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ABSTRAC

Seasonal and areal variations in significant
water quality parameters in the Muskeg River basin of
northeastern Albexta are described.

Specific conductances and the concentrations
of major ions (Ca‘*Z, MgtZ, Hco3', and, to some extent,
Nat and Cl°) generally exhibited relatively stable
seasonal levels, except for occassional fluctuations
caused by storm events or deep grounduater f£lous.

The relationship between physiographic
features and watershed water quality indicated that
water and chemical storages/movement in muskeg areas
play a major role in maintaining or influencing
observed pattexrns, levels, and loadings of Ca and Mg,
as well as Na:Cl ratios. '

Longitudinal relationships, between Key sub-
basin sites and the watershed focal point, for specific
conductance and the concentrations of majoxr ions, were
significant enough to allow basic water quality
information on the sub-basin sites to be deduced by
monitoxring the focal point.

Good regression relationships, between index
variables (specific conductance and discharge) and the
concentrations of major ions and related parameters,
were found. It was possible to calculate annual loads
discharged through the majér sampling sites. The use
of these relationships to monitor degradation or
improvement in chemical watex quaiity was proposed.

Fluctuations in the dissolved oxgyen regime
Wwere influenced by sub-basin dependent physical factors
(turbulence, turbidity, and temperatuxe) as well as
changes in algal and microbial populations."Free" COZ

(and pH) variations reflected fluctuations in hiotic



xviii

respiration, biochemical decomposition, and
photosynthetic processes.

Changes in microbial communities were also
analysed in relation to macronutrient concentrations
and the assimilative capacity of the streams.
Orthophosphate phosphorus and nitrite- + nitrate-
nitrogen (Noz'—N + N03'-N) concentrations werxe
generally low, especially during the ice-free period.
This may be due to low watershed release and/or
microbial uptake.

The dissolved oxrganic carbon (DOC) and
ammonia-nitrogen (NHs—N) concentrations peaked at
approximately the same time (dissolved organic
nitrogen, DON, peaked a month earlier); the coincidence
appeared to inhibit nitrification. DOC:DON and

3
in NH3—N concentrations, indicate that bacterial

NH -N=(N02'-N + N03‘—N) ratios, along with variations

communities in streams of the Muskeg River basin are,
at present, effective in converting organic substances
to nutrients.

Levels of K, B, Co, Ni, Hg, Pb, Cu, and Zn
were found to be influenced by biotic factors.

The observed levels of certain metals werxe
louwexr than Alberta Surface Water Quality objectives,
while for As, Hg, Ni, 2Zn, Fe, and Mn, the objective
levels uwere exceeded. The higher baseflow
concentrations of extractable Cx, Pb, Zn, V, Ni, Fe,
Al, Mn, Cu, and Co were associated with the particulate

rather than the dissolved phase.
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1. THE MUSKEG RIVER BASIN

1.1 INTRODUCTION

Water quality/quantity studies of rivers and
lakes within the Alberta 0il Sands Environmental
Research Program (AQOSERP) study area have been a major
undertaking since the inception of AOSERP in 1975,

This report (AQOSERP Project HY 2.5 Report, Volume 1),
on an intensive study of the surface water quality of
the Muskeg River watershed, is a part of a long range
AQOSERP program of basin-wide reconnaissance.
Specifically, this report documents and appraises
baseline water chemical gquality conditions of a lake
and streams within the Muskeg River watershed.

Because water is both a medium for and
reactor in the series of dynamic physical, biological,
and chemical processes that maintain (or influence) the
ecological conditions of the watershed, the discussions
in this report have emphasized the relationships
between water quality parameters, streamflous, and
several environmental factors and their variations,

both in area and with time.

1.1.1 study objectives
The intensive water quality/quantity study of

the Muskeg River watershed was conducted to establish
baseline conditions of water quality, streamflow.,
suspended sediments, and channel regime, and to obtain
an understanding of the natural water quality loadings
and processes in this basin for curzenf and future
studies. It is hoped that the information collected by
this study will contribute to a reduction in the
environmental impact of o0il sand developments.

~The specific objectives of the water quality

portion of the study were to:



1. Obtain measurements of water gquality
conditions throughout the basin on a
monthly (or bimonthly) basis starting
July 1976, to complete one year of
observation at the end of July 1977, and
to continue three sites foxr another full
year;

2. Determine the relationships between
streamflow, conductivity, and some
inorganic water quality parameters
throughout the basin;

3. Estimate the tempoxal variation, over the
vear, of some water quality parameters at
a large numbexr of sites in the basin; and

4., Identify the types and sources of
significant water quality unit loadings

in the streams of the basin.

Hydraulics, water quantity, and suspended sediments are

covered in Volume ITI (Frxoelich in prep.}.

1.1.2 Field Wozxk

The field woxrK for AOSERP project HY 2.5
began on 27 July 1976 and ceased on 17 August 1977. A
few visits were subseguently made to several sites;
including monthly water quality samplings at the tuwo
main sampling sites which have been maintained as part

of the AOSERP regional water quality program.

1.1.3 Concurrent Studies

Water Survey of Canada operated, since 1974,
a hydrometric station on the Muskeg River about 16 km
above its mouth, and began, in 1976, the operation of
another station on the Hartley Creek near its

confluence with the Muskeg River.
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Several AOSERP biological studies were
carried out concurrently with this study. The aquatic
invertebrates were studied in the Hartley Creek by
Hartland-Rowe et al. (1979) and throughout the basin by
Barton and Wallace (in prep.). LocK and Wallace (in
prep.) investigated the lower trophic levels in the
Muskeg River; Bond and Machniak (1977) conducted an
intensive study of the fish fauna in the Muskeg River.

Schwartz (1979) conducted hydrogeological
investigations of muskeg and shallow grounduwatexrs in
the basin.

Turchenek and Lindsay (1978) conducted soil
analyses and compiled an ecological classification of
soils in the AOSERP study area, including the Muskeg

Rivexr basin.

1.2 DESCRIPTION OF THE STUDY AREA
1.2.1 Location

The Muskeg River watershed is located some
60 km north of Fort McMurray and approximately 470 km

northeast of Edmonton (Figure 1).

1.2.2 Drainage Pattern, Hydraulic, and

Physiographic Features
A network of tributary streams feeds the

Muskeg Rivér and, togethexr, drain a total area of

1520 km? (Figure 2). Except for Stanley Creek, which
dxrains the Fort Hills Upland area on the uwest side of
the basin, the general pattern of drainage by the other
tributary streams involves northuesterly flows. The
latter streams originate from the treed and poorly
drained Muskeg Mountain (maximum elevation 536 m)
Upland area located on.the eastern boundary of the

watershed.
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Hartley Creek, draining an area of 373 km?Z,
is the major tributary to the Muskeg River.

Tributary streams flow along steep channel
slopes on the upland area but change abrxuptly to verxy
low slopes on reaching the foothills. In general, the
central area has very few steep slopes along stream
channels. These low slope channels are often
associated with adjacent bogs which are subject to
frequent floodings. Changes in the hydraulic
characteristics (Appendix 7.1) and surficial geology
are reflected in the bed material size distribution
(Appendix 7.2, Table 17).

The headwaters of the mainstem Muskeg Riverx
are also in the Muskeg Mountain Upland area. Channel
slopes are the steepest here. Aftexr an initial steep
drop (200 m uiéhin a 10 Km stretch), the main channel
of the Muskeg River flows through moderate slopes
(through Site 12) along the base of the uplands. After
passing through Site 4, the channel flattens out to =a
slope of only 0.001 and maintains this foxr the 58 km
northeast-southuwest flow to Site 1. This reach
contains a f£flat, broad, and very poorly drained
lowland.

Below Site 1, the Muskeg River channel slope
increases again until the river joins the Athabasca
River at an altitude of 235 m. Between the confluences
with Hartley Creek and the Athabasca River, the Muskeg
River channel is c¢haracterized by very steep banks; the
river has penetrated the drift materials, the McMurxray
formation, and reached the Waterways limestone. And,
because of the unstable nature of alluvial bank
materials, erodahility along this and other steep
reaches is high; except where the channel is stabilized

by vegetation or bedrock outcroppings.



1.2.3 ic i d ie ource

The Muskeg River watershed was developed by
the erosion of beds that lie nearly flat and that are
composed chiefly of limestone and shale. Limestone
consists mainly of calcite (CaC0O,;) with admixture of
magnesium and other impurities; while shale is |
composed, in large part, of clay minerals and other
particulate matter resulting from the chemical reaction
between water and silicates.

Surficial materials, which include organic
deposits, soils, and mantle materials (eg., glacial and
post glacial deposits of till, silt, and sand; Bayrock
1971) (Figure 2) etc., dictate, to a large extent, the
kinds of substances that will be dissolved by surface
flowing waters. The thicknesses of the mantle
materials were detailed in an AOSERP report by Schuartz
(1979). Greater thickness of soils (Turchenek and
Lindsay 1978) (Figure 3) and glacial and alluvial
deposits reportedly (Tables 1 and 2) occur on rolling
and f£lat lands rather than on steep hillsides where
erxosion is active.

Undexlying the recent deposits are a number
of erosional unconformity formations of the Cretaceous
age. These formations contain shale, sandstone,
siltstone, quartz sands, and oil-cemented fine-to-
coarse-grained sands. Most of the shale contains
considerable amounts of soluble calcareous material.
Sandstone forms a small part of this bedrock, probably
most (80 to 90%) of it contains sand, silt, and clay.
The cementing materials may be calcium carbonate or
iron oxide. Weathering of sandstone consists chiefly
of leaching of the more soluble cementing materials,
leaving behind the less soluble sand, silt, and clay .
The Cretaceous formation and the overlying glacial and

post-glacial deposits (mostly Pleistocene) have also
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Figure 3. Muskeg River basin: soils (adapted from Turchenek € Lindsay 1978).



Table 1. Sub-basin area and dominant (%) soil classification.

Orthic Eluviated
Sub-Basin Bog Grey Eutric Gleyed Peaty
Site # Area (Km") Moss Fen Luvisol Brumisols Regosols Gleysols

1 1520 62 6 11 16 2 3

2 373 80 - 16 3 2 -
2/A 344 8l - 15 2 Small -

3 290 63 2 17 7 - 11
3/a 68 24 - - 76 - -

4 275 54 3 4 35 4 -

5 242 66 1 13 15 Small 4

6 168 75 - 19 3 3 Small

7 209 94 - Small - - 6

8 7 >90 - 10 - - -

9 =162 =75 - =25 - - -
10 =67 53-64 3-6 .11-16 4-8 - -
11 =57 =75 - =20 =4 - -
12 159 =65 - 5 30 - -

13/a 108 82 Small 18 Small - -

14 40 100 - - Small - Small
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Table 2. Soil types and soil characteristics (Turchenek and Lindsay 1979).

™G Exchangeable Cation (eegq/1005m) Base
wog/100y N X Ca u'— Saturats

PH L Oryanic
S011 Classification Predomanant Particles o Ca €12 20 Ca Total B c/™

BT iy to msdasataly decoe- - 4.6 5.1 31.67 0.88 136 - - S -
needles

posed leavas and

{0-6 cm) 21 medium sand

Light gray, fine sandy loam m:::'“ 4.0 4.8 0.62 0.02 31 2.8 0.02 0.09 0.9 0.2 43

(6+15 cm) 150 sediua sand .

::::z‘v:lm-.m*m i:::::mm 4.6 5.4 0.12 0.01 12 2.0 0.04 0.06 0.6 0.2 45
ll!l_ut

(15-27 cm) 16v medium sand

;—;:t.mmmbm ;;::::;::w 4.5 5.2 0.14 0.01 14 1.9 0.0 0.5 0.6 0.2 45
120 silt

(27-60 cm)

yellowish bxown 168 madium sand

saxd clay han™ 5.3 5.6 0.41 0.02 21 9.2 0.05 0.3 7.4 2.4 100
1ok fine gy

(60-100 ca)

brown, loss H‘::::\-..f:i - - _
e 7.0 7.2 6.9 0.06 0.2 5.5 2.3 100

NS (0-8 cm)
Spongy matt maialy of - - = = = =
woss composition, with - - - - - -

Light gray silt loas 100 fine sand
ot aslt 4.4 5.1 0.45 0.03 15 4.1 0.02 0.1 1.4 0.6 52

(7-12 am) 94 fine sand

ighe gear son fine 4.4 5.0 0.31 0.02 16 4.2 0.3 0.08 1.5 0.8 64
208 Slay,

(12-:7 :’ 438 silt

ol 267 cley 4.5 4.7 - - - 10,9 1.0 0.4 4.2 3.3 82
11 Eine clay

(17-59 c=) 200 aflt

:;:;m- et olay 4.5 4.7 - - - 18.8 0.3 0.5 7.4 6.4 78
230 tioe clav

(38-6) om) 12y fine sand

ycown, clay loam prigeree 4.7 4.5 - - - 16.7 0.2 0.4 7.9 6.4 89
AR

{63-73 cm)
154 fine sard

Rrowm, clay lows sl 5.1 5.4 - - - 14.3 0.3 3.3 7.6 5.6 97
l‘hllzc!)‘

(73-85 cm) 130 sedium sand

brow, lom 19 tine sand 6.6 7.0 - - = 11.1 0.2 9.2 7.6 5.0 100
27 silx
IO clay

" 728 0-2 cam) -

Lot g tonrgor s 4.2 4.5 32.9 0.79 42 - - - - - -

(0~7 om)

) e 618 medium sand 4.5 5.3 1.07 0.02 54 3.2 0.02 0.03 0.4 0.2 20

sand 266 fine sand

St malicutsh 320 fine sand 4.5 5.2 0.21 0.0l 21 1.2 0.02 0.02 0.0 0.05 8

n, 7

oo b sond 59 medium sand 5.0 5.9 0.14 0.01 14 0.9 0.01 0.02 0.0 0.2 26

. l\f‘-l“ . - - - - - - . -

(37-55 cm) - -

Brown, sand 520 nadisn sand 5.1 6.1 - 0.5 0.1 0.01 0.0 0.0 22

e Sa% mediue sand 4.9 6.1 - - - 0.4 0.02 0.02 0.0 0.5 23

358 fine wand




been identified by
natural sources of
Al, Ni, cd,

vV, Co,

Sands area. These
(up to 38%) and Si
mineral fractions:

pyrite (FeS,), and

mineral carrying mainly iron and titanium,

11

Kramers and Brown (1976) as the

heavy metals, such as Pb, Zn, Fe,
Ti, HE, in the Athabasca 0il

authors reported that the highest Fe

and Zr,

concentrations occur in coarser size
predominantly, sidevite (Feco3),
quartz (Sioz); while leucoxene, a

exists in

the finer fractions.

Although

evenly distxibuted,

iron and aluminum are reportedly

predominantly in layer ferric

alumino-slicates (e.g., hornblende Ca(MgFe)35i,0;, +

NaAlSizoe). aluminum is found in higher c¢oncentrations

in the finer size fractions.

The manganese

concentrations in the heavy minerals were found to be

uniform but low (0.

06 to 0.77%).

The other minerals identified (Kramexrs and

Brouwn 1976;Caxrxrigy
magnitite (Feaoq),

garnet (Ca,Mg,Fe)3(Al,Fe)2(Si04)3.

1966) include hematite (Fe203).
apatite (Cas(P04)3F(or Cl)), and
The majority of

these and other heavy minerals found in the Athabasca

deposit,

reportedly,

range from ultrastable to

moderately stable with regard to chemical weathering.

Other natural heavy metals,

nickel,

specifically vanadium and

occur in the bituminous o0il sands.

WATER CHEMISTRY

Precipitation f£alling on the Muskeg River

basin typically contains small amounts of dissolved

gases (e.g., Ny, 0,, CO,., 502, and nitrogen oxides) and

airhorne particulates.

Where rainwater falls through a

forest canopy and down vegetation stems during the

growing season,
potassium,
et al. 1977).

rhosphorus,

the water is genexrally enriched with

magnesium, and calcium (Likens
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On reaching the ground, water containing
dissolved carbon dioxide dissolves available soluble
salts (e.g., calcareous materials) and dissolves ox
reacts with c¢lay minerals and metal sulphides, further
modifying the chemical character of the water.
Although a part of the cation content of natural water
may be derived from non-lithologic sourxces, the
importance of these other sources on cation
concentrations in the Muskeg River basin is rather

small.

1.3.1 Transformation Processes

The chemical composition and the thickness
and texture (affected by plant roots and decaying
detritus) of the surficial material influence the rate
and the chemical character of the waters perxculating
through them. For instance, clay minerals with high
cation—-exchange capacities (e.g., Site M77-15) (Table
2) may exXert considerable influence on the
proportionate content of different cations caxried by
the water.

Physical processes involving dissolution of
substances and adsorption—-desorption interactions with
solid surfaces are very important means of regulating
chemical constituents in streams. Tempexrature,
turbulence, light, and medium changes also affect waterx
chemistry by shifting chemical equilibria. The change
in equilibxium may involve dissolved gas reactions,
changes in oxidation states, and/ox precipitation
reactions.

The magnitude of the change to the ecosystem
also depends on biological components utilizing the
nutrients (oxrganic carbon, phosphorus, nitrogen,
gsilicon, or sulphur containing compounds) ands/or

converting them to organics (eg., phenolics),



13

organometallics (eg., methylmercury), or gaseous

compounds.

1.3.2 Water and Chemical StoragesMovement

The Muskeg River watershed includes extensive
areas of muskeg (bog, fen, swamp, marsh, etc).

Numerous studies have attempted to understand the water
chemistry of muskegs in Canada (Terasmae 1977; Radforth
1969). Muskeg waters contain significant amounts of
organic substances and debris derxrived from the
decomposition of leaves and plankton. The effects of
evapotranspiration, organic and inorganic solute
concentrations, and the timing of muskeg drainage on
the water quality of streams draining areas containing
appreciable muskeg may not be easily separated from
those due to shallow groundwater. The muskeg storage
capacity of the Muskeg River basin has not, houwever,
been determined; as a result, the contribution of
muskeg drainage to streamflow, especially during dry
periods, is not entirely clear.

As waters descend into the ground, they
become increasingly more mineralized and generally
undexgo changes in the relative amounts of different
constituents. These perxrcolating waters may also
deposit some of the dissolved materials in openings in
rocks or soils oxr may leave them on the suxrface when
the groundwater is discharged by interflow.

However, the ultimate disposal of most of the
dissolved material is the rxemoval from the region as
the dissolved load of streams. Thus, this report will
establish areal and seasonal variations in the
concentrations of significant water quality parameters,
relate, where possible, the observed levels to probable

sources (e.g., surficial geology), biological.,



14

processes, ands/or significant (adsorption orx

complexation) interactions.
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2. MAJOR TONS, INDEX VARIABLES, AND DERIVED

FUNCTTIONAL RELATTONSHIPS FOR THE MUSKEG RIVER

WATERSHED

[a]
-

INTRODUCTION
This discussion of the major ion chemistry
emphasizes the temporxral and areal variations of the
concentrations of major ions (Na‘, Ca*?, Mg*Z%, Cl-,
5043‘, and HCO3') and the specific conductances of the
waters of the MusKeg Rivex watershed; and, where
possible, functional interparameter relationships.
Except foxr some of the water quality data
collacted from the Muskeg River, Sites 1 and 7734, it
was assumed that all chemical quality characteristics
and variations at all sites are due to natural causes.
The Shell (Canada) Ltd. Pit, located approximately
10 km upstream from Site 1, inevitabkly contributed
considerable loadings of chemical constituents during
rit pumping events. These and other aspects of watex
rollution will be considexed when discussing parameters

a2ifected by Shell Pit pumpings.

2.2 BACKGROUND

Most of the calcareous rocks and alluvial or
glacial deposits of this zegion are high in major
anions and c¢alcium but low in magnesium. Information
(Table 2) (Tuxchenek and Lindsay, 1979) on soil
analysis for samples obtainad £from sites (Figuxe 3)
within the Muskeg Rivexr basin gave Ca:lMg concentration
ratios ranging frxom 1.5=H to #4.5:1, he relatively
high Ca:Mg ratiocs in the rxocks are reflected to some
degree in the Ca:Mg ratios in the so0il, and surface and
grounduater.

The possibilty exists for calcium and

magnesium ions, derived fxrom the solution of limestone,
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to exchange for sodium or potassium ions that are
loosely held in clay minexrals.

Potassium appeaxrs, houwever, to be liberated
with greater difficulty from silicate minerals and
exhibits a strong tendency to be re-incorxrporated into
solid weathexing products, especially clay minerals.
This obsexrvation is supported by the fact that the
concentrations of exchangeable potassium in the soil
materials collected from Sites M77-11 and M77-28 (Site
M77-15 has no definite ordex) are equal to or higher
than those of sodium, while the concentrations of
sodium are always much greater than those of potassium
in surface waters of the Muskeg River watershed.

Because seasonal variations in the surface
water potassium concentrations appear to be closely
related to biological activity, detailed discussions

will be caxried out in Séction 3.u4.2.2

2.3 METHODS AND SOURCES OF DATA
See Appendices 7.3 and 7.5 and Table 18.

2.3.1 Procedure for Loédings Calculations

The following procedure was used in
estimating the annual loadings through Sites 1, 2, and
4.

A regression analysis was performed, using a
double log scale, on the data for major ion
concentrations and stream discharges. In the case of
Site 1, the data collected during Shell Pit pumping
periods were excluded during the regression analysis.

Each parameter was correlated against stream
discharge and each relationship checked for
significance. Magnesium, calcium, chloride, sodium,
and bicarbonate ions concentrations gave significant
relationships with streamflow, while total organic
carbon (TOC) and sulphate did not. Where the
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relationship was significant, a value for flow, which
was used in the construction of unit flow-duxration
curve (Froelich in prep.), was used to predict the
concentration. The flow was then multiplied by the
corresponding predicted concentration to give the daily
load. These daily loads were plotted (ROSCOE program
WEeNB P001) against the frequency (numberxr of days) of
occurxance of the daily loadings to obtain annual unit
loadings.

Unfortunately, because of insufficient data,
the loading duration method could be used only for data
for Site 1 (1976, 1977, and 1978), Site 2 (1976, 1977,
and 1978), and Site 4 (1977). Annual unit loadings (in
kgszhasyr) of each ion for each sub-basin were
determined by dividing the annual locad by the sub-basin
area (in hectares).

Loadings from Shell Pit pumpages uwere also
estimated using the ROSCOE program WENB P002 on
available records of the Shell Pit pumping pexiod. The
average discharge rate was multiplied by the ionic
concentrations of the effluent and integrated over time

to obtain an estimate ¢f loadings (in kKilograms).

