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ABSTRACT 

Bodaly, R.A., N.E. Strange, R.E. Hecky, R.J.P. Fudge, and C. Anema. 1987. 
Mercury content of soil, vegetation, lake sediment, net plankton and 
forage fish in the area of the Churchill River diversion, Manitoba, 
1981-82. Can. Data Rep. Fish. Aquat. Sci. 610: iv + 33 p. 

This study was undertaken to determine possible relationships between 
background (soil, sediment and vegetation) mercury concentrations, forage fish 
mercury levels, the amount of depletion of mercury in flooded soil and 
associated limnological parameters at various sites on and near the Churchill 
River diversion, northern Manitoba. In 1981, 13 sites (11 flooded, 2 
unflooded) were sampled for sediment, flooded and unflooded soil, populations 
of small fish and limnological parameters. In 1982, seven sites (five 
flooded, two unflooded) were sampled for flooded and unflooded soil and 
populations of small fish. This report presents data for the mercury 
concentrations in these samples and some correlation coefficients between 
various quantities. 

Key words: mercury; reservoirs (water); flooding; soils; moss; vegetation; 
sediments; spottail shiner; limnology; pH; chlorophyll; 
temperature (water); primary productivity; oxygen; dissolved ions. 

RtSUMt 

Bodaly, R.A., N.E. Strange, R.E. Hecky, R.J.P. Fudge, and C. Anema. 1987. 
Mercury content of soil, vegetation, lake sediment, net plankton and 
forage fish in the area of the Churchill River diversion, Manitoba, 
1981-82. Can. Data Rep. Fish. Aquat. Sci. 610: iv + 33 p. 

Cette ~tude a ~t~ entreprise en vue de d~terminer les rapports qui 
pourraient exister entre les concentrations de mercure de fond (sol, s~diment 
et v~g~tation) le niveau de mercure dans le poisson alimentaire, la quantit~ 
de mercure que lib~rent les sols inond~s et les param~res limnologiques sly 
rapportant a divers endroits dans le nouveau cours du Churchill, dans le nord 
du Manitoba, et dans se environs imm~diats. En 1981, il Y a eu dans 13 lieux 
(11 inond~s et 2 non inond~s) pr~l~ement de s~diments, de terre dans des 
endroits inond~s et non inond~s, de sujets parmi les populations de petits 
poissons et contrOle des param~res limnologiques. En 1982, il Y a eu 
pr~l~vement d'~chantillons de terredans des endroits inond~s et non inond~s 
ainsi que de sujets parmi les population de petits poissons dans sept lieux (5 
inond~s et 2 non inond~s). Ce rapport pr~sente les donn~es sur les 
concentrations de mercure dans ces ~chantillons et des coefficients de 
corr~lation entre diverses valeurs. 

Mots-cl~s: mercure; r~servoirs (d'eau); inondation; sols; mousse; v~g~tation; 
s~diments; queue ~ tache noire; limnologie; pH; chlorophylle; 
temp~rature de 1 leau; productivit~ primaire; oxyg~e; ions 
dissous. 



INTRonUCTION 

High levels of mercury in cOlTl11ercially 
important fish species were first noted in lakes 
flooded by the Churchill River hydroelectric 
project in northern Manitoba in late 1978. It 
was later demonstrated, for two of the lakes 
fl ooded for whi ch both pre- and post impoundment 
fish mercury data were ava1lable, that mercury 
levels in fish had risen coincidentally with 
flooding (Bodaly and Hecky 1979). The link 
between recently impounded reservoi rs and high 
mercury levels in fish has recently been made in 
many areas (Abernathy and Cumb ie 1977; Bruce and 
Spencer 1979; Cox et ale 1979; Potter et al. 
1975; Waite et ale 1980; Lodenius et ale 1983). 

An apparent reI ationship between the pro­
portion of new reservoir surface area to flooded 
area and fish mercury levels was noted for lakes 
in the area of the Churchill River diversion by 
Bodaly et a1. (19R4a). This observation lead to 
the hypothesis that high mercury levels in fish 
in new reservoirs were due to the bacterial 
methylation of naturally occurring mercury found 
in flooded soils (Bodaly et al. 1984a). Cox et 
ale (1979) demonstrated an apparent depletion of 
soil mercury coincidentally with declining mer­
cury 1 eve 1 sin fi sh in an III i noi s impoundment, 
implying that the amount of mercury available in 
flooded soils in reservoirs may be an important 
factor in determining mercury levels in fish. 
Abernathy and Cumbie (1977), while noting that 
flooded soils do provide an increased source of 
mercury to new reservoirs, hypothesized that 
declines in mercury levels in fish as reservoirs 
age may be related to the trophic state of the 
reservoi r. 

It is the purpose of thi s report to pre­
sent data on mercury concentrat ions in forage 
fish, sediment, flooded and unflooded soil, veg­
etation, and netplankton, and to present data 
concerning 1 imnological measurements which were 
made in conjunction with sampl ing for mercury 
content. Sampling was conducted over the course 
of two years at a number of sites in the area of 
the Churchill River diversion in northern 
Manitoba. Two of the sampled sites were 
unflooded, while the remainder were all on 
flooded lakes. The sampl ing wa'i conducted to 
test the following hypotheses: first, that mer­
cury concentrations in small fish in flooded 
areas was elevated reI ative to unflooded areas; 
second, that soil mercury was demonstrably dep­
leted in Churchill River diversion reservoirs 
about five years after inundation; third, that 
mercury concentrations in populations of small 
fish in Churchill River diversion reservoirs 
were related to background (soil and sediment) 
mercury levels; and, fourth, that mercury con­
centrations in populations of small fish were 
related to local limnological conditions. 

MATERIALS AND METHODS 

STUDY SITES 

The Churchill River diversion · project in 
northern Manitoba was implemented over the per­
iod 1974-1977. About 75% of the flow of this 

river (or 760 m3.s- 1
) was diverted into the 

Nelson River basin for power production on the 
lower Nelson. The point of diversion was 
Southern Indian Lake and the diverted water fol­
lowed the courses of the Rat and Burntwood River 
valleys before joini ng the Nel son Ri ver. See 
Bodaly et ale (l9R4b) and Newbury et ale (1984) 
for more complete descriptions of this project. 

In 19R1, sampling was conducted at 23 
sites in the area of the Church1l1 River diver­
sion (Fig. 1). Sites were chosen to encompass a 
broad range of flooded environments over the 
Churchill River diversion area and seven of the 
sites were adj acent to open water stat ions at 
which limnological parameters had been monitored 
over the period 1974-1978 (Hecky et ale 1979). 
Two of the sites were on lakes unaffected by the 
diversion: Granville Lake (coded on tables as 
G), on the Churchill River upstream of water 
control effects; and, East Mynarski Lake (EM), 
the eastern-most of a chain of three lakes loca­
ted on a small tributary stream of the Rat 
River. Five sites were on Southern Indian Lake, 
which was raised 3 m in 1976 for the diversion 
of the Church1l1 River; Area 5 (5), Area 4 (4), 
Sandh1l1 Bay (SA), Area 6 (South Bay) (6), and 
Wupaw Bay (WB). Five sites were part of the 
Notigi Reservoir in the Rat River valley, bet­
ween Southern Indian Lake and the Notigi control 
structure. This reservoir flooded several lakes 
in the Rat River valley by 7-15 m over the per­
iod 1974-76: Issett Lake (I), on the upper Not­
igi Reservoir and raised by 7.6 m; Central 
Mynarski Lake (CM), the middle lake on the 
Mynarski chain, raised by 6.9 m; West Mynarski 
Lake (WM), the western-most lake on the Mynarski 
chain, raised by 9.0 m; the west basin of Notigi 
Lake (NW), and, the east basin of Notigi Lake 
(NE), both raised 15.2 m. One site was located 
on Footprint Lake (F), located on the Footprint 
River and flooded by 3.6 m as a result of the 
diverted Churchill River flows downstream of the 
Notigi control structure. 

In 1982, sampl ing was conducted at seven 
sites (Fig. 1). Sites were chosen on the basis 
of the 1 i kel i hood of concentrations of small 
fi sh and prevalence of mossy landscape. Six of 
the seven sites were on the same lake or 1 ake 
basin as 1981 sites, but the precise locations 
usually differed from 1981; these six sites were 
Granville Lake, East Mynarski Lake, Area 5, Area 
4, West Mynarski Lake, and Notigi Lake west 
basin. An additional site on Southern Indian 
Lake, Methyl Bay (MB), was added in 1982. Some 
additional spottail shiner samples were taken at 
the Wupaw Bay, Area 6 and Notigi Lake east basin 
sites. 

In both years, a site was cons i dered to 
consist of approximately 200 m of shoreline and 
adjacent areas of flooded shore (where present) 
and original lake bottom. 

