiuoride 0.09 0.09 0.12 0.14 0.23 .26 0.09 .08 0.11 0.12 0.10 o.10
silaca 6.2 6.1 5.6 7.8 6.1 a1 L2 1.2 3.0 3.0 0.0 1.0
‘¢onductance pET] L] ns 365 a0 a 15 214 m a ars ™
Threshold Odor Nunber L] 4 2 L 19 2 2 ] . 2 2 2 2
coloz [ 1) i ®© % F 1Y as 30 30 130 123 [ 0
Tannin & Lignin 1.0 s 1.3 1.1 118 .20 0.7 0.7 1.4 b ] 1.2 .2
Towl Filtble. Res. 87,6 s4.4 204 262 234 292 .0 6.0 17 2 177 172
Tota) Filtble. Res. ¥amed [IN] 620 133 160 m a6 51.0 50.0 8.0 8.0 126 FE3
Total Non=Filtble. Mes. L 0.4 L 0.4 4.4 [+ 7.6 A 2.0 ne 3.2 3.6 1.2 2.0
Total Won-Filtble. Res. Fixed L 0.4 L o0.¢ 2.4 [’ e n (K] 4.0 o.8 [X] L 0.4 1 0.4
Tursadity 0.6 0. 4.3 338 3.0 s 4.00 €35 43 2.70 2.65
surzaceants .04 0.028 0.05 0.27 0.12 0.1 0.08 0.07 0.1s 0.25 0,32 8.2
Humac Aciés 1 3.0 1 o 1. ETY L 1.0 L e [ ] 'Y 1.5 18 1.5 1.8
Fulvic Acid L) ' 7% w = . A =" Y w» " A
Total Organic Carbon 15.5 ie.8 29.8 2 3.5 15,3 12.0 12.0 22,5 22.% 27.3 26.5
zoral Inorganic Carbon 5.0 6.0 27.0 3% a.s €@.s 1.8 i 3.5 2.5 21.8 1.0
soral Diss. Orgamac Carbon 15.0 s 7.0 " 1.5 1.5 1.8 2.0 2.5 22.0 3.3 2.8
Nitrate Nitrogen n LY m 23 "y " LY L 1 0.003 1 0.003 7Y L)
Nitrite Haitrogen L2 L1} [ 13 »» 0.032 2.032 L 0.003 & 0.002 L 0.003 L 0.002 A Lo
Nitrate & Ratrate Natrogen 0.000 o.008 o.010 o.00 0.091 0.00 6.007 o.e07 L ©.003 L o.om 0.032 0.011
Ammonaa Nigrogen 0.0} 0.03 0.3 0.11 0.1¢ 0.20 0.08 0.06 0.1) 0.13% 0.06 C.06
Total kyeldahl Nitrogen 5.9 6.26 1.00 2.1 1.50 1.6 o.s8 0.33 .3 i.42 126 1.33 _
Total Phospherus 0.08) e.e51 0.673 0.0s8 0.091 0.08s ~Befdd B ]
Ortno Phospaeres 0.022 o022 PRy " s.on o000 o010
Cyande L L3 T oma = [ [ [ » "
Chenical Oxygyen Demand 5.0 8.0 $s.0 §0.0 n.0 4.0 .o €0.0 1.0 7.0 a“ . 52
Cadniom 1 g.001 1 o.e01 L 0.001 L c.001 T o.001 o.001 L 0.001 1 o001 1 s.om2 T 0.0m 1 o.001 L o.001
Nexavalent Chromium 3 0.003 1 0.0 v.00s 0.00e L 0.003 c.803 L 0.003 L 0.00) 1 o.003 L c.003 & o0.003 1 0.003
Copper 0.002 0,000 ©.004 L o.0m 0.002 9.002 1 0.000 1 0.001 0.003 0.002 0.002 0.002
1ron 0.6 0.67 ©.3 0.2 0.48 0.48 0.32 0.33 1.e 1.46 0.47 0.48
‘lead 1 0.002 i p.o82 L o.002 L oc.003 T ©0.002 0.002 L 0.002 L 0.002 L 0.002 1 0.002 L o.002 L 0.002
Hanganese 0.023 0.024 0.867 0.0% 0.245 0.183 0.065 0.086 0.036 0.03¢ 0.03¢ 0.03¢
silver L 0.001 L v.ond 1 s.00 1 0.001 L e.o0l 0.001 1 o.801 1 o.001 L o.001 T 0.602 L o.001 . o.002
tinc 0.008 0.006 0.04¢ 0,067 0.0M 0.021 c.008 0.008 0.008 0.007 0.00% 0.006
venadine L 0.001 & 0.00 z e.08 L o0 L 0.002 0.003 0.001 L 9.00 L 0.001 L 0.00) i o.001 i o.001
Salenien I 0.e002 I S.0mm2 3 0.9002 [ L 0.0002 ©.0002 L 0.0002 L D0,0002 1 ©0.0002 1L 0.0002 L ©.0002 L 0.0002
Marcury T 0.0000 L ©.0001 T 0.8003 L D.000) T c.000l ©.9003 1 0.0082 L 0.000 T 0.0001 1 s.0002 L o.0001 L 0.0001
Arsenic ©.0003 2.0003 0.0005 L 0.9003 0.0006 1 0.0002 I 0.0002 0.0008 0.0000 L D.0002 L 0.0002
Nigkel & v.002 1 o.002 0.908 0.008 1 o.002 o003 0.00¢ a.000 0.006 0.006 T 0.002 L o.002
Auminum 0.03 0.02 .0 » 0.23 0.13 0.02 0.02 0.06 0.08 0.04 0.04
Cabalt L 0.002 T B.002 T 0.002 L 0.001 L o.002 0.002 L 0.e02 L 0.002 L 0.002 L 0.002 L o.002 L 0.002
soren 0.8 0.6 o.n L .13 0.12 6.2 0.1z 0.28 T 026 o.n 0.11
Titanium 'Y F1 m L] T 9.0 0.61 'Y [ L8 'Y z 0.05 T o.08
Seryllium m u oA " [ 7Y 'Y | - 'Y Y A ) [ HY A
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01ATOTIDAG220 OOATOTDAGL20 DOATOTDADLS0 DOATO7DAGLAO OOATO7DA00GO GOATOIDRO0LO

BTl e LS PN S, R o e SIS R BEE LTI, SIS 4 s iy
PARAMETERS ORIGINAL DUPLICATE ORIGINAL DUPLICATE ORIGINAL DUPLICATE ORIGINAL DUPLICATE OCRIGINAL DUPLICATE ORIGINAL BUPLICATE
Calcim 1.5 12.5 s0.5 50.0 3.0 L7y n.0 A 2.0 [ 0.0 .0
Hagnesium .6 s 1.0 17.0 1.2 HA .0 LY iL.0 " 1.7 1.7
Sodium 2.9 2.9 28.0 as.o 21.5 A 46.0 wA 17.5 NA 26.1 26.3
Pozassium 0.63 0.64 2.%0 2,80 18 A 2.60 L] 0.9 [13 1.50 1.50
Chloride 0.4 0.4 4.7 4.3 [ Y » 1.7 [ e A 26.4 26.3
Suiphate 3.4 3.4 18s5.0 126.0 5. NA 20.0 L3 6.9 NA 27.2 as.0
Total Alkalinity 49.6 5.0 9.6 9.0 158.0 WA 201.¢C NA PYT N} NA 164.0 1644
P8 7.36 7.37 7.4 7.44 .62 NA 1.7 BA .04 RA 7.07 7.08
Carbonate 2.0 0.0 0.0 0.0 0.0 HA 0.0 NA 8.0 NA .0 0.0
Sacarbonste 0.5 59.7 (YR ] (VY 182.6 A 2¢s.0 L1y 100.4 A 175.5 176.0
Total Hardness s0.2 50.2 96,1 JLYN 149.2 NA 15s.0 N 12s.2 NA 1e8.0 1e8.0
Fluoride 0.12 0.12 0.3¢ 0. 0.22 Na 0.1 [y 0.14 A .18 0.18
Silice 1.32 1.32 1.0 12.9 (R} ¥A 9.2 NA 7.4 7Y 7.9 7.9
Conductance 4.0 94.5 475 415 arn L 460 ®A 256 LY s m
Threshold Odor Number ‘ ‘ H 2 2 7Y 2 " 2 ¥ 1 1
Color 3 38 as . L) L) 130 L1 110 u 25 2s
Tannun & Ligain c.¥ 0.8 1.0 Lo 0.2 NA 1.4 L)Y a.y -MA 0.7 0.6
Toctal Filtble. $0.2 62.5 33 320 244 NA 306 MA 1639 NA 252 252
Total Filthle. Ras. Fixed 41.0 39.0 a8 208 E 1Y 218 NA 136 A 221 221
Total Mon-Filble. Res. 5.2 a0 1.2 10.9 L3 0.8 Y 2.0 " 3.2 6
Total Non-filtbie. Aes. Fixed L 0.6 L 0.6 1.0 7.2 L3 0.4 =" o.2 " 1.2 1.6
Turbaidity s.00 5.15 17.3 (K] A 2.30 " 2.95 A s 1.6
Surgactants v.1l1 0.1 0.13 0.20 L) 0.1 " 0.1¢0 A .08 s.05
Humac Acids r Lo P L .0 T l.e L 2.5 uA L .0 NA L 1.0 T 1.0
Fulvic Acad NA uA uA - L9 L] 'y A (1Y LY - [’y N
Total Organie Carhon 2.5 12.5 0.8 188 |19 .5 »» pUM Y " 2.8 12.0
Total lnorganic Carben 10.0 10.0 5.0 2.0 WA Q.5 [T a0 7% a.s n.s
Total Diss. Organic Casben 12.0 12.5 [ 3 5.5 [y 3.8 A s »A 2.0 12.0
Nitrate Mditrogen L NA u NA A n A BA n NA NA
Matxate Nitrogan 7Y NA . 7Y [ 1Y Y na 1Y LY R Ra
Nitrats & Nazrite Nitrogen 0.268 0.247 ©.023 0.036 0.025% L c.049 na 0.040 A 0.083 0.006
Ammonia Mitrogen 020 0.22 0.02 0.02 0.02 A 0.08 » 0.02 T 0.0 0.06 0.06
Total Kjeldahl Nitrogen 1.35 1.25 0.61 0.67 1.0 L' 2,75 " 0.70 0.97 L3 10
Total Phosphorus 0.135 0.230 0048 5.051 0.079 - 0.87% L .03 8.033 .03 0-027
Ortho Phosphorus .063 0.062 0.002 0.004 0.009 " v.0n WA 0-006 L 0.007 o.o08
Cyanide NA " LY " N [T L] A - = ol A
Cheaical Oxygen Demand [} 4 1) [T 1] A 108 L 5 “ s .~
Cacnium 1 0,000 1 0.001 L 0.000 1 0.00) L 0.000 1 0.001 L 0.00) L 0.001 L 0.001 0.004 L 0.000 1 o.001
Hexavalen: Chromsum 1 0.003 1 0.003 1 o.003 L 0.002 ©.005 1 0.003 L ©0.003 L 0.003 + 2.003 0.004 0.003 ©.003
Coppar 0.002 0.002 0.004 0.004 ¢.008 0.0 0.004 ©.006 0.002 ©.005 0.004 0.004
iron 0.0 o.00 s 28 2.30 2.30 0.76 0.62 °.90 0.95° o.05 a.85
Lead L 0.002 L 0.002 L 0,002 L c.002 L 0.00%2 3 0.002 L 0.002 1 0.002 1 0.002 1 0.002 L o.002 T ©.002
Ranganese 0.048 0.046 0.3852 0.355 0.101 0.116 0.967 62 0.054 0.073 0.07 .07
Silvar L 0.001 T 0.002 1 o000 1 0.001 L 0.00) 1 s.002 1 o.001 1 0.001 1 0.001 0.005 L o.001 L 0.00
2ine 0.005 0.008 0.027 0.029 0.006 0.035 0.007 0.017 0.006 o.058 e-011 6030
Vansdium L c.om L c.001 1 0.001 1 0.00) L o.0 L v.om a.00) L 9.003 1 o.001 1 o.001 1 0.001 1 0.000
Seleniue L 0.0002 L 0.0002 1 D.0002 L 0.0002 L 0.8002 » L 0.0002 “w  c.meez L 0.0002 1 o.oee2 L 0.0002
Hercury 1 0.0001 i 0.000) 1 0.0000 1 0.000} 1 0.000) w T 0.0001 =" L 8.000) » L 0.0001 L 0.0001
Arsenic L 0.0002 1 B.0002 0.000% 0.0010 0.0009 1Y 0.0021 = 8.0003 ©.0036 1 0.0002 L 0.0002
Naockel T o.002 L 0.002 3 0.002 L 0.002 L 0.002 L 0.002 % ©.002 % 0.002 1 0.802 i 0.002 L ©.002 L 0.002
Adwmisum .06 0.0¢ 0.27 0.28 0.07 o.0% 0.02 i 0.0 0.03 0.04 0.17 6.17
Cobalt 1 o.002 1 o.002 L D.002 m L o.002 L o.002 ‘L o.002 L 0.002 1 0.002 0.008 1 0.002 1 0.002
Saren 0.06 .05 a.1¢ 0.15 0.34 A p.20 [ .17 m 0.06 0.05
Titaniue L 0.05 T .08 oA ) A L] m b - " > »
Baryliien » Y "'y A " " » » m " (1Y LN