2.4 RESULTS AND DISCUSSION

2.4.1 Variations in the Concentrations of Major
Ions

2.4.1.1 Calcium. Figure 4 shows plots of the

concentrations of calcium verses time at Sites 1 and 2.
In both cases, the calcium concentrations display
distinct seasonal patterns; similar pattexrns exist for
other sites (Figure 5). In a few cases, exact ox
similar values were ohserved the following year during
the same season. For example, the highest calcium

value recorded at Site 2 was 91.0 mgs/L (7 Maxrch 1977),
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and the next highest values, 82.5 mgrsL and 80.0 mg-/L,
were observed on 24% Januaxry 1978 and 26 January 1977,
respectively. Between 1976 and 1978, therxe also
appears to emerge a midsummer seasonal level of
approximately 30 mgs/L as demonstrated by the analyses:
30.0 mgsL (27 July 1976), 25.5 mgsL (13 July 1977),
32.0 mgsL (16 August 1977), and 30.0 mgsL (20 July
1978).

Most sites observed sharp drops in the
concentrations of calcium during September and October
1976 in response to a series of rainstorms. Minimum
calcium concentrations observed during the study ranged
bhetween 10 and 20 mgs/L at all sites, except Sites 3/A
and 7/A where the minima ranged between 20 and 30 mg/L.

The maximum values of calcium ranged from 32
to 36 mgs/L at Sites 6 and 10, 40 to 60 mgs/L at Sites
37/A, 3, 9, 11, and 12, and 60 to 95 mgs/L at Sites 1, 2,
272, 4, 5, 7, 8, 13/AR, and 14. A value of 160 mgs/L was
recorded at Site 7/A on 25 February 1977, and another
high value (144.0 mgsL, 4 March 1977) was obhserved at
Site 12.

The mean daily loadings, determined from
yearly loadings of calcium durxing the study pexiod,
were 6550 Kg (1976), 7230 kg (1977), and 13 115 kg
(1978) for site 1; the corresponding values at Site 2
were 1445 kg (1976), 1294 kg (1977), and 2564 kg
(1978). The mean daily loading similarxily obtained forx
Site 4 in 1977 was 1478 kg of calciunm.

2.4.1.2 Magnesium. The concentrations of magnesium
at most sites, including Sites 1 and 2, (Figures U and
6) showed the same seasonal pattern obsexved for
calcium.

The minimum magnesium concentrations at all

sites, except Sites 3/A, 4, 7/A, and 12, ranged between
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3.0 and 5.0 mg/L; the range at Sites 3/A, 4, 7/A, and
12 fell between 5.0 and 19.0 mg/L,

The maximum values ranged between 13.0 and
20.0 mgsL at Sites 1, 2/A, 3, 3/a&, 5, 7, 9, 10, 11, 12,
1372, and 1%, and between 20.0 and 26.5 mgs/L at Sites
2, 4, a2nd 8. Two unusually high values were recorded
at the Muskeg Rivex, Site 7/K (58.0 mgs/L) on 25
February 1977 and Site 12 (72.0 mgs/L) on & March 1977.

Except for sharp drops associated with spring
runcffs, the magnesium concentrzations at Site U4
generally remained at relatively high lavels throughout
the open water season. The only interrzuption in the
seasonal pattern was caused by a series of autumn 1976
precipitation events. 8Site 4 is located within a
muskeg area and the lack of significant change in the
calcium and magnesium concentrations could be a
reflection of stable major ion chemistries in muskeg
areas.

The mean daily loadings of magnesium,
similarily detexrmined, were 1754 kg (19763, 1933 kg
(1977}, and 3701 kg (1978) for Site 1; 431 kg (19758),
384 kg (1977), and 778 kg (1978) for Site 2; and 487 kg
(1977) for Site 4.

2.4.1.3. Bicarbcnate., Bicarbonate concentrations

exhibited areal (Figure 7) and seasonal patterns
rarallel to those cof calcium. Generally, the lowest
values were ohserved during spring runoffs, moderate
values duxring spring, summer, and fall, and high (3090
to 500 mgs/L) to very high (>800 mgrsL) values during
baseflow peariods. In most cases, there were strong
seasonal differences between baseflow and open water
seasons.

As was the case with calcium and maghesium,

the seasonal pattern described above was also slightly
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modified by the autumn 1976 rainstorms and exaggerated
by contributions of groundwatexr, specifically
groundwater of the Ca-Mg/HCO3-Si0, type (see Section
2.4.2.2) at Site 12 (HCOs', 878 mgs/L) on 4 Maxrch 1977.

The minimum values at Sites 2, 2/A, 3, 5, 6,
7, 9, 11, and 14 ranged bhetween 50 and 70 mgs/L and
between 70 and 96 mgs/L at Sites 1, 4, 8, 10, 12, and
137A. Moderately higher concentrations were observed
at the mouth of the Muskeg Rivexr, Site 7/& (138 mgs/L),
and Stanley Creek, Site 3/A (125 mgs/L), during spring
runoffs.

Maximum values in the concentration of
bicarbonate ranged betueen 300 and 400 mgsL at Sites 1,
2/R, 4, 5, 7, 7/, 8, 9, and 11, 13/R, and between 200
and 300 mgs/L at Sites 3/&A, 3, 10, and 14. The maxima
at Sites 2, 6, and 12 werxre 424, 164, and 878 mg/L,
respectively.

As was the case with calcium, the seasonal
patterns for bicarbonate appeared relatively constant
between years at certain sites. For instance, at Site
2, the maximum value of 424 mgs/L observed on 7 Marxch
1977 compares closely with the 395 mgs/L obserxrved on 6
April 1978. Similarily, at Site 1, values of 352 mg/L
(16 Decembexr 1976) and, tuwo years latex, 351 mg/L
(7 Feburary 1978) werxe observed.

The mean daily loadings of bicarbonate during
the study period werxe 4425 kg (1976), 7719 kg (1977),
and 12 104 kg (1978) at Site 1; 7564 kg (1976), 6743 kg
(1977), and 13 443 kg (1978) at Site 2; and 7188 kg
(1977) at Site 4.

2.4.1.4 Sulphate. The range and seasonal variations
(Figure 8) in the concentrations of sulphate obserxved

in this study did not show a discernable pattexn.
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Sulphur can occur in stream waters in any of
the following forxrms: sulphate (souz-). sulphite
(S032°), sulphide (S%?°), hydrogen sulphide (HS"), and
gaseous di-hydrogen sulphide (Hy;S). The conversion of
oridized to reduced species or vice-versa is generally
slouw and often associated with biochemical processes.
Intexmediate products [specifically, pyxite (FeS,),
elemental sulphur, and poly-sulphides speciesi in the
oxidation of sulphide have heen observed (Cloke 1963).

Hem (1977) xeported that most sulphide-
bearing groundwater, especially some of the brines
associated with petroleum, may contain several hundred
milligrams of dissolved hydrogen sulphide pex litre.
In these waters, the process of anaerobic sulphate
reduction reportedly required the presence of a certain

species of bacteria and organic matters. For instance,
504%" + CHy,———D>HS" + HCO3~ + H, 0 + energy

Inother method by which dissolved sulphate
concentration in water samples could ke lowexed is by
thg formation of insoluble ion pairs (e.g., CaS0, or
BaSOu) oxr metal complexes.

It is reasonable to believe that the combined
effect of these processes was responsible for the
variable sulphate concentrations observed Zin this

study.

2.4.1.5 Sodium_and Chloxide. Except where the sodium

and chloride levels were influenced by Shell Pit
pumpages, these two ions appear to exhibit seasonal
pattexrns similar to caleium and bicarbonate ions.

0f all the major ions considexed so far, Na and Cl
experienced, proportionally, the largest drops in
concentration as a result of the September and Octoherx

1976 precipitation events. Figures 9 and 10 show areal
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and (some) seasonal variations in the concentrations of
sodium and chloride.

The minimum values of sodium concentration
ranged from 1.5 to 4.9 mgs/L at Sites 1, 374, 4, 5, 12,
and 14. The range at Hartley Creek, Sites 2, 27/A, 6,
and 7, was 5.5 to 6.9 mgs/L; while the minima at Sites
3, 7/A, 8, 9, 10, 11, and 13/A varied between 7.1 and
9.1 mg/L.

The lowest minima for chloride, ranging
between 0.1 and 0.6 mgsL, were observed at Sites 374,
3, 5, 7, 8, 10, 12, and 14. The next louwest set,
ranging between 0.7 and 1.0 mgsL, occurred at Sites 2,
27/A, 4, 6, 9, 11, and 13/A. Even without the Shell Pit
pumpages, the lower Muskeg Rivex, Sites 1 and 7/&,
showed the highest minima, at 1.6 and 2.1 mg/L,
respectively.

The maximum values of sodium and chloride
concentrations wexe found to be greatly influenced by
Shell Pit pumpages (at Sites 1 and 7/A) and ground-
water contributions. The natural maximum sodium
concentzations at Sites 3/A and 12 were only 2.5 and
8.5 mg/L, respectively; while the natural (disregarding
data collected at Sites 7/A and 1 during Shell Pit
pumping periods) maxima at Sites 1, 4, 5, 6, 7, 11, and
14 ranged between 12.0 and 20.0 mgs/L; and those af
Sites 2, 8, 9, 10, 11, and 13/A ranged between 29.0 and
30.5 mg/L. Sites 27/A and 3 both reported maxima of
24.0 mgsL; while the highest value, 50.0 mg/L, was
recorded at Site 7/A on 25 February 1977.

The natural maximum concentrations of
chloride at Sites 3/A, 5, 6, 7, 12, and 14 ranged
between 1.0 and 3.5 mgs/L, and between 5.0 and 9.2 mg/L
at sites 1, 274, 3, 4, 8, 9, 10, 11, and 137/A. The

highest natural maxima wexe recorded at Sites 7/A (20.2
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mg/L, 25 February 1977) and 2 (17.0 mgs/L, 26 January
1977 and 6 April 1978).

When the Shell Pit pumping dates (Table 3)
were included, the effluent discharges raised the
sodium concentrations at Site 1 to 22.7 mg/L (6 Octoberx
1976), 22.0 mgsL (18 July 1977), 38.5 mgsL (13
Septembexr 1977), and 18.7 mgsL (21 June 1978). The
chloride concentrations for these same dates were 13.9,
.4, 29.7, and 9.4 mgsL, respectively. The only data
available for Site 7/A (27 September 1976) gave 26.5

mg/L for sodium and 18.1 mgs/L for chloride.

2.4.2 Syecific Conductance
2.4.2.1 Introduction. Generally, the relationship

between the specific conductance and the total
dissolved substances appears to remain constant only
when the water is dominated by a strong electrolyte in
relatively high concentrations. For most natural
waters, where the chemical composition is likely to
change drastically, the value of specific conductance
sexrves only as an approximate index (of the amount of
total dissolve solids, calcium, chloride, etc.) for
that body of water. As shoun in Sections 2.4.1.5 and
2.4.2.2 and Figuxe 12, the relationship betuween
concentration and specific conductance can be
influenced by the composition and concentration of run-

off waters, grounduaters, and industrial effluents.

2.4,2.2 Seasonal and ARreal Variations. During spring
runoffs, the stream waters in this drainage basin have

characteristics of surface flows, generally low in
total dissolved solids. But the specific conductances
and chemical data showed drastic increases duxring
hbaseflows, especially at Sites 2, 4, 7, 8, and 13/A
(Figuxe 11).



Table 3. Shell pit pumpage analyses (at the settling pond).
26 July 9 Sept. 30 Sept, 14 Oct. 29 June 14 Sept. 21 June
Paramsters Codes 1976 1976 1976 1976 1977 1977 1978 Units
Calcium 20103 12.0 28.5 7.0 1.0 21.5 51.5 10,000 ng/L
Hagresium 12102L 42.0 32.5 34.0 35.0 33.5 32.5 35.00 /L
Sodium 111021 410.0 £00.0 860.0 730.0 500.0 900.0 785.00 /L
Potassium 191028 13.5 14.5 15.0 14.0 18.2 23.80 13,00 /L
Chloride 172031 380.0 460.0 825.0 710.0 430.0 805.0 750,00 »g/L
Sulphate 16306L 1.0 s7.4 £8.0 86.0 73.0 65.0 70.00 /L
Total Alkalinity 101011 418.0 620.0 875.0 850.0 589.6 980.4 948.0 #g/L
P 103015 8.2 8.0 7.9 8.0 8.0 7.84 .67 Units
Carbonate 06301L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 »g/L
Bicarbonate 062011 509.5 755.8 1066.6 1036.2 8.7 1195.1 1156.0 /L
Total Hardnsss 10603L 202.9 205.0 232.4 241.5 206.6 277.4 169.0 /L
rluoride 09105L 0.72 0.58 1.80 1.00 0.82 1.25 1.02 /L
Stlica 14101L 7.5 6.6 6.7 7.0 5.2 6.0 5.80 »g/L
Conductance 20401 2200. 2950. 4200, 3700. 2720, 3790. 3900.0 _/cm
Threshold Odor ¢ 020028 8. .. . 4. 32, 64, 128, Units
Color 02011L 10. 10. «s. <s. <5, <5. <5, tnits
Tenntn & Lignin 06551L 0.02 <0.2 0.40 0.70 0.3 0.9 <0.1 /L
Total Pilt. Residus 10451L 1752, 1508. 2465. 2108, 1640, 2550, 2574, /L
Total Filt. Besidue Fixed 10551L 1264, 1390. 2175, 1875. 1394, 2260. 2477, /L
Total Mon-rilt. Besidue 104015 12.4 23.2 24.0 38.0 14.4 19.0 6.8 /L
Total ¥om-Filt, Residue Pixed  10501L 6.8 10.0 18.0 26.4 6.0 n.6 <0.4 /L
Turbidity 020731 20.0 - - - 10.3 6.05 9.1 Units
Surfacants 107015 0.21 0.20 0.10 0.07 0.135 0.69 0.52 /L
Humic Acids 06581L <2.0 <1.0 <1.0 <1.0 <l.0 <1.0 <1.0 /L
Total Organic Carbon 06001L 20. 3. 50. 0. 17, .. 22.0 ng/L
Total Inorganic Carbon 06051L 150, 120. 250. 220. 9. 208. 173.5 /L
+ 07110L 0.01 <0.01 <0.01 <0.01 ©.013 0.007 0.010 /L
Asmonis Ritrogen 133025 0.19 0.94 2.20 1.80 0.39 1.5 2.45 /L
Total Kjeldahl Nitrogen 070135 1.40 5.50 405 2.6 0.80 2.63 2.3 /L
Total Phosphorous <0.,005 0.02 0.05 0.06 0.021 0.049 0.062  mwg/L
Ortho Phosphorous 152561 €0.005 <0.01 0.03 0.02 0.006 0.039 0.037  wg/L
Phenol 06532L 0.004 <0.001 <0.001 0.020 <0.001 - <0.001  wmg/L
Oll & Grease 06521L 2.8 3.0 1.0 1.70 2.9 - 0.6 /L
Sulphide 16101L <0.05 <0.05 <0.05 <0.05 L. - 5.96 /L
Cranide 06603L <0.01 <0.01 <9.01 <0.01 - - 0.001  mg/L
Chemical Oxygen Demand 08301L 36.6 1.0 59.8 234, 121. 124, 128. /L
Cadmium 483021 <0.001 <0.001 0.004 0.003 0.001 <0.001 <0.001  wg/L
Hexavalent Chromium 24101L <0.003 <2.003 <0.003 <0.003 <0.003 <0.003 0.003  mg/L
Copper 29306L 0.002 0.004 0.010 0.012 0.002 0.005 «0.001  ®™g/L
Iron 26304L 0.4) 1.18 0.45 0.85 0.1 0.45 0,330  wg/L
laad 82302L 0.008 0.012 0.03% 0.031 <0.002 <0.002 <0.002  w/L
25304L 0.04 0.162 0.193 0.238 0,043 0.135 0.360  mg/L
8ilver 473018 <0.005 0.015 <0.00S 0.005 <0.001 <0.001 <0.001  mg/L
Zine 30304L <0.001 0.009 0.001 0.008 0.001 0.012 0.001  mg/L
Vanadium 233018 <0.01 <0.001 0.001 0.002 <0.001 <0.001 <0.001 /L
Selenium 343021 0.0027 <0.0005 <0.0005 <0.0005 0.0008 0.0005 <0.0002  »g/L
Merxcury 80011L <0.0002 <0,0002 <0,0002 <0.0002 <2.0001 <0.001 0.0002 ®g/L
Arsenic 330041 <0.005 0.010 0.010 0.005 0.0012 0.0007 0.0004 /L
Hickel 28302L 0.011 0.018 <0.002 0.013 0.006 0.005 0,005  mg/L
Aluninum 13302L 0.20 0.36 0.38 0.50 0.06 0.33 0.14 /L
Cobalt 273021 0.006 0.013 0.011 0.007 <0.002 0.004 0.006  ®a/L
Boron 05105L 0.92 0.95 0.20 0.88 1.42 2.1 1.50 /L
Chlorophyll A 067111 - <0.001 <9.001 <0.001 <0,001 - - /L
Titanium 92500L - - - - - - 0.15 "/

1€
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The specific conductance values recorded in
the Muskeg River basin showed maxima ranging betueen
250 and 1360 FS/cm and minima ranging between 82 and
290 PS/cm. The wide ranges indicate the extremely
large variations in the dissolved solids contents. Two
sites along the Muskeg River, Sites 7/A (25 February
1977) and 12 (4% March 1977), had exceptionally high
conductance values (1360 and 1200 pS/cm. respectively)
during late winter 1977. Without these two high
values, the specific conductance maxima only varied
from 250 to 660 PS/cm. and the range_in mean values
varied from 184 to 380 pS/cm.

Griffiths (1973) repoxted that, except for
two sites on the Christina River, the specific
conductances of other streams and rivers in the ROSERP
study area genexrally ranged from 27 to 550 FS/cm. The
similarity between the Muskeg River basin results and
the levels observed by Griffiths suggests that similar
levels of controlling constituents may occur during
baseflou. '

The highest specific conductance reading
(1360 FS/cm) during the study was recorded at Site 7/A,
at the mouth to the Muskeg River. The concentrations
of major ions, Ca*? (160.0 mgsL), Mg*? (58.0 mgsL), Na*
(50.0 mgsL), HCO3° (963 mgsL), Cl- (20.2 mgs/L), and
souz' (10.9 mgsL), analysed from the same sample,
suggest groundwater inflows of the Ca-Mg—Na/HCO, type.
In addition to the major ions, the concentrations of
reactive silica, total Kjeldahl nitrogen, oil and
grease, total and dissolved organic carbon, and cextain
heavy metals [Cr(+6), cd, Cu, Fe, Pb, Mn, 2Zn, Hg, Ni,
and Bl were also found to be higher than values
observed during open water seasons. The high value
recorded at Site 12 occurred with a different

distribution of dissolved substances; Ca*? (144.0
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mgsL), Mg*? (72.0 mgs/L), Na‘* (8.5 mgsL), Cl- (2.0
mg/L), HCOg~ (878 mgsL), Si0, (72.0 mgs/L) and SO, %"
(8.5 mgsL); and except for Cr(+6), Cu, Mn, As, and Ni,
were the only other parameters that appeared to be
moderately highex. The major ion concentrations
suggest contributions from groundwater of the

Ca-Mg/HCO3-Si0, type.

2.5 FUNCTIONAL RELATIONSHIPS
2.5.1 Introduction

The present study examined the relationships
between sites; and between the concentrations (Ci) of
the major inorganic solutes (Ca*Z, Mgt*Z, Na‘, HCO, ",
$0,%", C1°, and total dissolved solids), at sites
within the basin, and appropriate independent variables
[e.g., specific conductance (Ksc). stream discharxge
(@), or bothl], where relatively stable regression

relationships exist.

2.5.2 Longitudinal Relatijonships in Maijor Ion
Concentrations

The specific conductances or concentrations
of majoxr ions at cextain sites were plotted against the
specific conductances or concentrations of the same ion
at a reference site, for samples collected at or on
approximately the same date. These plots showed
significant corrxelations. Site 1 (samples known to be
affected by Shell Pit pumpages were excluded) was used
as a reference focal point for drainages through Sites
2, 3, 4, and 5. Schwartz (1979) has already reported
similar plots using Site 2 as a reference point for
Sites 6, 7, 13/A, and 14,

In most cases (Figures 12 and 13), the
correlations gave smooth linear plots. There were,

houever, some tendencies (eg. Ca'‘?, HCO, ", and specific
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conductance at Site 2) for drastic deviations during
baseflow periods.

O0f the parameters considered, calcium,
magnesium, bicarbhonate, and specific conductance gave
good correlations while sodium and chloride gave poor
relationships. The poor showing in sodium and chloride
was probably caused by differences in sub-basin water
quality characteristics, groundwater inputs,
exchange/mixing processes, or incomplete removal of
Shell Pit pumping effects.

The Site 2 sub-basin, reported by Schwartz
(1979), showed similar results.

Unfortunately, the limitations imposed by
non-simultaneous samplings reduced the numbexr of

coxrrelatable sampling dates available for these plots.

2.5.3 Specific Conductance as an Index Variable

Although natural waters are very complex
electrolytic solutions, the effects of dominant solutes
(e.g., Nat*, Cl1l-, Ca*?, and Hcos') generally overshadouw
those of other dissolved substances, and significant
relationship between specific conductance and the
concentration of certain strong electrolytes still
emerge. The relationships between specific conductance
and the ionic concentrations of weak electrolytes, or
sparingly soluble salts, are, houwever, often not very
good.

Accoxding to Steele (1968, 1971}, the
relationship between the concentrations, Ci, of a
strong electrolyte and specific conductances, Ksc'

follow the algebraic equation:
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where éi and Ei are regression parameters corresponding
to the interxcept (on the y—-axis) and the slope,
respectively.

Except for cases involving waters of highly
variable chemical composition (e.g., upstream spillage
of brines), the C{ﬂ%c relationship is generally
preserved over time.

Analyses of the ci—Ksc relationship in this
study produced good correlations (Figures 14 and 15),
with positive slopes for all sites (Sites 1 and 7/R
data affected by Shell .Pit pumping were excluded) fox

the parameters:

1. bicarbonate magnesium

alkalinity filtexrahle residue

total dissolve solids

R N & v

2
3. hardness
4

. calcium sodium

but poor correlations for most sites foxr the

parameters:
1. potassium 5. zinc
2. sulphate 6. copper
3. aluminum 7. iron
4. manganese 8. total phosphate
phosphorus
2.5.4 Streamflow _as an Index Varjiable

It is commonly observed that the
concentrations of most dissolved solids decrease with
increased stream discharge.

Assuming environmental changes upstream fronm
a station have not significantly altered the streamflou
related relationships over the period of the record,
the dilution model (Steele 1968) relationship between
concentration, C;» or specific conductance, Ksc, and

stream discharge, 9, can take the logarithmic form:
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log Ci = log Ei - n, log ¢

where Ei is a constant and n, a dilution factor.

The above equation gives a straight line plot with a
slope of n,, a factor which allows for all values for
slope including 1.60. Because the parametex Bi tends
to vary, Steele (1971) has suggested that this means
increasing flows tend to accompany concentrations oif
solutes higher than anticipated from a stxict dilution
model.