SOIL AND VEGETATION SAMPLING 

Sample cores of flooded and unflooded soil 
were taken with modified cork borers (or similar 
aluminum piping) with diameters of 2.B cm and 
lengths of 4 cm. The borers were fitted with 
plungers or pistons for core removal. The core 



sampl es were removed intact from the corer and 
stored frozen unt il anal ys is. Because of di f­
ferences in the density of soil and moss mater­
ials cored, the actual depth of cores was vari­
abl e. 

In 1981, six samples were taken from each 
of unflooded 5011, flooded so11 (where present) 
and original lake sediment. Samples were taken 
at regularly spaced intervals along the length 
of each site. 

In 1982, a set of 10 samples of unflooded 
soil and flooded soil (where present) was ta ken 
at each si teo Each set of so11 cores was taken 
within a small (10 m radius) area; unflooded and 
flooded so11 sampl es were taken from adj acent 
areas. All cores were frozen within three days 
of recovery. 

In the 1 aboratory, frozen cores were 
thawed prior to separation into component soil 
hori zon 1 ayers. A compl ete soil core was typi­
cally composed of three layers: 

1. Moss/peat!litter - usually live green 
moss and/or browni sh moss, sometimes lichen or 
broadleaf litter; structure of materials in this 
layer was generally distinguishable. 

2. Ah horizon - brown or black colored 
humi c ri ch so11 hori zon; vegetat he st ructure 
not distinguishable. 

3. Cl ay - browni sh or gray predomi nately 
clay subsoil; sometimes contained some humus. 
Not all layers were present in all cores. In 
particular, the clay layer was missing where the 
upper two layers were quite thick and the corer 
did not penetrate below the Ah hori zone Al so, 
the upper moss/peat/l itter layer had sometimes 
been eroded away by wave act i on from flooded 
soil cores. 

In 1982, cores were separated into compo­
nent layers according to naturally occurring 
divisions, as given above. In 1981, the top 2 
em of each core was removed as the fi rst sub­
sample; subsequent subsamples were taken 
according to naturally occurring divisions. 

In 1981, six replicate lake sediment 
sampl es were taken at each site in a regul ar 
series adjacent to each paired sample of flooded 
and unflooded soil. Sediment samples were 
obtained using an Ekman dredge. A core was 
taken from the intact dredge sampl e to a depth 
of approximately 4.7 em using a modified 50 cc 
disposable syringe. 

Sampl es of representati ve vegetation were 
collected in July, 1976, as part of a study to 
est imate the bi omass of vegetation to be 
flooded. Seven sites were sampled in Wupaw Bay, 
Southern Indian Lake (Fig. 1). The sites were 
chosen to represent the range of topographi es, 
subsolls and vegetation covers that were inun­
dated by the impoundment of Southern Indian 
Lake. The samples were dried after collection 
and subsequently analyzed for mercury content in 
February, 1983. 

Sediment, vegetation, netplankton and soil 
subsamples were dried to constant weight at 100 
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C and then ground to a fine powder in a sample 
m111. Digestion of sediment and so11 samples 
wa s ca rri ed out fo 11 owi ng the aqua reg i a 
procedure of Dow Chemical Co. of Canada Ltd. 
(Method CAS-AM-70.13). Vegetation and 
netplankton digestions used the potassium 
permanganate solution (Armstrong and Uthe 1971) 
to insure complete oxidation of organic matter. 
Total mercury content was determined by the 
atomic absorption spectrophotometry method of 
Armstrong and Uthe (1971). The analytical 
preci si on of total mercury determi na\i ons on 
dried material is ±0.0~4 at 0.6 IJ9 .g- Hg and 
is :1:0.010 at 0.1 \lg.g- Hg while the detection 
limit is 0.005 \lg.g-1. 

F ISH SAMPLING 

Samples of small fish were collected in 
sha 11 ow water at each site us i ng a sei ne net 
pulled by hand. AA attempt was made to collect 
at least one dozen spottail shiners and one 
dozen yellow perch, of similar sizes, at each 
site. Fish were placed in plastic bags and iced 
immedi ately after capture. Sampl es were frozen 
within two days of capture and stored frozen for 
2-4 months before examination. Total length was 
determi ned on frozen fi sh to the nearest mm. 
While still frozen, the body musculature was 
removed from both sides of each fish. Mercury 
concentration in the musculature was determined 
by the atomi c absorption spectrophotometry 
method of Armstrong and Uthe (1971). The 
analytical preclslon of total mercury 
dete~inations on fish muscle is :1:0.008 at 0.10 
\lg'(l Hg while the detection limit is 0.005 
\lg .g 

In 1981, spottall shiners collected at 12 
sites ranged in si ze from 26 to 106 ITITl total 
length. The mercury concentration values for 
individual fish were adjusted for fish size 
using the analysis of covariance procedure of 
Dixon and Massey (1969). The within groups 
regression line was calculated using log total 
1 ength (mm) as the independent variabl e ~nd log 
tota 1 mercury concent rat ion (\lg .g- wet 
weight) as the dependent variable. The 
residuals from this line were utilized as a 
measure of the mercury content for individual 
fish. Yellow perch collected in 1981 were 
similar in size among sites, ranging in mean 
total length from 46 to 66 ITITl and mercury con­
centration was therefore not adjusted for fish 
size for these samples. Similarly, the mercury 
content of spottall shi ners and yellow perch 
taken in 1982 was not adjusted to fish size. 
Spottail shiners taken from 10 of the sites in 
1982 ranged in mean total length from 70 to 81 
mm while yellow perch from 7 of the sites ranged 
in mean total length from 62 to 75 mm. 

LIMNOLOGICAL SAMPLING 

In 1981, a series of phYSical, chemical 
and biological parameters were determined at a 
station offshore of each soil sampling site 
(depth usually "5 m) three times over the open 
water season. Sampl e periods were: 1) 1R-20 
June, 2) 20-25 July, and 3) 17-24 August. The 
following parameters were determined: mean 



temperature of the water col umn (to 5 m depth) 
(TEMP), total dissolved nitrogen (TON), total 
dissol ved phosphorus (TOP), total suspended 
solids (TSS), suspended phosphorus (SP), 
suspended nitrogen (SN), suspended carbon (SC), 
di ssol ved organi c carbon (DOC), percent oxygen 
saturation (SAT), oxygen consumption in the 
water column (RESP), water conductivity (CONO), 
water col umn li ght absorbance at 455 nm after 
filtration and centrifugation (ABS), absorbances 
at 543 nm of the unfiltered sample (UNFILT), the 
filtered sample (FILT), and filtered/centrifuged 
sample (CENT), rate of primary productivity 
(PROf)), and tot a 1 mercu ry concent rat i on in the 
zoop 1 ankton fract ions >73 IIl1 (Z73) , > 153 
\.Ill(Z153), >351 \.Ill (Z351) and >760 \.Ill (Z760). In 
Tables 16 and 17, values for each parameter are 
presented for individual sampling times (denoted 
as the parameter code followed by 1, 2 or 3) and 
for the mean of the three sample times (denoted 
by the parameter code preceeded by M). For 
water column light absorbance measurements taken 
at 543 nm, correlations were calculated using 
the change in absorbance from the unfi 1 tered 
sample, UNFILT, to the filtered sample, FILT 
(~FILT) and using the change in absorbance from 
the unfiltered sample, UNFILT, to the filtered/ 
centri fuged sampl e, CENT, (~CENT). 

Field sampling 

Temperature and conductivity profiles from 
surface to bottom were made using a Montedoro­
Whitney model CTU-3A temperature-conductivity 
meter. The mean depth of appearance and d i sap­
pearance of a 25 cm Secchi disk divided into 
alternating black and white quadrants was also 
recorded. Water sampl es for chemi cal anal yses 
and primary product i vi ty est imates were taken 
with a sampler (Fee 1976) which integrated bet­
ween the surface and fi ve meters depth. The 
water samples were taken di rectly into opaque 
polypropylene two liter bottles and stored in 
insulated coolers until processing at the labor­
atory at the South Indian Lake research 
station. Light extinction profiles required for 
the calculation of integral primary productivity 
were measured as described in Hecky (1984) using 
aLi -Cor Instruments underwater quantum sensor 
and meter. Two set s of twi n Ni tex Wi scons i n 
nets (described by Patalas and Salki (1984)) 
were towed horizontally for a minimum of three 
minutes (longer if plankton were sparse) to 
collect a sufficient quantity of plankton for 
mercury analysis. Four different mesh sizes 
were used (73, 153, 351, and 760 \.Ill) in order to 
sample differentially the larger components of 
the pl ankton community. The pl ankton sampl es 
were transferred to glass jars and stored on ice 
until further processing at the laboratory. 