Oct/77

Nov/77

Nov/77 Nov/77
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Table 24. Continued.

OOATO7DAD207 QOATOTDCOD20 DOATOICD2)0C DOATO?IDROOAC O0ATOTDDOOLE DOATOTOAGI4C

s v ot v ey AR G ST RCKEUIAETERN S IR DI g (VPRI O w2 LSRR
PARAMETERS ONIGINAL DUFLICATE ORIGINAL DUPLIEATS ORIGINAL BUMICATE _ ORIGINAL BUPLICATT ORIGINAL DUPLICATE ORIGINAL DUPLICATE
calcium 52,8 52.35 €18 a8 6.5 6.0 “.0 4.0 37.5 3.0 $7.0 370
Nagnesive 15.0 15.¢ 15.6 25.6 [ 5.6 5.7 8.7 1.0 1.2 39.¢ 360
Sodaum 20.0 20.) s 4.5 32.0 2.0 0.9 16.7 .2 26.9 55.8 ss.8
Potassive 1% 1.0 0.7 ©.% .00 180 350 .80 . .50 1.50 6.50 .30
Chloride .5 M. 0.7 o.8 a.e 3.0 1.8 1.5 28.3 28.5 1.0 17.¢
Sulphate 27,8 25.6 1.6 1.6 5.6 5.2 0.2 10.2 25.0 25,9 23.5 23.0
Total Alkalinity 177.0 7.2 200.0 200.4 62.¢ €3.6 112.6 172.¢ 328.2 126.4 4“2
] 7.7 7.0 2.8 .8 247 2.47 738 735 T 7.60 7.9 7.90
Carbonate 0.0 0.0 0.0 8.0 8.0 0.0 0.0 0.0 0.0 .0 0.0
Bicarbonats 215.8 216.0 2443 %.3 7.5 210.4 210.6 156.3 157.7 545.1 s42.2
Toal Harcness 92,8 192.9 192.8 $5.2 6.0 1n.s 1. 8.9 4.0 404.4 L1739 }
Fluoride .12 0.12 0.31 0.12 020 0.1 0.10 0.20 0.11 511 0.31 .32
Silica 2.5 75 2.8 12.7 1.7 1.7 171 173 a0 vo 18.6 8.6
Conduttancs €22 420 155 358 255 238 . 31 s 380 %0 (11 [ 1H]
Threshold Odor Nuaber 4 « ] . 2 2 H 2 2 2 2 2
Color 20 20 pt3 10 20 0 200 200 18 Pt} &5 €5
Tanman & Lignan 0.2 6.20 0.3 6.3 0.4 0.4 2.4 2.4 0.4 0.5 1.8 2.0
Total Filtbie. Mes. 260 255 236 23 168 17 218 210 240 243 528 824
Total Filtble. Res. Pixed 227 2 13 1) 15 157 3 168 ItH It a4 435
Total WoneFiltbls. Res. 2.4 2.8 6.4 5.6 5.6 6.4 236 (¥ 5.2 5.2 %0 8.0
Total Non-Filtble. Res. Fixed [ K] 0.8 2.8 2.4 3.2 &0 0.4 0.4 1.2 0.8 36.0 3.8
Turbadaty 1.8 1.7 320 3.20 3.0 2.1 5.4 5.0 2.4 2.7 60.0 5¢.5
Surfactants o.o¢ 0.08 0.11 0.10 0.07 0.07 £.23 0.23 0.10 0.09 0.42 0.41
Numic Acids L Lo L Lo [ 10 T Lo 1 1.0 5.0 “s L Lo L Lo L 1.0 T 10
Fulvic Acid [ 'S u A L3 » [TY " Y HA [ Nh
Total Organic Carbon 12.% 12.3 7.5 1.3 i 1.0 n.s n.0 5.0 5.3 55.0 4.5
Total lnorganic Carbon n.s 3.0 2.8 as.0 1.0 1.0 3.8 3.0 .5 3.0 00,0 SE.5
Total Diss. Orgamic Carbon 12.0 12.5 1.0 2.5 0.8 1. 3.0 .0 5.0 5.0 4.0 a@2.c
Nitrats Nitrogen [ [ ¥A " " L) 0.075 0.075 0.202 0.102 0.108 c.19
Nitrite Nitrogen ) nA nA L3 L1 LY L ©.007 0.007 £.002 0.002 0.006 D.007
Nitrate & Nitrite Mitrogen 0.12 0.12 0.139 0.349 0,345 8.185 0.082 0.082 0.18% 0.18% 0.392 0.198
Ammonas Ritrogen 0.07 0.07 0.08 .08 c.o8 0.08 0.38 0.40 0.03 0.03 o.80 0.88
Totsl Kjeldshl Witrogen 0.5 0.67 1.28 1.7 Rt 0,44 1.90 1.90 o.92 0.87 IR 3.7
Total Phosphorus o.031 5,021 0.058 0.063 0.02¢ 0.037 o.180 0268 0.021 0.020 0.12 0.72
ortho Phosphorus 0.010 0.010 0.007 0.007 ©.000 0.008 8.021 0.022 0.007 0.006 0.018 6.017
Cyanide " . = L i 0.002 1 0002 . g.002 L 0.002 WA " 0.002 o.002
Chenical Oxygen Demand 3 s a1 4 20 % ”" » 24 24 108 9
Cagmiun L 0001 1 0.00 L0001 L L oo.e0 L o001 1 0.0 L 0000 L 0.001 1 0000 L 0.001
Kexavilent Chromiun 1 0.003 1 ©0.003 Lo0.003 L L s.00 o.018 0.020 b.003 0.003 0003 0.003
Copper 0.003 0.003 0.001 o.001 0.007 0.006 0.007 0.008° 0805 0.005
ren 0.35 0.3? 0.7 0.68 4.0 .40 .40 .40 2.0 2.0
Lesd L oo.002 L 0,002 0007 L 0.002 L oe.002 1 0.0 T 0.002 1 0.002 0.024 0.011
Sanganese 0.015 8.0 0.22 0.027 0.7%0 0.760 ©.029 0.020 [N ) wn
Sidver T o.001 1 o0.000 1 0.001 T 3 o.001 L e.000 1 se.001 L 0.001 L c.001 L 0.001 L o.001
2ine 0.010 0.008 ©.005 0.003 0.012 o.011 o.012 0.012 0.02¢ 0.030
Vasadim L 0000 L 0,000 L o001 1 Loo.em L 6.000 I 0.001 3 0001 L c.003 L 0.000 1 0.00
Selenim L 0.0002 @ 0.0002 1 0.0002 ¢ o.0002 o.0085 0.0004 L 0.0002 1 0.0002 L 0.0002 & 0.0002
taroury L 0.0003 L o.000% t 6.0001 L D.0001 L ©.0001 L 0.0001 I 0.0003 L 0.0000 1 0.0001 L 0.0001 1 0.0002
Arsenic L 0.0002 0.0002 0.0002 ©.0003 0.9004 0.0006 0.200¢ 0.0003 00039 £.0032
Nickel L0002 1 o.002 L oo.02 L 0.002 e.002 0.003 L 0.002 1 0.002 0.004 0.003
Mumism 0,04 8.03 o.0¢ e.07 0.10 o.07 .08 o.n .22
Gobalt L 0.002 L o.002 L 0.002 L 0.002 1 o.002 + 0,002 L 0.602 5.008 0.007 0.002 0.002
Soren 0.02 0.02 1 0.03 L 0.0 L oe0l 0.23 0.22 0.08 0.0¢ 0.26 0.28
Tataniva ) “» Loo.08 L 008 Lo L oo.08 L o008 L 0.05 L 0.05 L o0.01 1 0.0
Beryllim " “w n » n " w an w » » “»

Dec/77 Jan/78 Jan/78 Feb/78 Mar/78 Mar/78
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OUATO7DADD?0 OOATOTRF0140 00aATOTDA0A2 0OATO7CC0012 0OATO7DDODLE OOATOTDADICD