Similarily, the equation:

loyg Ksc = log Esc - n (log ©)

-.8C

where gsc and Ebc are regression parameters, relates
the specific conductance to streamflow.

Some of the data sets collected from the
Muskeg River watershed were subjected to ci—Ksc (Figure
15), Ci-Q. and Ksc—Q (Figures 14 and 15) graphical
analyses. Analyses of aprropriate dependent and
independent variables yielded regression equations
which, together with daily records of the selected
independent variable [and flow duration curves
(Froelich in prep.)] uwere used, according to the method
described in Section 2.3.1, to determine individual

solute concentrations and natural loads (Table 4).

2.5.4.1 Possible Use of the Dilution Model in the
Muskeq Rivex Basin. Plotits of log Ci verses log @

(Figures 14 and 15) showed that certain sets of

concentrations fit the dilution model and showed no
drastic variations in Bi (the slope) for alkalinity.,
filterable residue fixed, or total dissolved solids;

suggesting that the xelationship:

log Ci = loug &i - Bi log @
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Table 4. Chemical loading.
1976 1977 1978
Loading Unit Loading Loading Unit Loading Loading Jonse Loading
Parameters kg/yr kg/ha/yz kg/yr kg/ha/yx kg/yx kg/ha/yr
site 1 a 188 927.49 1.55 211 622.23 1.74 415 898.08 3.42
HCOy 1 615 144.36 13.29 2 817 537.20 23.18 4 418 068.27 36.36
ca 2 390 691,75 19.67 2 638 807.67 21.711 4 786 797.56 39.39
ng 640 190.84 5.26 705 608.51 5.80 1 350 686,56 11.11
¥a 679 635.26 5.59 750 989.75 6.18 1 623 126.11 13.35
site 2 HCO3 2 760 851.49 74.01 2 461 171.88 65.98 4 906 873.45 131.55
a 39 868.55 1.06 37 227.59 0.99 58 886.90 1.58
Na 251 679.32 6.74 223 420.79 5.98 471 240.71 12.63
Mg 157 480.76 4.22 140 194.21 3.75 284 038.58 7.61
ca 527 422.61 14.14 472 236.12 12.66 935 903.58 25.09
site 4 HCO 2 623 683.19 108.42
c1 15 966.11 0.66
»a 71 193.76 2.94
™ 177 982.16 7.35
ca 539 452.20 22.29
9 Sep. 76 | 23 Jun. 77 3 Sep. 77 7 Jun. 78 24 Sep. 78
Parameters to to to to to
14 Oct. 76 22ug. 77 | 14 Sep, 77 1 5 Jul. 78 _{ 20 Nov. 78
HCOs 165 549.97 | 140 577.72 64 284.43 | 188 279.52 256 347.98
Shell c1 118 521.38 B4 108.00 43 032.00 { 102 690.00 -
it Na 124 254.90 97 800.00 48 411.00 | 107 482.20 -
My 5 776.30 6 552.60 . 1748.18 4 792,20 9 755.55
Ca 5 964.57 5 379.00 3 092.93 1 369.20 -
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applies to conditions in the streams considered. It
also appears that such relationships could be used to
compare equations bhetween different solute
concentrations and stream discharges in different
streams or at different points along the same stream.
Such comparisons have been used by other workers
(Steele 1971) to obtain an index from which assessments

of degradation or improvement in chemical quality can

be made.
2.6 WATER SOURCES AND TYPES
2.6.1 Sub-basin Variations

As can be expected, a general relationship
between drainage basin geology (oxr soil) and the
composition of natural water in contact with it is not
always simple or obvious. Minoxr components may control
the majoxr features of the composition of circulating
waters. For instance, a carbonate cemented sandstone
might be largely composed of silicates in the form of
guartz, but yield water containing calcium and
bicarbonate ion. This is caused by carbonic acid
(dissolved carbon dioxide) reacting with silicates to
form bicarbonate and silica.

Prxocesses involving organic soil materials.,
muskeg, and groundwater may also have profound
influences on streamflow watexr quality. These
processes occur alongside those involving the mixing of
different Kinds of uwaters, chemical (cation exchange)
reactions, adsorption, and biological processes.

A comparison of the.1977 unit loadings of
sub-basins drained by Site 2 (80% moss bog and 16%
Orthic Grey Luvisol) and Site 4 (54% moss bog and 35%
Eluviated Eutric Brunisols) show that loadings of
calcium, magnesium, and bicarbonate were highexr through

Site 4 (22.29, 7.35, and 108.42 kgshasyr, respectively)
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than through Site 2 (14.1%, 4.22, and 74.1 kg/hasyr,
respectively).

Table 2 also shows that the ratio of Ca:Mg
unit loadings by Site 2 and Site 1 sub-basins remained
relatively constant at 3.34 * 0.04% and 3.67 * 0.08,
respectively, through the three years, 19876, 1977, and
1978.

The influence of moss bog (eg., the sub-basin
drained by Site 2) on the chemical characteristics of
waters draining areas covered by base saturated parent
materials is caused, in part, by the acidic ands/or
oxganic properties of the bog. The extent of the
modification also depends on factors (slope, porosity,
and geologic material) which influence water residence
time or "flushing"™ rate. Waters draining larger areas
of bog would therefore be expected to carry slightly
less basic material than waters draining larger areas
of Eluviated Eutric Brunisols (orxr Orthic Grey Luvisol).

This simple comparison and pattern emerging
between dominant sub-basin soil types and unit loadings
for Sites 2 and 4 do not, however, hold for
bicarbonate, sodium, or chloride. For instance, the
1977 bicarbonate unit loading thiough Site 1 (62% moss
bog, 114 Oxrthic Grey Luvisol, and 16% Eluviated Eutric
Brunisol) was only 23.18 kgshasyr (Table 4). The
significantly lowexr bicarbonate unit loadings through
Site 1 compared to Site 2 were also observed in 1976
and 1978. It appears that bicarbonate-carbonate
equilibrium reactions were a major factor. In fact,
bicarbonate loadings from Shell Pit pumpings seldom
showed in analyses of samples collect at Site 1.

Although loadings calculations werxe only
possible for a limited number of sites and years, othex

attempts to relate surficial materials to water quality
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characteristics were made using levels of major ion
concentrations in uniform non-overlapping watersheds.

Figures 2 and 3 and Table 1 show that sub-
basins drained by Sites 6, 7, 8, 9. 11, 13/A, and 14
are covered by 75 to 100% moss bog overlying ground
moraine (composed of gravel, sand, silt, and clay)
derived from limestone and shale. The minimum calcium
({and bicarbonate) concentrations ranged between 10.0
and 13.5 mg/L (Hcos', 51 to 72 mgrs/L) at all sites,
except Site 13/3 (Ca*?, 16.0 mgs/L). The maxima ranged
hetween 54.5 and 69.0 mg/L (HCOS', 252 to 312 mgsL) at
Sites 7, 11, 13/A, and 14 which have some areas of
Orthic Grey Luvisol; and the maximum concentration
dxopped to 32.0, 36.0, and 48.0 mgsL (Hcos', 164, 218,
and 252 mgs/L, respectively) at Sites 6, 8, and 9, uwhere
significant areas of moss bhog exist along stream
channels.

While trends in levels of magnesium mimic
those of calcium and ‘bicarbonate in most sub-basins,
those of sodium and chloride were less distinct. This
is prohably caused, in part, by ion (cation oxr anion)
exchange reactions occurring at mineral surfaces. Fox
instance, c¢lay, which generally has high cation-
exchange capacities, could exert considerable influence
on the proportionate content of diffexent cations

{cat?z, Mg*?, Mat*, and K*) in waters in contact with it.

2.6.2 Sodiums/Chloride Ratios and Muskeg Drainage

0f the major ions considerxed in this ieport.
sodium and chloride ions were probably the least
utilized or changed in form and bicarbonate one of the
most labile. This section will investigate trends in
ratios of sodiums/chloride concentrations (together with
bicarbonate concentrations and levels of specific

conductance) to identify water sources and types.
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The NasCl concentration ratio in a solution
of pure sodium chloride is approximately 0.65.

Representative seasonal and areal trends in
this ratio are given in Tabhle 5. Almost all sites
(except 3ites 2, 37A, 4, 5, and 7) showed a decreasing
trend in the NasCl ratios going.from Octobexr 1976 to
January 1977 to April 1977, but increasing again in
July 1977, R series of high precipitation events (in
Septenba2r and Octobexr 1976) which followed a very dry
summexr must have uashed into the streams compounds
higher in sodium content, e.g., KahCOjy. This would
influence the MNasCl ratio (refer to Section 2.E) and
could explain the relatively higher ratios obsezved in
Cctober 1876 and sunwmer 1577 at most sites. A plot of
the_Ha/Cl ratios vezxsus time at Site 2 (Figure 163
shows the above trend very clearliy.

Considexing the uvhole basin, Site 1 aprears
to, generally, have cne of the lowest HarsCl xolios.
When Shell Pit pumping periods were added lo the plot
for Site 1 (Figuxe 17). the charactexr of Shell effluxnt
(Table 6) apreared more drastic than baseflou. It is,
however, possible that the baseflow grounduater
effecting Site 1 c¢ould ke of the KasHCOg or Ca-Mg-
NasHCOg4 typa. So that muslkeg (oxr shallow groundwatex)
drainage of the Ha/HCO3 or Ca-llg-Nas/HCOg4 tyre
dominating bhasefliow at Sitz 1 would not give the NasCl

ratio charactericed Ly the Shell Pit pumpage.

[
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Calculations o¢f NarsCl ratios of ar
data obtainad from the Albexrta Research Council
(Schuartz 1979) c¢learly indicate that mnuslkeg drainage
or shallow groundwater (specific conductance 560 to
860 FS/cm) of the Ha/HCO4 and Ca-Mg-Nas/HCO3 type, and
orginating from glacial and post-glacial drift, are
probably the main contributors of basefliow at most

sites in the Muskeyg Piver watershed (Tahle 7). The
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Table 5. Seasonal variations in Nas/Cl ratics.
ﬁ}te Octobex January April Julg
umber 1976 197 1977 197
1 4.8 -

2 6.3 1.8 11.5
273 4.1 - 3.2 10.5
3 48.7 6.5 4.4 12.3
3/7A 3.8 5.0 2.5 7.0
4.4 6.3 2.7 4.5

4.5 6.8 3.5 7.0

6.5 - 3.8 11.0

7 9.3 2.8 4.0 15.0
7/A 6.4 - - -
8 - 13.0 5.9 16.1

9 13.6 10.7 5.3 12.9
10 10.0 7.2 5.9 16.2
11 22.1 7.5 6.3 10.0
12 5.8 - 2.2 5.4
1374 10.0 6.7 3.9 15.0

14 13.0 8.3 5.0 3.9
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Table 6. Index parameters from Shell Pit pumpage

analyses.
Date Conductivity HCO 4 Na Cl NasCl
pS/cem (mg/L) (mg/L)
28 Jul 1976 2200 509.5 410 380 1.08
9 Sep 1976 2950 755.8 500 460 1.083
30 Sep 1976 4200 1066.6 860 825 1.04
14 Oct 1976 3700 1036.2 730 710 1.02
29 Jun 1977 2720 718.7 500 430 1.16
14 Sep 1977 37990 1195.1 900 805 1.12
21 Jun 1978 3900 1156.0 785 750 1.04
Average NasCl ratio 1.08 * 0.08




Table 7.

Summary of chemical data (from Alberta Research Council).

Pormation well o. Lithology Date hoor e (/L - Type W'm,‘" ;s’c ’;
7-32 Sandy Till 31 Jan. 75 408.0 101.0 5.0  Na/HCO, 660 20.2
10 Sep. 75 322.0  108.0 14.0  Na/HCOs 610 7.71
DRIPT 8-34 sand 22 reb. 75 517.0 146.3 44.0  NasHCO, 860 3.32
10 Sep. 75 444.0 133.0 22.0  Na/HCO3 820 6.05
9-161 Sandy Clay Till 8 Mar. 75 325.0 40.0 25.0 Ca~Mg-Na/HCO, 560 1.6
8-114 Clay 22 Peb. 75 525.0 239.0 54.0  Na/HCO, 1100 4.43
CLEARWATER 8-220 Clay 6 Mar. 75 1898.0 700.0 4.0 Na/uCO, 1800 175.0
8-370 Clay 23 reb. 75 1054.0  409.0 27.0  Na/HCO; 1710 15.15
6-21 Tar sand 18 Feb. 75 378.0 6.3 4.0  Ca/HCO, 640 0.14
11 Sep. 75 137.0 17.5 12.0 Ca/iCO0, 280 1.46
6-220 Tar Sand 18 Teb. 75 1715.0  1431.0 1320.0  Na/cl €500 1.08
11 sep. 75 2079.0  1400.0  658.0  Na/HCO, - 2.13
7-135 Tar Sand 2 reb. 75 947.0 355.0 31.0  NasHCO, 1550 11.45
10 Sep. 75 1017.0 345.0 4.0 Na/HCO, 1600 24.64
7-337 Water Sand 6 Peb. 75 1235.0 583.0 321.0  Na/HCO, 2780 1.82
MCMURSAY 7 reb. 75 1369.0  586.0 315.0  Na/HCO, 2900 1.86
8 Peb. 75 1171.0  585.0 323.0  Na/HCO, 2780 1.81
9 Sep. 75 1239.0  575.0  218.0  Na/HCO, 3200 2.64
10 Sep. 75 1239.0 575.0 218.0 Na/HCO, 3200 2.64
Home #2 Water Sand 18 Feb. 75 965.0 - 1800.0  Na/Cl - -
Home ¥4 Water Sand 10 Maxr. 75 1625.0 - 3150.0  Na/Cl - -
Tenneco 1 Water Sand 6 Mar. M 453.0 114.0 2.0 Na/HCO, - 57.0
Temneco 3 Water Sand 27 veb. 560.0  190.0 Trace Na/s0, - .
Tenneco 4 wWater Sand 18 Feb. 74 431.0 161.0 Trace Na/s0, - -
6-310 Limestone 10 Feb. 75 1720.0  1469.0  1460.0  Na/Cl 6800 0.99
19 Peb. 75  1708.0  1563.0  1440.0  Na/Cl 7000 1.08
11 Sep. 75  1996.0  2850.0  2238.0  Ma/Cl - 1.27
BEAVERHILL LAKE 8-532 Clay 24 ved, 75 1396.0  775.0  511.0 Na/HCO,3 3500 1.52
{Dsvonian) 7Mar. 75 1161.0  813.0  717.0  Na/Cl-HCO, 1600 1.13
8-716 Limestone 7 Max, 75 215.0  738.0  895.0  Na/Cl - 0.82
10 Sep. 75 1491.0  2125.0  2838.0 Na/Cl - 0.75
9-1150 Limestone & dar, 75 83.0 21.3 54.0  ca/cl 330 0.39
PRAIRIE EVAPORITE  7-504 Gypeun 19 Peb. 75 422.0 1688.0 2875.0  Na/Cl 8000+ 0.59
PRECAMBRIAN Granite 11 Mar. 75 146.0  251.0 300.0  Na/Cl 1480 0.84

7-933

18]
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only occasion when stream water specific conductance
was very high (1360 pSs/cm), and the NasCl ratio rather
low (2.5}, was at the mouth of the Muskeg River (Site
7/7/R) on 25 Februaxry 1977. This high specific
conductance value, houwever, suggests that the
grounduwater source is probably deepexr than drift
formation.

The dissolved solids concentrations in
muskegs and shallow grounduwater depend on chemical
reactions, the rates of atmospheric inputs
(precipitation) and losses (directly as evaporation and
indirectly as vegetative transpiration), and the
porosity of the surficial geology. It is possible, for
example, for the concentrations of major ions in
~musKegs and shallow grounduaters to be diluted and to
approach spring runoff levels. Alternatively, the
othexr factors and Ca-Na exchange reactions could alterx
the NasCl ratios and the concentration of the other
major ions to the level generally ohserved during low
streamflow periods. Figure 17 appears to indicate the
effects of such exchange processes by slight mid-summer
({especially June and July) drops in the NasCl ratios.
But the exchange processes do not appeaxr to cause
changes in the levels of the other major ions to
conditions as severe as those obsexrved during bhaseflou.

Thus, muskegs or shallow groundwater could
have the character (as shouwn by solute ratios) of
surface flows or low flow periods depending on uwhich of

the modifications detailed above is predominant.

2.7 POSSIBLE EFFECTS OF HIGH CONCENTRATIONS OF
MAJOR IONS

2.7.1 Total Dissolved Solids
A number of inorganic ions appear to be

necessary for the normal functioning of freshuwatex
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fish. O0f these ions, Na*, Cl-, HCO,~ ., K¥, and Mg*?
axe involved in osmotic balance. Inland waters are
usually dominated by the four major cations Ca*?, Mg*Z,
Na*, and K* and the major anions Co3%", S0,%", and Cl-.
It is Kknown that in hard waters, c¢alcium and magnesium
affect the efficiency of osmoregulation as well as the
rate of respiration (Schlieper et al. 1952).

An AOSERP report (Hartland-Rowe et al. 1979)
has suggested that most invertebrate species in the
Hartley Creek over-uwinter as larvae in pools while
others appear to over-winter as eggs. The authoxs
indicated that this may be a mechanism by which these
organisms can reduce the effects of severe wintexr watex
quality conditions.

The limitations of the stream winter
conditions may have even greater effect on fish than on
invertebrates. But whether the fish migrating from the
Athabasca River into the Muskeg River axre capable of
over—-wintering in the deep pools c¢reated by beavexr dams

is, howevex, not yet Kknoun.

2.7.2 Sodium and Chloride

Machniak (1977) cited a number of studies on
the effects of high concentrations of chlorides. The
general attitude of the literature review appeared to
be that ph;siological toxicity of chlorides uas '
attributed to the cations (K, Na, Ca, Sr, Mg, Cu, Hg,
€Cd, Zn, and Pb) with which the chloride anion is
assocliated.

A study by Vosjan and Seizan (1968) reported
that chlorxide, in the form of NaCl, played a major xole
in limiting the distribution of diatoms and determining
the kKinds and growth of algae and photosynthetic rates
in the watex. Zeimann (1968) also found a quantitative

relationship betueen salinity and biological conditions
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of diatom communities in several inland watexs. More
recently, Seddon (1972) reported correlations betueen
groups of aquatic macrophytes and water quality
parameters (specifically, specific conductance and
total dissolved solids); and of toxicity symptoms, and
the frequency and severity of these symptoms, to levels
of salinity.

Shell Pit discharges and the potential for
saline conditions to occur during a dry open water
season raise concexrn about the extent to which many
aquatic plants, invertebrates, and vertebrates may
tolerate such discharges. The review by Machniak
(1977) indicates that species composition shifts have
resulted from saline dischaxges. Thus, a need to
investigate toxic and inhibitory effects of major ions

in the AOSERP study area is suggested.

2.8 SUMMARY

Areal and seasonal variations in major ion
concentrations were described and analysed. The
analyvses, based on limited data, produced some very
strong functicnal relationships between parametexs and
between sites. These relationships, especially the
longitudinal relationships, allow information on basic
water quality data, at certain sites within the basin,
to be obtained by monitoring a limited number of sites
for a limited set of parameters.

Attempts were also made to relate surficial
materials with natural major ion chemistry and ion
ratios in surface flows. Source identification
analyses in this report and studies by Schwartz (1979)
appear to suggest that muskeg and shallouw groundwater
drainage are the major contributors of streamflow

during low flow periods; the magnitude and timing being
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influenced by the porosity of surficial geology and
atmospheric input and output processes.

The potential toxic effects of majoxr ions on
aquatic bhiota were discussed in light of baseflow and

Shell Pit pumping chemical analyses.
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3. PHYSTCOCHEMICAYL PARRMETERS RELATED TO
BIOLOGICAYL ACTIVITY

3.1 INTRODUCTION

Nutrients in surface waters are, by
definition. chemical substances which support the
growth of aquatic fauna and floxa. These substances,
indirxectly, influence the oxygen content and the
assimilative capacity of the water.

This chapter describes the macronutrient
chemistry of the Muskeg River drainage basin, the
spatial and temporal distribution of these nutriosnts
{carbon, potassium, silica, phosphorus, and nitrogen),
and those physical and biological factoxrs which exert

majoxr controls on the water quality.

3.2 METHODS AND SOURCES OF DATRA

Sea Appendices, Sections 7.3 and 7.3.1 and

Table 18

3.3 RESULTS ANMD DISCUSSIONS: PHYSICOCHEMICRAL
PARAMETERS

3.3.1 Water Temperature

Water temperature recorded during the study
reriod in the Muskeg River and its tributaries rangad
from 0°C duxring the period November to Maxrch, to 20°C
during June and July (Figure 18). The period Novemker
to March also corresponds to the freeze—-over perxriod.

The lowest air temperatures occur during Januarxy and

February.

A maximum watex temperatuxre of 22°C was
recoxded at Site 10 in June. This site is located on
the major outlet from Kearl Lake. The high temperature

is probably a result of the warming up of accumulated
water in this shallow lake whose average depth is

1.5 m.
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There is evidence that considerable cooling
occurs in the basin at night. Diurnal watex
temperature fluctuations of up to 8°C were reported by

Bond and Machniak (19771.

3.3.2 Turbidity and Mon—-Ffilterahle Residues

Numerous studies (references in Froelich in
prep.) have attemped to relate streamflows with
turbidity, quantities of non—-filterable residue, and of
suspended sediments.

Turbidity data reflect the amounts of flocs,
minexral and rock fragments, and organic¢ and othex
materials, while suspended sediment concentrations
{most closely associated with non-filterable residue
fixed) xeflect amounts of mineral and rock fragments
only.

Several environmental factors control the
movement of residues into and by streams; of these, the
suxrface drainage system and soil c¢haractexistices, land
slope, land use or vegetation covex, precipitation, and
direct runoff are probably the most significant.

Most of the waters in the MusKeg Rivexr basin
are turbid, especially during the winter and during all
surface runoff events (Tables 8 and 9), when the
loadings of silt and organic parxrticles arxre high. These
high loadings of particulate materials decreased the
amounts of dissolved oxygen in these waters via
increased biochemical oxygen demand and reduced
photosynthesis. Oxygen is a by-product of
photosynthesis.