Laboratory analyses 

The netplankton samples were poured onto a 
10 IITl mesh sieve to drain off excess water, and 
they were then harvested from the sieve surface 
into 20 mL polyethylene scintillation vials. 
The vials were then stored frozen until analysiS 
for mercury content at the Freshwater 
Institute. Integral primary productivity (PROD) 
was measured using the incubator-based, 
numerical integration method of Fee (1973) as 
~pplied by Hecky and Guildford (1984). 
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Unfiltered water was used for the analysis 
of pH, oxygen and dissolved inorganic carbon 
(OIC) while filtered and centrifuged water was 
used for the anl aysi s of NH.,+ -N. The proce­
dures used were those of Stainton et al. 
(1977). Oxygen titrations were perfonned USing 
an amperometric end point. The reagents for the 
oxygen analySis were described by Carpenter 
(1965). Oxygen consumption estimates (RESP) are 
based on two replicate initial measurements 
which also serve for the percent saturation 
estimates (SAT) and two final repl icate 
measurements made after i ncubat i on in the dark 
at ambient temperatures for approximately 24 h. 
Oxygen consumpt i on rates are expressed on an 
hourly basis. 

Water samples for analysis by the 
Analytical Unit of the Freshwater Institute in 
Winnipeg were filtered through GFC glass-fiber 
filters and then centrifuged. Absorbance at 543 
nm was measured in 10 cm cells on a Bausch and 
Lomb model Spectronic 70 spectrophotometer 
before filtration, after filtration and after 
centrifugation to allow estimation of suspended 
particulate matter. After centrifugation 
absorbance was measured at 455 IIl1 for humi c 
color (Guildford 1984). For all absorbance 
measurements distilled deionized water served as 
the reference. Suspended carbon and nitrogen 
were anal yzed from one fil ter whil e suspended 
phosphorus, total suspended sol ids and 
chlorophyll were analyzed from separate filters 
using the methods of Stainton et al. (1977). 
Fi 1 tered and centri fuged water was subsampl ed 
into 20 mL plastic vials for analysis of cations 
(preserved wi th 2no mL of 1 N CH1) and into 20 
mL glass vials for the analysis of flOC, 
(preserved wi th 50 ilL saturated HgCl 2) and TON 
and. TOP (preserved with 100 III of 4 N H2S0 .. ). 
Analysis methods followed Stainton et al. 
(1977) • 
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Table 1. Concentration of total mercury in upper 2 cm of 
unflooded soi 1 (regardless of actual 
composition) from 13 sites in the area of the 
Churchill River diversion, 1981. 

mean total Hg conc. 

Site ( llg .g - 1 dry wt) n SO 

5 (S I L * Area 5) 0.099 6 0.019 
4 (SIL Area 4) 0.109 6 0.049 

SA (SIL Sandhi 11 Bay) 0.110 6 0.045 
WB (SIL Wupaw Bay) 0.114 6 0.029 
6 (SIL Area 6) 0.(183 7 0.027 
I (Issett Lake) 0.057 6 0.036 
G (Granville Lake) 0.119 6 0.085 

WM (West Mynarski Lake) 0.115 6 0.029 
CM (Central Mynarski 0.085 6 0.018 

Lake) 
EM (East Mynarski Lake) 0.055 6 0.047 
NW (Notigi Lake, West 0.052 6 0.046 

basin) 
NE {Notigi Lake, East O.lo,} 6 0.074 

basin) 
F (Footprint Lake) 0.079 9 0.035 

* SIL = Southern Indian Lake 
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Table 2. Concentration of total mercury in unflooded soil horizons from 13 
sites in the area of the Churchill River diversion, 1981. 

= 
Horizon Site* Mean total Hg n SD 

( lJg .g - 1 dry wt) 

moss/peat/litter 5 0.099 6 0.019 
4 0.109 6 0.049 

SA 0.110 6 0.045 
WB 0.114 4 0.027 
6 0.083 6 O.02R 
I 0.057 6 0.036 
G 0.119 7 0.078 

WM 0.115 6 0.029 
eM 0.085 6 0.018 
EM 0.055 F) 0.047 
NW 0.052 6 0.046 
NE 0.169 3 0.113 
F 0.079 9 0.035 

Ah 5 0.115 5 0.019 
4 0.126 6 0.051 

SA 0.110 6 0.011 
WB 0.093 4 0.021 

6 0.102 4 0.009 
I 0.021 5 0.020 
G 0.080 6 0.050 

WM 0.113 3 0.032 
CM 0.108 2 0.016 
EM 0.021 4 0.023 
NW 0.100 2 0.057 
NE 0.165 4 0.037 
F 0.127 3 0.051 

clay 5 0.022 2 0.012 
4 0.035 1 

SA 0.030 1 
WB 0.056 5 0.026 
6 0.027 6 0.009 
I 0.027 4 0.015 
G 0.027 3 0.015 

WM 0.050 5 0.026 
eM 0.028 6 0.008 
EM 0.033 4 0.021 
NW 0.038 6 0.031 
NE 0.035 6 0.012 
F 0.037 9 0.014 

* See Table 1 for key. 



7 

Table 3. Concentration of total mercury in unflooded soil horizons from 7 
sites in the area of the Churchill River diversion, 1982. 

= 
Horizon Site Mean total Hg n SO 

( I1g 'g - 1 dry wt) 

moss/peat/l itter 5 (SIL Area 5) 0.115 12 0.048 
4 (SIL Area 4) 0.068 11 0.015 

MB (SIL Methyl Bay) 0.104 10 0.021 
G ( G ran v i 11 e La k e ) 0.156 10 0.051 

EM (East Mynarski Lake) 0.fl62 5 0.014 
WM (West Mynarski Lake) 0.207 3 0.025 
NW (Notigi Lake West 0.069 7 0.013 

basin) 

Ah 5 0.174 8 0.063 
4 0.075 B 0.017 

MB 0.081 10 0.012 
G 0.165 10 0.049 

EM 0.094 10' 0.022 
WM 0.153 3 0.fl15 
NW 0.075 10 0.020 

clay 5 
4 

MB 0.013 3 0.002 
G 

EM 0.045 8 0.017 
WM 0.037 10 0.022 
NW 
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Table 4. Concentration of total mercury in sediment 
samples from 13 sites in the area of the 
Churchill River diversion, 1981. 

= 
Site* Mean total Hg n SO 

( JJ9 ·9 - 1 dry wt) 

5 0.017 6 0.004 
4 0.009 6 0.002 

SA 0.014 6 0.002 
WB 0.053 6 0.006 

6 0.045 6 0.004 
I 0.050 6 0.010 
G 0.024 6 0.017 

WM 0.058 6 0.013 
eM 0.015 6 0.010 
EM 0.020 6 0.003 
NW 0.028 6 0.019 
NE 0.014 6 0.003 

F 0.060 6 0.004 

* See Table 1 for key. 
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Table 5. Concentration of total mercury in flooded soil horizons from 11 
sites in the area of the Churchill River diversion, 1981. 

Hor;zon S;te* Mean total Hg n sn 
( lJg .g - 1 dry wt) 

moss/peat/litter 5 0.083 3 0.020 
4 0.067 1 

SA 0.088 3 0.030 
I 0.100 1 

NW 0.080 1 
F 0.094 3 0.015 

Ah 5 0.060 4 0.027 
4 0.078 4 0.012 

SA 0.072 5 0.023 
WB 0.071 3 0.022 
6 0.084 6 0.028 
I 0.078 5 0.033 

WM 0.090 5 0.021 
CM 0.051 5 0.010 
NW 0.061 5 0.014 
NE 0.098 5 0.036 
F 0.073 6 0.018 

clay 4 0.043 2 0.013 
SA 0.022 3 O.OOg 
~18 0.041 5 0.015 
6 0.035 6 0.013 
I 0.025 4 0.007 

WM 0.031 5 0.014 
CM 0.026 6 0.008 
NW 0.016 5 0.002 
NE 0.026 4 0.007 
F 0.032 9 0.021 

* See Table 1 for key. 
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Table 6. Concentration of total mercury in flooded soil horizons from five 
sites in the area of the Churchill River diversion, 1982. 

Horizon Site* Mean total Hg n SO 
- 1 ( llg .g dry wt) 

moss/peat/litter 5 0.158 9 0.036 
4 0.080 6 0.012 

MB 0.117 8 1).019 
WM 0.06A 6 0.016 
NW 0.047 1 

Ah 5 0.148 6 0.012 
4 0.064 5 0.010 

MR 0.130 10 0.024 
WM 0.OA9 Q 0.019 
NW 0.069 10 0.022 

clay MB 0.082 2 0.054 
WM 0.034 A O.()12 
NW 0.031 9 0.006 

* See Table 3 for key. 



Table 7. Mercury, carbon, phosphorus and nitrogen content of unf100ded veqetation from Wupaw Bay, Southern Indian Lake, 1976. Replicate analyses are 
given for some nitrogen determinations. See Fig. 1 for site locations. 