ik fee LI quep e & PT PRI RIS, SITE RS 1] N SISO - 3t W 6 B CL g Y SINTI30 PP AT MAL LIy 1 » - 5 AILES DO
PARAMETERS ORIGINAL DUPLICATE DUPLICATE ORIGINAL DUPLICATE ORIGINAL DUPLICATE ORIGINAL DuFLICATE
Caleive 2.7 3.8 3).200 32,700 33.500 32.000 15.400 1%.400 25.500 R 14600 14,100
Ragnasium t.1 53 .40 9.7 .30 10.70 5.4 5.40 7.50 " R a.s0
Sodium 9.0 4.0 36.00 36.00 22,50 23.50 6.60 6.50 820 RA 1.40 1.20
[ 1.7 1.60 1% 160 10 1.0 0.80 0.80 0.60 " 8.50 0.5
Chioride 29.8 0.0 .00 .00 810 .0 2.0 .40 6.0 [78 0.7 8.7
Sulphate 5.7 5.0 o5 .0 15.5 pYIY 1.0 12.8 15.0 Y 6.1 6.6
Total Alkalanity 1446 1440 [T 9.2 126.9 1372 6.3 A 2.6 " 50.1 Yy
» .05 7.8 2.77 288 7.60 2.68 2.62 uh 7.78 u 7.32 2.25
Carbonate 0.0 0.0 uA 1Y L.LY NA NA L1 NA NA [TY NA
Bicarbonate 1%.2 175.8 3.5 100.0 167.0 1618 1.5 A 107.0 N 6.0 0.5
Total Nardness 102.5 108.6 122.0 122.0 126.0 1240 7.0 [ es.0 [ 55.0 se.¢
Fluoride 0.15 0.15 L o5 i1 0.5 8.1¢ 0.15 L 0.05 : 0.0% 0.08 NA 0.07 ¢.0?
silaes 3.5 3.8 1.0 .40 .00 .80 .00 .00 €.20 Na 1.8 1.60
Conductance 200 300 .0 ale 323.0 ns.0 1m0 1.6 165.0 WA 9.0 0.0
Threshold Odor Number 2 2 ¢ ‘ 2 2 2 2 2 Y 2 2
Color % (1] s » 50 30 190 190 60 »“ 30 3
Tannin & Lignan 0.9 c.9 8.5 o.¢ 1.4 i.8 LI 3.0 1.0 | 1 0.6 0.6
Total Filtble. Res. 199 198 a2 az 197 207 us uz 108 A 55 )
7ota) Faltble. Res. Fixed LY A am 1 a8 I ” 7 2 - » 1
Total Non-Filtble. Res. 12.4 12.0 4.0 4.0 1.2 4.t 1.0 us.0 32.4 [ “ [®]
Total Non-Filtble. Res. Pized [ ] 5.4 2s.0 N0 10.0 [N 139.0 126.0 248 » “t A
Turbidaty 8.3 5.1 59.0 6.5 210 3.8 6.0 6.0 2.0 . 2.2 a0
Surfactants 0.21 0.20 .07 .08 0.23 0.19 0.20 78 0.30 » 613 0.13
Bumac Acids 1.0 L0 L 30 L L0 3 2 H H T 1.0 . T 1.0 L 10
Fulvae Acid [ A LY 2 u = »n 3 M » v s
ZTotal Ozganic Carbon 25.0 25.% 15,3 17.6 3.0 36.0 1l.0 ii.0 1.0 Lo 8.8 1s.0
Total 1norganic Caxbon 21.5 20,8 2.5 1.0 2.0 s 1. 123 7.5 bl 10.5 ae-s
Tota) Diss. Organic Carbon 2.8 o 1.5 3.0 3.5 .8 0.5 w.e is.0 A 18.0 8.9
Nitzate Natrogen v.120 0.123 0.006 0.004 w - » na o A " e
Nitrite Natrogen L 0.003 L 0.003 0.003 2.003 A [ 'Y A LY b L o] kA
Nitrate & Nitrize Nitrogen 0.12¢ 0.135 0.008 0.007 5.087 0.087 0.015 0.014 ©0.00% NA a.002 6.003
Ammonis Nitrogen 0.025 0.028 6.360 0.3¢0 0.090 0.090 " “» b “» = L]
Total Kjsidahl Nitrogen 127 0.97 1.93 1.9 1.64 1.80 0.7 0.12 1.9 LN 0.67 0.64
Total Phosphorus 0.032 0.028 [ 0.08¢ 0.037 0.035 0.042 0.060 0.057 A 0.036 0.03%
ortho Fhosphorus 0.018 0.016 0.003 0.003 0.00? 0.007 0.017 0.018 0.013 NA 0.022 0.021
Cyanide 1 o.001 L 0.000 » LY LY 'Y » LY 1Y RA L »
Chensoa} Oxygen Demand 38 126 -« “ ] 2 a6 %2 107 " 05 us
Cadmium L o.002 L » m» L o.001 L 0.001 L o0.001 1 0.001 L 0.003 L 0.001 uA sh
Nexavalent Chromiue 0.005 6,006 0.006 o.018 v.018 0.020 L)% 0.004 nA L o0.003 1 0.003
Copper L 0.00% 13 0.003 0.002 0.001 L 0.001 0,002 0.002 0.00) ©.00) L 0,001 N
iren o.7% 1.800 1.880 1.620 1.620 4380 4.500 1.030 Y c.300 8.300
lead 0.002 L T ©.002 1 0.e02 ¢.003 0.002 1 0.002 L 0.002 0.005 0.008 9.003 [ 1)
Nanganese 0.201 0.440 0.0e6 0.098 ©.300 0.093 0.082 0.037 0.030 0.021 A
Silver L 0.00) t [ 7Y L L o.001 L 0.00) L e.00) L 0.001 L o.001 L 0.00) " NA
famc 0.002 0.005 0.006 0.014 8.012 0.012 0.013 0.007 2.006 0.001 uA
vanagiom L o.001 L 0.002 0.002 0.002 0.002 0.003 0.004 0.001 L c.om L £.001 L
Selenimm T 00002 L ©.6003 0.0004 L o.s002 L 0.0002 L 0.0002 L 0.0002 L 0.0002 L 0.0002 L ©.0002 L1
Rercury 1 0.0001 L L 0.0001 L 0.8001 % o.00m1 1 0.000) 1 0.0001 L D0.0001 L 0.0001 L 0.0001 L 0.0001 [Ty
Azsenic ©.0053 0.0088 ©.0007 0.0009 ©.0006 8.0008 £.0026 0.0013 0.0007 w
Niekel 1 o.00 L 0.00) 0.003 0.002 0.002 0.000 = 0.002 0.003 T o.001 LY
Alumingm 0.29 0.52 0.57 0.28 [ % 1) 2.2¢ P 8.28 0.32 _e.07 7Y
Cobalt T o0.001 T L'y » Y 1 e.00 1 0.001 L 0.001 1 0.003 1 0.001 " = =
Boron 0.8 0.0¢ 0.26 0.2? 0.1 o.12 0.03 [TY " 7Y
Tatanium L 0.00 L Y [ [ Y 'Y [ 1 oo 1 0.0l m L)
Naryllimm = LY m = " » 1 o.001 L o.001 L 0.001 1 0.001 » "

Sept/78 Oct/78

Continued...

oct/78



Table 24,

Concluded.

87

DDATO?DADOGD GDATO7DADIED NOATOTDADDYC BOATOIDCO0IO 0ATO7CDO0LC ) s oot v =0 azarer

e LT e BHLE APTHLTIR T o vove e s seeees ssaster e - 01 "
PARNNZTERS ORIGINAL DUPLICATE " onzcznay DoPLICATL ORIGINAZ DUPLICATE ORIGINAL DUPLIEATE ORIGINAL PUPLICATE ORIGINAL DUPLICATE
caleaum 38.500 38,500 70.000 70.00¢ 45.000 " 25,000 35.000 $3.000 55.000 22.000 22.00¢
Magnesium 12,40 13.00 23.00 23.50 23.00 HA 0,80 11.00 19.50 19.60 6.7 6.70
Sotauz 20.50 20.50 4.0 $0.00 120.00 LY 4.5 4.50 58.00 58.00 il.00 .00
Potaspium o.9C 0.90 2.7 2.% 1.7% LY e.70 0.7 3.10 2.90 i.00 1.0
chieride 3.e0 3.8 5.00 5.00 160,00 " .0 .40 21.50 31,00 .80 1.0
Sulphate .0 a5 13¢.0 225.0 .5 n» 5.2 5.2 4%6.0 4“%.0 0 1.0
Total Alkalinity m.s 172.0 250.4 2486 20,6 XA 126.0 226.0 301.¢ 301.0 7.8 7.8
» 7.35 230 030 [ [ 1 [y 7.40 248 8.4 5.40 2.7 7.0
Carbonate A 13 W m n " [ 3 L1 4.0 4.0 NA N
Bacarbenate 208.5 210.0 06.0 306.5 293.¢ BA 1s84.0 1s6.0 339.0 3.0 #.0 94.¢
Total Bardsess e 150.0 268.5 272.0 207.0 nA 332.0 a0 228.¢ 228.0 83.c 33.0
rivoride o1 0.12 c.28 0.2¢ 1 .08 [ .05 .06 6.0t 0.05 .00 0.9
Silaca .00 11.00 12.50 12.50 12.00 m 1s.80 135.6¢ 5.50 25.50 30 3.3
Conuctance 300.0 00.0 200.0 700.0 900.0 . aap.0 240.0 600.0 6000 200.0 3.
Threshold Odor Mumber 2 2 2 2 2 RA [} [] 2 2 2 2
coler 10 110 a as e LY 20 20 @ “© 30 3
Tannin & lignan 1.1 1.1 1.0 1.0 s = 0.4 6.5 [ %] [X] 0.6 6.€
Total Filtble. Des. 198 pr1] 462 459 594 Y pLY] 249 96 396 120 117
Total Filtbls. Res. Fized 4 144 17 a: a7 [Ty 112 113 an 27 ” B8l
Total Non-Filtble. Res. M. 3.0 17.2 2.0 2.2 [y 6. 6.0 .2 0.9 (W] 6.0
Total Non-Filtbls. Res. Fixed 23.0 23.0 10.0 16.0 2.8 (Y 1.6 1.2 6.0 5.6 0.2 B.4
Tusbidity 19.0 18.0 36.0 35.0 7.5 LY 4.0 (%] 10.6 30.4 S.& 0.0
Surtactants .18 0.1 0.2¢ 0.19 0.31 [ 0.36 0.14 0.09 o.08% 0.1¥ .19
Humic Acids L 1.0 L 3.0 i l.0 L 1.0 L 1.0 [°TY L 1.0 L 1.0 3+ Lo L l.o 3.0 1.0
Fulvie Asid 26 25 [ 10 2 LY 0 H F 2 7 6
Total Orgsnic Carbon 27.0 27,0 s 7.5 27.0 "» 6.0 6.5 1.0 1.5 1.8
2otal morganic Carbon .0 .8 7.8 2.5 s2no 7Y n.s n.s n.s n.0 .t
Total Diss- Orgenic Cazhon 2.0 22.8 €. 6.0 270 " 6.0 6.0 1.c 2.0 12.¢
Mitrate Nitrogen L L) n " » nA 0.094 o.098 ©.4¢5 0. 466 s.22¢
Nitrite Natrogen L) L L E ) " ™ 0.020 0.009 0.012 0.032 .ot
Nitrare 4 MiTrite Nisrogen 0.200 0.100 0.062 0.04s 0.097 » 0.10¢ o.208 0.480 0.480 0.230
Amncnia Nitreges 0.07 6.07? L o.002 0.002 0.122 [ 0.080 0.047 0.043 0.045 €.004
Tozal Kjsldahl Ritrogen .00 6.90 . an .00 nA 0.4¢ 0.50 £.70 0.60 ©.9¢
Tota! Phospborus o.088 o089 0.097 0.087 0.047 mn o.04e 0.052 0.008 0064 0.030 0,536
Ortho Phosphorus 0.046 0.048 1 o.002 L o.002 0.023 " 0.032 0.03) 0.006 o.018 0.00 0.005
Cyanide L LY L = m L3 n uA 3 n s ®A A
Chenical Oxygen Demend 59 6 70 2 ” w 12 20 a " " -
Cagmizn b b LY m L 0.001 1 0.001 mn 'Y - - - -
Hexavalent Chromimm 5.007 8,007 0.006 LY 9.008 c.005 0.00¢ ©.004 1 g.003 3 0.003 1 0.003 T o.003
Copper 0.002 e.001 0.006 = 0.002 0.002 0.003 1 0,00 0002 o008 0. 005 0.005
I - 218 4000 > 2.850 = 6.%00 0.700 0.700 0.950 0.650 0.650
- koo booeo0 1 o-02 " L 0.003 i b.002 L o.002 L s.002 L 0.002 1 0.002  o0.002 T c.002

oo o0 i 824 o.130 o.028 o.032 0.050 0.085 0.011 o.01

Silver » =" Y LY + o.000 1 .00 nA 1Y - » - >
Zine 0007 0.022 m 0.003 0.004 0.022 0.012 0004 0.003 o.026 0.023
Tasatie booen ok ¥ oo.00 = Loe.oel 3 0.00 o.002 I e.001 ©.001 0.001 1 0.001 i o.001
o ook * .0002 " L ©.8002 1 o.0002 0-0082 ¢.0002 L 0.0002 L 0.0002 L 0.0002 1 B0.0002
Sercury L o000 3 1 0.9003 A % 00001 1 o.e001 0.6002 L 0.0001 L o.0001 1 5.g001 L 0.0000 1 50003
Arsenic 0.0007 0.6005 L 'Y 0.0002 0.08003 0.0012 0.0012 L 0.0003 + 0.0002 - 0.0008
Rimel voemoow e o-oo8 - o-002 o-002 0-001 L n.e0d 0.003 o.002 i 0000 1 0.00)
Alumizm .M 0.3 0.27 n 0.06 0.0¢ 0.05 0.07 0.0 08 o.06 008
Cobalt n m " » T 0.001 T .00 » m - m - o
Soron = - 0.20 0.20 0.23 ©.23 ©.03 0.04 .26 0.2 - .
= - - = » = b - b Y " »A x
Baryllim b L » "= 2 o.00 1 0.0 » L3 . » > -

Dec/

78

Dec/78

Feb/79
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Tri-laboratory sample exchange analysis results.