Although turbidity values were xrelatively
high during the dry summer of 1976 and winter months,
much of the turbidity was caused hy fine pa:ticles
which uere not readily settleable. There uwexe,

houever, a few samples collected (e.g., Sites 2, 5,



Table 8. High turbidity (JTU) events.
SITE 1976 1977
June July Aug Sept Oct Nov Dec Jan Feb Mar Apr
1 17.0 146 10.3
2 25.0 21.0 320.0
2/A 19.0 12.6
3
3/a 10.6 11.1
4
5 12.7 180 47.0
6 25.0
7 23.0 10.0
7/A 16.0 15.0 11.6
8 92.0
9 40.2 11.7
10 52.5
11 34.0 10.8
12 5.9
13
14

69



Table 9. High non-filterable residue (mg/L) events.
SITE 1976 1977
June July Aug. Sept Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
1 10.0 9.6
2 14.4 12.4 459.0 15.6
_2/a 20.0 18.4 16.4
3
3/A 58.0 12.0 29.2 73.0 24.8 36.0 12.6 7.2
4
5 22.4 9.6 14.4 22.0 59.0 50,0 12.4
6 12.8 12.8 7.6
yi 7.6 82.0 8.0 8.8
7/A 9.2 7.0 20.4
8 14.0 114.4 6.8
9 21.0 11.6 8.4 o
10 82.0 19.6 12.4 10.0
11 30.0 48.0 7.2
12 37.2 8.4
13
14

09
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and 8) during the winter months which had extremely
high turbidity values. It is possible that, because of
the winter ice-cover, samples were collected from close
to the bottom of the river where suspended solids
concentrations are high. Furthermore, bottonm
disturbances could occur during sample collection.

Rlong the mainstem of the Muskeg River,
turbidity mean values were 2.4, 6.7, and 5.5 JTU at
Sites 12, 4, and 1, respectively; while at Sites 1373,
6, 14, 7, and 2, turbidity mesan values were 26, 6, 11,
7, and 23 JTU, respectively. The sub-basin draining
Sites, 11, 10, 9, and 3, shoued turbidity mean values
of 10.0, 10.0, 14.0, and 4.7 JTU, respectively.

Low visibility affects the grouth rate of
sight feeders; and reduced light penetration aftfects
photosynthetic reactions associafed with algae and
other aguatic vegetation. Where turbidity is caused by
loadings of organic materials, microbial activity
associated with the decomposition of these materials
removes dissolved oxygen from overlving waters. The
depletion of dissolved oxygen would affect aquatic
invertebrate population.

In the case of Kearl Lake, high turbidity
(Site 10, maximum 52.5 JTU) probably resulted in
increased heat absorbancy (Figure 19) by the water body
and a stabilized water column. Such stratification
could then decrease the dispersion of dissolved oxygen
to the louwer portions of the lake (See Section
3.3.4.3).

3.3.3 hels
Most of the pH values recorxrded during this
study of the Muskeg River and its tributaries uwere only

slightly (7.1 to 8.2) alkaline. These pH values are
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normal for the rivers in this part of the province
(Gxif£fith 1973).

Seasonal variations indicate generally lower
pH values during the winter months and slightly highex
values during the other seasons of the year. Along the
Muskeg River, the recorded pH vélues ranged betuwean 7.1
and 8.2 (5ites 1 and ). Variations in the pH values
at Sites 1, 2, and 4 are shown in Figuxe 290. pil values
ranged from 6.5 to 7.9 at Site 7, and from 7.0 to 8.3
at Sites 2, 274, 6, 137A, and 14. Kearl Lalke outlet,
Site 10, always (Figure 21) reported values lower than
the inlet, Site 11. A basin minimum pH value of 6.5
was recorded at Site 10, and a basin maximum value of
8.4 at Site 3/A. rH values at sites (2, 3-7A, 4, and
12) draining bogs ranged from 6.9 to 8.4.

3.3.4 Dissolved Oxvgen

3.3.4.1 Introduction. Biological degradation of

putrescible organic matter and reactions of reducing
chemical agents result in the depressiocn of dissolved
oxygen concentrations in streams. A depletion of
oxygen can he directly or indirectly deleteorious to the
growth, survival, reproduction, and movement of aquatic
biota.

Although this discussion is presented in
texms of oxygen, it should bhe undexrstood that because
of the photosynthetic and respirxatory activities of the
biota, carbon dioxide behaves similarily but with a
reversed sign.

As a first approximation, one would expect,
at ambient temperatures, a direct increase in dissolved
oxygen with runoff and tuxbulence, an invezrse
relationship between dissolved oxygen concentrations
and temperature, a direct relationship hetween

temperature and bacteria count, and a direct increase
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in rates of biochemical decomposition of organic matter
with increases in temperature.
The observed relationships are, houwever, not

so direct or simple.

3.3.4.2 Turbulence and Disgsolved Oxvygen Regime Along
turbulent reaches of streams in this watershed, the
concentrations of most dissolved chemical constituents,
during spring runoff periods, are at a minimum while
the dissolved oxygen concentrations are normally near
or above saturation. Presumably, this is a result of
aexration of water along these turbuient reaches, since
cites (3/7A, 4, 7, and 10) draining bogs and Kearl Lake
showed (Table 10) substantially lowexr values of
dissolved oxygen (in percent saturation).

The data collected from most sites during the
study period also indicate that the stream waters uexe
undersaturated with oxygen during late spring and late
summer. The decrease in percent saturation, following
the sprihg runoff and summer (e.g., summer 1977) storm
runoff periods, is probably a result of increased
biotic respiration associated with biodegradation of
previously deposited oxrganic materials, including
fallen autumn leaves, andsoxr (because of high
turbidity).deczeased photosynthetic activity.

Unfortunately, attempts to correlate
discharge rates with percent saturation of DO for Sites

1 and 2 disclosed no obvious correlation.

3.3.4.3 Temperature and Dissolved Oxygen Regime

Surface water temperatures in this basin remain at or
near 0°C from November to March and rise to a maximum
of about 20°C during late June-early July.

Generally, the dissolved oxygen concentra-

tions started off quite high (Figures 22 and 23,
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Table 10. Spring temperature and dissolved oxygen
levels,
Hﬁiﬁzz gg:inén Temp (7€) (mgsL) Sat32a£§on)
11 26 Apr 77 9.0 7.9 69
27K 25 Apr 77 6.0 12.0 97
10 25 Apr 77 8.5 3.1 27
3 26 Apr 77 4.5 13.4 103
1 16 May 77 11.5 9.5 89
1 3 May 78 6.5 11.8 97
2 18 May 77 2.0 14.4 104
2 3 May 78 6.0 13.0 105
6 25 Apr 77 4.6 12.2 95
7 25 Rpr 77 4.5 6.0 46
5 25 Apxr 77 15.0 8.1 80
3/A 26 Apr 77 3.5 5.4 40
8 25 Apxr 77 9.4 12.2 105
y 26 Apr 77 4.5 8.4 65
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Table 92 at the start of the spring runoff period
(April oxr early May), and dropped steadily to an annual
midsummexr low. The percent saturation curves for 1977
(Figure 22) showed that the streams at Site 1 and 2
were undersaturated from approximately 22 April 1977,
immediately following the start of the high flow

periocd, to 5 August 1977 and again after 1 Septemberx

1977. The late summer period of supersaturation lasted
approximately three weeks. Cn 18 June and 4 October

1977, thz dissolved oxygen content drxopped below 70%Z at
Site 2. The sumnmer minimum for dissolved oxygen (51%)
for Site 1 occurred on 18 July 1977.

The 1978 data show that both Sites 1 and 2
were undersaturated, on 6 April, 5 June, and 7
September, to values as low as 514, 53%, and 55%,
respectively.

The watershed maximum temperature of 22°C was
recorded in June at Site 10, located on the outlet to
Kearl Lake; the dissoclved oxygen concentration measured
at the sampling time indicated the lowest value (1.8
mgsL) in the total study area. It is conceivable that
the timing of this, and other lows, is affected by
biological processes occurring within the watershed.

For shallow-running streams separated from
bogs, the heating of the water body is more efficient
and the equilibrium dissolved oxygen concentration is
easily achieved. Thus, the summer dissolved oxygen
minimum generally occurred at approximately the same
time as the maximum water temperature. But for streams
draining bogs or those with deepexr channels (Table 11
and Appendix 7.1), the minimum dissolved oxygen
concentrations occur about one month (approximately end
of July to mid Rugust) aftexr the thexmal high.

After the summer low, the dissolved oxygen

concentrations appear to shoot back up in mid-August
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Table 11. Dates of thexmal highs and dissolved

oXygen minima.

Site Date of recorded Date of recorded

Numbex Thexmal High DO Minimum
77A - -

10 21 Jun 77 21 Jun 77

3 20 Jun 77 16 RAug 77

8 21 Jun 77 21 Jun 77

5 21 Jun 77 18 Jul 77

1 20 Jun 77 18 Jul 77

2 22 Jun 77 22 Jun 77

6 20 Jul 77 20 Jul 77

-3/7A 21 Jun 77 21 Jun 77

9 21 Jun 77 21 Jun 77

7 21 Jun 77 21 Jun 77

2/A 20 Jun 77 18 Jun 77

1 21 Jun 77 21 Jun 77

4 24 Jun 77 24 Jun 77

(18 Jul 77)

12 - -
13 - -
137A - ‘ -

14 - -




72

{at sites monitored, e.g., 1, 2, 3, 3/A, 6, and 9), and
then underxrgo gradual declines through the autunn.
Although no dissolved oxygen measurxements were taken
during the winter time at any of these sites, because
of instrument freeze-up, it is probable that the
percent saturation under ice-cover is low (see Section
2.3.4.4). This is partly because of hiotic respiration
and partly because the winter jice-cover reduces re-

aeration and photosynthesis.

3.3.4.Y4 Variation of Calculated "Free" COZ. These
waters generally have lower dissolved carbon dioxide

and slightly higher pH (field measured values) during
the summer when photosynthetic activity by aquatic
vegetation is depleting dissolved carbon dioxide, than
in the winter, when photosynthetic processes are less
effective.

The calculated values for 002 uere
consistently high in winter at all sites. Maximum
reported values for the winter ranged from a low of
26 mgsL (2 Decembexr 1977) at Site 2, on Hartley Creek,
to a high of 78.8 mgsL (18 February 1977) at Site 8.

Mid-wintexr flows, carrying high coz, indicate
microbial respiration and/or suggest the possibility of
inputs from muskeg drainage or grounduwater. This
hypothesis is supported by data obtained from a
27 February 1977 sampling of the Muskeg River at the
mouth (Site 7/A), which showed a specific conductance
of 1360 pS/cm, a pH of 7.4, and a large amount of 002
(60.8 mgs/L).

As indicated earlier, seasonal trends for
dissolved oxygen or carbon dioxide have not lent
themselves to easy interpretations. Anomalies do
exist. For instance, high 002 values wexre obsexrved
duzring the summer of 1976 at Sites 7, 9, and 10. The
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dry summer of 1976 gave rise to water quality
conditions reflecting summer lowflous.

In the case of Sites 7 and 9, the low pH (6.5
and 6.9, respectively) and high iron and humic acid
concentrations suggest the presence of organic acids
and other products of biochemical reactions, which tend
to be acidic, being carried into the streams. The iron
could be retained in solution as a complex with the
organic acids.

The anomaly (in values of chemical oxygen
demand, turbidity, and non~filterable residues)
observed at the Kearl Lake outlet (Site 10) is probably
caused by the decomposition of phytoplankton and the

respiration of aquatic organisms within the lake.

3.3.4.5 Variation of Dissolved Oxygen and Organige
Carbon Concentrations. Variations in total and

dissolved organic carbon concentrations and chemical

oxygen demand (COD, expressed in texrms of oxygen
equivalent) were determined to assess the magnitude of
oxidizable matexrial load being carried in these
streams.

It appears that, for a significant number of
samples, at most sites, only a small amount of the
organic carbon was tied up in suspended mattex, since
the values of total organic carbon (TOC) and total
dissolved organic carbon (TDOC) at Sites 1, 2, 3, 3/A,
4, 5, 6, 7, 7/A, 8, 9, 10, and 11 wexe very close
(Figures 24 to 26) and showed seasonal pattezxns
resembling most dissolved substances in the study
period. These patterns (Figurxes 24 and 25) are
characterized by relatively higher wintexr values, a
sharp decline during the March-April spring runoff
period, and a recovery by mid-May. These parameters
(TOC and TDOC) underwent slight but steady declines
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(interrupted occasionally by storm runoffs) through the
summer and fall, but with no apparent correlation with
microbial biomass.

Rlthough variations in the c¢arbon content of
the waters at most sites were found to be relatively
small, those of the COD (Figures 27 and 28) were much
lazger. The relationship between TOC and COD values
were not strong enough to obtain estimates of organic
loads from COD determinations. Furthermoxe, trends in
the results of COD determinations did not bear any
relationship to those of dissolved oxygen and may not

correspond to values obtainable by BOD detexrminations.

3.4 VARIATIONS OF MICROBIAL POPULATIONS AND
NUTRIENTS CONCENTRATIONS

3.4.1 Introduction

Micro-organisms, which utilize organic matterx
as food and decompose them to simpler compounds, need
oxygen to maintain these biochemical reactions at

maximum rates:

Biochemical
Organic + O P Decomposition Products
Matter micro-oxrganisms {(primary products include)
c02; }{02-' 1{03-, and SOuz'

Thus, the activity of microbial components
{bacteria, algae, fungi, etc.) is, in some respect, the
principle agent determining the water chemistxy and,

therefore, the assimulative capacity of a stream.

3.4.1.1 Microbial Biomass. The data collected by
this study was limited to determining the number of
planktonic (floating) bacteria per millilitre, as
represented by the standard plate count.

AOSERP studies (Lock and Wallace in prep.:;
Costerton and Geesey 1979) have determined sessile and

sedimentary populations and shown that these may exceed
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the planktonic by several orders of magnitude. Results
of some of these studies have been cited to supplement
the present data.

An inverse relationship seems to emerge
(Figures 29, 30, and 31) betuween planktonic bacteria
and dissolved oxygen, at Sites 1 and 2 but not at Site
3.

The data from Site 1 were very limited and
probably influenced hy effluents from the Shell Pit.
What data were available shoued trends similar te those
of Hartley Creek, Site 2.

In contrast to Sites 1 and 2, Site 3 (Figure
31) registered sharp declines in both the total plate
count and dissolved oxygen on 16 August 1977. On that
same day, the water at Site 3, located in a bog,
registexred a high COD (108 mgs/L) and a peak in the
rexrcent (30%) ammonia-nitrogen in total Kjeldahl
nitrogen. The percent of ammonia-nitrecgen in total
Kjeldahl nitrogen on 16 August 1977 wexe 25% and 8.37%
for Sites 1 and 2, respectively; and both coxrresponded
to peaks. (See section 3.4%4.2.5.3, Figures 52 and 53
foxr further detail.)

Tuwo AOSERP studies (Hartland-Rowe et al.
1979; LocKk and Wallace in prep.) (Figure 32) have
established that the epilithon, attached communities.,
of Hartley Creek (study site located on Hartley Creek
at approximately 4 and 06 km, respectively, £rom the
confluence with the Muskeg River), increased after ice-
out up to a maximum of around 1 to 2 x 10% bacteria
cm~% in July, then fell dramatically to below 107
bacteria ¢m~? by mid-August. The population remained
this low for about two uweeks before rising gradually
again to a maximum of 1 x 10% bacteria c¢m~2 in mid-

Decenber.
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The Lock and Wallace (in prep.) study also
reported trends for the algal biomass as determined by
chlozrophyll 'a', showing that chlorophyll 'a' reached a
peak around mid-July of 3.3 g c¢m-? and declined fxom
early August to less than 0.1 g ¢m~% in September.

The chlorophyll 'a' reading then rose again and reached
3.0 g cm~% on 8 Decembexr 1977.

The living biomass indicator, ATP (adenosine
tri-phosphate), which responds to all orxrganisms that
are living and thus contain a pool of ATP (i.e.,
bacteria, algae, fungi, protozoa, micro— and
macroinvertehrates), showed (Lock and Wallace in prep.)}
a pattern parallel to the dissoclved oxygen curve
recorded in the present study; starting relatively
high, just aftexr ice-ocut, and then declining until the
end of June (early July) follouwed by an increase which
lasted until mid-August. After the August peak, the
ATP droppaed slightly lteforxre rising again.

Similaxr studies conducted (Lock and Wallace
in prep.) at the Muskeg Rivexr Site 1 found the same

trends established for Hartley Creek.

3.4.2 Nutrients Chemistry

3.4.2.1 Introduction. The period (May through Rugust)
of moderate temperaturxes is generally accompanied by
microbial production, decomposition of organic
materxials, and lower dissolved oxygen due, mostly, to
biotic respiration and lower oxygen solubility.

A number of studies have attempted to
identify factors that influence rates of processing of
leaves or dissolved organic matter by stream bacteria.
Kanskik and Hynes (1971) and Egglishaw (1%968) have
shown that temperature and calcium and nitrate
concentrations in the water affect decomposition rates.

It was also indicated that phosphate phosphorus has a
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greater effect than nitrogen, as a limiting agent, in
increasing microbial production than the rate of
decomposition of some leaves. An AOSERP study by
Costerton and Geesey (1979), however, found no apparent
coxrrelation between total orxrganic caxrbon, total
Kjeldahl nitrogen or total phosphate phosphorus, and
bacterial numbexs in the Athabasca River.

Various components of the nitrogen,
phosphorus, and carbon cycle, with corresponding
figures of dissolved oxygen {(when available), will be
rresented and discussed for Sites 1 and 2. The
discussion will show that some of the fluctuations in
the concentration of individual parameters are
interrelated and in most cases reflect intimately the
changes in the oxygen regime and phytoplankton hiomass

or vice-versa.

3.4.2.2 Potassium. Analyses of soil samples collected
(0 to 120 cm deep) from within the watershed showed
moderately high (0.1 mgrs100 mg is considered normal)
eXxchangeable potassium ion concentxations; the values
ranged from 0.01 to 0.5 mg of potassium pex 100 gm of
so0il (Tuxchenek and Lindsay 1979) Table 2.

Furthexrmore, the precipitation that passes through the
forest canopy during the growing season and reaches the
soil as throughifall or stemflow is reportedly (Likens
et al. 1977) greatly enriched in potassium and other
nutrients.

The measured concentrations of potassium ion
in stream waters of this watershed do not follow the
pattern established for the other major dissolved ions.
In relationship to seasonal hiological control, stream
water concentrations of potassium are generally louw
during periods of plant growth, because the biotic

portion of the ecosystem is actively extracting
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potassium from the soil and drainage waters (Figuxes 33
to 36).

In the autumn and winter, aquatic plants die
and deciduous plants enter a dormancy period and lose
their leaves. In general, potassium ion concentrations
in the stream waters begin to rise in the autumn, when
there is a reduction in biological activity, and attain
maximum concentrations in the early spring. Kearl Lake
Outlet (Site 10) attained its maximum concentration in
mid-winter (Figuxe 34). The fact that the highest
potassium ion concentrations normally occuxr at the same
time as the stream spring runoff is considered only
coincidental and should not be construed to suggest a
direct relationship between stream discharge and
concentrations of potassium ion. In fact, this study
did not find any such relationship at any of the study
sites.

In the Muskeg Rivexr basin, the following
values (Figures 33 to 36) provide some idea on the
temporal range fox potassium concentrations during the
growing season: May (0.6 to 1.4 mgsL), June (0.1 to
1.7 mgsL), July (0.01 to 0.8 mgsL), August (0.49 to 0.8
mgsL); while January (0.9 to 4.6 mgsL), March (1.2 to
3.5 mgrsL), and April (1.1 to 2.6 mgs/L) represent the
dormancy period. Excent for the pexiods September 1976
and March, April, and June 1977, Kearl Lake Outlet
recorded the highest concentrations of pctassium in the

basin.

3.4.2.3 Phosphorus. Numerous studies have singled
out phosphorus as the nutrient most frequently
centrolling eutxophication. The most predominant forms
of phosphorus found in water are: phosphoxrus anions
(HZPOM', HPO, %", P043'), complex phosphate compounds

{inorganic polymexrs and oxrganic phosphate compounds),
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complexes with metal ions, and colloidal particulate
material. The concentration of phosphorus in these
forms vary daily, seasonally, and with flows.

The low dissolved phosphorus concentrations
observed in the summer at most sites in this watershed
were partly because of the adsorption of phosphate ions
on sediments, and partly because of the utilization of
phosphoxus by aquatic vegetation (especially free
floating types, e.g., algael} which depend on the
presence and availability of dissolved phosphorus and
nitrogen compounds for its nutrient supply.

Orthophosphate phosphorus values in this
waterxshed ranged from less than 0.003 mgs/L to 0.09
mgs/L; the higher values being recorded at Sites 2, 3,
37/A, 8, 10, and 12.

The total phosphate phosphorus values, on the
other hand, ranged from less than 0.005 mgs/L to
0.56 mgsL, with the higher maximum values occurring at
Sites 8 (0.56 'mgsL), 13/A (0.50 mgrsL), 9 (0.47 mgs/L), 2
(0.33 mgs/L), 5 (0.34 mgs/L), 3/A (0.32 mgrsL), 12 (0.32
mg/L), and 11 (0.31 mgrsL). It appears that these
nutrients are greatly utilized, precipitated, or
diluted by the time they reach the Muskeg River, Sites
1 and 77/A. The maximum total phosphate phosphorus
concentrations recorded at these sites uwere 0.09 and
0.07 mgsL, respectively.

Generally, the highest total phosphate
phosphorus was found in the winter when suspended
matter, such as inorganic sediments and plant debris,
is highest in the streams. This is paxrtly because
soluble phosphates, which are generally returned to the
watexr by dying algae, tend to be adsorbed by suspended
material. The release of phosphate by algae is
especially noticeable after a cold temperature die-off,

a process that could start sometime in Octobexr (Lock
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and Wallace in prep.). Because the sediments,
especially hydrous Fe and Al oxides, CaCO3, and apatite
(Syers et al. 1973), serve as a "sink", the release of
inorganic phosphorus from sediments plays a vital role
in contxolling the levels to which overlying waters can
replenish dissolved inorxganic phosphorus.

This study found that seasonal trends in, and
values of, total phosphate phosphorus at the Muskeg
River, Site 1, paralleled (or matched) those of Hartley
Creek, Site 2 (Figures 37 and 38}, except for the 24
January 1978 sample, when Site 2 gave a very high total
prhosphate phosphorus value (0.170 mg/L).

In addition to seasonal trends, dominated by
biotic utilization ands/or sedimentation, there appear
to be some coincidences between slightly higher total
rhosphate phosphorus values and Shell Pit pumping
periods (Figuxe 37). The concentration of total
phosphate phosphorus in the Shell Pit discharges
differed only slightly from the stream values zrecorded
for the Muskeg Riverxr, Site 1. Shell Pit pumpages are
low in sediments but could carry carboxylic acids which
would react with particulate Ca*%-, Al1*3-, or Fet3-
prhosphates to form soluble hydrogen phosphate (HPOHZ')
or dihydrogen phosphate (HZPOH') ions. The only
occasion when total phosphate phosphoxrus did not
increase at Site 1 during a Shell Pit pumping period
was bhetween 20 June and 13 September 1977. The field
measured pH, temperature, and dissolved oxygen at Site
1 during this period (Table 12) ranged from pH 7.9 to
9.0, 11.0 to 20.5°C, and 52 to 12%, respectively. The
high alkalinity and aerobic conditions prxobably
resulted in sulphide oxidation or precipitation.
Furthermore, dilution by summer storm xunoffs and

utilization of phosphate phosphorus by aquatic
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Table 12. Field measured pH, temperature and
dissolved oxygen (Site 1).
Date pPH Temp. DO(mg/L) DO(% Saturxation)

16 May 77 - 11.5 9.5 88
20 Jun 77 8.7 20.5 6.3 71
18 gul 77 7.9 15.0 5.2 52
16 Aug 77 9.0 14.5 11.5 112
13 Sep 77 7.9 11.0 10.90 91
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vegetation would tend to reduce the amount of dissolved
phosphate phosphorus.