Total Oescription or 
Species Part Sample no. Hg Carbon Phosphorus Nitrogen Site Ident ity Height Diameter at sample location 

- 1 ( Il9 .g ) - 1 
(~ofllg ) ( ~ ofllg - 1) ( j.I:j ofllg - 1) (m) 1.4 m (cm) on tree 

Picea mariana wood fl7 <0.005 514 0.09 0.51, 0.55 WB4 TK 2.2 2.2 ·lower bo1 e 
98 0.008 492 0.07 0.23, 0.41 WBI T2 16.0 21.8 ·bo1e at 8 m 

bark 88 0.019 542 0.21 1.54 WR4 TK 2.2 2.2 ·lower bole 
100 0.023 521 0.32 2.37 WBI Tl R.5 7.6 ·bo1e at 0.1 m 
99 0.029 506 0.35 2.60, 2.34 WB2 T8 6.5 8.1 ·branches at 1 

to 1. 2 m 

twi gs 19 0.070 491 0.43 4.14 WR1 T4 2.8 2.9 ·0 to 1 m 
20 0.039 502 0.59 3.87 WRI T2 16.0 21.8 ·7.8toRm 
9 0.039 409 0.45 WB4 Tlli 4.7 4.8 

foliage 21 0.014 501 0.50 5.21i WB4 Tl5 2.0 1.9 ·lto1.2m 
22 0.012 453 0.68 4.20, 4.50 WB2 TR 6.5 R.l ·1 to 1.2 m 
7.4 0.065 4'i7 0.66 5.11 WBI T4 2.8 2.9 ·0 to 1 m 
25 0.010 304 0.68 5.86 WBI Tl R.5 7.6 '7 to 7.2 m 
23 0.010 462 0.69 5.63 WB1 T2 11i.O 21. 8 ·7.Rt08m 
8 0.011 334 0.52 WB4 Tl6 4.7 4.8 

Populus tremu10ides wood 94 <0.005 533 0.03 0.4R WR6 no 10.6 12.4 ·bo1e at 0.2 to 
0.3 m 

bark 92 0.018 505 0.30 2.41, 2.67 WR5 T29 4.3 3.4 ·bo1e at 0 to 
0.2 m 

93 0.011 328 0.7R 3.13 WB6 no 10.6 12.4 ·bo1e at 5 to 
5.1 m 

twigs 30 0.014 491 0.48 5.66, 6.36 WB5 T29 4.3 3.4 ·3t03.2m 
32 <0.005 503 0.66 4.78 WB6 no 10.6 12.4 '5 to 5.2 m 



Table 7. Cont'd. 

Total l)escription or 
Species Part Sampl e no. Hg Carbon Phosphorus Nitrogen Si te Ident ity Height Oi ameter at sample location 

- 1 
( 119 'g ) 

- 1 
( IJ9 -mg ) 

- 1 
( 119 -mg ) 

- 1 
( lI,I -mg ) (m) 1.4 m (cm) on tree 

Populus tremuloides foliage 31 0.011 485 1.43 11\.36 WB5 T29 4.3 3.4 ·3t03.2m 
33 0.013 486 1.73 17.51\ WB6 T30 10.6 17.4 ·5 to 5.2 m 
11 0.013 223 1.54 WR5 T28 7.2 7.8 

Po~ balsamifera wood 84 0.005 1159 0.21 2.05 WRll T52 6.9 6.4 ·bole at 2.7 m 

bark R5 0.018 4q9 0.84 5.14, 6.58 WR11 T52 6.9 6.4 ·bole at 2.7 m 
il6 <0.005 ')14 1.16 6.71 WBll T51 10.6 13.3 ·bole at 9.1 m 

twigs 6n 0.014 463 1. 011 5.76, 8.76 WBll T52 6.9 6.4 ·at 5.5 m 
62 0.014 IIq2 0.79 4.64, 6.68 WRl1 T52 6.9 6.4 ·at 6.4 to 6.6 m 

foliage 61 0.020 443 2.38 3.41, 4.01 WRll T52 6.9 6.4 
...... 

·at 5.5 m N 

63 0.023 442 2.40 5.71 WRll T51 10.6 13.3 '6.4 to 6.6 m 
64 0.027 436 3.47 8.64, 9.92 WRll T51 10.6 13.3 ·8.2 to 8.4 m 

Retula papyrifera wood 91 0.015 313 0.13 0.77, 0.93 WB2 Tl 8.5 9.4 ·bole at . 0.3 to 
0.4 m 

bark 89 0.008 545 0.26 3.61 WR2 T2 5.5 5.4 ·bole at 2 to 
2.1 m 

90 0.005 560 0.31 2.80, 2.98 WB3 Tl2 6.4 6.2 ·bo I e at 7.6 cm 
diameter 

twigs 50 0.034 490 0.37 1.85, 2.47 WB2 T2 5.5 5.4 ·3t03.2m 
52 0.024 484 0.56 1.44, 2.60 WR3 Tl2 '4.1 to 4.3 m 

foliage 51 0.012 1163 1.49 6.67, R.13 WB2 T2 5.5 5.4 ·3t03.2m 
53 0.016 1179 1.09 4.RQ WRl Tl2 6.4 6.2 ·4.1 to 4.3 m 



Table 7. Cont'd. 

Total nescription or 
Species Part Sample no. Hg r.a rbon Phosphorus Nitrogen Site Identity Height ni ameter at sample location 

- 1 ( ~g .g ) 
- 1 

( IIg -mg ) ( \.19 -mg - 1) (\l9-mg- 1) (m) 1.4 m (cm) on tree 

Pinus banksiana wood 95 <0.005 489 0.02 0.38 WB3 T14 6.2 7.6 ·bo1e at 2.6 to 
2.7 m 

bark 97 0.018 552 0.19 2.04 WB3 T14 6.2 7.fl ·bole at 1.5 to 
2.5 m 

96 0.013 512 0.21 2.09 WB3 T14 6.2 7.6 ·bole at 2.6 to 
2.7 m 

twigs 27 0.012 520 0.48 3.99 WR3 T13 6.5 7.8 ·3 to 3.2 m 
29 0.007 509 0.40 3.47 WB3 T14 6.2 7.6 ·5 to 5.2 m 

foliage 26 <0.005 470 0.62 5.86 WB3 T13 6.5 7.8 ·3 to 3.2 m ...... 
28 <0.005 507 0.59 fl.58 WB3 T14 6.2 7.6 ·5 to 5.2 m w 

Sal ix sp. a wood 81 <0.005 510 0.45 1.42, 1.84 WB4 W24.4 2.5 2.2 ·large branch 
481 0.2R R 

bark 83 0.016 404 0.43 4.11,4.R3 WR2 T7 1.9 1.8 ·bole near base 
82 0.012 497 0.75 9.R, 11.2 WB4 W24.4 2.5 2.2 ·1 arge branch 

Sal ix sp. twi gs 57 <0.005 465 1.17 4.34, 5.20 WB4 W18 1.8 1.1 ·0.5 m to top 
Salix cordata 59 0.017 427 0.77 2.91, 5.45 WB2 T5 4.7 3.0 ·2.5 m to top 

Sal ix sp. foliage 56 0.012 445 2.39 14.7, 24.3 WB4 W18 1.8 1.1 ·0.5 m to top 
10 0.017 278 1.53 WB4 W19 3.1 2.2 
54 0.010 42R 1.56 15.6, 26.2 WB4 W27.3 1.9 1.8 
55 0.012 385 2.R5 15.6, 1R.O WB2 02.2 0.7 

Salix cordata 58 0.012 430 1.86 6.78, 7.60 WB2 T5 4.7 3.0 ·2.5 m to top 



Table 7. Cont I d. 

Total Oescri pt i on or 
Species Part Sample no. Hg Carbon Phosphorus Ni t rogen Site Ident 1ty Height Diameter at sample location 

- 1 ( IJg .g ) 
- 1 

( IJg omg ) 
- 1 ( IJg omg ) ( ug omg - I) (m) 1.4 m (cm) on tree 

Alnus sp. wood 78 0.006 483 0.24 1.99, 2.85 WB2 05.3 2.7 ·1 arge branch 

bark 79 0.010 657 0.56 10.1 WB2 05.3 2.7 ·1 arge branch 
BO 0.011 484 0.30 7.19, 8.29 WB3 02 ·sma 11 branch 

twi gs 7S 0.013 536 1. 50 6.02, 11.8 WB2 01.2 0.4 
76 0.014 518 1.00 12.5, 13.1 WB2 04.2 1.4 
65 0.016 505 0.74 9.2, 11.4 WFI? 05.3 2.7 
67 0.01? 524 0.37 7.6il, 9.04 WFl3 02 

foliage 3 0.010 316 1.6il WB2 05.3 
74 0.026 467 2.flfl 32.1 WR2 01. 2 0.4 -77 O.OlR 443 1.57 28.5 WR2 04.2 1.4 .". 