0DATOYCDD040 OOATOTDADLEL OOATGIDADORS OGATO7DADIEY

waGISSTOR Curce - 410043 BIAMVER RIVIE 47 W1 63 - 4OSFRS EEE UL aEl T} vesTRIAn aon SLAVER RIVIR AT WMY 43 - ADSERP
PARRMETERS Chemex Pollution Inland Chemex Pollution Chemex Pollution inland Chemex Pollution inla

Lab control Lab  Waters lfb Lak Contrel Lab Lab Control Lab Waters lab Lab Control Lab  Water
Calcaum 24.5 23.7 60.0 56.8 62.5 2.0 56.5 45
Magnesium 8.0 7.6 15.¢6 18.2 20.3 20.7 16.2 18
sodium 25.0 9.7 98.0 97.6 8.0 12.8 31,0 3.0
Potassivm 1.1 2.1 3.0 3.0 1 7.9 2.8 3.0
Chioride 19.8 19.0 124.0 18.6 3.4 19.4 318 21.0
Sulphate 1€.9 16.0 49.8 53.6 4.5 0.1 37.2 46.0
Total Alkalinity 92.6 93.8 204.6 223.6 241 302 190.0 203
P 7.2 7.3 7.6 7.8 7.1 7.1 7.7 8.1
Carbonate 0.0 0.0 0.0 0.0 e.0 0.0 0.0 8.0
Bicarbonate 112.9 108.3 249.4 255.6 294.5 283.4 231.6 247.0
Total Bardness 54.1 90.2 214.0 211.3 239.6 257.9 207.8 19B.0
Fluoride 6.21 0.20 0.13 18 e.11 NA 0.12 0.1y
Bilica 7.6 7.2 8.1 8.0 17.0 19.8 6.4 6.4
Conductance 230 210 830 50 430 aso0 510 520
Thresnold Odor Number ‘ 3 2 1 2 2 2 1
Color 10 Bl 70 n 60 NA as 3
fannin & Lignin 2.35 2.36 0.95 0.27 0.45 1.08 0.70 0.6
Total Piltble. Res. 169 BA 496 509 20 223 306 328
Total Filtble., Res. Pixed 144 RA 468 427 200 209 265 202
Total Non-Filtble. Res. 19.2 18.7 52.4 22.0 5.6 5.9 5.20 15
Total Non-Filtble, Res. Fixed 16.8 NA 43.6 28.2 2.0 2.2 1.60 10
Turbidity 32.0 33.5 NA 4.3 RA 3 4.1 4.1
Surfactants L 0.02 L 0.02 L 0,02 L 0.02 L 0.02 0.15 L 0.02 0.17
Humic Acids 5.5 BA 6.0 0.87 1.0 NA L 1.0 L 1.0
Fulvic Acid HA NR NA HA A [FY NA uA
Total Organic Carbon 4.5 24.0 22.5 20.3 30 28 18 15
Total Inorganic Carbon 20.5 2.0 38.5 56.7 53 55 3 40
Total Diss. Organic Carbon L' RA NA NA 27 NA 18 1€
Nitrate Nitrogen HA 0.01 NA 0.30 2 BA NA A
Nitrite Nitrogen NA NA HA 0.03 NA RA NA NA
Nitzate & Nitrite Nitrogen .02 .02 0.36 0.13 v.02 0.018 0.08 0.082
Aamonias Nitrogen 0.04 0.04 0.19 0.28 0.26 0.24 0.37 0.45
Total Kjsldahl Nitrogen 0.90 o.88 0.50 v.88 0.5¢ 0.50 1.44 1.38
Phenol 0.004 0.020 1 0.001 L 0.002 0.014 ©.008 L 0.001 0.024
0il & Grease L 0.1 0.2 0.2 0.3 L 0.1 0.3 o.¢ 3.9
Sulphide 1 0.05 1 0.02 L 0.05 L 0.02 0.05 L .02 L 008 L 0.02
Total Phoaphorus 0.0 A 0.11 0.13 0.07 " 0.03 1.38
Ortho Phosphorus ¢.03 L 0.02 0.02 0.02 0.0l 0.02 L 0.001 L 8.05
Cyanide L 0.2 1L 0.002 L 0.00 L 0.002 L 0.0 A L 0.02 L 0.01
Chlorophyll "A" 0.002 BA 1 0.001 HA 1 0.00i na L 0.00: 1 0.001
Chemical Oxygen Demand 3.6 7.3 52.0 Y 81.0 78.0 29 3.6
Cadmiun L 0.001 L 0.003 L 0.003 L 0.000 1 0.001 L o.001 1 0.001 L 0.001
Hexavalent Chromium i c.003 L] L 0,003 L 9.002 L 0.003 L o0.002 L 0.003 L 0.001
Copper 0.005 L 0.002 0.003 L 0.00) 0.80¢ 0.002 0,003 L 0.003
Iren ‘ 1.00 0.9¢ 3.05 8.7 1.8 6A 0.48 0.50
Lead 0.012 0.008 0.013 .02 0.004 L 0,003 1 0.002 L 0.003
Nanganese 0.045 " 0.242 0.4 0.445 0.422 0.12 0.13
Silver L 0.005 s 1 0.005 LY L 0.005 L 0.003 L 0.005 L 0.001
2inc 0.429 0.02¢ 0.022 0.015 0.010 0.010 0.018 0.019
vanadium L 0.001 L 0.002 L 0.001 L 0.002 L o.001 T 0.002 r 0.001 L 6.01
Selenium L 0.002 L L 0.000% [y L 0.0005 L 0.0002 L 0.0005 L 0.0002
Bercury i 0.0002 L 0.001 L 0.0002 L 0.0001 0.000} 0.0002 L 0.0001 L 0.0001
Argenic L 0.005 L 0.010 7Y L 0.001 L 0.0002 L 0.001 L 0.0003
Nickel 6.012 0.0i¢0 6.008 0.003 L 0.002 0.001 L 0.002 L 0.001
Mluzinum 0.19 0.2¢ 0.54 0.040 0.013 0.021 0.07 0.07
Cobalt 0.005 L 0.02 L 0.002 L 0.001 1 0.002 L o.o001 L 0.002 1 0.00)
Boren 0.22 A u. 12 HA 0.)8 NA 0.0 0.09
Titaniwm L] HA 'y “ A 7Y WA NA
Beryllium A L 'y » 7Y L 0.001 Y A
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Calcaum 30.0 EL} 3 37 25.0 26.0 31.9 4.0 a“® 4.4
Vagnesaum 5.8 10 A w» 5.5 10.0 0.0 15.0 15.0 4.8
sodaum 30.0 3.0 . A Y 35.8 33.0 3.0 22.5 23.0 21.0
Potassium 2.6 2.4 A RA 2.4 1.7 1.9 2.50 1.8 1.7
Chloride 5.5 18 2.0 1.0 23.2 20 20 2.7 2.0 2.4
sulphate 7.0 L 10 nA Y 6.6 L 10.0 4.2 146 134 134
Total Alkalinity 145 161 L NA 154.4 154.0 155.0 (3] 65 65

PR 7.7 7.9 KA HA 8.05 7.9 e.8 7.50 7.1 2.8
Carbonate 0.0 0.0 A NA 0.0 0.0 0.0 0.0 0.0 0.0
Bacarbonate 1%.8 196.0 A WA 1e6.2 187.0 NA 7.8 9.0 NA
Total Hardness 115.3 138.0 119.5 135 11:.5 111.0 1210 161.6 1710 179.0
Fluoride 0.20 0.13 0.08 €.12 e.12 c.4 0.12 c.41 .41 c.3
Silica €.3 12.7 5.2 (W] 5.6 7.8 6.0 9.4 9.0 [
Conductance 33 255 250 200 15 365 362 398 435 ay
Threshold Odor Number 2 Ll ‘ 1 2 BA wa 2 1 NA
Color 130 HA HA NA 80 NA 70 as NA wh
fannin & Lignin 2.1 L 1.45 1.1 1.3 1.1 NA 1.25 0.4 "
Total Filtble. Res. 208 NA 150 198 204 A NA 278 353 NA
Total Filtble. Res. Pixed 17 HA Y NA 161 wa [ 251 298 N
Total Non-Filtble. Res. 36.0 NA HA [0y 4.t NA 3 38 o nA
Total Non-Filtble. Mes. Fixed 327-2 L NA "» 2.4 NA »A 32.5 as "
Turbidity 2.0 » nA " 0.3 s 6.2 8 NA 3
surfactants L 0.02 NA 0.03 0.15 0.05 0.27 WA 0.08 0.09 N
Bumic hcids ‘.0 A ¥A NA 1.5 7Y N Lol oA u
Fulvic Acid BA "A ) L' n L1} BA NA NA A NA
Total Organic Carbon b 2 w WA 29.5 22.0 28.0 13.8 17.0 15.0
Total Inorganic Carbon 25 33 17.5 n 22,0 36.0 3.0 1.5 1 13.0
Total Diss. Organic Carbon 17 A WA NA 27.0 WA 4.0 12.0 NA 10
Nitrate Nitrogen NA L Y "y NA 1Y N L ©.003 N “a
Matrite Nitrogen A A n Ty A NA NA 0.005 sA wh
Nitsate & Nitrite Nitrogen © 0-01 0.02 0.028 0.539 0.010 0.018 wA 0.005 0.008 0,02
Ammonia Nitrogen 0.22 0.53 0.03 0.07 0.4 uA N 0.08 0.06 0.01
Total Kjeldanl Nitrogen 1.36 2.40 1.32 2.19 1.08 2.13 11 2.00 10.54 0.6
Phenol L o.001 0-012 L ©0.001 0.004 1 ©0.001 0.008 0.003 L 0.00} o0.01¢ 0.002
0il & Grasse L o.l 1.2 0.4 1.3 0.2 1.2 L Lo 1 4 *A
Sulphide L RA " 1Y 7Y 1Y Na NA NA NA
Total Phosphorus 0.24 0.25 6 uA 0.040 L 0.08 0.032 0.108 0.10 0.054
ortho Phosphorus 0.02 0.02 0,006 A 0.005 0.010 NA 0.00% 0.015 0.005
Cyanide L RA ” Y NA A 1Y A L RA
Chlorophyll "A* WA wA " > L2 ¥A Y §A N N
Chenical Oxygen Demand 7 2 'y " 59.0 60 RA 52 LH "
cadnivm 0.06 0.023 » o 1 0.001 L 0.001 BA 1 0.001 L1 0.001 "
Hexavalent Chromium 0.075 0.07% : “» "y 0.004 0.003 Y L 0.003 L 0.002 A
Copper 0.017 0.017 0.006 0.004 0.004 L 0,001 L o.001 0.004 0.003 A
2xom 0.22 3.64 110 1.3 0.36 0.33 0.38 4.0 3.29 ">
Lead 0.175 0.48 L 0.902 0.00¢ L 0.002 L 0.003 L 0.00) L 0.002 1L 0.003 A
nanganese 0.070 0.076 A Ty 0.067 0.0% 0.38 0.135 0.163 "
silvar 0.028 L o.001 nA » 1 0.001 L o©.001 0.005 L 0.001 L 0.001 1 0.00¢
24nc ©.040° 0.042 0.004 0.013 0.04¢ ©.067 0.020 0.018 ©.029 L
Venadiua L 0,003 L 0.0 P » 1 0.001 L o.01 L 0.004 L o.003 1L 0.0 0.002
Seleniua L 0.0005 L 0.005 " " L 0.0002 nA L o.001 L 0.0002 NA 1 0.0005
Mareury L 0.0000 & ©.0001 'Y " L 0.0001 L £.0601 I 0.000 L 0.0001 1 0.0001 0.00003
Arsanic L 0.0005 0.0008 = Y 0.0008 ¥A 0.0005 L 0.0002 NA L 9.000%
Nickel 0-002 0.002 "y A 0.038 0.005 nA 0.006 0.017 w
Aluminum 0.0l 0.01 0.06 0.025 0,09 WA 0.043 .52 0.372 wn
Cobalt 0.032 0.032 " n» L 0.002 L 0.001 0.003 L 0.002 0.002 ®A
Baroh 6.23 u Ty 0.21 0.16 0.15 0.16 RA 0.18
Pitanium LL] BA n “w ¥A NA NA A KA NA
Berylliom " NA 7y Y [y NA A »A NA A