While there appear to be complete sets of
data for phosphorus (as total phosphate and
orthophosphate) at all sites monitored in the study,
problems related to analyses of-the samples do not
justify efforts to develop seasonal and areal patterns
for phosphorus. The accuracy and precision of the
analytical data reported between July 1976 and June
1977 cast doubts on their usefulness. The data for
orthophosphate seldom showed variations above the
"coefficient of variation"™ produced in duplicate
analyses. After June 1977, the analytical laboratory
lowered its detection limits for phosphorus. Yet,
thexe still appeared to be no strong seasonal pattern
to the data.

In an effort to extract valuable information
from the available data, the phosphorus data will be
discussed in furthez detail along with the nitrxogen

analysis data.

3.4.2.4 Reagtive Silica. Silica (dissolved or
colloidall) is a major nutrient for the diatom algae,
Bacillariophyceae. As a result, diatoms have
significang impact on silica cycling (Carlisle 197#}.
The major source of silica is from the
degradation of alumino-silicate minerals. The amount
of silica in solution is chemically modified by surface
adsorption (on inorganic particulates) of silicic acid
which reduces solubility; and biochemically, by diatoms
which utilize large quantities of silica in the |
synthesis of their cell structure. The effects of
these processes are apparent in the relative levels of

silica at the inlet compared to those at the outlet of
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Kearl Lake (Figure 39). Kearl Lake does not receive
significant inflow from other sources.

Unlike other dissolved substances in the
watershed, concentrations of reactive silica tended to
follow a relatively stable cycle (Figure 40 and 41), a
cycle only slightly affected by streamflow.

Follouwing the spring runofif period, there is
a very rapid decline in the concentration of dissclved
silica. Spring lows, observed between late April and
early June (Figuxe 41), varied between 0.5 and
9.0 mgrsL. This period 1is probably dominated by
intensive assimilation by diatoms and subsequent
sedimentation by themn. The process appears to be
removing silica more rapidly than is being supplied by
surface and groundwater f£lows. Othexr studies (Wetzel
1975) have reported that drops in silica c¢oncentrations
reflect a response by the grazing diatom populations to
changes in other nutrients (possibly nitrogen and
phosphorus) (Figure 37), intensity of light, and
temperatures. Therefore, the mid-May minimum values of
silica, observed in the MusKkeg River bhasin sites,
should reflect the timing of the maximum numbexr of
diatoms. Unfortunately, the only site monitored (Lock
and Wallace in prep) for diatom populations was Site 1,
and attempts at dirxect analogy were interrupted by
Shell Pit pumpages.

After spring, and consequent declines in the
ropulation of diatom algae, silica is very gradually
(Figuxes 37, 38, and 40) released to the overlying
watexrs in the watershed. The concentrations finally
reach a maximum value in the winter. The winter highs
varied between 9.4 and 29.8 mgs/L (Figure 40). The
chemical desocrption reaction, contributing to the
recovery, is diffusion-controlled and thus very slow.

But the dissolution of suspended silica can be
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accelerated by the consumption of diatom cells by
invertebrates. Other factors influencing the
equilibration rrocess are temperature, turbulence, and
the difference in silica concentrations between the
sediment and dissolved phases. In addition to these
factors, muskeg drainage or shallow groundwater
entering streamflow during baseflow periods coculd add
to the levels of silica observed in basin streams.

Except for the unusually high silica
concentrations observed at Site 12 (72 mgs/L, 4 Marxrch
1977) and Site 7/A (57.0 mgsL, 25 Februaxry 1977), most
maximum silica values in the watershed cccurred in mid-
wintex.

The trend in dissolved silica concentrations
obhserved at Site 1 and the trend in diatom populations
reported in the Lock and Wallace (in prep.) rxeport show
(Figure 37) a definite relationship. While it appears
that diatom populations at Site 1 were affected hy
Shell Pit pumpings (23 June to 2 ARugust and 3 to
14 September 1977) and possibly the July 1977 storm
events, the effects of these pumpings were probably

caused by constituents other than silica.

3.4.2.5 Hitrogqen: Nitrification and Nitrogen Removal

3.4.2.5.1 Introduction. A variety of micro—-organisms in
soils and streams c¢an, conditions permitting, oxidize
ammonia and nitrite to nitrate. The biochemical
process for the oxidation of ammonia to nitrate
(nitrification) has heen represented (Sharma and Ahlert

1977) by the overall reactions:
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NH, + 1.502———i>2H+ + Hy0 + NO,~ + 58 to 84 kcal
NO,~ + 0.50,—D>NO3~ + 15.4 to 20.9 kcal
Nitritification = ammonia oxidation to nitrite;
Nitratification = nitrite oxidation to nitrate;

Nitrification = ammonia oxidation to nitrate.

It is generally bhelieved that two autotrophic bacteria,

Nitrosomonas sp. and Nitrobacter sp., contribute most

significantly to nitrification. Kiesow (1964) reported

that, while Nitrosomonas sp. and Nitrohacter sp. are

obligate aerohes as far as growth on their respective
substrates is concerned, in the absence of oxygen,

Nitrobactexr sp. is capable of becoming a nitrate

reducer. In fact, a recent study by Voets et al. (1975)
found evidence that denitrification (reduction of
nitrite—-nitrogen to gaseous nitrogen) takes place under

both anaerobic and aerobic conditions.

3.4.5.5.2 Nitrogen Compounds: Seasonal Variations.

The distribution of nitrogen compounds in strxeams of
the watershed was found to be highly variable,

spatially and seasonally.

Total Kijeldahl Nitrogen. The general annual
range of total Kjeldahl nitrogen concentrations, 0.3 *to

3.2 mgs/L (ten-fold for most sites), appeared small and
relatively uniform throughout the basin. But a number
of exceptionally high values were recorded at Site U4
(5.50 mgs/L, 10 Septembexr 1976), Site 2 (4.05 mgs/L, 24
January 1978), Site 10 (3.5 mgrsL, 10 August 1976), Site
7 (3.74% mg/L, 24 January 1977), and Site 12 (4.90 mg/L,
22 June 1977). Autumn 1976 (also July 1977) high
values coincided with precipitation events.
Unfortunately, the above exceptions and seasonal

correlations of total Kjeldahl nitrogen show (Figures
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42 to u44) that, except for the slightly highex winter

values, there are no definite seasonal patterns. '
Attempts to draw correlations between

fluctuations in total Kjeldahl nitrogen and biological

phenomena have not been conclusive.

Ammonia-Nitrogen. Ammonia-nitrogen is

produced in the biochemical decompositien of organic
nitrogen compounds (e.g., proteins, amino acids,
amines, nucleic acids, purines, and products of their
biochemical transformation, e.g., humic¢ and fulvic
acids). Most of the orxrganic compounds arxe formed as a
result of photo- and biosynthetic processes of aquatic
oxrganisms, mainly phyto-, Zoo-, and bacterioplankton.

Ammonia-nitrogen concentrations appeax to
exhibit more definite patterns (Figures 45 to 47).
Almost all sites showed high NH3-N concentration in the
winter, a sharp decline in the spring (April, May), a
moderate peak in August, followed by another decline in
the early autumn (September, October). Furthexrmore,
ammonia-nitrogen concentrations appear to be low in
well-oxygenated reaches of the streams, and high in
bogs and sections of streams containing appreciable
amounts of organic matter. This is due to the fact
that under anaerobic conditions, the reduction of NO,~
and NO;~ is increased, oxidation of NH3 to NO, ~ and NO,~
is i retarded, and the absorptive capacity of the
sediments is greatly reduced. The result is a marked
release of NH; from the sediments and celloidal
particles. The release continues until the microzone
at the sediment-water intexrface is oxygenated (also see
Section 3.4.2.5.u4).

For the major sites (1, 2, 3, and 4), the
widest range of NH3-N (<0.01 to 1.06 mg/L) occuxrxed at
Site 4 and the smallest (0.01 to 0.29) at Site 2. The
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range in NH3—-N concentrations wuas moderate at Site 8
(0.01 to 0.89 mgsL), Site 9 (0.01 to 0.56 mgs/L), and
Site 10 (0.05 to 0.59 mgs/L). Exceptionally high winter
values for NH3—N were obhserved at Site 11 on 25 Januazry
1977 (1.28 mgsL) and at Site 12 on U4 March 1977

(1.69 mgsL). |

3.4.2.5.3 Winter Nutrient Levels

Ammonia-Nitrogen and Orthophosphate
Phosphorus levels. Figures 45 to 47 shouw that during
winter freeze-up, which usually lasts from early
November to mid-March, the concentrations of NH3—N are
generally at their maximum levels at most sites. This
is not unexpected since winter chlorophyll levels are
low (see Figure 32) and nitrification proceeds bhettex
during warmer seasons. The growth constants of
nitrifying bacteria are affected greatly by
temperature. Buswell et al. (1954) reported that
little or no growth of nitrifying bacteria is expected
belou #°C.

The high dissolved ammonia concentrations are
rarticularly pronounced in stagnant water bodies,
including muskeg areas (Sites 3, 4, 10, 11, and 12),
whexre substantial under—-ice release of ammonia-nitrogen
is accompanied by elevated levels of soluble reactive
phosphate (O—Pou)' Values as high as 1.69 mg/L NH3-N
and 0.06 mg/L o-PO, (Site 12, 4 March 1977) and 0.50
mg/L NH3—N and 0.09 mgs/L o--POl+ (Site 3, 14 February
1977) were recorded. Even the larger volume flowing
streams like Muskeg River, Site 1, 0.57 mgs/L NH3-N and
0.02 mgs/L o-PO, (11 February 1977), and Hartley Creek,
Site 2, 0.25 mg/L NHs-N and 0.06 mg/L o-POL+ (26 Januazry
1977), shoued little effect of dilution, utilization,

and increased aeration on the nutrient supply.
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The toxicity of these mid-wintex
concentrations of ammonia to aquatic organisms is
probably low since the amount of CO, is high and the pH
is only slightly alkaline. Generally, pH's higher than
pH 9 increase the concentrations of non-ionized ammonia
and low concentrations of dissoived oxygen increase the
toxicity of ammonia. McKee and Wolf (1963) have,
however, reported that concentrations of non-ionized
ammonia equivalent to 0.2 mgs/L (as NH3—H) decreased the
survival time of trout at a level of dissclved oxygen

that otherwise had no lethal effects.

Nitrite— + Nitrate-Nitroagen and

Orthoprhosphate Phosphorus lLevels. Nitrite is extremely

unstable in the presence of oxygen and is generally
oxidized to nitrate immediately. But data collected in
this study show that on many occasions NO, "-N
concentrations higher than backgrounds and NO;"-N
exist even when the DO levels are high; for instance,
at Site 1 on 13 September 1977, 4 October 1977, 3 May
1978; Site 2 on 4 Octobexr 1977; and at Site 3 on 14
Septembexr 1977.

Data from analyses for NO3 -N were sparse and
not amenable to trend analyses. But, assuming that
NO, "-N concentrations are generally very low relative
to NO3=-N (an assumftion which is obviously not
completely valid undexr the anoxic conditions), then the
maximum values for NO, "-N + NO3~-N and o-PO, tabulated
(Table 13) below (for late fall, winter, and early
spring) are indicative of the level of soluble nutrient
supply available foxr the ice-free season ahead.

The winter maximum concentrations of nitrate-
nitrogen at most sites, except Sites 1, 2, 3, and 4
(Figure 48), were just above the detectable limit
(0.01 mgsL before May 1977 and 0.003 mgs/L afterxr)



Table 13. Dates of maximum concentrations of
nitrate- + nitrite-nitrogen and

orthophosphate phosphorus.

Site
Number N02'+H03' (mg/L) o—POu(mg/L) Dates

1 0.07 0.02 11 Feb 1977
6.31 0.01 3 Mar 1977
0.05 0.004 8 Nov 1977
0.04 0.006 6 Dec 1977
2/7A 0.06 <0.01 16 Dec 1976
2 0.05 0.02 2 Dec 1976
0.02 0.06 26 Jan 1977,
0.20 0.008 6 Apr 1978
3 0.07 0.08 16 Dec 1976
0.09 0.09 14 Feb 1977,
0.11 0.05 8 Mar 1977
3/A 0.01 0.09 7 Maxr 198772
Yy 0.14 0.02 18 Feb 19772
5 0.04 0.02 15 Nov 19762
6 0.02 <0.01 15 Nov 19762
7 0.02 0.01 15 Nov 1976
7/A <0.05 0.02 25 Feb 19772
8 0.02 0.04 18 Feb 1977
0.01 0.06 7 Maxr 19772
9 0.02 0.01 25 Jan 1977
10 0.01 0.07 1 Dec 1976
0.02 06.03 25 Jan 1977
11 0.02 0.04 25 Jan 1977
12 0.01 0.06 4 Mar 1977%
13/A 0.01 0.04 1 Dec 19762
14 0.12 0.01 4 Mar 1977

4 indicates a spring, or with a spring, maximum.
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(Figure 49 and 50). Since nitrate- + nitrite-nitrogen
levels during the ice-free periods are generally less
than 0.01 mgsL, these detectable levels were probably
possible because of minimum uptake of the nutrients by
algae and possible input from muskeg and shallow
groundwaters. The possibility of groundwater input is
indicated by obserxvations of maximum NO, -N + NO ;°-N
concentrations of 0.31 mgs/L and 0.082 mgs/L ohserved at
Site 1 on 3 March 1977 and 6 April 1978, respectively;
and at the same time, the specific conductances were
480 PS/cm (3 March 1977) and 430 pS/cm (6 April 1678).
The values observed at Site 2 on 7 March 1977 were 0.07
mg/L and 660 PS/cm, and on 6 April 1978 wexre 0.200 mg-/L
and 545 PS/cm. These high values of specific conduc-
tance are clearly indicative of haseflows containing
some muskeg drainage or grounduater.

The data from Site 4, located in the middle
of a muskeyg, show a sharp mid-winter (18 February 1977)
peak for NO,”-N + N03'-N of 0.14 mgsL and for total
phosphate phosphorus of 0.25 mg/L (o—POu. 0.02 mgsL).
The specific conductance for the same date uas
530 pSscem. The following month (8 Maxch 1977) the
Noz'—N + N03'-N and total phosphate phosphoxus values
dropped to 0.03 mgs/L and 0.09 mgs/L, respectively, but
the o-POu remained practically the same (0.03 mgs/L) and
specific conductance rose to 610 FS/cm. It is possible
that the non-filterable residue in the sample, which
was exceptionally high (78.4 mgsL) on 18 Februaxy 1977,
was the cause. The non-filterable residue for 8 March
1977 was only 7.6 mgsL. The sampling technigue and
sample storage used would tend to give high nutrient
concentrations on samples containing high non-
filterable residues.

From Table 13, it appears that, for most
sites, the maxima for Noz‘—N + N03'-N appear to lag



NITRATE + NITRITE NITROGEN (mg/L)

LEGEND
—&— Site 8
0.0
4 Y ---0---Site 9
A - 8ite 10
‘-\ ey Site 12
Y
\
!
.“
0.08 \; 24 3
) a
\ 2 ’
kY s
\ \
v 7 W
\ ’ AR
X ‘ ".\\
s LN
4
0.01 —- P P~ 4 .
IR B R T
> o
(4]
JUL AUS SEP ocT NOV DEC JAN FEB MAR APR MAY JUN JuL
1976 1977
Pt

-Figure 49. Variations in nitrate = + nitrite ~nitrogen concentration
(Sites 8,9,10, and 12).

911



A

t
*v,,

B

Tows

~e 1} a0 ~ ~e e ~e e - e

14 -29 OCTOBER 1976 24 -26 JANUARY 1977

e

18 -28 APRIL 1977 18-20 JULY 1977

Figure 50. Areal variations in nitrate— +nitrate-nitrogen concentration.



118

behind the oxrthophosphate ones by about one month;
except for the Kearl Lake outlet (Site 10) whexe the

order is reversed.

Dissolved Organic Nitrogen and Ammonia-

Nitrogen. Unlike dissolved organic carbon which
remains in solution at relatively uniform levels,
seasonal variations of dissolved organic nitrogen (DOH)
(Figure 51) resemble those of NH3-X; except for the
fact that DON peaks earliexr than NHs—N. It appears
that the autumn leaf-fall and algal die-off result in
massive releases of organic materials. As a result,
most sites in the basin slhow sharp increases in HHs—H
and DON starting in early winter.

The slight lag of NH3-N peaks relative to DON
in some sites (e.g., Sites 1, 2, 10) suggests that the
release of ammonia occurs as a result of mineralization
of the DOM and particulate oxrganic nitrogen. And,
although the relationship between nitrification and
organic mattexr is not c¢lear, Praskasam and Loehx (1272)
have shown that, with othexr parameterxrs (DO,
temperature, and pH) held constant, the degree of
nitrification decreases significantly with increases in
organic loading. The inhibiting effect of organic
loading on nitrification may be due to dissolved oxygen
limitations. This may explain the fact that DCC and
ammonia-nitrogen pealks occuxr at approximately the same
time and during the collapse of summer algal blooms.

The ratios (or percents) of NHS-H to total
Kjeldahl nitrogen also generally increased in the
winter time. For instance, at Muskeyg River Sites 1
(Figure 52) and 4 (Figurxe 53), the ratio of NH3—H to
total Kjeldahl nitrogen increased from an early fall
value of 1 to 5% (Septembex) up to 15 to 574 in wintex

(November to early April). Occasionally, mid-winter
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declines in NHs—H concentrations were observed. While
the exact causes are not knowun, the possibility of
microbial oxidation to NO, - or Noa‘ appears unlikely
since the concentrations of NO,"~-N + Nos'-n actually
showed declines at that time. Sampling ox analytical

factoxrs could be xesponsible.
3.4.2.5.4 Nutrient Jevels During Ice-Free Pexriods
Ammonia-Nitrogen. In early spring, ammonia-

nitrogen concentrations apprear to drop sharply in
response to biological activities, warm temperatures,
re—aexration, and the dilution effects of spring
runoffs. During late April, May, oxr June, the NH3-N
concentrations dxopped to less than 0.1 mgsL at all
sites. These decreased NH;-N levels and the depressed
dissolved oxygen concentrations (and percents
saturation) reflect the accelerated oxygen depletion
due to utilization, oxidation reactions, and

respiration.

Nitrite and Nitrate. Nitrate is a sensitive

‘indicatoxr of biological activity and the end product of

the biochemical oxidation of ammonia:
NHS.-——D[NHZOH]—D[HZNZOZ}—DHNOE——DNos'

Examples of mid-summer Hos' accumulation were
observed at Site 3 (20 June 1977) whexe the NO;"-N and
NO,"-N + NOS'-N concentrations were found to be
0.03 mg/L and 0.15 mgs/L, respectively. At Sites 2734,
6, and 7, the concentrations of NOZ'—N + N03‘~N. during
the productive period (most of spring and summexr) of
1976 and 1977, were below or just above the detection
limit. But on 20 June 1977 (0.24 mgs/L) and 18 July
1977 (0.20‘mg/L) at Site 2/R (Figure 50), located
approximately 2 Xm upstream from Site 2, high
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concentrxations of Noz'-N + N03'—N were observed.
The NHs—N data for Sites 2/A, 6, and 7 indicate that
these are products of nitrification processes. From
the data collected at Site 2, it also appears that
these nutrients were rapidly utilized oxr converted
within the 2 Xkm reach. The total phosphate phosphorus
(and o-POH) data for Site 2/& showed a very slight
decline in June and July compared to May values; while
Site 2 experienced a temporary increase in June (0.043
mg/L) ovexr May (0.02 mgsL) total phosphate phosphorus
values.

Because the concentrations of NOZ'—N + NO,"-N
(Figure 50) and P043' at most sites were not
appreciable (in some cases helow detectable limit)
during the ice-free pexiod, it is possibhle to conclude
that-intensive development of benthic algae uwas

occurring.

Dissolved Orxganic Nitrogen. The concentra-
tion of dissolved oxganic nitrogen during ice-free

reriods is moderately variable but appears to gradually
increase from early spring through to August,
presumably because of an accumulation of extracellular
metabolic products (e.g., secretion) of algae. Studies
by Horne et al. (1977) have shoun that increases in
dissolved organic carbon correlate positively with
nitrogen fixation, so that the rise in DON could
reflect the growth of photosynthetic bacteria, blue-
green algal population, and concurrent nitrogen
fixation. Wetzel (1975) has indicated that the numbers
of these bacteria are low where dissolved organic
concentrations are low, and incrxease, for instance, in
bog lakes (Azotobacter most dominant) where dissolved
humic¢ organic matter concentrations are high. It is

therefore not surprising that the highest mid-summex
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DON are observed at Sites 3 (1.69 mgrsL), 8 (1.73 mgsL},
and 12 (4.90 mgrsL). Unfortunately, no humic acid

analyses were performed on those samples.

Late Summer Nutrient Concentrations. All

sites showed shaxp NH3—N veaks during August (ox July)
1976 and August 1977 (whexre applicable). The peaks in
NH; ~-N concentration occurred soon after or coincided
with the dying off (see Figures 30, 32, and 54} of
aguatic orxganisms {(most probahly benthic algae), sliight
increases in DON, DOC, and P0u3', and, in somne cases, a
minimum in dissclved oxygen concentration (and percent
saturation).

Around mid-August 1977, at most sites
{(especially Sites 1 and 2), the standard plate count
dropped but the dissolved oxygen concentration went up
(te 110% of saturation at Site 2) simultaneously with
NH3~N and DON. The release of nutrients during
decomposition processes would be expected. But the
lack of response in Poua*, T0C, DOC, and COD and a
sharp increase in the dissoclved oxygen was unexpected.
This event was observed by othexs (Lock and Wallace in
prep.) working on the Muskeg River and also in the
Athabasca River (Costexrton and Geesay 19793, Costexrton
and Geesey have attributed this to a "washout" effect
caused by violent July 1977 rainstorm events. Whateverx
the effect, it was noticeable in the concentzations of
various parameters analysed for in the sample collected
from Site 1 but not most of the parameters analysed for
at Hartley Creek, Site 2.

The Site 2 data of 16 August 1977 showed
sharp increases in the concentrations of NH -N
(0.13 mgrsL), Cu (0.014% mgrl), Se (0.0007 mgs/L), Ag
(0.002 mg/L), and SOQZ‘ (6.1 mgsL) but a decline in Zn
(0.008 mgrsL) compared to the concentrations of NHS-N
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(0.02 mgs/L), Cu (0.002 mgs1l), Se (<0.0002 mgs/L), Ag
{<0.001 mgsL), Souz' (4.2 mgsL), and Zn (0.035 mg/L)
obsexrved on 13 July 1977. Because sharp drops in
bacterial populations were also reported by uworkers in
other watexrsheds, the possibility of sanple
contamination appears 1ess likely.