66 0.013 437 1. 64 ?l.n, 25.6 WR2 05.2 2.2 
68 0.017 466 0.77 13.6, 21.0 WR3 02 

Ledum qroen1andicum twigs 7 0.013 408 0.21 WB3 01 
70 0.023 53R 0.56 5.12, 5.52 WR:l 02 
71 0.015 469 0.50 4.78 WB4 [17 

foliage 6 0.015 376 1.16 WR:l 01 
69 0.015 531 1. 29 13.9 WR3 02 
72 0.020 469 1.12 13.7 WB4 07 
73 0.022 265 1.02 12.7 WB4 05 

Sphagnum spp. 12 0.034 328 0.53 WFl7 02 
46 0.13 448 0.65 R.S1 
47 0.054 42fl 0.4R 4.73 WFll 015 
48 o.on 39R 0.27 4.78 WFl4 03 
49 0.047 411 0.34 2.05 WFl4 03 



Table 7. Cont'd. 

Total nesc ri pt i on or 
Species Part Sampl e no. Hg Ca rbon Phosphorus Ni t rogen Site Ident i ty Height Oiameter at sample location 

- 1 ( IIg .g ) - 1 ( IIg ofllg ) - 1 
( 119 ofllg ) 

- 1 ( 119 ofllg ) (m) 104m (cm) on tree 

Feather mosses 42 0.093 411 0.91 6.32 IrIBl 08 
43 0.053 440 1. Hi 7.91 ',o/B6 010 ·green 
44 0.073 412 0.66 4.99, 5.33 IrIB4 
45 0.010 396 1.04 5.71 IrIBl 

Litter and organic 1 0.064 257 0.67 \riB 1 
soil horizon 4 0.OA3 195 1.00 \rIB2 01 

384 0.86 14.70 \rIR2 04 
35 0.046 446 0.89 16.01· \rIB2 05 
36 0.039 4R3 0.45 8.60 \riB 3 02 
37 0.05A 41H 0.66 8.87 WB6 
38 0.059 474 0.92 8.36 \riB 1 

·dominately Picea 
...... 
111 

twigs and 
feather mosses 

39 0.093 449 0.67 9.96, 10.84 IrIBl 08 ·wi th cons i der-
ab I e feather 
mosses 

466 0.57 12.1i0 IrIB4 01 ·no Sphagnum 

41 0.094 473 0.78 9.34 WB7 01 

a 
Salix sp.: diameter measured at 0.5 m above base (except Salix cordata). 
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Table 8. Concentration of total mercury in spottail shiner muscle from 12 sites in the 
area of the Churchill River diversion, 1981. 

Mean total length Residual from "within groups" 
Mean tota\ mercury conc of fish sample regression of log [Hg] 

Site* n (llg·g- ) (range) (mm) (range) vs length (Sn) 

5 12 0.38 (0.27-0.46) 94.1 (88-106) +0.333 (0.064) 
4 9 0.19 (0.16-0.25) 47.4 (40-56) +0.186 (0.085) 

SA 8 0.12 (0.11-0.14) 05.9 (60-71) -0.076 (0.045) 
WB 12 0.06 (0.05-0.07) 47.2 (40-62) -0.315 (0.065) 
6 12 0.13 (OJ)7-0.19) 51. 5 (44-59) -0.004 (O.l2R) 
G 12 0.06 (0.05-0.08) 42.2 (40-45) -0.282 ( 0.057) 

WM 10 0.14 (0.09-0.23) 81. 6 (73-87) -0.083 (0.110) 
CM 12 0.13 (0.11-0.18) 79.0 (74-85) -0.084 (0.066) 
EM 9 0.n8 (0.06-0.11 ) 54.3 (44-71 ) -O.?lR (0.071) 
NW R 0.18 (O.16-n.20) 30.6 (29-32) +0.259 (0.034) 
NE 8 0.19 (0.17-0.24) 29.0 (2n-31) +0.294 (0.061) 
F 18 0.17 (0.08-0.26) 60.9 (37-80) +0.085 (0.102) 

* See Table 1 for key. 
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Table 9. Concentration of total mercury in yellow Perch muscle from 
seven sites in the area of the Churchill River diversion, 
1981. 

= 
Mean total length 

Mean total mercury conc of fish sample 

Site* n (lJg·g-l) (range) (rrrn ) (range) 

5 8 0.08 (0.03-0.18) 49.0 (38-65) 
I 12 n.n5 (0.03-0.07) 60.2 (55-65 ) 
G 8 0.03 (0.()2-0.04) 66.0 (58-90) 

WM 12 0.07 (0.06-0.11) 53.5 (48-59) 
eM 12 0.08 (0.06-0.10) 55.8 (.51-60) 
EM 12 0.03 (0.O3-0.04) 46.0 (42-55) 

F 24 0.15 (O.10-0.18) 55.2 (47-60) 

* See Table 1 for key. 
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Table 10. Concent rat i on of total mercury in spottail shiner muscle 
from 10 sites in the area of the Churchill River diversion, 
1982. 

Mean total length 
Mean to\al mercury conc of fish sample 

Si te* . n (~g.g- ) (range) (SD) (mm) (range) 

5 12 0.15 (0.12-0.20) (0.02) 70.2 (64-80) 
4 12 0.15 (0.09-0.21) (0.04) 72.3 (60-79) 

MB 12 0.11 (0.05-0.16) (0.03) 71.2 (66-79) 
WB 5 0.10 (0.09-0.11) (0.01) 81.2 (67-93) 

6 12 0.10 (0.07-0.15) (0.02) 72.7 (65-R4) 
G 12 0.05 (0.03-0.07) (0.01) 74.2 (68-79) 

WM 12 0.15 (0.11-0.20) (n.03) 74.6 (66-86) 
EM 12 0.05 (0.03-0.06) (0.01) 70.8 (63-79) 
NW 12 0.19 (0.16-0.24) (0.02) 75.1 (71-80) 
NE 12 0.24 (0.12-0.32) (0.06) 76.2 (72-81) 

* See Table 3 for key. 



19 

Table 11. Concentration of total mercury in yellow perch muscle from 
seven sites in the area of the Churchill River diversion, 
1982. 

= 
Mean total length 

Mean to\al mercury conc of fish sample 
Site* n (l1g .g- ) (range) (SD) (mm) (range) 

5 12 o.n9 (0.06-0.13) (0.n2) 62.3 (58-70) 
4 7 O.ll (0.08-0.15) (0.03) 64.3 (62-70) 

MB 12 O.Of) (0.03-0.11) (0.02) 62.5 (58.72) 
G 12 0.02 (0.n1-0.03) (0.01) 71.1 (65-77) 

WM 12 0.11 (0.06-0.27) (0.06) 65.5 (57-72) 
EM 12 0.02 (0.01-0.04) (0.01) 74.8 '(64-81) 
NW 12 0.18 (O.14-n.25) (0.04) 65.7 (64-70) 

* See Table 3 for key. 



Table 12. Major dissolved constituents at 1981 sampling sites; Na, K, Ca, Mg, Cl, S04, dissolved 
inorganic carbon (DIC), pH and specific conductance (CONO) at 13 sites in the area of the 
Churchill River diversion, 1981. The analytical number (Anal H) is an internal reference 
number. 

= 
Location Date Anal # Na K Ca Mg Cl S04 DIC pH COND 

un/L lIS/cm 

G 19-Jun 35 84 21.3 179 92 35 242 576 NA 112 
25-Jul 111 96 24.4 171 98 20 36 686 7.83 66 
18-Aug 207 107 24.3 185 108 17 80 585 8.01 68 

MEAN 96 23.4 179 100 24 119 616 7.92 82 

6 19-Jun 33 101 22.4 216 116 25 39 747 NA 83 
25-Jul 113 105 26.5 251 121 23 36 952 8.08 85 
18-Aug 208 101 23.8 248 121 20 39 772 8.08 83 N 

0 

MEAN 102 24.2 238 119 23 38 824 8.0R 84 

4 19- ,}un 31 89 20.8 377 152 NA NA 1130 NA 122 
25-Jul 109 92 n.R 364 152 20 36 1310 8.12 116 
18-Aug 205 79 19.8 375 160 11 61 987 8.17 116 

MEAN 86 21.1 372 155 16 49 1142 8.15 118 

5 19-Jun 30 61 16.7 327 141 23 32 992 NA 100 
25-Jul 108 70 17.4 311 135 17 36 1050 7.86 94 
18-Aug 204 69 18.7 335 154 17 35 780 7.97 102 

MEAN 67 17.6 325 141 19 35 941 7.92 99 

SA 19-Jun 32 44 17.2 243 98 28 36 679 NA 76 
25-Jul 110 64 20.3 2R? 119 14 37 944 7.80 88 
18-Aug 206 68 19.2 314 133 11 72 734 8.18 95 

MEAN 59 18.9 280 117 18 49 786 7.99 86 



Table 12. Cont'd. 