Apr/77
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raznsr e 41 . 03 A RS R A TR e Hih Gty s e WO i e
it e chnrolias _warets la CLb™  Controltab Watarslab Leb . Contrel ta  wersewLer  Crett  oJolution  Inlana
calciur 32.0 32.0 35,2 12.0 5.8 38.0 352 46.0 -_s:o—_-_—
Magnesium 11.2 12.¢ 12.1 4.7 5.0 13.2 4.3 12.5 15.0
sodiunm 25.0 24.¢ 26.¢ 19.0 18.2 21.5 22.8 26.5 26.0
Potassium 1.48 1.2 1.1 0.87 0.88 1,85 1.7 2.5¢0 2.2
Chloride 7.4 7.0 6.4 24.¢ 24.9 3 12.4 l.e 2.0
Sulphate 148 23 25 6.5 6.0 35.3 5.2 70.0 57.0
Total Alkalinity U0 133.0 139.0 53 L3 150.0 WA 163.0 HA
PH B.36 7.7 8.4 7.46 7.6 7.68 7.6 7.88 7.9
Carbonate 1.2 Nk NA 0.0 0.0 0.0 6.0 0.0 0.0
Bicarbonate 1719 162.0 NA 64.6 62.8 192.6 194.2 198,7 196.0
Total Hardness 126.0 128.0 139 19.3 NA 149.2 14).3 16€.3 196.0
Fluoride 0.1z 0.13 NA 0.09 NA 0.22 0.4 0.22 0.23
Silica 1.0 2.5 1.0 7.2 7.2 8.7 [N] 7.3 5.6
Condugtance 291 330 ne 165 172 370 352 385 o
Threshold Odor Number 2 NA BA 2 1 2 1 2 1
Color 120 NA 80 3s NA % 62 60 95
Tannin & Lignin .4 1.5 NA 0.50 0.62 0.8 0.7 l.p 0.6
Total Filtble. Res. 175 WA 23¢4.0 108 110 244 230 255 220.0
Total Filtble. Res. Fixed 118 NA 156.0 85,0 (1) 208 196 203 322.0
Total Non-Filtble. Res. 2.0 WA 2.0 n.2 12.0 10.8 9.4 20.0 23.0
Total Non-Filtble. Res. Fixed 0.4 NA 1.0 X a2 7.2 7.9 4.0 11
Turbidity 0.9 13 5.9 .10 6.9 6.5 5.2 21.6 0.13
Surfactants c.15 0.15 BA 0.08 L 0.05 .20 0.2¢6 0.18 NA
Humic Acids L 1.t NA NA L 1.0 NA i 1.0 NA 1.0 NA
Fulvic Acid NA RA L3 HA NA NA NA KA NA
Total Organic Carbon 1.0 14.0 30.0 5.0 22,7 8.5 9.0 22.0 17.0
Total lnorganic Carbon 26.% .0 3.0 12.0 16.3 .0 3.0 27.0 31.0
Total Diss. Organic Carbon 24.0 NA 27.0 8.0 10,2 15.5 RA 21.5 NA
Nitrate Nitrogen 0.003 HA na RA 0.011 NA NA NA A
Nitrite Nitrogern 0.00% NA NA NA NA WA 0.003 NA A
Nitrate & Nitrite Nitrogen 0.012 0.011 L 0.81 o.080 0.093 0.02%5 NA 0.033 8.022
Ammonia Nitrogen 0.02 0.06 L 0.l L 0.0} 0.03 0.02 0.028 0.03 0.06
Total Kjsldahl Nitrogen 0.92 2.00 0.8 1.20 1.20 1.1 1.1 0.63 1.45
rhenct wA ©.008 0.002 N 0.006 L c.om o.004 1 c.00 0.006
0il & Grease 0.5 nA N 0.8 2.9 Lot 0.3 0.7 2.7
Sulphide NA NA NA HA Y wx L o.02 L NA
Total Phosphorus 0.029 L 0.05 NA 0.038 0.036 0.079 0.062 0.112 0,12
Ortho Phosphorus L 0.003 0.017 » o.011 Y 0.00 0.007 0.607 A
Cyanide Ty n wA WA 'y KA L A "
Chlorophyll "A" HA A Y BA A L A » Y
Chesical Oxygen Demand 65.0 81.5 " 28 26 8.0 0.0 0.0 5.8
Cadmium L 0.00 L 0.001 . L 0.001 L 0.000 L 0.001 L 0000 i o.0m1 L 0.001 ¥ 0.001
Hexavalent Chromiua L 0.003 L 0.002 " L 0.003 L 0.002 0.005 L 0.0002 L 0.003 L 0.002
Copper 0.002 1 0.001 L 0.00% " 6.002 0.32 0.00% .00 0.005 L 0.001
1z0n 0.59 0.60 D.49 0.72 1.37 2.3 2.30 .00 L7
Lead L 0.002 L 0.003 L 0.004 L 0.002 L 0.003 L 0.002 1 0.003 L 0.002 L 0.003
Manganese 0,015 0.019 » 0.034 0.02¢ 0-101 0.2 0.050 0.050
Bilver L 0.002 L 0.001 L 0.00¢ L 0.001 1 0.001 L 0.001 7% : L 0.001 'Y
tine 0.005 0.009 0.010 0.031 0.007 ©.006 0.008 0.013 0.006¢
vanadiun 1 0.001 L 0.01 L 0.001 L+ 0.001 1 0.002 L 0.001 L 0.002 0.002 L o.002
Selanium L 0.0002 L 0.0002 L 0.0005 L 0.0002 0.0003 L 0.0002 L 0.0002 1 0.0002 0.0002
Mercury L 6.0001 L 0.0001 0.00012 L 0.0001 L 0.6001 L 0.0001 L 0.0001 1 0.0001 L 0.0001
Arsenic 6.0002 0.0005 L D0.000S 0.0006 0.0029 0.0009 0.0013 0.0015 0.0022
Nickel L 6.002 L 0.002 0.005 L 0.002 0.008 L e.002 0.002 0.002 0.006
Aduninum 0.05 L 0.02 0.033 0.15 ©.110 0.07 0.11 0.20 0.106
Cobalt L 0.002 1 0.001 L 0.002 L 0.002 L 0.001 L 0.002 0.004 L 0.002 L 0.001
Boron ©.18 BA 0.32 0.02 0.20 4,14 NA 0.20 0.20
Titanium NA " NA L 0.0% " L 0.05 NA L o0.05 WA
Berylliue NA RA NA A A RA NA NA WA

Sept/77 Oct/77 Nov/77 Nov/77
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PARAMETERS Chemex Pollution Inland Chemex Pollution Inland Chemex Poliution 1rlang Chemex Pollution inland
L Control Lab  Waters lLab Lab Contrcl Lab  Waters Lab Lab Control Lab  Waters Lab Lab Control Lsb  Waters lab
fy ey N 55,0 52.5 55.0 $6.3 7.5 76.0 80.9 7.5 63
Magnesium 16.0 15.0 16.0 15.6 18.2 1%.0 22.3 18.2 17
sodzum u.0 20.0 20.0 13.0 1.4 4.0 15.0 .4 68
Potassium 2.00 1.70 2.1 2.0 1.4 3.4 L5 1.4 2.8
Chloride 4.1 14.5 4.0 15.0 5.6 6.0 5.4 5.6 23
Sulphate 2.5 27.8 35.0 32.0 10 Le 3.9 L l.e 163
Toral Alkalinity 195.¢ 171.0 176.0 185.0 273.2 281.0 281.0 273.2 147
PH .15 7.7 7.6 2.8 7.8 7.1 7.1 7.89 6.0
Carbonate 6.0 0.0 HA NA 0.0 0.0 0.0 RA KA
Bicarbonate 237.7 215.8 214.0 NA 333.0 345.0 NA 7Y 180
Total Hardness 203.2 192.8 NA NA 268.4 268.0 L NA 226
Fluoride 0.13 0.12 €.11 0.12 0.15 0.12 0.16 0.15 0.29
Silica 6.1 .5 0.0 8.3 12.9 13.4 13.0 12.9 7.3
Conpductance 382.0 422 46 442 455.0 $33.0 523.0 45t 684
Threshold Odor Number 4 4 A NA 2 b3 NA 2 1
Color 20 2¢ NA 20 40 96 % 40 98
Tannin 6 Lignin 0.30 0.2% NA NA 0.4 0.4 RA 0.4 6.3
Total Piltble. Res. 251 260 NA 248.0 301.0 338.0 335.0 301 484
Total Filtble. Res, Pixed 203 227.0 NA 173.0 263.0 NA 211.0 263 380
Total Won-Filtble. Res. 0.F 2.4 NA 2.0 £.0 Na 7.0 6.0 NA
Total Non-Filtble. Res. Pixed L 0.4 0.8 NA 1 1.0 2.4 uA 3.0 62.4 RA
Turbidity 1.5 1.8 NA 6.5 $.3 12.0 10.0 5.3 i3.0
Surfactants 0,09 0.08 NA NA 0.10 0.15 Na 0.10 0.30
Humic Acids L Lo L 1.0 HA 2.0 L 1.0 A L 1.0 Y »
Fulvic Acid " ’ NA wA 10.0 B NA 23.0 A na
‘Total Organic Carbon 12.0 12.5 12.0 10.0 38.0 22.0 15.¢ 3s.0 15.0
Total Inorganic Carbon 3.0 31.5 56.0 29.0 9.0 7.0 2.0 6€9.0 33.0
Total Diss. Organic Carbon 12.0 12.0 68.0 8.0 37.0 NA 16.0 3.0 NA
Nitrate Nitrogen Ba NA NA nA NA HA RA 0.272 A
Nitrite Nitrogen RA NA NA NA WA RA BA 0.005 NA
Nitxate & Nitrite Nitrogen 0.082 0,13 0.200 0.10 0.01% 0.24 0.01¢ 0.277 D.444
Ammonia Nitrogan 0.06 L 0.01 0.07 [} 1 o0 0.4 0.60 L 0. 0.12 0.31
Total Kjeldahl Nitrogen 0.88 0.59 NA NA 1.95 2.24 1.1 0.95 1.25
FPhenol WA L o.002 " NA uA na nA L2 N
0il & Greas
o 2.4 ‘¢ i [ ] i L7 NA NA NA
Sulphide Y NA ]
A A KA LY A
Total Phosphorus £0.018 0.02 HA A "
: 0.021 NA 0.02 0.035 0.10 0.02 0.02¢ 0.06
Ortho Phosphorus 0.004
i 0.010 0.005 ©.005 0.006 0.029 L 0,003 . 009 0.025
Cyanide 'Y L
6.002 0.011 L ©6.005 L 0.002 . 0.0M)
Chlorophyll *A" - A e b L
13 A A ®A EA NA WA L]
Chamical Oxygen Damang 62
30 LTS ETY 34 s0.9 u NA o
Cadniun L 0,001
. 0.001 L 0.001 L 0.001 0.003 A L 0.001 L 0.002 L o.001
Hezavalent Chromium L 0.003
L 0.00) L 0.002 L 0.025 0.004 L o0.002 NA L o0.003 0.33
Copper 0.003
0.003 c.011 0.00) 0.003 0.002 L 0.001 9.003 0.003
Iron 0.26
Leat 0.35 0.31 0.32 1.87 2.10 1.0 1.7 8.23
L o0.002 .
L 0.002 L 0,003 0.004 1 0.002 L 0.003 L 0.004 L e.002 L 0.003
Nanganese 0.006
0.01% 0,012 0,020 0.708 0.720 0.30 6.705 1.620
Silver 1 0.002
2ine L 0.001 1 0.001 L 0.004 L 0.001 L o.00) L 0.004 L 0.001 L &.001
o.
oes 0.010 0.00s ©0.000 0.002 0.004 0.007 0.002 ©.038
Vanadium L 0.001
L 0.000 L 0.002 L 0.002 L 0.001 L 0.002 L 0.001 L 0.001 L 0.002
Selenium L 0.0002
L 0.0002 WA L 0.0085 1L 0.0002 1 0.0002 L 0.0005 NA LS
Marcury L o.o0001
Azeani L 0.000: L 0.0001 0.04 L 0.0000 L 0.000) 0.10 L 0.0002 1 90.0001
senic 0.0002 0.0089
. . L 0.0002 A 1 0.000% 0.0002 L 0.0002 L 0.0005 A EIY
Rickel L 0.002
. 1L 0.002 0.002 0.017 L 0.002 L 0.001 ©.010 L 0.002 L 0.001
Aluainum 0.05 .
0.04 0.034 0.1 0.05 0.125 L 0.15 A RA
Cobalt L 0.002
a L 0.002 L 0.001 L 0,002 1 0.002 L ¢.001 L 0.082 L1 LY
oron 0,05
. n.n2 £1Y 0.07 ©.03 NA 0.1 RA NA
Titanium L 0.05
. NA NA
Barylliom L 0.us A
) " L 0.05 [13 L 0.05 NA - A "~
A L 0.901 ©0.005 L L