The data for Site 1 (16 August 1977) shoued
slight increases in the concentrations of NH3—N
(0.39 mgsL) and Ni (0.002 mgs/L) but decreases in the
concentzations of Zn (0.005 mgsL) and Al (<0.01 mgs/L)
acs compared to the 18 July 19877 values of NH3-N
(0.01 mgrs1l), Ni (<0.002 mgsL), Zn (0.048 mgsL) and Al
(0.03 mgsL).

Lock and Wallace (in prep.) have suggested
. that increased levels of illumination rxeaching the
epilithon inhibited photosynthesis and resulted in the
observed declines in epilithic biomass. It is also
possible that the lack of oxygen and essential
hicronutrients {e.g., Zn) or the availability of a
toxic component (e.g., Cu or Se) contributed to the
collapse in algal and bactérial populations. Synergism
reportedly exists between the sulphates of copper and
zinc and coppexr and éadmium in their toxic effects to
fish. It also exists between copper and merxcury. It
has been noted (Water Survey of Canada 1978) that
copper concentrations as low as 0.01 mg/L have
interfered with the self-purification of streams by
killing the stream bacterisa.

Bacterial respiration, which occurs at the
sediment-water interface and where bacterial metabolism
is greatest, is a major consumer of dissolved oxygen.
It is conceivable that the interface regions became
anaerobic, and, because diffusion of oxygen into this
zsone from overlying layers occurs slowly (especially in

bogs, eg., Site 3), it caused bhacterial kill and/or a
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change from aerobic to anaerobic bacterial metabolism,
with a marked reduction in overall efficiency of
decomposition (Wetzel 198751).

The effect would be what was observed, a drop
in algal and (nitrifying) bactexrial (especially
attached) populations (Figure 32), increase in NH;-N
concentrations, and, because of concurring reaeration
processes (except in bogs, eg., Site 3) (Figurxe 31), no
depletion of disolved oxygen in overlying waters.

It is also possible that loadings of certain
dissolved organic compounds, especially humic
compounds, tannins, and tannin decompositional
derivatives, inhibited (Rice and Pancholy 1972)
nitrification reactions (after the rainstorm or Shell
Pit pumpages) without negatively affecting the

dissolved oxygen levels in flowing streams.

3.5 BIOLOGICAL ACTIVITY AND THE ASSIMILATIVE
CAPACITY OF THE MUSKEG RIVER

3.5.1 Ammonia-Nitrogen Seasonal Variations

It has been noted that NH,-N concentrations
increase when aquatic organisms die off and decrease
when biochemical oxidation reactions convert NH;-N to
Noz'—N or N03‘—N. The large amplitude of the seasonal
fluctuations of NH3—N obhsexved in the present study 'is
indicative of a stream capable of converting these
natural levels of nitrogenous organic substances to

nutrients for aquatic organisms inhabiting the streams

3.5.2 Ammonia-Nitrougen to Nitrate-Nitrogen Ratios

Because of the lack of simultaneous sampling,
attempts to correlate trends in the ratio of ammonia to
nitrate- and nitrite-nitrogen along a stream were
limited to only a few dates. What little data could bhe

correlated shouwed (Table 14) a definite downward trend



Table 14.

Ratio of NHj3-N/NO2 -N + NO3 -N.

1 Aug 7 Sep 10 Sep 15 Nov 15 Feb 3 Mar 1 Apr 17 May
1976 1976 1976 1976 1977 1977 1977 1977

Site 12 - >29 >29 - - 169 >50 >3
Site 4 >20 3 3 13 9.44 20 15 >2
Site 1 2.5 >2 2 5.38 4.40 l.61 2.3 0.1
Site 2 >30 3 4 2.5 - 2.38 2.33 -

20 Jun 18 Jul 15 Auq 15 Oct 1 Nov 8 Nov 6 Dec 1 Jan

1977 1977 1977 1977 1977 1977 1977 1978
Site 12 >3 >17 - - - - - -
Site 4 6 1.43 - 3.04 1.8 1.53 11.75 20
Site 1 1.07 0.71 13 3.04 2.5 1.80 4.50 13
Site 2 - 2.86 4.33 3.41 8.0 7.27 2.1° 2.22

8¢T



129

going dounstream. Except for the ratios at Sites 1 and
4 on 8 November 1977, when there appeared to he no
definite trends, the decreasing ratios suggest that
ammonia is being oxidized to nitrate or utilized along
the Muskeg River system, and that the process
contributes to continued undersaturation of DO at the
Muskeg River, Site 1.

Detailed information on the changes in the
concentrations of nitrogen forms wuwould be useful in
determining the rate of the process and the self-

purification capacity of these streams.

3.5.3 Dissoclved Organic Carbon to Dissolved Orgqanic
Nitrogen Ratios

Another indication of the ability of the
Muskeg River bhasin to assimilate carbon compounds is
rzeflected in the DOC to DON ratio (Table 15). As
organic materials (particulate and dissolved) are
decomposed by fungi and bacteria, proportionately morxe
carbon than nitrogen is removed; the result is
decreasing C:N ratios. This process proceeds until it
starts to slouw doun because of the resistance to
decomposition of residual orxrganic compounds. In
muskeg, marsh, and bog areas, the percentage of humic
compounds, low in nitrogen content, are high, while
organic materials produced by decomposition of plankton
contain c¢rude protein with a C:N ratio of about 12:1.
Therefore, the plots of C:N ratios versus time could bhe
used to identify the sources ands/or efficiency of
biological degradation of these organic compounds.

Table 2 gave summaries of soil types, pH,
pexcent concentrations of organic carbon and total
nitrogen, and the C:N ratios. It appears that the C:N
ratios are highexr (31 to 54) where (Sites M77-11 and

M77~-28) soil materials contain humic compounds dexrived
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from slightly to moderately decomposed leaves, needles
and lichens; and louw (n15) where (Site M77-15) the soil
matexrials c¢ontain organic materials produced by the
decomposition of crude protein; predominantly spongy
matt, mainly of moss composition, and some needles and
leaves permeated with fungal hybhae. Unfortunately,
total nitrogen concentrations wexre reported in the soil
analyses and not dissolved oxganic nitrogen (DON).
Thus, the C:N raties could have limited use.

These general categories established above
are, however, supported by the seasonal patterns in
DOC:DON ratios at Sites 1, 2, 3, and 4 (Table 15).
Table 15 shows significantly highexr DOC:DON ratios in
autumn 1976, when rainstorm events were probably
washing into the streams humic compounds dexived from
the decomposition of fallen leaves, than in the late
winter-early spring (of 1977 and 1978) when, both the
contribution due to planktonic matexials and the
resistance to decomposition of residual oxganic
compounds, are higher. The sharp initial drops in
these ratios, occurring within the period of a month,

suggest significant rates of decomposition.

3.5.4 Potential Effects of Synthetic Fuel FEffluents

on _Freshwater Biota

The development of large scale synthetic
crude o0il production from the Athabasca 0il Sands
creates the potential for release of substantial
organic wastes to the aquatic ecosystems. Cxrude
petroleum and/or refined petroleum and the process
waste waters consist of complex mixtures of organic
compounds. Most recently, Petriconi and Papee (19783
shouwed that under sunlight illumination N-heptane,
benzene, and terpin hydrate photoreduce NO, " and NO 4~

to ammonia. This photoreductivity of aqueous N02‘ and
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Noa‘ by organics, likely to be present in the oil
sands, arouses interest on the environmental importance
of the reaction and products; especially those of
polycyclic aromatic hydrocarbons.

In addition to aliphatic and aromatic
hydrocarbons, process products and wastes generally
also contain some nitrogenous polynuclear hetexocyclic
bases. Othexr industrial processes, such as coking (Bark
et al. 1972), currently release these polycyclic bhases
in their effluents. Southworth et al. (1978)
investigated the potential for accumulation in aquatic
biota of this c¢lass of compounds (specifically
isoquinoline, acridine, and benz(alacridine) xranging
from two to four aromatic rings.

Certain membexrs of this class of compounds
are knouwn mutagens (Lehningexr 1972) and/or carxcinogens

(Arcos et al. 1968). The zooplankton, Darhnia pulex, a

food source for other aguatic organisms, has been used
in biomonitoring studies, in part, bhecause of its
ability to rapidly accumulate lipophilic oxganics from
water (Hexrbes and Risi 1978).

Because agquatic organisms may accumulate
contaminants directly from water or through ingestion
of contaminated food, a program to identify such
products and monitor their uptake ratios and

concentrations along the food chain appears necessary.

3.6 SUMMARY
Temporal variations of a large number of
physicochemical parameters and general trends in
individual parameters and groups of parameters uerxe
described in an effort to establish significant site
characteristics and factors influencing correlations.
Anomalies and seasonal patterns exhibhited by

these parameters were also discussed in relationship to
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biological components of the watershed streams. The
discussion emphasized dissolved oxygen concentrations
because dissolved oxygen and macronutrients support the
growth of aquatic biota and, in turn, the assimilative

capacity of waters of the Muskeg River watershed.
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4. SURVEY OF HEAVY METALS, TRACE METALS, AND
INTERACTIONS INFLUENCING THETIR TRANSPORT

4.1 INTRODUCTION

The speciation and concentrations of heavy
metals and related trace elements in the natural
environment of the Muskeg River watershed are greatly
influenced by surficial geology, anthropogenic inputs,
weathering, and biochemical degradation processes.

A significant fraction of the metals in the
water and sediment phases is often associated with
complexes. Consequently, the fate and/or versatility
of a particular metal ion depends on the relative
stability (numerically expressed by the stability
constants) of the complexes that the metal ion forms.

" The complexing interactions and their effects on the
ecological conditions of the water are fuxther
complicated by the influence of important water quality
variables such as hardness, temperature, dissolved
oxygen, and pH.

The concentrations of heavy metals in rivers
and lakes of the AOSERP study area have the potential
of being affected by watexborne and airborne emissions

resulting from the extraction and processing of the oil

sands.
4.2 CURRENT STATE OF KNOWLEDGE
4.2.1 Metal Forms and Transportation Processes

River bank and bottom sediments play a key
role in influencing the concentrations of heavy metals
in f£fluvial systems. Numerous studies (Vuceta and Moxgan
1978; Leland et al. 1978 and references therein) have
shown that many heavy metals are concentrated in

sedimentary materials and transported by association
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with suspended particulates. The metal-particulate
association may include:

1. Adsorption of metal ions to oxide

surfaces;

2. Ion exchange with clay minerals;

3. Binding to organically coated particulate

matter or organic colloidal material; and

4. RAdsorption of metal-ligand complexes to

particulate materials.
These reactions and transportation paths are
schematically represented (Davis and Leckie 1978) in
Figure 55 and discussed in greater detail in Section
4.4.3.

A recent AOSERP study by Allan and Jackson
(1978) found that Athabasca River bottom sediments
contained heavy minerals as well as quartz, feldspar,
carbonate, and layer silicates. The authors reported
that the heavy mineral particles are coated with
amorphorus inorganic oxides, hydroxides, and organic
material (mostly humic compounds).

Anothexr AOSERP study (XKorxchinski in prep.)
has examined metal-humic (and Zfulvic) acid interactions
in rivers and sediments of the AROSERP study area. Ths
study found higher concentrations of most metals in
bank materials than in river bottom sediments; the
observation appears to indicate that transfexrs of
metals from overburden to surface water could be more
signiZficant than similar transfexs from bottom
sediments.

These AOSERP studies (Korxrchinski in prep.:;
Lutz and Hendzel 1977) analyzed water and sediment
samples at the mouth of the Muskeg River (near Site
77A) and found the levels of metals presented in Table

16.
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Table 16. Analyses of water and sediment materials collected from the Muskeg River at the mouth. .

A) Sediment Samples
18 November 19762

Concentration of Total Trace Metals (mg/kg)

_Hg Cu Pb Zn Mn Fe cd Co Ni v
Bottom Sediment Materials 0.002 <10 <80 <10 350 13 000 <10 <50 20 <80
Bank Sediment Materials 0.032 20 <80 40 420 19 000 <10 60 60 110
B) Sediment Samples ‘Concentration of Non-Residual Metals (0.5M HCl Extractable) mg/kg
September 1976 a
_Hg Cu Pb Zn Mn Fe cd co Ni \J
Bottom Sediment Materials 0.002 1.9 <5.0 6.5 109 4 800 1.0 <5.0 <5.0 <10.0
Bank Sediment Materials 0.032 8.7 5.0 30.0 380 10 000 <1.0 8.0 9.0 17.0
Water and Sediment Samplesb Metal Concentrations
(1977)
Hg Cu Fb Zn Mn Fe [o: Cr Ni v As Se
Unfiltered Water (mg/L) - 0.1 - 30.0 44 756 0.04 1.2 1.7 5.7 <0.4 -
Piltered Water (mg/L) - 1.3 - 25,0 k) § 718 0.03 0.9 3.1 4.3 - -
Sediments (dry wt.) (mg/L) 0.04 26.2 9.9 57.2 327 22 400 0.10 59.0 20.5 86.0 3.5 0.65

b Korchinski (in prep.)

Lutz and Hendzel (1977)

LET
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4.3 METHODS AND SOURCES OF DATA

The data collected fxrom the Muskeg River
basin, undexr AOSERP Project HY 2.5, identifies the
"total"™ concentrations of trace métals and extractable
heavy metals (Cd, Cu, Fe, V, Mn, Zn, Al, Pb, Ag, Co, B,
Ni, Se, As, Ca, and Hg) in surface waters. These
concentrations were obtained, using the standard
analytical methods listed in Appendix 7.3 (Table 18),
without determining the oxidation states, metal foxrms,
or the nature of the carrying compounds. The project
also determined the concentrations of a few inoxganic
ligands (sZ-, C0,?", HCO;", S0 ,2", €17, F~, NH,, and
P0u3‘) and cexrtain potential complexing oxrganic ligands
(tannin and lignin, humic acid, fulvic acid, phenolic
compounds, and organic¢ carbonl), since these parametezs
have major influences on heavy metal transport.

Although the procedures used for extractable
heavy metals are designed to remove most humic acids
prior to the metal extraction steps, the possibility of
incomplete extraction still exists. A xeport by
Schnitzer and Khan (1972) indicated that metal-humic
acid interactions are so strong that it is generally

difficult to obtain humic substances free of complexed

metals.
4.4 RESULTS AND DISCUSSIONS
4.4.1 Colouxr and Causes

Streams of the Muskeg River watershed arxe
generally vellowish-brown to darKk bhrown except durxing
or immediately following the spring runoff period. The
colouration is no doubt caused by a variety of coloured
organic, organo—-mineral, and/or mineral compounds.

Despite the cause-effect relationship, the

measured colour is the combined effects of all
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dissolved coloured substances and has quantitative
relationship only with each isolated pure substance.

The "apparent" colour readings for streams in
this watershed are generally (Figure 56) lowerxr during
late winter and spring runoff periods than duxing the
summer, fall, and early winter. The effect of spring
runoffs is sometimes not noticeable at sites located in
bogs and muskeg. For instance, Kearl Lake outlet (Site
10) shous lower values in summer (20 to 60) and higher
values in fall (115) and early spring (140). This,
probably, is caused by the timing of lake drainage as
opposed to channeled flows originating from the inlet
(Site 11) and emptying at the outlet (Site 10) with
little mixing.

Generally, Sites 3, 8, 9, and 11 tend to have
high c¢olour while Sites 3/A and 14 have very low colourx
readings.

Natural waters of this watershed contain a
mixture of high (2000 to 300 000) molecula; Wweight
orxrganic substances whose exact structures have not been
determined, but are operationally defined as "the acid-
insoluble orxrganic fraction" (or humic acid) and "the
acid-soluble organic fraction" (or Ffulvic acid). The
structures and complexing interactions of humic acids
have recently been reviewed by Jellinek (197%).

The range of concentrations of humic acid
reported for all sites in this study varies between
lows of <1.0 and 2.0 mgs/L to highs between 2.5 and
13.5 mgsL. Most of the high values were recorded at
the beginning of the Study reriod (prior to Novembex
1976) and were never observed after that. It appeazrxs
that the analytical method used at the time might have
determined total humic compounds (both humic and fulvic

acids) and not humic acid, or determined with
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accuracies that are toco low to permit the use of the
data. _

Another important factor is the fact that Fe
(and possibly Mn) concentrations greater than 1.0 mg/L
interfere in the analysis for humic¢ acid. Because Fe
concentrations greater than 1.0 mgsL were moxe the rule
than the exception, humic acid levels reported in this

study have to be considered preliminary.

4.4.2 Trace Metals

4.4.2.1 Selenium. The dissolved selenium
concentrations at all sites were far bhelow the Alberta
Surface Hater Quality objective of 0.01 mg/L. In most
cases, they were less than 0.0005 mg/L. The only times
dissolved selenium concentrations significantly
exceeded this value were at Site 12 on 14 Octohexr 1976
(0.0009 mgsL); Site 11 on 29 Octobexr 1976 (0.0016 mgsL)
and 26 April 1977 (0.0009 mgsL); Site 9 on 26 Octobex
1976 (0.0012 mgsL); Site 7 on 24 January 1977
(0.0014 mgsL); Site 4 on 26 April 1977 (0.0009 mg/L)
and Site 3/A on 12 Novembexr 1977 (0.0013 mgrs/L). At
Site 1, the concentration of dissoclved selenium
generally ranged betwsen less than 0.0002 mgs/L to
0.0005 mgsL, except on 16 December 1876 and 25 January
1977, when the observed values reached 0.0008 and
0.0009 mygsL, respectively.

Lutz and Hendzel (1977) repoxrted f£inding
0.65 mg of selenium pexr gram of bottom sediment at the

mouth of Muskeg Rivex.

b.4.2.2 Arsenic. The general variation in the
concentration of dissolved arsenic was slightly more
diverse than that of selenium. Most sites had
concentrations equal to ox less than 0.001 mg/L. The

Alberta Surface Water Quality Objective is ¢.01 mg/L.
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Site 1 recoxrded particularly high values (e.g. 0.012
mg/L, 29 October 1976 and 0.020 mgs/L, 16 December
1976). Similar values have been observed at Site 2/A
(0.020 mgsL) on 30 September and 16 Decemher 1976; Site
6 on 25 Rpril 77 (0.0136 mgs/L); Site 8 on 9 Septembex
1976 (0.012 mgs/L); Site 10 on 10 Rugust 1976 (0.025
mgs/L); and Site 14 on 11 August 1976 (0.015 mg/L).
There appears to be no seasonality to these maxima.
Lutz and Hendzel (1977) found only 2.5 mg of
arsenic per gram of dry sediment in sediments collected

from the mouth of the Muskeg River.

4.4.2.3 Boron. In this relatively undisturbed
watershed, boron probably enters the naturxal waters by
dissolution of boron-containing mineral deposits like
sodium or calcium borate.

Area-wide, dissolved boron concentrations
ranged from 0.01 to 0.48 mg/L. The highest values
recorded during the study period were only slightly
less than the 0.5 mg/L required by Albexrta Surface
Water Quality Objective.

Although no areal pattern in dissolved boron
concentrations seems to emerge from the present study,
there appear to be some site-specific seasonal patterns
(Figure 575. The most obvious involve an April (early
spring) maximum and, possibly, a late summer peak.
These two peaks are separated by a major low in mid-
winter and minor lows occurring in early summer and/or
fall. The highest concentrations of dissolved boron
were recorded at Site 2 on 7 September 1976
(0.48 mgs/L); Site 1 on 3 March 1977 (0.26 mgsL); and at
Site 3 on 8 March 1977 (0.32 mgs/L). The maxima at the
othexr sites were lower than 0.33 mg/L.

The seasonal trend (Figuxre 57) in boron

concentrations throughout the watershed resembles that
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of potassium and suggests some biological influence on
the boron c¢ycle. This would be expected since boron is
an essential element in the nutrition of plants.

The possibility of high boron concentrations
being caused only by grcunduater input appsar unlikely
since most sites zeported high boron concentrations in
waters of low-to-moderate specific¢ conductances. For
example, at Site 2 boron concentrations of 0.48 mg/L
(7 September 1977), 0.01 mgs/L (2 December 1977), and
0.18 mgsL (10 July 1977) where found in samples of
specific conductances of 190, 540, and 206 FS/cm.

respectively.

4.4.2.4 Mercuxy. The concentration of total mercury
is a very important health factoxr. Unfortunately,
however, analytical methods, including sanmple
preservation and stoxrage, have only recently been
improved to allow the detection of louwer
concentrations.

The total merxcury valﬁes at a feu sites
(e.g., Sites 3, 6, 7, and 11) uwere equal to ox less
than 0.0001 mgs/L, the ARlberta Surface Watexr Quality
Objective. At most of the other sites, the total
mercury concentrations fell between 0.0002 and
0.0004 mgs/L. There were, houever, some unusually high
values; for instance, at Site 372 on 10 September 1976
(0.0036 mgsL), Site 4 on 10 Septemberxr 1976 (0.0043
mgsL), Site 8 on 30 September 1977 (0.0012 mgsL), Site
10 on 1 October 1976 (0.0013 mgs/L), and at Site 12 on
10 Septembexr 1976 (0.0036 mgsL). The fact that most of
these high total merxcuxry values occurred generally in
the autumn of 1976 is worth noting.

Korchinski (in prep.) found total merxrcury
level of 0.002 mgs/kg in the bottom sediment materials

at the mouth of the Muskeg River. TIf this sediment
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value (exceeded by stream samples collected on 10
September 1976 at Sites 372, 4, and 12) is genuine,
then microbial release of mexcury compounds from the

sediments into the stream water would be suspected.

4.4.2.5. Silver. Except for tuwo occasions involving
Site 5 (22 October 1976) and Site 12 (26 April 1977),
when the extractable silver concentrations were

0.010 mgs/L at both sites, all other analyses showed
that extractable silver concentrations uwere egqual to ox
less than 0.005 mgrsL at all sampling times thrxoughout
the watexrshed. This is significantly less than the
0.05 mgsL set for the Alberta Surface Water Quality

Objective.

4.u4.3 Heavy Metals: Variations, Adsorption, and
Complexation

4.4.3.1 Variations

4.4.3.1.1 Cadmium. Almost every water sample collected

at sites 1, 2, 4, 5, 6, 7, &, 10, 11, 13, and 14 for
the analyses of extractable cadmium was less than or
equal to 0.001 mgsL. Cadmium concentrations of

0.002 mg/L were recorded at Sites 2/A, 3, 3/A, 7/A, 9,
and 12; and 0.003 mgs/L recorded at Sites 3 and 3/A.
The highest value recoxded in the study was for Site
7/A (0.006 mgs/L) on 25 February 1977. These louw
results are consistent with othex reports (Finest et
al. 1975) which observed that cadmium undergoes no
labile and rxelatively little nonlabile complexation.
Furthermore, the sediment cadmium concentrations
reported by Lutz and Hendzel (1977) and Korxrchinski (in
prep.) show that cadmium values are very low even in
river bottom and river bank sediment materials
collected from the mouth of the Muskeg River. These

results suggest that adsorption by hydrous metal
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oxides, c¢lay particles, and colloidal organic matter is
probably relatively small as well. Davis and Leckie
(1978) have recently shoun that the adsorption of trace
metals on hydrous oxide surfaces was influenced by,
among others, the ionic¢ strength and the total trace
metal concentration. It is therefore not too
surprising that low cadmium concentrations were also

observed in the sediments.