= 
Location Date Ana1# Na K Ca Mg C1 SO 4 DIC pH CONO 

un/L ~S/cm 

NW 18-Jun 24 103 23.4 253 129 28 37 860 NA 87 
24-Jul 107 106 25.2 235 117 25 35 807 NA 85 
17-Aug 195 107 23.2 264 131 20 40 812 8.08 84 

MEAN 105 24.0 251 121) 24 37 826 NA 85 

NE 18-Jun 25 101 22 . 9 280 131 ii 229 962 NA 112 
24-Jul 106 108 26.5 251 123 23 37 845 NA 85 
17-Aug 196 109 23.2 245 125 20 39 783 8.13 84 

MEAN 106 24.2 259 126 18 102 863 NA 94 N 
I-' 

F 18-Jun 26 88 25.5 536 200 11 233 1560 NA 160 
24-Ju1 105 103 28.1 530 204 20 45 1420 NA 156 
17-Aug 194 104 31.1 541 212 17 46 1460 8.40 156 

MEAN 98 28.3 536 205 16 108 1480 NA 157 

EM 18-Jun 27 73 22.4 446 168 11 235 1300 NA 137 
23-Ju1 101 83 24.0 438 173 11 87 1520 6.95 NA 
17-Aug 197 84 21. 5 396 162 11 40 1140 8.33 122 

MEAN 80 22.6 427 168 11 121 1320 7.64 130 

CM 18-Jun 28 79 26.5 438 177 23 39 1400 NA 134 
23-Ju1 102 87 28.5 433 179 8 96 1690 6.97 NA 
17-Aug 198 90 27.2 443 193 11 41 1250 8.31 133 

MEAN 85 27.4 43~ 183 14 58 1447 7.64 134 



Tabl e 12. Cont'd. 

= 
Location Date Anal# Na K Ca Mg Cl 50,+ rlIC pH CONn 

llfl/L Jl5/cm 

WM 18-Jun 29 83 28.1 433 177 25 39 1460 NA 139 
23-Jul 103 88 30.2 462 191 8 74 1640 6.95 NA 
17-Aug 1c)9 93 27.7 425 189 17 39 1200 8.30 128 

MEAN 88 28.7 440 186 17 50 1433 7.63 134 

19-Jun 34 90 42.7 396 189 42 247 1300 NA 136 
25-Jul 112 92 43.5 375 187 14 37 1410 7.78 120 
18-Aug 209 97 40.4 385 191 20 79 1280 8.12 122 

MEAN C)3 44.2 385 189 25 121 1330 7.95 126 
N 

WB 20-Jun 43 90 21.3 21C) 112 20 49 707 NA 81 N 

20-Jul 92 99 22.8 237 117 20 37 831 NA 90 
24-Aug 237 105 24.9 266 129 20 39 870 7.93 89 

MEAN 98 23.0 241 119 20 42 803 NA 87 



Tahle 13. Oissolved and suspended constituents at 1981 sampling sites; Fe, Mn, total dissolved 
nitrogen ~TDN), total dissolved phosphorous (TOP), NH4, dissolved organic carbon (~OC), suspended 
nitrogen SN), suspended phosporous (SP) and chlorophyll-a (Chl-a) at 13 sites in the area of the 
Churchill River diversion, 19R1. The analytical numher (Anal #) is an internal reference number. 

= 
Location Oate Anal # Fe Mn TON TOP NH 4 OOC SC SN SP Chl-a 

un/L ~g/L 

G 19-Jun 35 1.13 <0.36 21 0.19 0.10 19RO 29.7 3.4 0.26 2.3 
25-Jul 111 1.10 <0.36 NA NA 0.33 560 37.8 1.5 0.32 4.3 
18-Aug 207 <0.36 <0.18 NA NA 0.23 970 48.5 6.7 0.37 3.7 

MEAN <0.R6 <0.30 NA NA 0.22 1170 3R.7 3.9 0.32 3.4 

6 19-Jun 33 0.75 <0.36 20 0.13 0.11 680 27.0 3.4 0.27 1.5 
25-Jul 113 2.20 <0.36 NA NA 0.53 530 28.0 2.6 0.39 4.7 

N 
18-Aug 20R <0.36 2.6R NA NA 0.20 550 25.3 3.8 0.32 1.8 w 

MEAN <1.10 <1.14 NA NA 0.28 587 26.8 3.3 0.33 2.7 

4 19-Jun 31 0.75 <0.36 23 0.39 0.25 490 21.7 2.4 0.34 2.1 
25-Jul 109 1.65 <0.36 NA NA 0.32 600 2R.7 4.1 0.28 3.0 
18-Aug 205 <0.36 <O.lR NA NA 0.20 1150 26.0 3.9 0.30 2.0 

MEAN <0.92 <0.30 NA NA 0.26 747 25.4 3.5 0.31 2.4 

5 19-Jun 30 0.38 0.36 23 0.13 0.33 640 58.2 5.R 0.2R 2.8 
25-Jul lOR 1.10 <0.36 NA NA 0.36 670 35.7 6.0 0.36 3.1 
18-Aug 204 <0.36 <0.18 NA NA 0.26 660 41.2 5.7 0.30 3.3 

MEAN <0.61 <0.30 NA NA 0.32 657 45.0 5.8 0.31 3.1 

SA 19-Jun 32 1.50 <0.36 24 0.23 0.20 970 29.R 3.5 0.27 2.2 
25-Jul 110 1.65 <0.36 NA NA 0.29 770 5R.8 11.1 0.36 6.8 
1R-Aug 206 0.88 <0.18 NA NA 0.16 1050 45.3 6.3 0.39 3.9 

MEAN 1.35 <0.30 NA NA 0.22 930 44.7 7.0 0.34 4.3 



Table 13. Cont1d. 

Location Date Anal # Fe Mn TDN TOP NH4 noc SC SN SP Chl-a 

~/L l19/L 

NW 1R-Jun 24 0.75 0.36 22 0.16 0.51 610 35.5 4.3 0.26 1.3 
24-Jul 107 1.10 <0.36 NA NA 0.54 fiOO 23.2 3.0 0.26 2.6 
17-Aug 195 0.44 <O.lR NA NA 0.39 660 17.0 2.9 0.19 1.9 

MEAN 0.77 <0.30 NA NA 0.48 623 25.2 3.4 0.24 1.9 

NE 18-Jun 25 1.13 <0.36 21 0.23 0.78 2030 45.3 5.9 0.37 2.3 
24-Jul 106 1.10 <0.3fi NA NA 0.60 590 27.7 3.5 0.30 4.1 
17-Aug 196 <0.3fi <0.18 NA NA 0.17 670 46.5 9.3 NA 3.4 

MEAN <0.86 <0.30 NA NA 0.52 1097 39.R 6.2 0.34 3.3 N 

""" 
F 1R-Jun 26 1.13 <0.36 29 0.29 0.12 2260 47.5 5.3 0.53 3.3 

24-Jul 105 1.10 <0.36 NA NA 0.46 870 83.3 14.4 0.70 11.1 
17-Aug 194 <0.36 <0.18 . NA NA 0.73 1050 128.7 24.6 0.99 23.2 

MEAN <0.86 <0.30 NA NA 0.44 1393 86.5 14.7 0.74 12.~ 

EM 18-Jun 27 0.75 <0.36 30 0.13 0.24 241)0 115.5 7.6 0.48 3.2 
23-Jul 101 0.55 <0.36 NA NA <0.03 1480 95.2 15.6 0.44 7.9 
17-Aug 197 <0.36 <0.18 NA NA 0.12 1030 244.3 42.5 0.91) 23.8 

MEAN <0.55 <0.30 NA NA <0.13 HiS3 151. 7 21.9 0.62 11.6 

CM 18-Jun 28 0.75 0.36 29 0.23 0.36 1030 44.8 5.8 0.54 2.6 
23-Jul 102 1. HI <0.36 NA NA 0.42 1710 33.7 5.2 0.55 3.2 
17-Aug 198 <0.36 <0.18 NA NA 0.84 990 58.7 9.3 0.37 7.3 

MEAN <0.74 <0.30 NA NA 0.54 1/.43 45.7 6.8 0.49 4.4 



Table 13. Cont'd. 