Dec/77 Dec/77 Jan/78 ' Jan/78
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e Gue s e, Sge  bwm ghm, OB SRmn Jume, 9ee wumes e
Catcium %.0 68.0 73.6 35.5 ¥ . 22,4 3.0 2.2 2.0 28.0 2.4
Magnesiux 238 23.0 23.9 12.0 2.0 11.8 6.0 2.0 8.1 $.60 8.0 1.4
sodium 55.0 52.0 54.0 a0 42.0 a0 8.8 1.0 3.0 5.30 6.0 5.6
Potassimm 2.2 2.1 2.2 2.7 10 a0 [K] 1.1 1.1 .60 ©.80 0.8
Chioride 7.1 7.0 7.3 36.0 3.0 3.0 1L.80 2.0 12.0 1.80 3.0 1.8
Sulphate 13.% AT 12.0 28.5 21.0 3.0 490 25.0 .0 15.5 17.0 6.0
Total Alkalinity 362.0 366.0 335.0 147.9 157.0 156.0 5.2 5.0 87.0 1031 .0 9.0
B 7.70 7.6 7.0 7.8 8.1 .95 1.5 8.2 7.90 7.5 .1
carbonate 0.0 0.0 0.0 0.0 0.0 e.0 L' 'Y " 0.0 0.0 0.0
Bicarbonate 4L 446.0 m 180.2 190.2 108.5 205.0 LTS 126.0 111.0 L
ZTotal vardness 272.8 263.0 [} 138.0 143.7 5.0 [ N] u 100.0 102.0 wA
Fluoride 0.31 0.3 nA 0.18 0.20 0.18 0.05 0.12 m 6.11 0.13 0.13
Silica 13.8 13.9 4.0 (K] 8.2 LRl 4.90 s.2 5.1 4.50 2.5 5
conductance € €90 685.0 a0 W 482 ws.0 243.0 212.¢ 31,0 221.0 215.0
Thresnold Odor Number 2 1 A 2 L " 2 1 = 2 1 n
cotor 15 * 1 7 ;s » 1o ” w0 30.0 " 0.9
Tannin & Lignin 0.2 0.2 L 0.9 0.6 L 1.5 1.8 " 0.4 0.3 n
Total Filtble. Res. a3.0 450.0 377.0 270 32¢ 230.0 122.0 216.0 = 125.0 - »
Total Filtble. Res. Pixed 337.0 »8.0 205.0 2040 254.0 a0 ”.0 1580 w 103.0 - .
Total Non-Filtble. Res. 2.0 [ mn 23.2 21.0 21.0 0.2 =" 6.0 884.0 540.0 254.0
Total Mon-Filtble. Res. Tixed L 0.4 " n 6.0 27.0 3.0 7.2 = " 502.0 - .
urbidity 1.5 4.0 10.8 0.2 » i [N 6 5.8 320.0 'Y 8
Surfectants 0.15 0.1 » 0.34 0.1 " o.1y 0.15 nm 0.10 c.09 n
Rumic Acids L 1.0 A XA 7Y n WA L 1.0 = NA A  *Y n
Pulvic Acid [T w [T [T [ NA 23.0 " - " L' L2y
Total Organic Carbon 20.5 4.0 15.0 15.0 1.0 12.0 in.s 20.0 20.0 13.5 11.0 L3
Total Inorganic Carbon s8.5 0.0 8.0 2.5 Q.o 38,0 3%.5 23.0 20.0 1.8 33.0 mm
Total piss. Organie Carbon 20.0 LN 7.0 1.0 7Y 10.0 36.0 =" WA Y w 1Y
Mitrate Mitrogen o.2m2 - w » = 7Y 0.005 " LY 0.074 [ "
Nitrits Ritrogen 0.005 » [T 7Y 0.019 " 0.002 L 0.05 L1 ©.003 L 0.001 'Y
Witrate & Mitrite Nitrogen 0.277 0.293 0.27 0.182 i.61 e.10 0.005 1L o.08 0.0 0.007 . 0.008 0.05
Aamomia Mitrogen 0.12 0.1 [T 'y 0.08 [Ty 0.020 8.25 " ©.320 0.08 LY
Total Kjeldshl Nitrogen 0.95 0.87 0.6 0.085 0.4 0.4. 6.62 5.38 0.97 1.58 0.94 1.1
Phanol u " L) L) u LS L 0.001 0.806 0.02 i 0.001 L 0.001 L 0.001
01l & Grease » m = LY m " 0.0 P ) 0.35 0.1 L 1.0 1 01
Sulphide L'y = 'Y m m [ T 1o L 0.02 [ L c.0 L 0.02 LY
Total Phosphorus 0.2 L 0.05 0.920 0.095 0.24 ©.068 0.032 0.09 0.04¢ 0.035 0.42 c.38
Ortho Phosphorus 0.009 0.029 L 0.003 0.020 0.036 0.024 0.018 [ 0.022 o0.008 L 0.001 m
Cyanide L 0.002 0.005 L 0.005 L 0.00) 0.004 ©.003 7Y Y m 0.00) L 0.002 0.002
Chiorophyll *A® LY L' [ wA = 'y 7Y LY " [ LY ”»
Chestical Oxygen Demand u uA WA S uA 7Y 'Y uA %A 278.0 .0 L
Cadmive L 0000 L c.001 2 L 0.00) L ©.00) 1 0.001 [ ' n T o.001 m 1 0.00)
Nexavalent Chromiua L 0.003 L 0.002 [ 0.003 L 0,802 mn 0.010 0.0150 [} 0.010 " [T
Coppar 0.028 0.008 L 0.001 L 0.001 0.003 L 0.001 L 0.001 L 0.001 L 0.00) ©.010 ©.020 0.003
2ron 0.4 0.4 0.46 .37 l.e .43 1.02 0.64 .12 3.90 a.58 0.54
Lead L 0.002 L 0,003 1 o.004 1 o0.002 L 0.004 0.007 1 0.002 & 6.003 T 0.004 0.008 0.008 L 0.004
Nanganese 0.022 0.026 0.028 0.206 o.128 0.217 0.037 0.044 0.067 0.2 0.285 0.30
Silver L 6.000 L 0.001 T 0.00¢ 3 6.001 L .00 L 0.004 'Y uA WA 8.001 L .00 L]
Sinc o.009 0.021 ©.007 ©.001 0.006 0.00% ©.001 0.00) ©.006 0.029 0.020 c.1¢
Vansdium L 0.001 L o.002 L 0.001 1 o.002 0.003 0.002 L 0.001 I G.002 1Y 0.003 0.007 0.010
Salenius L 0.0002 L 0,0002 L 0.0005 [} =" L 0,008 = L 0.0005 L " L]
Nercury L o.000) 0.0003 0.87 L 0.000 1 0.0001 0.08 L 8.0001 L 0.000) 0.07 L 0.0001 & 0.001 1 o.02
Arsenic 1 0.0002 6.0023 L 0.0005 L) mm 0.0008 ©.0009 0.0150 0.0006 uA L "
Nacked L 0,002 o.002 0,009 L 0.0001 0.004 A 0.001 0.002 9.012 0.030 0.00% "
Aluminus 0.03 0.02 0.23 0.2 0.260 6.3 0.97 0.138 o L] L L
Cobalt L 0.002 I 0.001 L o.002 L 0.001 1 ©.001 L ©.002 [ [ [ 0.00¢ 0.808 1 0.002
Boron 0.42 » 0.45 0.22 n 0.24 “» = 0.19 A » "
Tizaniom L 0.08 =" " L 0.01 m = - 'Y =" LY = A
Serylliva LY = Y » L o.001 » = L o001 w m ' "

Feb/78

Apr/78

Jun/78 Jul/78
Continued...
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Table 25. Continued.
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o PRI U A ETIINLAIYIR 5 t0En sovLmce L11S RIVED MLAR M0 FSuTH 0.1 ADSERP GOLEOIRE LML AT MIEW - ADSIRS
PARAMETERS Chemex Pollution Chenex Pollution Inland Chenex Poliution Inland Chanex Pollution Inlané