4.4.3.1.2 Cobalt. The levels of extractable cobalt
concentrations appear very low but uniform; with highex
values occurring in spring and summer. Sites 2/A, U4,
6, 10, 11, and 14 never reported values higher than
0.002 mgsL; Sites 2, 3/A, 5, 8, 9, and 13 reported
values between 0.002 and 0.005 mgsL. Sites 1, 3, 7,
12, and 13/A reported values betuween 0.006 and

0.009 mg/L in July 1976. The only higher reading was
recorded at Site 9 (0.011 mgsL) on 25 January 1977.

The concentrations of cobalt in bottom and
bank sediments, reported by Lutz and Hendzel (1977) and
Koxchinski (in prep.), shouw that cobalt exists at vexry
lou concentrations even at the mouth of the Muskeg

River.

4.4.3.1.3 Chromium(+6). Hexavalent chromium shous

similar low levels and uniformity to that obserxrved for
cobalt. Highexr chromium(+6) values tended to occur
more frequently in the winter.

Sites 2/A, 4, 6, 8, 9, and 11, never reported
values higher than 0.002 mgs/L. Sites 1, 2, 3, 3/, 5,
7, 10, 13/A, and 14 reported values bhetwesen 0.002 and
0.009 mgsL. The only highex readings occurred at Site
12 (0.012 mgs/L) on 4% March 1977; Site 1 (0.016 mgs/L) on
27 July 1976; and Site 14 (0.190 mgsL) on 11 August
1976. The last figure is the only one that exceeds the
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Alberta Surface Water Quality Objective for
chromium(+6) of 0.05 mg/L.

Sediment studies (Lutz and Hendzel 1977) did
not analyse for hexavalent chromium but indicated that
total chromium concentrations in sediments are
significant and comparable to Zh and V and higher than
Ni; but the dissolved forms are much lower than those

of Zn, V, and Ni.

4.4.3.1.4 Lead. The concentrations of extractable lead
in the watershed were generally very low. At Sites 6,
7, 8, 9, and 11, all values uwere equal to or less than
0.003 mgrsL. At sites 2, 3, 3/A, 4, 10, 12, and 14,
concentrations up to, and including, 0.009 mgs/L were
obsexrved. Relatively highexr autumn and winter values
were observed at Site 1 (0.021 mgrsL) on 6 Octobex 1977;
Site 27/R (0.018 mgs/L) on 30 September 1976; Site 3
(0.015 mgrsL) on 8 March 1977; and at Site 13/A

(0.032 mgsL) on 25 October 1976.

The concentrations of lead reported in
studies (Lutz and Hendzel 1977; Koxchinski in prep.) of
bottom and bank sediments gave little indication of the
significance of lead in sediments, but results of the
Lutz and Hendzel study clearly showed significant
levels (with respect to bio-accumulation) of lead in
invertebrates of the Muskeg Rivexr (28 Pg/g of dry
weight) and invertebrates and plankton of other

watersheds within the AOSERP study area.

4.4.3.1.5 Vanadium. Although concentrations of
vanadium are significant in bank sediments (Korchinski
in prep.) and bottom sediments (Lutz and Hendzel 1977)
at the mouth of the Muskeg River, ranking third behind
Fe and Mn, there appears to bhe very little total or

extractable vanadium in the flowing streams.
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This study found the concentrations of total
vanadium at Sites 3, 3/A, 6, 7, 7/A, 8, 10, 11, and 12
to be equal to or less than 0.001 mg/L; concentrations
at Sites 1, 2, 27k, and 5 occasionally rose to 0.002 or
0.003 mgs/L. The only sites where total vanadium
concentrations exceeded 0.003 mQ/L were Site 4
(0.006 mg/L on 10 Septemhexr 1976), Site 9 (0.004% mg/L
on 2% August 1976), Site 13 (0.004 mgs/L on 24% January
1977 and 0.006 mgs/L on 4 Marxch 1377), and Site 14
(0.005 mgs/L on 4 March 1977).

Vanadium and nickel are two of the majox
heavy metal constituents of the Athabasca 0il Sands
(Hodgson 1954); and a vanadium to nickel ratio of 2.4:1

is reportedly characteristic of these Cretaceous oils.

4.4.3.1.6 NicKel. Although nickel is supposed to hold
a relatively constant ratio against vanadium in the oil
sands, because of their similar oxrigin, the amount of
extractable nickel in streams of the Muskeg Rivex
drainage basin seems more variable than that of

vanadium.

Sites 2, 2/A, 3/7A, 4, 11, and 14 reported
nickel concentrations of 0.004 mg/L or less; while
Sites 1, 3, 5, 6, 7, 8, 9, 10, 12, and 13/X reported
values up to and including 0.010 mg/L. The highest
values uere recorded at Site 5 (0.012 mg/L on 7 Maxrch
1977), Site 8 (0.013 mgsL on 18 February 1977), Site 10
(0.015 mg/L on 3 March 1977 and 0.024 mgs/L on 19 July
1977), Site 12 (0.012 mgsL on 4 March 1977), and Site
137/A (0.022 mgsL on 20 July 1977). The last set of
high nickel values exceeds the Alberta Surface Water
Quality Objective value of 0.010 mg/L. It appears that
values of 0.01 to 0.015 mgrsL tended to occuxr in late '
winter or early spring, while the higher figures

(0.02 and 0.024 mgsL) occurrxed in the summex.
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Although the ratio of the concentration of
vanadium to nickel is 1.83:1 in river bank sediments,
the ratio in river bhottom sediments is 4.2:1. This
probably explains why vanadium appears lower and nickel
higher in the stream water at the mouth of the Muskeg

River.

4.4.3.1.7 Coppexr. Copper is found in trace amounts in
all rlants and animal life, and it is believed to be
essential for nutrition.

The concentrations of extractable copper in
stream waters of the Muskeg Rivexr watershed vary from
louws of less than 0.02 mgs/L, observed at Sites U4, 6, 7,
778, 9, 11, and 12, and recommended by the Alberta
Surface Water Quality Objective, to moderate levels
between 0.02 and 0.10 mgsL, obhsexrved during late fall,
winter, and early spring at Sites 1, 2, 277, 3, 374, b5,
8, 10, 137, and 14, Significantly highexr values of
extractable copper were ohsexved at Site 10 (0.102 mg/L
on 25 April 1977), Site 5 (0.120 mgsL on 14 February
1977), and Site 14 (0.250 mgsL on 24 January 1977).

It is probable that the low concentrations of
copper are a result of solubility controls by basic
CuCO3 (or CuS during anoxic conditions). The instances
of higher concentrations cited above may be attributed
to formation of soluble organic complexes of copper
andsor to louwer pH's (e.g., Site 5, pPH 6.9, and Site
14, pH 7.1) which make basic copper caxrbonate more
soluble.

In addition to the relatively higher
concentrations obserxved during baseflow periods,
certain sites recorded moderately high mid-summex
copper values; for instance, Site 1 (0.026 mgs/L on 27
July 1976), Site 278 (0.016 mgs/L on 20 June 1977), Site
2 (0.014 mgs/L on 16 August 1977), Site 3 (0.016 mgsL on
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16 August 1977), and Site 14 (0.013 mgs/L on 22 June
1977). The possible effects of these high midsummer
concentrations on aquatic organisms and nutrient levels
have been discussed in Section 3.

Although dissolved, extractable, and sediment
copper concentrations are relatively low (Lut=z and
Hendzel 1977) at the mouth of the Muskeg Rivex, the
levels in invertebrates and plankton are reportedly

significant.

4.4.3.1.8. Zinc. The concentrations of zinc in
bottom and bank sediments are surpassed only by Fe, Mn,
and V (and possibily Ni), but the dissclved
concentrations rank third, behind Fe and Mn. It
appears that the chemical versatility and biological
significance of zinc, compared to nickel, plays a role
in its relative abundance in streams. The reported
(Lutz and Hendzel 1977) concentrations of z=inc in the
AOSERP study area are at least four times highexr in
invertebrates and three times highexr in plankton than
nickel.

The concentrations of extractable =z=inc¢ in the
Muskeg River drainage bhasin are significantly vaxriable
(Figure 58). Concentrations less than 0.05 mgs/L (the
Alberta Surface Water Quality Objective) were observed
at Sites 2, 27X, 3/A, 4, 5, 6, 7, 7/A, 8, 9, 10, 11,
12, 13, and 14. But, at Sites 1 and 3, higher values
were observed; for instance, at Site 1 on 13 September
1977 (0.091 mgsL) and Site 3 on 16 August 1977
(0.062 mgs/L). On both of these occasions the
corresponding nickel concentrations were less than
0.002 mgs/L.

The possible effect of zine¢ during productive

seasons have bheen discussed in Section 3.
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4.4.3.1.9 Aluminum. Aluminum is a major constituent of
the alumino-silicates, which include feldspars, micas,
and clays, and various oxide and hydroxide mineral
forms (e.g., garnet and turquoise).

The abundance of aluminum is not. however,
reflected in the levels of extractable alumium
concentration ohserved in the present study because
most of the aluminum is held in relatively stable
lattices. These particulate forms cof aluminum still
participate in very significant adsorpticen—desorption
processes relevant to water quality. 8o that, while
the absolute values of extractable aluminum in these
streams may not be vexry impoxtant, the role played by
aluminum hydrous oxides is invaluable.

Genexrally, streams of the watershed showed
high winter concentrations of extractable aluminum, a
sharp decline duxing spring xunoff, and only a slight
recovery during summer and f£fall. Because of the higherx
concentrations in sediments compared to the dissolved
form, slight variations in concentrations, which could
be caused by lack of duplication in sampling, will not
be emphasized. The concentrations of extractable
aluminum at Sites 1, 2/A, 3, 3/A, 4, 5, 6, 9, 10, 11,
12, and 14 ranged from <0.01 mygs/L to 0.40 mg/L.
Concentrations up to 0.51 and 0.60 mg/L were ohserxrved
at Site 2 (24 January 1978) (Figure 59) and Site 7
(24 January 1977), respectively. The highest values
were recorded at Site 8 (1.44 mgs/L on 7 March 1977) and
Site 13/8 (0.90 mgs/L on 28 April 1977). It is,
however, possible that sediments were collected with

these last two water samples.

4.4.3.1.10 Irxon and Manganese. Iron and manganese axe
both essential nutrients for human, animal, and plant-

metabolisms. Fuzthermore, iron and manganese hydrous



153

1T - - i..—l..'1°
A 1 ] I — R S . N
) T -
] - o
L ) - - s
4 -~
[} “ ~ <
\-I. e -~ .J’I.-
] _ A
rlul ] — A|\hl..|v n
H \ i _ e - 0
- Jl— \—t -_
14 1
[N
) (& -
4] ‘ i <
] | -
\\-J \\\ - \\\j =
- - - -
-~ - - -
4 - - -
7 P -y - L
\\\ Codl tI.Uu\\\\ | Pt t
< -~ <2 | | \ﬁ d -a A—u A |
S St Bt oy -+, 4 4 i e .
- - -
lllr ind- T l'lllll I!llllll.b
-~ \ ~ 1l z
I~ 14 -4
4 N 1o
(B — —3
3 “ 3 e
.. ! 1<
7 —1 1 25
] ' I
p N N P 0 [ . i- ~
v ] T- &
\) 1 4 2 o
.o ' ——+ — — e et — -
[}
\\“l. - - \-; RN N W N S G - - UL Sl a3
- # -
¢ -
% - 1o A/;Lr <
-
= - — \-II. 4 Illallv-
- - g
N B L, -s” |- "
ol = o < -y
S~ ~
sS3 ~ - — S
cedo III S Q A
- — —f b N
~~ ~ - *r
~—. N I |z
+ 4 — F- 1 = 1\ N p— — ()
’
) ‘1o
’ e - !
\mmamm ) - F
o. I I/ . \\\I -
o . - 111 II.A
- |y A ©
o
' L -
* . » N4 o - = o © o (-] o o o

6 o 6 6 o ©0 o

(71/0w) SNYOHASOHd WIOL  (71/Bu)ISINVONYN

(1/0w) NONI

(1/0w) QIOV JINNH

(71/6w) NANINNTY

Variations in the concentrations of water quality parameters (Fe,Mn,

Al, Total phosphate phosphorus,and Humic acid), Site 2.

Fig.59.



154

oxides participate in the adsorption reactions
described for aluminum.

The concentrations of extractable manganese
vary from lous of 0.003 mgs/L to highs of 1.0 mgsL at
Sites 1, 2/&, 3, 3/A, 4, 5, 6, 7, and 10; the higher
values being observed at Sites 1 and 3/A.

A few significantly higher manganese
concentrations were recoxded at Site 2 (2.15 mg/L on
2% Januarxry 1978) (Figure 59); Site 8 (2.10 mgs/L on
7 March 1977); Site 9 (1.50 mgs/L on 24 August 1976 and
3.50 mgs/L on 25 January 1977); Site 11 (1.55 mgs/L on
25 January 1977); Site 12 (6.10 mgsL on 4 March 1977);
Site 13/hA (7.95 mgs/L on 24 January 1977 and 1.48 mg/L
on 4 March 1977); and at Site 14 (5.15 mg/L on
24 January 1977 and 7.00 mgs/L on 4 Maxrch 1977). These
high values could easily be caused by sediments in the
sample. Lutz and Hendzel (1977) reporxrted dissolved
manganese concentrations of only 0.031 mgsL at the
mouth to the Muskeg River; Korchinski (in prep.)
reported manganese concentrations of 350 mgs/kg in
bottom sediments and 420 mgs/kg in bank sediments.
Thus, it would not take much sediment to increase the
concentration of extractable manganese.

Except foxr the much-elevated levels, the
concentrations of extractable iron follow (Figure 59)
pqtterns parallel to those of manganese foxr each
station; genexally high in the wintexr and relatively
constant from spring to fall.

It appears that the 0.3 mgsL level,
established for iron as the Alberta Surface Water
Quality Objective, was exceeded at least once at each
site in the watershed. The highest values wezre
recorded at Site 8 (12.2 mgs/L on 7 Maxrch 1977); Site 9
(13.0 mg/L on 25 January 1977); Site 1372 (28.0 mgs/L on
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24 January 1977 and 43.5 mgs/L on % March 1977); and at
Site 14 (15.0 mg/L on 4 March 1977).

It is prohable that complexing interactions
invelving humic¢ compounds and other donor species in
these streams would add to the level of dissolved izon
and manganese. Unfortunately, trends in humic acid
concentrations (Figure 59) shouwed no correlations with
those of extractable iron or manganese.

Lutz and Hendzel (1977) reported that the
weight of iron in filtered watexr sample from the Muskeg
River at the mouth was only 0.718 mgs/L while the
unfiltered sample contained 0.756 mg/L. hese results
are consistent with the median value of 0.77 mg/L
reported in the Korchinski (in prep.) study. It is
most prohable, therefore, that the very high values
reported in this study are due to particulates in the
samples.

As indicated in Section 3, ixon, phosphorus,
and (to a lessexr extent) aluminum are transported into
streams in the form of particulate matterx. Figuxe 59
suggests similar trends in the concentrations of iron
and total phosphate phosphozus.

The relationship between the concentratiocns
of irxrcen and stream dischaxge (Figure 60) was checked
and found to he very poor, although the data seem to
suggest that the concentrations of iron are generally
higher during low streamflow and lower duxing high
flow. The occurrence of high irxon concentrations during
high flow and storm runoff events can he attributed to

sediments carried in suspension.

4.4.3.2 Adsorption

4.4.3.2.1 Peat Moss. Coupal and Lalancette (1976)
recently studied the treatment of waste waters

containing heavy metals, (Hg, Cd, Zn, Cu, Fe, Xi,
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Cx(+6), Cx(+3), Ag, and Pb), cyanide, phosphate,
organic matters (e.g., oils), detergents, and dyes, by
contact with peat moss. The above study is
particularxly relevant to the Muskeg River basin because
of the predominance of muskeg. Peat moss contains
lignin and cellulose as major constituents. These
constituents, especially lignin, have polar oxrganic
functional groups (alcohol, aldehyde, Ketone,
carboxylic acid, phenolic hydroxide, and ether) that
can be involved in bonding interactions with metals and
polar organic molecules.

The range of concentrations of tannin and
lignin reported for all sites in the Muskeg River basin
was very narrouw. The concentrations varied from lows
of between 0.08 to 2.2 mgrsL to highs of 1.3 to
3.05 mgsL; the lowest values occurred at Site 374 (0.2
to 1.3 mgsL), and the highest values at Site 11 (2.2 to
3.05 mgs/L).

The study by Coupal and Lalancette (1976)
also noted that the capacity of peat to retain cations
is related to the pH of the solution. At pH's above
8.5, peat itself is not stable; while at pH's belou
3.0, most metals will be leached from peat. But,
between these values, peat is very efficient at
adsorbing most metals. Thus, the adsocrption or release
of heavy metals in muskegs could be greatly influenced
by pH controlled conditions of peat moss.

As indicated in the discussions of certain
metals, variations in concentrations could therefore
result from microbial degradation processes which louer
the so0il pH to around pH 3, thus allowing metals to be
leached out of peat moss.

Analyses of soils (mostly oxganic materials)
collected from three sites in the Muskeg River basin

gave total cation exchange capacities (TEC) (Table 2)



158

ranging from 0.4 to 18.8, and soil pH values (4.0 to
5.9) which clearly indicate that heavy metal
concentrations could be influenced by the adsorption

and release from peat moss.

4.4.3.2.2 Particulates and Sediments. Evidence Ffox the

movement of trace metals from dissolved to particulate
phase, due to sorption by Fe and Mn hydrous oxides and
clay particles and uptake by phytoplankten, has been
reported in the literature (Grieve and Fletcher 1877;
Gilbert et al. 1976) and cited in this report.
Generally, low dissolved trace metal concentrations are
associated with sorption, while zesuspension of
sediments by currents and wind is considered the major
influence on the distrxibution. Precipitates of Fe and
othexr metals (Mn and Al) also influence the
distribution of nutrients, for instance, by scavenging
o-Pou from solution leaving little available for
algae. Although side-by-side plots of Fe, Mn, and tetal
phosphate phosphorus (Figure 5%) in the present study
appeared to suggest coxrrelations between these metals
and tctal phosphate phosphorus, efforts to find direct
correlations proved abortive.

Davis and Leckie (1978) found that, in the
presence of complexing inorganic¢ ligands (e.g., Cl-,
CN-, 52032', etc.), adsorption of heavy metals and
trace metals (Cu, Pb, Hg, C€d, Zn, and Ag) on amorphous
iron oxide was decreased and desorption increased where
formation in solution of stable complexes is possible.
These authors also considered the role of natural
organic matter (e.g., humic compounds) in affecting the
distribution of trace metals, since a significant
fraction of the metals in the water and sediment phases
is often associated with organic matter. Although

little is known about the adsorptive characteristics of
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oxide surfaces modified by adsorbed organic compounds,
-recent studies (Green and Manahan 1977; Guy et al.
1975) have shown that most metal ions are more strongly
absorbed on colloidal humiec and fulvic acids than on
oxide surface sites. The study of the effects of
oxganic complexing ligands with chemical structures and
functional groups similar to naturally occurring
organic compounds (especially humic materials) found
that complexation, surface bonding, and the orientation
of an absorbed ligand(s) are alsc important factors in
determining the overall effect on metal uptake by
hydrous oxides.

Unfortunately, the present study did not
collect enough relevant data to allow definitive
statements to be made regarding particulate metal

forms, levels, and transport processes.

4.4.3.4 Complexation. O0'Shea and Mancy (1978)
studied the competitive intexactions between the
hardness metal ions (Ca*Z? and Mg*?) and five trace
metals [Bi(III), €Cd(II), Cu(II), Pb(II), and T1(I)] for
hydroxo—- and carbonato-ligands at pH 6, 7, and 8 and
under conditions simulating natural aquatic
environment. In the absence of calcium ions, these
metal ions interacted (extent increased with pH) with
the ligands, mainly 0032' ion, to produce predominantly
non-labile complexes. Specifically, for copper and
lead, the effect of non-labile complexation
predominated at pH 6 and 7 while the significance of
labile complexes increased between pH 7 and 8. The
overall result (pH 6 to 8) indicates that, of the five
trace metals, coppexr was the most extensively
complexed; Cd(II) and T1(IXI) are the. least complexed.
The significance of labile complexration (at

pH between 7 and 8) for Zn, Pb, and Cu, in a
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rredominantly bicarbonate medium, such as exists in the
Muskeg River watershed. suggests that the concentration
of these, and cthex ions that hehave similarily, should
show some relationship with specific conductanca, since
both are high during baseflow and low during suxface
runoff. Correlations uwere attempted at a selected
number of sites. The results appeared to suggest that
some relationships probably exist. The corxrrelations
also implied that best fits probably occur for metals
that exist in predominantly ionic metal (oxr metal
complex) forms (e.g., M*Z, M(HCO4)*, M(OH)*Y, etc.) and
that deviations would occur when complexation,
adsoxrption, or precipitation predominates.

Thus, in a predominantly inorganic system, at
pH's above pH 7, Cu, Zn, and Pb would be expected to
stay in solution in the ionic form or as labile
complexes.

The major fraction of dissolved organic
matter in muskeg waters is composed of humic compounds
and products of their decomposition (Gjessing 1976;
Shuman and Woodward 1977). Metalo-fulvic acid
complexes were demonstrated by Schnitzer and Hansen
(1970) to exist in soils. These authors found "3:1
molar Fe(IIXI)- and A1(ITI)-fulvic acid complexes" in
their s0il sample. Schnitzer and Khan (1972) also
found that orthophosphate ions could be linked to the
metal that is complexed to the fulvic acid because the
metal content of these complexes increased with the
rhosphate content. They noted that these intexactions
are generally so strong that it is generally difficult
to obtain humic substances free of salts, clays and
complexed metals.

Attempts (Figure 61) to correlate dissolved
or extractable metal (Fe, Al, Mn, Zn, and Cu) icn

concentrations with humic acid, fulvic acid, total
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phosphate phosphorus, or dissolved (and total) organic
carbon concentrations at all sites failed to give any
definite correlation. Sources of this probhlem have
already been identified as being: firstly, the presence
of sediments in samples; secondly, the pooxr humic acid
analysis results obtainable from samples containing
iron in concentrations greater than 1.0 mgr/L; and
thirdly, the fact that humic compounds, and their
decomposition products, have varying complexing
capacities and molecular weights, so that correlations
may not occur in the presence of varying concentrations
and formulations.