= 
Location Date Anal # Fe Mn TON TOP NH4 DOC SC SN SP Chl-a 

lffl/L ~/L 

WM 1A-Jun 29 0.75 0.36 29 0.35 0.66 720 44.0 5.6 0.54 < 0.1 
23-Jul 103 1.10 <0.36 NA NA 0.97 1300 91.5 15.9 0.86 9.5 
17-Aug 199 <0.36 <O.lA NA NA 0.46 1080 192.5 35.0 1. 37 34.6 

MEAN <0.74 <0.30 NA NA 0.70 1033 109.3 18.8 0.92 <14.7 

I 19-Jun 34 3.01 0.36 44 0.77 0.20 3080 126.3 10.8 1.15 5.4 
25-Jul 112 9.91 1.93 NA NA 1. 7A 870 136.3 29.6 1.50 26.0 
18-Aug 209 0.44 <().18 NA NA 9.27 1340 53.2 8.2 0.A4 6.A 

MEAN 4.45 <0.A3 NA NA 3.75 1763 105.3 16.2 1.16 12.7 N 
U1 

WB 20-Jun 43 0.75 <0.36 22 0.16 0.49 6AO 24.5 2.3 0.2A 1.1 
20-Jul 92 1.10 <().36 21 0.19 0.50 600 39.0 4.9 0.28 3.1 
24-Aug 237 0.8A <O.lA 23 0.29 0.54 690 35.3 4.9 0.21 2.2 

MEAN 0.91 <0.30 22 0.22 0.51 657 32.9 4.0 0.26 2.1 



Table 14. Other limnological variables at 1981 sampling sites; total suspended solids (TSS), 
temperature (TEMP), daily primary production of carbon (PROn), molecular oxygen concentration (02 
CONC) , relative saturation (02 SAT) and oxygen consumption in the water column (02 RESP), and 
absorbances at 455 nm after centrifugation and at 543 nm before filtration (UNFILT), after 
filtration (FILT), and after centrifugation (CENT) at 13 sites in the area of the Churchill River 
diversion, 1981. The "MEAN" primary production value is the mean integral daily carbon fixed by 
photosynthesis over the period 19 June to 1R August inclusive (61 days). The analytical number 
(Anal R) is an internal reference number. 

= 
Location Date Anal # TSS TEMP PROD 02 Absorbances at wavelengths 

mg/L °C carbon 455 nm 543 nm 
mg/m- 2d CONC SAT RES\, (ABS) 

~/L % ~/m- r UNFILT FILT CENT 

G 19-Jun 35 6.1 NA 194 327 NA 107 0.034 0.082 0.02? 0.011 
25-Jul 111 NA 17.78 823 290 97 294 0.031 0.115 0.021 0.010 
18-Aug 207 4.0 20.55 590 290 102 438 O.02R 0.OR3 0.020 0.012 '" 0"1 

MEAN 5.0 19.17 587 302 100 280 0.031 0.093 0.021 0.011 

6 19-Jun 31 5.q 14.09 122 354 109 247 0.034 0.201 0.032 0.013 
25-Jul 113 8.8 16.69 278 295 qf) ?65 0.038 0.380 0.070 0.013 
18-Aug 208 5.3 1R.90 284 2Rl 9f) 218 0.033 0.183 0.051 0.012 

MEAN 6.7 16.56 238 310 100 243 0.035 0.255 0.051 0.013 

4 19-Jun 31 R.O 4.73 96 3R5 95 519 0.040 0.264 0.085 0.017 
25-Jul 109 5.3 NA 551 325 NA 408 0.040 0.162 0.058 0.015 
18-Aug 205 NA 17.36 22R 303 100 290 0.036 0.177 0.042 0.015 

MEAN 6.6 11.05 310 338 98 406 0.039 0.201 0.062 0.016 

5 19-Jun 30 3.2 7.12 2?4 358 94 755 0.072 0.064 0.036 0.025 
25-Jul 108 3.3 16.55 499 304 99 219 0.065 0.110 0.038 0.022 
1R-Aug 204 .. 3.1 17.97 414 2R3 95 343 0.062 0.099 0.02R 0.022 

MEAN 3.2 11.88 40R 315 96 439 0.066 0.091 0.034 0.023 



Table 14. Cont'd. 

= 
Location nate Anal# TSS TEMP PROf) 02 Absorbances at wavelengths 

mg/L °C carbo~ 455 nm 543 nm 
mg/m- d CONC SAT Ull~~~\r (ASS) 

l-fTl/L % IJNFILT FILT CENT 

SA 19-Jun 32 3.5 1n.00 170 294 95 169 0.165 0.179 0.085 0.065 

25-Jul 110 2.1 NA 866 289 NA 545 0.108 0.110 0.050 0.039 
18-Aug 206 3.0 18.63 441 268 91 380 0.042 0.10R 0.044 0.033 

MEAN 2.9 17.32 543 2R4 93 365 0.105 0.132 0.060 0.046 

NW 1R-Jun 24 NA 10.36 140 332 95 142 0.043 0.068 NA 0.021 
24-Jul 107 NA 17.25 1177 275 91 267 0.038 0.075 0.020 0.010 
17-Aug 195 1.7 18.48 260 275 93 Hi4 0.040 0.063 0.025 0.012 N 

........ 

MEAN NA 15.36 734 294 93 191 0.040 0.069 0.023 0.014 

NE 18-Jun 25 3.3 8.74 199 344 95 354 0.045 0.127 NA 0.018 
24-Jul 106 NA 12.15 534 278 R2 252 0.040 0.092 0.023 0.012 
17-Aug 196 2.1 1R.44 640 293 99 412 0.035 0.065 0.015 0.010 

MEAN 2.7 13.11 436 305 92 339 0.040 0.095 0.019 0.013 

F 18-Jun 26 4.6 13.74 186 298 92 114 0.070 0.142 NA 0.022 
24-Jul 105 NA 17.80 1928 285 95 536 0.062 0.152 0.027 O.OlR 
17-Aug 194 5.B 18.63 1421 2R3 96 1003 0.063 0.120 0.026 0.018 

MEAN 5.2 16.72 1262 289 94 551 0.065 0.138 0.027 0.019 

EM 18-Jun 27 3.2 14.67 321 302 95 151 0.044 0.082 NA 0.014 
23-Jul 101 4.1 20.50 1462 302 106 523 0.038 0.088 0.018 0.012 
17-Aug 197 7.3 19.23 1682 303 104 1117 0.040 0.182 0.020 0.010 

MEAN 4.9 1R.13 123R 302 102 597 0.041 0.117 0.019 0.01? 



Table 14. r.ont'd. 

= 
location Date Anal # TSS TEMP PROD 02 Absorbances at wavelengths 

mg/l °C carbon 455 nm 543 nm 
mg/m- 2d CONC SAT RESP (ABS) 

lITl/l % ~/m- ~r UNFIlT FILT CENT 

CM 18-Jun 28 2.7 12.19 215 305 91 73 0.060 0.091 NA 0.020 
23-Jul 102 1.6 19.06 281 284 97 247 0.051 0.060 0.024 0.016 
17-Aug 198 2.9 18.96 1055 297 101 538 0.050 0.082 0.020 0.013 

MEAN 2.4 16.74 415 295 96 286 0.054 0.078 0.022 0.016 

WM 18-Jun 29 2.0 11.34 171 251 73 122 0.055 0.059 NA 0.019 
23-Jul 103 3.7 18.21 1340 2f>6 90 468 0.050 0.097 0.022 0.018 
17-Aug 199 7.7 19.33 1720 300 104 1295 0.054 0.175 0.025 0.014 

N 
MEAN 4.5 16.29 1113 272 89 628 0.053 0.110 0.024 0.017 00 

I 19-Jun 34 3.3 14.59 205 224 70 NA 0.147 0.144 0.064 0.053 
25-Jul 112 NA 16.53 1523 248 81 727 0.190 0.178 0.068 0.062 
18-Aug 209 1.7 19.12 392 192 67 964 0.178 0.106 0.068 0.061 

MEAN 2.5 16.75 972 221 73 896 0.172 0.143 0.067 0.059 

WR 20-Jun 43 3.8 15.80 224 NA NA NA 0.055 0.123 0.040 0.021 
20-,lu 1 92 3.5 18.97 545 279 95 376 0.040 0.108 0.030 0.014 
24-Aug 237 NA 20.43 339 271 95 260 0.032 0.102 0.028 0.011 

MEAN 3.6 18.40 451 275 95 318 0.042 0.111 0.033 0.015 



Table 15. Concentration of total mercury (~g.g-l dry weight) in various zooplankton size fractions from 13 sites in the area of the Churchill River 
diversion, 1981. See methods for parameter codes and sampling times. 