Lab Centrol Lab Lab Control Lab  Wa " Lab Control Lab Waters & Lab Contral 1._ab Waters Lab
Calcium 24.2 25.0 30.0 3.8 25.0 0.37 23.8 1.0 18.0
Magnesium 8.90 5.0 9.8 9.1 7.50 8.0 6.8 6.0 6.0
Sodium 3.0 20 40.¢ 4@.0 €.50 8.¢ 7.8 2.7 6.0
Potassaum 1.4 1.2 0.50 1.1 .70 1.0 1.0 0.80 0.9
Chioride 18.30 5.0 55.50 Q.5 1.40 2.0 1.2 1.20 2.0
Sulphate 15.6 1.0 13.0 210 1.8 1.0 .0 5.8 9.0
Total Alkalinity 123.4 131.0 132.6 107.0 £3.2 7.0 67.0 64.6 €7.0
PH 1.90 8.0 7.85 7.7 2.3¢ 8.0 7.4 7.5 7.4
Carbonate 0.0 0.0 c.0 0.0 8.0 0.0 0.0 0.0 0.0
Bacarbonate 150.5 160 162.0 130.4 101.5 87.0 81.7 NA 82.0
Total Hardness 97.0 96.0 115.5 116.1 $3.% sz.0 20.4 wA n
Fluocrade 0.05 0.2 6.10 NA L 0.05 6.13 0.08 1 0.05 0.12
Silica £.80 5.5 7.50 5.9 3.00 3.3 3.2 L 0.02 L 0.5
Conductance 7.0 330.0 400.0 893.0 180.0 193.0 204.0 168.0 146.0
Threshold Odor Number 2 1 2 NA 2 NA NA 2 1
Color NA NA €0 (1] 30° 87.0 40.0 20 87
Tannin & lagnin 2.3 NA 0.9 BA 0.7 0.¢ Rk 0.4 0.5
Toral Filtble. Res. 244.0 L1 264,0 NA 118.0 200.0 RA 110 NA
Total Filtble. Res. Fixed 165.0 NA 188.0 HA si.0 A NR [} NA
Total Non-Filtble. Res. 8.0 NA 128.0 105.0 16.4 L 3.0 1.2 1.0
Total Non-Filtble. Res. Fixed L6 HA 105.0 WA 5.2 NA WA T 0.4 NA
Turbidity .5 2 6l.0 37.0 5.0 4.0 RA 2.3 2.0
Surfactants 0.22 0.22 0.22 A 0.12 0.15 L 6.15 0.13
Bumic- Acids A LY L .o 1Y L Lo 0 T .0 A
Fulvic Agid NA [y 17.0 R € L3 1.0 4.0 A
Total Organic Carbon 27.0 40.0 26.5 17.0 16.0 17.0 13.0 17.0 15.0
Total Inorganic Carben 24.5 29.0 28.0 1p.0 16.0 26.0 15.0 15.0 18.0
Total Diss. Organic Carbon 25,8 NA 20.5 17.0 1.5 43.0 u.0 17.0 NA
Nitrate Nitrogen N NA KA HA Lo NA WA 0.013 0.002
Natrite Nitrogen NA 0.016 RA »A NA 0.002 RA 0.003 NA
Nitrate & Nitrite Nitrogen 0,040 0.062 0.140 0.13 0.061 0.065 ¢.08 0.616 0.0
Ammonia Mitrogen 113 L 0.05 0,100 0.003 v.00¢ L 0,05 L ol 0,044 0.67
Total Xjeldahl Natrogen 0.48 2.04 .30 1.4 0.64 0.98 1.4 0.76 1.35
Phenol 0.001 0.005 0.001 0.02 L 0.001 0.004 0.003 L o.o00l 0.022
0il & Grease 10 2.6 0.5 105.0 [ 0.2 L .0 0.5 0.3
Sulphade v.0l HA BA RA L 0.01 1.00 NA L 0.0} L 0.02
Total Phosphorus 0.33 L 0.05 0.170 0.16 0.03 0.07 ©.016 0.01¢ nA
Ortho Phosphorus 0.011 0.016 0.064 0.029 0.008 0.013 0.010 0.004 L 0.002
Cyanide 0.007 0.022 A A NA NA BA 0.002 L 0.002
Chlorophyll *A* LY A 7Y A 7Y WA A L 0.001 A
Chemical Oxygen Demand 60.0 3.0 55 L1 23 3.0 ua 27 2.0
Cadmium 0,003 1L 0.001 7Y LY uA L 0.001 A L 0.001 L 0.00
Haxavalent Chromium 0.005 A 0.006 [ 0.004 0.013 A 0.005 7Y
Coppar 0,001 1 0.00 . 0.002 0.003 t 0.00) 0.002 0.002 L 0.00) 0.003
1ron . 750 0.50 2.20 1.98 0.450 6.0 0.62 0.100 0.15
Laad 6.007 I 0.003 L 0.002 0,004 L 0.002 L 0.003 L o.004 1 0.002 0.004
Manganese 0.0 0.080 N 0.072 0.11 0.012 0.013 0.017 0.052 NA
Silvar 0.001 1 0.001 1 o0.001 0.004 WA . o F1Y A
2ine 0.002 0.006 0.009 0.017 0.013 ©.004 v.002 0,004 0.015
Vanadiun 0.081 L o0.002 L 0.00) 2.00) L 0.001 L 0.002 t 0.001 1L 0.001 L 0.002
seleniun 0.0002 L 0.0002 Lo 9.0005 | o002 L 0.00002 L 0.6005 0000 WA
Mercury £.0002 0.002 L 8.1 .03 L ©.0001 I ©0.0001 0.0%5 L 0.0001 L D0.001
Arsenic 0.0009 0,0007 0.0015 0.0005 | o o002 0.0005 L 0.0008 L 0.0014 A
Rickel 0.003 L 0.00) L 0.001 0.002 0.001 0.005 p.o04 L 0.001 0.003
Aluminum sA uA 0.32 0.30 0.34 1 0.020 0.12 L 0.0l 0.030
Cobalt 0.001 L 0.001 1Y ®A NA L 0.001 WA L 0.001 L 0.001
Boron NA NA 0.16 0.1%5 XA nn NA NA NA
Ticaniug NA NA HA MA NA NA NA NA NA
Baryllius NA NA " NA A L 0.00) NA NA NA

Sept/78

Nov/78

Dec/78

Jan/79
Continued...
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00ATO7CD2300 DOATO7DADOYD OOATO?CE2000 OCATD7DADOSD
R ATV, eIy eeve gl BTl e ST
PARMIZRERS “hen  comerer bab  Wapers'lsb  bem  Comtrol bab  Wesere laeb Clab . Comtrol ab  Warars Lab Contro bab  Waters La
Calcaum 20,0 18.0 19.6 .0 116 0.8 215 20.0 22.7 25.0 25.4
Maghesium €.50 6.0 6.5 21.7 25,0 2.7 5.40 5.0 5.8 L Lo L o0
Sodium 32.0 3.0 23.0 1.0 25.¢0 3.00 2.0 2.8 .0 ‘.0
Potassiun 1.30 0.9 1.50 s 1.1 180 1.4 1.7 1.7 o.9
Chioride 4.0 6.0 15.50 15.0 15.0 .00 3.0 0.7 50.0 .0
Sulphate 1.3 1 5.0 4.0 0.29 .0 14.0 8.0 11.0 12.0 1%0.0
Total Alkalinity 72.1 66.0 65.0 296.3 3340 2360 63.0 6.0 63.0 12 ®A
R 7.9 7.2 7.5 8.10 7.8 7.5 7.7 7.5 7.5 6.2 6.2
Carbonate 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 NA NA 0.0
Bicarbonate 88.0 83.0 HA 407.0 NA .o 80.0 NA RA 15.¢0 A
Total Hardness 77.0 1.0 NA 29%6.0 A 7.0 73.0 nA NA NA nA
Fisoride o.08 0.10 0.09 .23 .29 0.20 0.08 0.34 .10 1.07 e 1 0.08
silica 13.20 12.2 15.70 5.5 15.0 7.70 7.5 7.7 0.15 Loos 4.8
Conductance 300.0 300.0 550.0 643.0 634.0 145.0 151.0 156.0 576.0 576.0 120.90
Threshold Odor Number 2 1 2 NA ®A 2 1.0 NA WA KA NA
Color 1s LT 30 20 98,0 40 13 95.0 120.0 NA NA NA
Tannin ¢ Lignin 0.4 0.4 0.5 0.4 - 2.6 1.4 NA NA NA wA
Total Piltble. Res. 190 176.0 330.0 > anoe 950 230.0 140.0 ¥A NA WA
Totsl Piltble. Res. Fixed 129 170.0 207.0 " “ 1.0 ¥A N n» ¥ WA
Total Non-Filtble. Res. .8 L 30.0 2.8 6.0 .3 22.4 .0 26.0 NA nA wA
Total Men-Filtble. Res. Fixed 0.4 WA L 0.4 - -~ 5.6 NA Y BA NA A
Turbidity 5.4 3 1.5 1.0 12.0 we 0.0 [] 6.0 NA w NA
Surfactants 0.07 0.28 0.25 o.21 " .21 .19 NA NA wA A
Humic Acids L .0 WA T 1.0 A 2.0 3.0 L 1.0 NA N ®A
Pulvie Acid L olo NA .o " 1.0 29.0 N 4.0 A ¥ Y
Total Organic Carbon 6.5 6.0 6.0 14.5 56.0 1s.0 16.5 15.¢0 14.0 NA NA WA
Total Inorganie Carbon 1.0 21.0 6.0 7.0 100.9 2.0 5.0 23.0 16.0 NA NA WA
Total Diss. Organic Carbon 6.0 HA 5.0 13.5 " 16 15.% A 13.0 na NA WA
Nitrate Nitrogen 0.190 0.10 0.406 - " 0.221 [T NA NA 1.00 NA
Ritrite Nitrogen 0.010 0.06 0.014 A A 6.009 0.007 NA BA NA NA
Witrate & Nitrite Nitrogen 0.200 0.16 .17 0.420 0.248 0.1 0.230 0.210 0.19 NA NA £y
Ammonia Nitrogen 0.080 0.11 0.13 0.020 0.07 0.1 0.027 L .05 Loo.ol e A A
Total Kieldahl Nitrogen 0.4 2.06 0.50 1.00 0.1 1.4 1.50 0.7 Na NA NA
Phenol L 0.001 0.004 NA "N Y L 0.001 0.010 NA ¥A KA un
04l & Grease 1.3 0.4 L 1.0 NA " "N 2.3 3.1 L 1o NA NA NA
Bulphide L o0l L .02 RA " .0 L 0.00 L 0.02 nA A KA NA
2otal Phesphorus - 0.07 0.034 0.035 0,08 0.019 0.115 0.23 0.057 nA NA "
Ortho Phosphorus ' 0.012 0.012 0.02 L ©.003 0.080 0.069 0.049 NA NA RA
Cyanide - A - - “» 0.003 L o0.002 NA " Y NA
Chlorophyll *a* " NA " ' " L 0.001 WA NA NA NA NA
Chemical Oxygen Demana s 25.0 3.0 65.0 A 61.0 38.0 BA A NA NA
Cadniom . u WA A L 0.001 L n " 1Y NA "
Hexsvalent Chramiue L 0.009 L 0.002 L 0.003 " » L 0,002 1 0.002 L1 L L) u
Copper 0.002 -~ 02.001 0.004 L .00 0.002 L o.001 0.003 0.001 0.053 0.049 .05
dron 0.750 0.67 0.69 1.220 7.8 136 2,000 1.73 2.4 0.240 w 0.32
Lead 1 0.002 1 0.003 L 0.00¢ L 0.002 L 0.003 1 0.004 L 0.002 1 0.003 L 0.004 0.050 056 0.0;
Manganass 0.020 0.025 0001 0.048 0.066 0.064 L 0.120 0.120 0.13 0.340 0.396 0.03
Silver HA L 0.00) ®A [Ty Y L 0.001 RA WA A NA WA
3ne 0.002 0.010 0.003 0.084 0.036 o.008 .003 o.018 0.021 0.081 0.083 .04
Vanadimm L 0.001 L o.002 L 9.000 L 0.002 L o.002 L o000 1 0.002 9.002 0.063 0.04¢ b
Selenim L 6.0002 L 0.002 L 0.0002 - L 0.0005 L 0.0002 L 0.0002 Y L 0.0002 nA 1 o.00
Merenry L 0.0001 0.002 o.30 L 0.0000 1 0.0000 L 0.02 L 0.0000 1 0.0001 0.32 un A ">
Arsenic L 0.0006 L o.0002 0.0003 0.0003 L 0.0002 0.0008 £.0010 » 6.0012 NA 1 0.001
Nickel L .01 o.001 0.002 L 0.001 0.003 0.005 L 0.001 0.004 0-006 0.097 0.096 0.09.
Aluninum 0.05 0080 0.031 0.03 0.065 0.022 0.11 " 0.13 0.22 N 0.2¢
cobalt » L o.001 - - “» L 0.001 L 0.001 " BA un A
Roron . BA W 0.13 - " 0.09 "A 0.10 0.09 NA 0.6
Titanium HA ®A " wA nA RA RA RA NA RA HA
Beryllium 7Y A nA » "~ L 0.001 NA NA LY NA HA

Feb/7

9

Mar/79

Apr/79

Jul/79
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10.