Schnitzer and Skinner (1966, 1967)
investigated the interactions between fulvic acid and
metals [Cu(II), Fe(II), 2Zn(IXI), PbL(II), KRi(II), Mn(II),.
Co(IX), Ca(II), and Mg(II)] which are Kknown to eoccur in
soils. They found that the overall orxder of
stabilities of complexes formed betuwsen fulvie acid and
the nine divalent metal ions, at pH 3.5 and pH 5.0,

deviated significantly from the Irving-Williams series:
Pb>Cu>Ni>Co>Zn>Cd>Fe>Mn>Mg.

(Izxving and Williams 1948). Enother study (0'Shea and
Mancy 1978) found that the interaction between trace
metal ions and humic acid in a carbonate medium behaved
individualistically and that there appeared to be no
correlation betuween the oxidation state of the metals
and their behavior toward complexing oxrganic matter.
Furthermore, they observed that calcium associated to a
relatively higher degree with humic substances at or
above pH 3; and indicated that when trace metals are
introduced to a natural carbhonate water containing both
humic substances and calcium, most metal ions [except

ions like CA4(II)] bind to the non-labile sites (and
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might release calcium from these sites) but are unable
to complex with the labile sites.

The findings of these studies appear to
indicate that in natural carhonate water, especially
between pH 6 and 7, containing humic substances,
calecium, and most metal ions, the metal ions would bind
to non-labile sites. Thus, attempts to remove humic
compounds from samples during analysis could alsoc have
removed large amounts of metals. This possibility calls
for more detailed investigations of methods used in

studying metal speciation and distribution processes.

4.5 SUMMARY

This report has documented sources,
concentrations, and probable significance of heavy
metals in strxeams of the Muskeg River watershed. In
addition to identifyving seasonal patterns and extremes,
it attempted to give gualitative evaluations of
significant interactions {(adsorption, complexation,
etc.) involving heavy metals. Unfortunately,
information on ionic, adsorbed, or complexed (with
organic ligands) metal forms cannot be extracted frem
the analyses of total or extractahle metals.

While the original ohjectives for the study
were adequately met, the sampling, sample preservation,
and analysis methcds employed limit the usefulness of
the data. Extensive studies designed to identify metal
speciation and distribution processes and to understand
the adsorptive characteristics of adsorbed organic

compounds would have been more xevealing.
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RECOMMENDATIONS
The findings of this study indicate the

areas of recommended researxch:

1. Investigate possible improvement of
sample preservation and analyses for sulphate
and sulphide; .

2. Identify sources and seasonal hydrologic
interactions between surface and groundwaterx
flows in sub-basins within the AOSERP study
area, since proposed o0il sands developments
could cause dewatering operations and natural
groundwater flows to drastically affect fresh
watexr aquifer zones;

3. Work toward a longer history of baseline
water quality data to help identify
significant time dependent effects (e.g.,
degzadation or improvement in chemical
quality) on streamfliow related relationships,
and from which to draw meaningful
conclusions. Project HY 2.5 was reduced from
a 24 to a 12 month study;

q. Investigate the physical and chemical
mohility of inorganic¢ phosphorus in sediments
to facilitate the evaluation of the impact of
study area bottom sediments on the phosphorus
status;

5. Investigate and develop a suitable model
to describe all decomposition processes. A
model that would accommodate the varying
contributions of the major processes of
decomposition; such as leaching and micxrobial
and invertebrate processes. The development

of such a model might regquire:
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(a) determining the rate of breakdown (as
measured by the dry uweight loss) of
leaves;

(b) determining the role of stream
invertebrates in the decomposition; and

(¢) determining the nutrient changes in the
decomposing litter:;

6. Identify lipophilic orxrganics present in

AOSERP study area waters, and biomonitoxr and

document the uptake ratios and concentrations

of these compounds and of toxic metals along
the food chain;

7. Identify the biological species and

mechanisms controlling metal speciation,

especially where potentially toxic metals are
involved, since seasonal trends in cextain
metals have identified possible biological
controls on their seasonal patterns;

8. Describe metal speciation and

distribution in an attempt to categorize the

roles of certain types of complexing ligands
and their probable significance in
controlling the distribution of trace metals:;

and

9. Design (by use of most appropriate
analytical techniques, including extracting
agents) studies to identify metal forms
(e.g., absorbed metals versus metals
associated with the c¢rystalling structure of
particles), oxidation states, and the nature
of the carrying compounds (or transport

association).
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7. APPENDICES
7.1 HYDRAULIC CHARACTERISTICS OF CHANNEL
Site 1. Gentle slope upstream from site, irregular

bottom profile, moderate velocity, water

surface usually below banks.

Site 2. Gentle to moderate flow through a meadering
reach, beaver dams (log jam), deep narrouw
channel during lou flow (rapids douwnstream

of site).

Site 2/7A. Moderate slope, moderately high stream

velocity, turbulence caused by rapids.

Site 3. Pooxrly defined muskeg channels, bhack-ups,
very, very gentle flow, downstream and
upstream beaver dam causing overflow into

diversions.

Site 3/R. Narrow channel, regular spillages, vexy
gentle flow, very flat channel slope, f£low

orginating from flat bog.

Site 4. Very flat, lou channel slope, frequent

overbank spillages, bog, deep heaver dams.

Site 5. Channel cuts through sedgesmoss bhog,
numerous heaver dams and logs, very mild

channel slope, frequent overflows.

Site 6. Very low slopes, shallow channel (slight
possibility of back-ups), moderate £flou

velocity.

Site 7. Rough and steep c¢channel, minor rapids, lou

sloping upstream reach.



Site

Site

Site

Site

Site

Site
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11.

12.

1378,

4.
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Low to moderate flow, narrow creel, erosion

evident.

Very gently slopes, beaver dams, active

erosion evident.

Very shallow channel, very slow moving
(through a gentle sloping channel in a

muskeg). Generally ice-free in winter.

One of two shallow channels located on a
muskeg covexed alluvial fan, gentle flouw,

occasional back-ups from the lale.

Shallocw channel, steep gradient, channel
houlders cause rarpids. Beaver dams
downstrxeam from site cause occasional back-

ups.

Shallow channel, moderate-to-high flouw
velocity controlled by a beavar dam
upstream, with frequent back-ups and

diversions.

Shallow (log straddled) channel, very steep

gradient, active sand movement in channel.

For more detaijled descriptions of sub-

basins and hydraulic¢ characteristics, including

rhotographs,

the reader is referzed to the report by

Froelich (in prep.).



174
7.2 DESCRIPTION OF SOIL TYPES

1. Moss Boq forms on peat in locations uhere
the water table is at oxr near the surface in the spring

and slightly below the remainder of the year.

2. Fen Bog foxrms on relatively open peatlands
where mineral rich water tables is at or near the

surface frequently.

3. Peaty Glevsol foxrms on water-logged

(roorly drained) areas and generally have organic

surface layers.

L. Orthic Grey Luvisol develops, in the lowerx

horizons of well-to-imperfectly drained areas, whzare
clays (and other associated medium-to-fine-textured
colloidal matexrials) and base saturated paxent
materials under forest cover have interacted with the
product of the leaching of the socluble decomposition

products of forest litter.

5. Brunisolic soils have a high degree of
base saturation and a lack of well developed minerxral-
organic surxface horizon.

(a) Eluviated Eutric Brunisoel develops on

rapidly—-to-moderatley well-drained coarse-
textured glaciofluvial deposits.

(h) Gleved Fluviated Futric Brunisol

develops in imperfectly drained areas.

6. Gleved Rogosol axe mineral soils formed in

the louwexr horizons (¢ horizon) in well-to-imperfectly
drained areas and have characteristics of the parxent

materials.
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Table Bed material sizme distribution (Z%).
Site # Gravel Sand Silt Clay Orxganic
1 90(coazxse) 10 - - -
2 - 99 1 - -
274 100(laxge) - - - -
3 - 38(£fine) 58 4 -
373 - - - - 100
4 - - - - 100
5 - 40(£fine) 60 - -
6 6(fine) 9y - - -
7 45 55(coarse - - -
to mediun)
8 - 94(£fine) 3 3 -
9 - 35 27 35 -
10 - - - - 100(loose)
11 - 35(£fine) 65 - -
12 large 60(fine) 35 5 -
boulders
1374 - 42(£fine) 34 14 -
14 3({£fine) 95 2 - -
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7.3 METHODS AND SOURCES OF DATA
7.3.1 Field Sampling

Field data collection and analyses included
measurements of water quality parameters (pH, dissolved
oxygen, temperature, and specific conductance) carried
out by prroject personnel at the sampling site.

The collection, preservation, and shipping
of watex samples collected forxr this project folloﬁed
procedures outlined in Watexr Survey of Canada (1978)
sampling manual, except as noted in the presexvation
pxocedures (Appendix 7.4).

Preservative chemicals used to avoid change
in one or more constituents during shipment fron
sampling site to laboratoxry; and sample containers
(glass, plastic, oxr other bottles) wexe supplied by
Chemex Laboratories (Alberta) Ltd., Calgaxy.

7.3.2 Analytical Methods and Detection Limits

Since immediate analysis of some
constituents was required, samples were air freighted
to Chemex Laboratory as soon as possible. The
analytical methods and detection limits used for the
set of watexr gquality parameters used in this study axe
given on Tabhle 18. The NAQUADAT code numbers refex to
standard analytical prxocedures (refer to Methods Manual
for Chemical Analysis of Water and Wastes, Alberta

Environment, for furthex detail).
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Total Inorxganic C

Total Diss. Org.

NO, ™~ + NOS' Nitrogen

2

06051
06101
07110

.5
.5

mgs/l as C

mg/L as C

0.003 mgs/L as N

Table 18. Methodology and detection limits.
Naquadat Detection
Parameter Code Limit
Calcium 20103 L 0.001 mgs/L as Ca
Magnesium 12102 L 0.05 mgs/L as Mg
Sodium 11102 L 0.05 mgs/L as Na
Potassium 19102 L 0.05 mg/L as K
Chloride 17203 L 0.1 mgrsL as Cl
Sulphate 16306 L 1.0 mgsL as S0,
Total Alkalinity 10101 L 0.5 mgs/L as CaCoO,
pH 10301 L 0.01 pH Units
Carbonate 06301 L 0.5 mgsL as CO,
Bicarbonate 06201 L 0.5 mgs/L as HCO4
Total Hardness 10603 L 0.5 mgs/L as CaCOgj
Silica 14101 L 0.2 mgsL as Sio0,
Conductance 02041 L 0.2 P8/cm
Colour 02021 L 5 Pt Co color units
Tannin & Lignin 06551 L 6.1 mgsL
Total Filt. Residue 10451 L 1.0 mg/L
Total Filt. Residue 10551 L 1.0 mg/L
Toigiegon Filt. 10401 L 0.4 mgs/L
Total Non Filt. 10501 L 0.4 mgs/L
Fixed

Turbidity 02073 L 0.1 JTU
Humic Acids 06581 L 1 mgrs1l
Total Organic C 06001 L 0.5 mgs1 as C

L 0

L

L

L

Ammonia Nitrogen

07555

0.01 mgsL as N

Continued....
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Table 18. Concluded.

Parameter Na%gggat Defigzion
Toﬁg%rﬁjgidahl 07013 L 0.01 mgsL as N
Total Phosphorous 15406 L 0.003 mgs/L as P
Oxrtho-Phosphorous 15256 L 0.003 mgs/L as P
Phenol 06532 1 0.001 mgs/L as phenol
0il & Grease 06521 L 0.1 mg/L ‘
Sulphide 16101 L 0.05 mgsL as S§-
Cyanide 06603 L 0.01 mgsL as CN-
Chloxophyll A 06771 L 0.001 mgrsL

Chem. Oxy. Demand 08301 L 1 mgs/L as O,
Cadmium 48302 L 0.001 mgs/L as Cd
Hexavalent Chromium 24101 L 0.003 mgs/L as Cr*®
Copper 29304 L 0.001 mgs/L as Cu
Iron 26304 1, 0.01 mgsL as Fe
Lead 82302 L 0.002 mgsL as Pb
Manganese 25304 L 0.001 mgsL as Mn
Titanium N.A. 0.05 mgs/L as Ti
Zinc 30305 1 0.001 mgs/L as 2Zn
Vanadium 23002 L 0.001 mgrsL as V
Selenium 34102 L 0.0002 mgsL as Se
Mercury 80011 L 0.0001 mgsL as Hg
Arsenic 33014 1, 0.0002 mg/L as As
Nickel 28302 L 0.002 ng/L as Ni
Aluminum 13302 L 0.1 mgsL as Al
Cobalt 27302 L 0.002 mgsL as Co
Boron 05105 L 0.01 mgsL as B
Silver 47302 L 0.001 mgsL as Ag
Ion Balance 00102 L -
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REGIONAL WATER QUALITY SAMPLING SHEET
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REMARKS - PROBLEMS IN SAMPLING ~--- etc.

A.0.5.E.R.P. REGIONAL WATER ITY SAMPLING SHEET: PROJECT
SAMPLED BY:
STATION DESCRIPTION:
sTarzon -sawrs coves 0, T ST
DDMMYYhhuem
SAMPLING SITE: (date) (time)
Access: ters upst from gauge.
Sy — g e ———————— ters d tream from o el
cableway 97251F meters from surface.
boat 97206F meters from right bank facing downstream.
ice cover 97202F meters from left bank facing downstream.
Suspended Sediment Sample? ____ Discharge (flow rate) instant. 97161F.
Stage (lake level). 8. T —
EFIELD PARAMETERS: 02061F temperature (°C) 10301F pH
02041F specific duct 08102F dissclved oxygen.
WEATEER CONDITIONS: Air temp. % Barometric Pr . om Hg.
Cloud cover s Precipitation Wind (speed//direction)
NMBER  SYMBOL TYPE PRESERVATION PARA'ETERS TO BE ANALYZED
R 1 litre None I Iul ___c.' Na, K, __Se, __ A=
plastic Mg, _Cl_ ¥ __silica
Sulphnf.c. COnducemee ’

T Alkalinity, _  pH.

61 32 oz glass None !L_Ian odor, _ color, ___ Turbidity

i —Tannin & Lignin, ___ Sulfactants
. . Dissolved solids*, ___ Cr (+6),
i - Susp. solids*, ___ Humic Acids,
—wPulvic acids. (* total & volatile)

. 1 litre 2.5ml conc || M1 __cop, __Total Kjeldehl,
62 plastic H80, __MA_-N, __Total Phosphorous,
06 32 oz glase | 2.5 ml Conc 8,50, i Cil and Greases
T om Cuso, and
p 32 oz glass | 2 ml 8S5% H,P0, Phenols.
NC 5 oz plastic None I lau —0-PO,, __NO,-N_NO,-N

Total inorg. C, Total org. C,
Total dissolved orxg. C,

1 litre 10ml Conc. l IAII cd, __Cu, __Fe, _V,
M plastic (add after sqitng W, __2n, __ A, __m,
- — g, __Co, ___B, __
T Ni, __Be, __
7 oz Pyrex 2 ml sol, of 0.5¢ .
He bottle |HNO. & 0.5% . Mo CUTY
(aad after
Cy 250 m1 plastic) y ml 6N NaCH Cyanide
S 5 oz plastic |2 ml 1M 2nAc Sulphide
CH 32 oz plastic |1 ml 108 NgCO, Chlorophyll waw
PHH | 40 oz wips,,, | Bona, oo m} s Total Bydrocarbon

NOTE: FILL BOTTLE TO 90% CAPACITY. 1oxx.-b lor to or scon aft samples
Tenclose a duplicate copy of each sampling she p§ after shippiog
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1976 AND 1977 FLOWS FOR MUSKEG RIVER BASIN STUDY
SITES
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AOSERP RESEARCH REPORTS

AOSERP First Annual Report, 1975
AF 4.1.1 Walleye and Goldeye Fisheries Investigations in the
Peace-Athabasca Delta--1975

N -
L) L]

3. HE 1.1.1 Structure of a Traditional Baseline Data System

4, VE 2.2 A Preliminary Vegetation Survey of the Alberta 0il
Sands Environmental Research Program Study Area

5. HY 3.1 The Evaluation of Wastewaters from an 0il Sand
Extraction Plant

6. Housing for the North--The Stackwall System

7

. AF 3.1.1 A Synopsis of the Physical and Biological Limnology
and Fisheries Programs whithin the Alberta 0il Sands
Area
AF 1.2.1 The Impact of Saline Waters upon Freshwater Biota
(A Literature Review and Bibliography)
9. ME 3.3 Preliminary Investigations into the Magnitude of Fog
Occurrence and Associated Problems in the 0il Sands
Area
10. HE 2.1 Development of a Research Design Related to
Archaeological Studies in the Athabasca 0il Sands
Area
11. AF 2.2.1 Life Cycles of Some Common Aquatic Insects of the
. Athabasca River, Alberta
12. ME 1.7 Very High Resolution Meteorological Satellite Study
of 0il Sands Weather: ''A Feasibility Study"
13. ME 2.3.1 Plume Dispersion Measurements from an 0il Sands
) Extraction Plant, March 1976
y .

15. ME 3.4 A Climatology of Low Level Air Trajectories in the
Alberta 0il Sands Area

16. ME 1.6 The Feasibility of a Weather Radar near Fort McMurray,
Alberta

17. AF 2.1.1 A Survey of Baseline Levels of Contaminants in Aquatic

Biota of the AOSERP Study Area

®

18. HY 1.1 Interim Compilation of Stream Gauging Data to December
1976 for the Alberta 0il Sands Environmental Research
Program

19. ME 4.1 Calculations of Annual Averaged Sulphur Dioxide
Concentrations at Ground Level in the AOSERP Study
Area

20. HY 3.1.1 Characterization of Organic Constituents in Waters
and Wastewaters of the Athabasca 0il Sands Mining Area
21. AOSERP Second Annual Report, 1976-77
22, Alberta 0il1 Sands Environmental Research Program Interim
Report to 1978 covering the period April 1975 to November 1978
23. AF 1.1.2 Acute Lethality of Mine Depressurization Water on
Trout Perch and Rainbow Trout
24, ME 1.5.2 Air System Winter Field Study in the AOSERP Study
Area, February 1977.
25. ME 3.5.1 Review of Pollutant Transformation Processes Relevant
to the Alberta 0il Sands Area
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26. AF 4.5.1 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 |:
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 |

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

4o. 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

42, TF 1.1.4 Analysis of Fur Production Records for Registered

Traplines in the AOSERP Study Area, 1970-75

k3. TF 6.1 A Socioeconomic Evaluation of the Recreational Fish
and Wildlife Resources in Alberta, with Particular
Reference to the AOSERP Study Area. Volume |: Summary
and Conclusions

4y, 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 Iinterim Report on a Hydrogeological Investigation of
the Muskeg River Basin, Alberta

49. 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 0il Sands
Extraction Plan, June 1977
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53. HY 3.1.2 Baseline States of Organic Constituents in the
Athabasca River System Upstream of Fort McMurray

5. wS 2.3 A Preliminary Study of Chemical and Microbial
Characteristics of the Athabasca River in the
Athabasca 0il Sands Area of Northeastern Alberta

85. HY 2.6 Microbial Populations in the Athabasca River

56. AF 3.2.1 The Acute Toxicity of Saline Groundwater and of
Vanadium to Fish and Aquatic Invertebrates

57. LS 2.3.1 Ecological Habitat Mapping of the AOSERP Study Area
(Supplement): Phase |

58. AF 2.0.2 Interim Report on Ecological Studies on the Lower

Trophic Levels of Muskeg Rivers Within the Alberta

0il Sands Environmental Research Program Study Area

1 Semi-Aquatic Mammals: Annotated Bibliography

1.1 Synthesis of Surface Water Hydrology

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

59. TF 3
1
L
62. TF 5.1 Amphibians and Reptiles in the AOSERP Study Area
3
2

60. WS
61. AF

63. ME 3.8.3 Analysis of AOSERP Plume Sigma Data

64. LS 21.6.1 A Review of the Baseline Data Relevant to the Impacts
of 0il Sands Development on Large Mammals in the
AOSERP Study Area

65. LS 21.6.2 A Review of the Baseline Data Relevant to the Impacts
of 0il1 Sands Development on Black Bears in the AOSERP
Study Area

66. AS 4.3.2 An Assessment of the Models LIRAQ and ADPIC for
Application to the Athabasca 0il Sands Area

67. WS 1.3.2 Aquatic Biological Investigations of the Muskeg River
Watershed

68. AS 1.5.3 Air System Summer Field Study in the AOSERP Study Area,

AS 3.5.2 June 1977

69. HS 40.1 Native Employment Patterns in Alberta's Athabasca 0il
Sands Region

70. LS 28.1.2 An Interim Report on the Insectivorous Animals in the
AOSERP Study Area

71. HY 2.2 Lake Acidification Potential in the Alberta 0il Sands
Environmental Research Program Study Area

72. LS 7.1.2 The Ecology of Five Major Species of Small Mammals in
the AOSERP Study Area: A Review

73. LS 23.2 Distribution, Abundance and Habitat Associations of
Beavers, Muskrats, Mink and River Otters in the AOSERP
Study Area, Northeastern Alberta

- -- Interim Report to 1978
74. AS 4.5 Air Quality Modelling and User Needs
75. WS 1.3.4 Interim report on a comparative study of benthic algal

primary productivity in the AOSERP study area
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76. AF 4.5.1 An Intensive Study of the Fish Fauna of the
Muskeg River Watershed of Northeastern Alberta

77. HS 20.1 Overview of Local Economic Development in the
Athabasca 0il Sands Region Since 1961.

78. LS 22.1.1 Habitat Relationships and Management of Terrestrial
Birds in Northeastern Alberta.

79. AF 3.6.1 The Multiple Toxicity of Vanadium, Nickel, and

~ Phenol to Fish.

80. LS 22.3.1 Biology and Management of Peregrin Falcons
(Falco peregrinus anatum) in Northeastern Alberta.

81. LS 22.1.2 Species Distribution and Habitat Relationships of
Waterfowl in Northeastern Alberta.

82. LS 22.2 Breeding Distribution and Behaviour of the White
Pelican in the Athabasca 0il Sands Area.

83. LS 22.2 The Distribution, Foraging Behaviour, and Allied
Activities of the White Pelican in the Athabasca
0il Sands Area. :

These reports are not available upon request. For further information
about availability and location of depositories, please contact:

Alberta Oil Sands Environmental Research Program
15th Floor, Oxbridge Place

9820 - 106 Street

Edmonton, Alberta

T5K 2J6
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included in Alberta Environment and Sustainable Resource
Development's Copyright and Disclosure Statement, see terms at
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requires the following identification:

"The source of the materials is Alberta Environment and Sustainable
Resource Development http://www.environment.gov.ab.ca/. The use
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or endorsement by the Government of Alberta. Reliance upon the end
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