Site· Z73 (1) Z73 (2) Z73(3) MZ73 Z153(1) Z153(2) Z 153 (3) MZ153 Z351 (1) Z351(2) Z351(3) MZ351 Z760 (1) Z760(2) Z760(3) MZ760 

CM 0.050 0.48 0.04 0.190 0.019 0.64 0.16 0.273 0.04 1.12 0.26 0.461 no 0.22 no 0.22 
sampl e samp 1 e 

EM 0.039 1.65 0.39 0.693 0.007 0.86 0.27 0.374 0.046 5.00 1.32 2.122 no sample 

F 0.074 1.42 no 0.747 0.018 1.37 0.66 0.683 0.050 1.88 1.07 1.00 0.40 1.51 1.12 0.890 
sample 

G 0.020 0.38 1.23 0.543 0.011 no 0.63 0.321 0.089 0.63 0.32 0.346 no no <0.07 <0.07 
samp Ie sample sample 

0.063 0.69 0.08 0.278 0.075 no 0.11 0.093 no no 0.09 0.09 no no 0.08 0.08 
sample sample sample sample sample 

WB 0.034 3.45 no 1.742 0.009 3.19 no 1.600 0.0233 no no 0.023 no sample 
sample sample sample sample 

NE 0.057 2.60 0.88 1.179 0.030 4.38 0.33 1.647 0.053 2.370 1.937 1.451 no 3.00 no 3.00 N 

sample sample \D 

NW 0.10 3.20 0.84 1.38 0.19 4.56 1.08 1.943 no 3.20 1. 67 2.435 no sample 
sample 

4 0.15 0.42 1.72 0.763 no 0.29 0.21 0.250 no 0.54 0.79 0.665 no sample 
sample sample 

5 0.021 0.72 0.28 0.340 0.021 1.66 0.26 0.647 no 1.54 0.46 1.00 no sampl e 
sample 

SA 0.050 1.24 0.35 0.547 0.054 1.96 no 1.007 0.007 0.12 8.74 2.956 0.009 0.20 3.24 1.150 
sample 

6 0.10 0.69 0.03 0.273 no 2.90 0.03 1.465 no 3.93 0.28 2.105 no sample 
sample sample 

WM 0.11 1.41 0.28 0.60 0.058 no 1.1 q 0.624 0.021 2.69 0.40 1. 037 no no 0.20 0.20 
sample sample sample 

• See Table 1 for key. 
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Table 16. Correlation coefficients between the mean concentrations of 
total mercury in yellow perch muscle (YPHG) and spottail 
shiner muscle (STHG) (Tables 8 and 9) and the concentration 
of total mercury of the upper 2 cm of unflooded soil (Tabl e 
1), of the upper hori zons of unflooded soil (Tabl e 2), and 
of the sediment (Table 4), the apparent depletion of total 
mercury in soil horizons (Tables 2 and 4), the means of 
various limnological parameters (Tables 12, 13, and 14), and 
the means of the concentrations of total mercury in various 
net plankton size fractions (Table 15) for 13 sites in the 
area of the Churchill River diversion, 1981. Number of data 
pairs for each correlation coefficient is shown in 
parentheses. See methods for parameter codes. 

======================================================== 
YPHG STHG 

STHG 0.65 (n~ 
Upper 2 em of soil Hg -0.01 (7 0.09 (12 ) 
Moss/peatfl itter Hg -0.01 (7) 0.09 (12 ) 
Ah Hg 0.72 (7) 0.64 (12 ) 
Sediment Hg 0.42 (7) -0.30 (12 ) 
Moss/peat/litter Hg depletion 0.34 (3) -0.16 ( 5) 
Ah Hg depletion 0.74 (5) 0.63 (10 ) 
Clay Hg depletion 0.29 (5) 0.02 (10 ) 
Upper 2 cm of soil Hg depl et ion 0.34 (3) -0.16 ( 5) 
Mean water temp -0.58 (7) -0.84 (12) 
Mean TDN 
Mean TDP 
Mean TSS 0.01 (7) -0.27 (12 ) 
Mean suspended P 0.13 (7) -0.21 (12 ) 
Mean suspended N o.r)! (7) -0.25 (12 ) 
Mean suspended C -n.15 (7) -0.32 (12) 
M PROD 0.11 (7) -0.21 (12 ) 
M DOC -0.24 (7) -0.35 (12 ) 
M SAT -0.09 (7) -0.35 (12 ) 
M RESP 0.02 (7) -0.10 (12) 
M CONn 0.69 (7) 0 (12 ) 
M ABS 0.05 (7) 0.08 (12) 
M flFILT 0.04 (7) -0.19 (12 ) 
M flCENT -0.16 (7) 0.14 (12) 
M Z73 0.03 (7) -0.01 (12) 
M Z153 0.57 (7) 0.26 (12) 
M Z351 -0.03 (7) 0.24 (12) 
M Z760 0.B7 (5) 0.89 ( 6) 
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Table 17. Correlation coefficients between the mean concentrations of 
total mercury in yellow perch muscle (YPHG) and spottail 
shiner muscle (STHG) (Tables 8 and 9) and the values of 
various limnological parameters (Tables 12, 13, and 14) and 
the concentration of total mercury in various net plankton 
size fractions (Table 15) for 13 sites in the area of the 
Churchill River diversion, 19A1. Number of data pairs for 
each correlation coefficient is shown in brackets. See 
methods for parameter codes. 

= 
YPHG STHG YPHG STHG 

TEMP 1 -0.23 (6) -0.78 (11 ) SAT 1 0.21 (6 ) 0.18 (10) 
TEMP 2 -0.19 (7) -0.69 (10) SAT 2 -0.64 (5) -0.45 ( 8) 
TEMP 3 -0.68 (7) -0.85 (12) SAT 3 0.01 (7) -0.33 (12 ) 

TON 1 0.00 (7) -0.26 (12) RESP 1 0.08 (6 ) 0.68 (ll ) 
TON 2 RESP 2 -0.03 (7) -0.37 (12) 
TON 3 RESP 3 0.11 (7) -0.28 (12) 

TOP 1 0.01 (7) 0.13 (12) COND 1 0.49 (7) -0.02 (12 ) 
TOP 2 CONn 2 0.86 (4) 0.26 ( 9) 
TOP 3 CONI) 3 0.78 (7) 0.03 (12 ) 

TSS 1 -0.13 (7) 0.04 (ll) ABS 1 0.14 (7) -0.03 (12) 
TSS 2 -0.68 (4) 0.14 ( 8) ABS 2 0.01 (7) 0.09 (12) 
TSS 3 0.09 (7) -0.53 (10) ABS 3 0.03 (7) 0.37 (12) 

SP 1 0.03 (7) -0.12 (12) ~FIL T 1 -0.56 (3) 0.09 ( 6) 
SP 2 0.11 (7) -0.18 (12) ~F ILT 2 0.12 (7) -0.01 (12) 
SP 3 O.lA (7) -0.20 (11 ) ~FILT 3 -0.05 (7) -0.26 (12) 

SN 1 -0.12 (7) 0.16 (12) ~CENT 1 0.00 fi~ 0.01 ( 6) 
SN 2 0.03 (7) -0.22 (12) ~CENT 2 0.08 0.17 (12) 
SN 3 0.n1 (7) -0.30 (12) ~CENT 3 -0.19 (7) -0.04 (12 ) 

SC 1 -0.33 (7) -0.09 (12 ) Z73 (1) 0.47 (7) 0.35 (12) 
SC 2 -0.07 (7) -0.38 (12) Z73 (2) 0.73 (7) 0.15 (12) 
SC 3 -0.05 (7) -0.34 (12) Z73 (3) -0.75 (6 ) 0.19 (10) 

PROD 1 -0.42 (7) -0.33 (12) Z153 (1) 0.04 (7) 0.44 (10) 
PROD 2 0.15 (7) -0.09 (12) Z153 (2) 0.35 (4) 0.26 (10) 
PROD 3 0.24 (7) -0.30 (12) Z153 (3) 0.16 (7) 0.03 (10) 

DOC 1 -0.31 (7) -0.22 (12) Z351 (1) -0.53 (5 ) -0.01 ( 8) 
DOC 2 0.14 (7) -0.33 (12) Z351 (2) -0.22 (6) -0.05 (11 ) 
DOC 3 -0.12 (7) -0.31 (12) Z351 (3) 0.12 (7) -0.07 (11 ) 

Z760 (1) 
Z760 (2) 0.99 ( 4) 
Z760 (3 ) 0.91 (4 ) 0.35 ( 4) 
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Table lR. Correlation coefficients between the mean concentrations of 
total mercury in yellow perch muscle (YPHG) and spottail 
shiner muscle (STHG) (Tables 10 and 11) and the 
concentration of total mercury in upper soil horizons of 
unflooded soil (Table 3), and the apparent depletion of 
total mercury in upper soil horizons (Tables 3 and 6) for 
seven sites in the area of the Churchill River diversion, 
1982. Number of data pairs for each correlation 
coefficient is shown in brackets. 

= 
YPHG STHG 

Moss/peat/litter Hg -0.12 (7) -0.05 (7) 

Ah Hg -0.30 (7) -0.19 (7) 

Moss/peat/litter Hg depletion 0.24 (5) 0.17 (5) 

Ah Hg depletion 0.33 (5) 0.48 (5) 
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Fig. 1. Map of study area showing sample sites. 
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