1.
12.
13.

14,
15.

16.
17.
18.

19.

20.
21.
22,
23.
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25.

AF 4,11
HE 1.1
VE 2.2
HY 3.1

AF 3.1.1

AF 1.2.1

ME 3.3
HE 2.1

AF 2.2.1
ME 1.7

ME 2.3.1

ME 3.4
ME 1.6
AF 2.1.1

HY 1.1
ME 4.1

HY 3.1.1

AF 1.1.2
ME 1.5.2

ME 3.5.1
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LIST OF AOSERP RESEARCH REPORTS.

AOSERP First Annual Report, 1975

Walleye and Goldeye Fisheries Investigations in the
Peace-Athabasca Delta--1975

Structure of a Traditional Baseline Data System

A Preliminary Vegetation Survey of the Alberta 0il
Sands Environmental Research Program Study Area

The Evaluation of Wastewaters from an 0il Sand
Extraction Plant

Housing for the North--The Stackwall System

A Synopsis of the Physical and Biological Limnology
and Fisheries Programs within the Alberta 0il Sands
Area

The Impact of Saline Waters upon Freshwater Biota
(A Literature Review and Bibliography)

Preliminary Investigations into the Magnitude of Fog
Occurrence and Associated Problems in the 0il Sands
Area

Development of a Research Design Related to
Archaeological Studies in the Athabasca 0il Sands
Area

Life Cycles of Some Common Aquatic Insects of the
Athabasca River, Alberta

Very High Resolution Meteorological Satellite Study
of 0i1 Sands Weather: '"A Feasibility Study"

Plume Dispersion Measurements from an 0il Sands
Extraction Plant, March 1976

A Climatology of Low Level Air Trajectories in the
Alberta 0il Sands Area

The Feasibility of a Weather Radar near Fort McMurray,
Alberta

A Survey of Baseline Levels of Contaminants in Aquatic
Biota of the AOSERP Study Area ‘
Interim Compilation of Stream Gauging Data to December
1976 for the Alberta 0il Sands Environmental Research
Program : '
Calculations of Annual Averaged Sulphur Dioxide
Concentrations at Ground Level in the AOSERP Study
Area

Characterization of Organic Constituents in Waters

and Wastewaters of the Athabasca 0il Sands Mining Area
AOSERP Second Annual Report, 1976-77

Alberta 0il Sands Environmental Research Program Interim
Report to 1978 covering the period April 1975 to
November 1978

Acute Lethality of Mine Depressurization Water on
Trout Perch and Rainbow Trout

Air System Winter Field Study in the AOSERP Study
Area, February 1977.

Review of Pollutant Transformation Processes Relevant
to the Alberta 0il Sands Area
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26. AF L.5.1 Interim Report on an Intensive Study of the Fish
Fauna of the Muskeg River Watershed of Northeastern

Alberta

27. ME 1.5.1 Meteorology and Air Quality Winter Field Study in
_the AOSERP Study Area, March 1976

28. VE 2.1 Interim Report on a Soils Inventory in the Athabasca
0il Sands Area

29. ME 2.2 An Inventory System for Atmospheric Emissions in the

AOSERP Study Area

30. ME 2.1 Ambient Air Quality in the AOSERP Study Area, 1977

31. VE 2.3 Ecological Habitat Mapping of the AOSERP Study Area:
Phase |

32. AOSERP Third Annual Report, 1977-78

33. TF 1.2 Relationships Between Habitats, Forages, and Carrying

Capacity of Moose Range in northern Alberta. Part I:
Moose Preferences for Habitat Strata and Forages.

34, HY 2.4 Heavy Metals in Bottom Sediments of the Mainstem
Athabasca River System in the AOSERP Study Area

35. AF 4.9.1 The Effects of Sedimentation on the Aquatic Biota

36. AF 4.8.1 Fall Fisheries Investigations in the Athabasca and
Clearwater Rivers Upstream of Fort McMurray: Volume I

37. HE 2.2.2 Community Studies: Fort McMurray, Anzac, Fort MacKay

38. VE 7.1.1 Techniques for the Control of Small Mammals: A Review

39. ME 1.0 The Climatology of the Alberta 0il Sands Environmental
Research Program Study Area

40o. WS 3.3 Mixing Characteristics of the Athabasca River below
Fort McMurray - Winter Conditions

41, AF 3.5.1 Acute and Chronic Toxicity of Vanadium to Fish

2. TF 1.1.4 Analysis of Fur Production Records for Registered
Traplines in the AOSERP Study Area, 1970-~75

43, TF 6.1 A Socioeconomic Evaluation of the Recreational Fish
and Wildlife Resources in Alberta, with Particular
Reference to the AOSERP Study Area. Volume I: Summary
and Conclusions

44, VE 3.1 Interim Report on Symptomology and Threshold Levels of
Air Pollutant Injury to Vegetation, 1975 to 1978

45, VE 3.3 Interim Report on Physiology and Mechanisms of Air-Borne
Pollutant Injury to Vegetation, 1975 to 1978

46, VE 3.4 interim Report on Ecological Benchmarking and Biomonitoring

for Detection of Air-Borne Pollutant Effects on Vegetation
and Soils, 1975 to 1978.

47, TF 1.1.1 A Visibility Bias Model for Aerial Surveys for Moose on
the AOSERP Study Area

48, HG 1.1 interim Report on a Hydrogeological Investigation of
the Muskeg River Basin, Alberta

k9. WS 1.3.3 The Ecology of Macrobenthic Invertebrate Communities
in Hartley Creek, Northeastern Alberta

50. ME 3.6 Literature Review on Pollution Deposition Processes

51. HY 1.3 Interim Compilation of 1976 Suspended Sediment Date
in the AOSERP Study Area

52. ME 2.3.2 Plume Dispersion Measurements from an 0i} Sands
Extraction Plan, June 1977
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55.
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57.
58.
59.
60.
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63.
64.

65.

66.
67.
68.
69.
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71.
72.
73.
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HY
WS
HY
AF
LS
AF
TF
WS
AF
TF

ME
LS

LS

AS
WS
AS
AS
HS
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HY
LS
LS
AS
WS
AF
HS

LS

4.3.2
1.3.2
1.5.3
3.5.2
Lo.1
28.1.2
2.2
7.1.2
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Baseline States of Organic Constituents in the
Athabasca River System Upstream of Fort McMurray

A Preliminary Study of Chemical and Microbial
Characteristics of the Athabasca River in the
Athabasca 0il Sands Area of Northeastern Alberta
Microbial Populations in the Athabasca River

The Acute Toxicity of Saline Groundwater and of
Vanadium to Fish and Aquatic Invertebrates

Ecological Habitat Mapping of the AQSERP Study Area
(Supplement): Phase |

Interim Report on Ecological Studies on the Lower
Trophic Levels of Muskeg Rivers Within the Alberta
0il Sands Environmental Research Program Study Area
Semi-Aquatic Mammals: Annotated Bibliography
Synthesis of Surface Water Hydrology

An Intensive Study of the Fish Fauna of the Steepbank
River Watershed of Northeastern Alberta

Amphibians and Reptiles in the AOSERP Study Area
Analysis of AOSERP Plume Sigme Data

A Review and Assessment of the Baseline Data Relevant
to the Impacts of 0i1 Sands Development on Large
Mammals in the AOSERP Study Area

A Review and Assessment of the Baseline Data Relevant
to the Impacts of 0il Sands Development on Black Bears
in the AOSERP Study Area

An Assessment of the Models LIRAQ and ADPIC for
Application to the Athabasca 0il Sands Area

Aquatic Biological Investigations of the Muskeg River
Watershed

Air System Summer Field Study in the AOSERP Study Area,
June 1977

Native Employment Patterns in Alberta's Athabasca 0il
Sands Region

An Interim Report on the Insectivorous Animals in the
AOSERP Study Area

Lake Acidification Potential in the Alberta 0il Sands
Environmental Research Program Study Area

The Ecology of Five Major Species of Small Mammals in
the AOSERP Study Area: A Review

Distribution, Abundance and Habitat Associations of
Beavers, Muskrats, Mink and River QOtters in the AOSERP
Study Area, Northeastern Alberta

Air Quality Modelling and User Needs

Interim Report on a Comparative Study of Benthic Algal
Primary Productivity in the AOSERP Study Area

An Intensive Study of the Fish Fauna of the

Muskeg River Watershed of Northeastern Alberta
Overview of Local Economic Development in the
Athabasca 0il1 Sands Region Since 1961.

Habitat Relationships and Management of Terrestrial
Birds in Northeastern Alberta
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The Multiple Toxicity of Vanadium, Nickel, and

Phenol to Fish,

History of the Athabasca 0il Sands Region, 1980 to
1960's. Volumes | and 11.

Species Distribution and Habitat Relationships of
Waterfowl in Northeastern Alberta.

Breeding Distribution and Behaviour of the White
Pelican in the Athabasca 0il Sands Area.

The Distribution, Foraging Behaviour, and Allied
Activities of the White Pelican in the Athabasca

0il Sands Aresa.

Investigations of the Spring Spawning Fish Populations
in the Athabasca and Clearwater Rivers Upstream from
Fort McMurray; Volume 1.

An intensive Surface Water Quality Study of the Muskeg
River Watershed. Volume |: Water Chemistry.

An Observational Study of Fog in the AOSERP Study Area.
Hydrogeological investigation of Muskeg River Basin,
Alberta

Ecological Studies of the Aquatic invertebrates of the
Alberta 0il Sands Environmental Research Program Study
Area of Northeastern Alberta

Fishery Resources of the Athabasca River Downstream of
Fort McMurray, Alberta. Voiume 1

A Wintertime Investigation of the Deposition of Pollutants
around an lIsolated Power Plant in Northern Alberta
Characterization of Stored Peat in the Alberta 0il

Sands Area
Fisheries and Habitat Investigations of Tributary Streams

in the Southern Portion of the AOSERP Study Area.

Volume |: Summary and Conclusions

Fisheries and Aquatic Habitat Investigations in the

MacKay River Watershed of Northeastern Alberta

A Fisheries and Water Quality Survey of Ten Lakes in

the Richardson Tower Area, Northeastern Alberta.

Volume |: Methodology, Summary, and Discussion.

Evaluation of the Effects of Convection on Plume Behaviour

in the AOSERP Study Area

Service Delivery in the Athabasca 0il Sands Region Since 1961

Differences in the Composition of Soils Under Open and
Canopy Conditions &t Two Sites Close-in to the Great
Canadian 0il Sands Operation, Fort McMurray, Alberta
Baseline Condition of Jack Pine Biomonitoring Plots in
the Athabasca @il Sands Area; 1976 and 1977

Synecology and Autecology of Boreal Forest Vegetation in
the AOSERP Study Area

Baseline Inventory of Aquatic Macrophyte Species Distri-
bution in the AOSERP Study Area

Woodland Caribou Population Dynamics in Northeastern Alberta
Wolf Population Dynamics and Prey Relationships in North-
eastern Alberta
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These reports are not available on request. For further information about
availability and location of depositories, please contact:

Research Management Division
Alberta Environment
15th Floor, Oxbridge Place
9820 - 106 Street
Edmonton, Alberta
TEK 2J6
(403) 427-3943



This material is provided under educational reproduction permissions
included in Alberta Environment and Sustainable Resource
Development's Copyright and Disclosure Statement, see terms at
http://www.environment.alberta.ca/copyright.html. This Statement
requires the following identification:

"The source of the materials is Alberta Environment and Sustainable
Resource Development http://www.environment.gov.ab.ca/. The use
of these materials by the end user is done without any affiliation with
or endorsement by the Government of Alberta. Reliance upon the end
user's use of these materials is at the risk of the end user.
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