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Table Il Concentrations (ug kg') of elements in the water of Kejimkujik, Pebbleloggitch and
Beaverskin Lakes (o = standard deviation; n = number of analyses)

Element Kejimkujik Pebbleloggitch Beaverskin
Mean o n Mean n Mean n

Al 100 0 7 190 3 50 3

Ba 2.4 .8 7 2 2 2.5 2

Be A 1

Ca 670 80 9 340 4 350 4

Cr 1 1 9 1

Cu 1 1

Fe 200 60 9 105 2

Hg A .04 5 .09 3 .07 3

K 100 0 5 150 2 100 2

Mg 480 40 9 390 4 410 -

Mn 37 2 9 8 2 16 4

Na 3000 50 9 3000 4 2900 4

Ni 23 8 8

P 9 1 9 14 4 5 B

Pb 2.2 A 9 2.3 4 2.3 <

Si 473 160 9 600 4 150 3

Sr 5.2 1.6 8 4.5 3 3.7 2

Ti 1 1 .

Vv 6

Zn 8 1 8 4 2 4.5 2

The trace element concentrations reported are similar to those of uncontaminated
fresh waters [c.f. data in reviews of Bowen (1979); Forstner and Wittman (1981)], and
as might be expected, differences between specific compartments were small, though
some (see e.g. Table VII) were statistically significant. There were, however, several
cases where the data diverged from that recorded for other pristine fresh waters and
these are discussed below in greater detail.

Lead in sediments Uncontaminated soil typically contains about 35 mg kg™ of lead
(Bowen, 1979). The mean lead concentration found in the bulk sediments collected
from the three lakes lay in the range 18 - 47 mg kg, with a maximum of 65 mg kg™
(Table IV). However values of 123 mg kg™ were obtained on samples taken from the
top centimeter of the sediment and the mean value for this horizon in Beaverskin Lake
was 96 mg kg'. There was a pronounced vertical stratification in the sediments of
Beaverskin and Pebbleloggitch Lakes (Table IV) where values >40 mg kg were found
in the upper 5 cm of the sediment horizons and <10 mg kg at depths in the range 9-
23 cm. Similar stratification was also found in nearby Big Dam Lake. This pattern of
elevated concentrations of Pb in the surface sediments of remote lakes is probably
caused by increases in the rate of atmospheric deposition of this element as a result of
the long-range transport of emissions associated with automobile exhaust (Freedman,
1989). Enhanced deposition of lead to remote ecosystems has previously been
attributed to automobile emissions, e.g. deposition to forested watersheds at relatively
high elevation in the N.E. United States (Siccama and Smith, 1978; Andresen et al.,
1980; Friedland and Johnson, 1985).

Elements of groups | and Il The cations: Ca*?, K*and Mg*? are present in relatively
small concentrations in the water and sediments of the three lakes. Most notably, Ca*?
in water is present in the range .34 - .67 mg kg™ (Table Ill), compared with Bowen’s
(1979) ‘typical’ value of 15 mg kg™ for fresh water, or compared with continental soft
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Table IV Concentrations of elements in the sediments and benthos of Kejimkujik, Pebbleloggitch
and Beaverskin Lakes (o = standard deviation; n = number of analyses)

Element Kejimkujik Pebbleloggitch Beaverskin
Sediment Benthos Sediment Benthos  Sediment Benthos
bulk top bulk  top
5cm 5cm

Mean o n Mean n Mean Mean Mean n Mean Mean n=1
(mgg" (n=4) (n=3) (n=4) (n=3)
Al 85.6 7.4 8 86 3 15.4 10.8 A 2 275 18.0 .12
Ca 29 .19 8 .35 3 2.5 1.02 A7 2 2.2 137 .39
Fe 40.8 2 8 1.5 3 2.8 2.97 A3 2 6.8 5.5 .31
K 273 19 8 1.8 3 4.7 75 2 8.8 2.08
Mg 9.7 9 8 43 3 92 49 16 2 1.03 77 .24
Mn 1.13 .13 8 031 3 .057 .035 .002 2 21 243 .01
Na 11.8 .5 8 1.39 3 4.3 .68 2 6.7 1.78
P 9 06 8 188 3 .67 73 98 2 1.2 1.381.69
Ti 4.4 .5 8 .03 3 73 .69 .007 2 73 .63 .004
Zn .12 .005 8 .04 3 014 .006 022 2 .051 .006 .027
(ug 10g™")
Ba 510 810
Be 5 <10 8 13
Cd <10 <10
Co 160 120 7 29 3 18 19 2 29 30
Cr 810 120 8 15 3 100 87 7 2 88 130 7
Cu 230 60 8 47 3 60 210 28 2 430 150 61
Hg 22 A3 8 42 1 .26 23 1 21
Ni 4 4 6 13 3 43 49 18 2 50 71 13
Pb 180 40 8 25 1 340 430 20 2 470 560
Sn 29 70
Sr 1200 90 8 16 3 320 150 5 2 370 180 14
Th 17 3 10 1 30
\% 880 120 8 18 3 97 150 5 2 160 220
Zr 1040 50 8 10 1 200 220

water lakes e.g. the Experimental Lakes Area (ELA) of N.W. Ontario (1.6 mg kg";
Armstrong and Schindler, 1971). This observation is related to the small quantities of
calcium in the thin mantle of soil and till overlying the hard oligotrophic bedrock in
this part of Nova Scotia (Freedman and Morash, 1985; Kerekes and Freedman, 1989).
Because of the sparse quantities of these cations in the study lakes, their waters have
little acid neutralizing capacity and are therefore susceptible to acidification caused by
deposition of acidifying substances from the atmosphere and by input of organic acids
from the sphagnaceous wetlands of their watersheds (Clymo, 1984; Gorham et al.,
1984; Kerekes and Freedman, 1989).

The concentrations of Na* in the study lakes (range 2.9 - 3.0 mg kg™'; Table Ill) are
large compared with about .9 mg kg for softwater lakes of the ELA (Armstrong and
Schindler, 1971). Thisobservation possibly reflects the facts that the lakes are less than
60 km from the Atlantic Ocean, so there is a relatively large deposition of marine
derived aerosols (Freedman and Clair, 1987; Kerekes and Freedman, 1989).

Elements mobilized by acidity Aluminium is abundantas an insoluble constituent
of various minerals of walershed soils and aquatic sediments (in which its ‘typical total’
concentration is ca. 7%) and it is known that acidic water can solubilize the element
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Table V  Concentrations (ug kg') of elements in the plankton of Kejimkujik, Pebbleloggitch and
Beaverskin Lakes (o = standard deviation; n = number of analyses)

Element Kejimkujik Pebbleloggitch Beaverskin
Mean o n Mean n Mean n
Al 1 1 7 9.8 4 7.8 4
Ca 110 15 7 82 4 72 4
Co 7 2 5 .8 3 9 1
Cr 2 A 6 A 4 2 4
Cu 1.9 2.3 7 2.6 4 1 4
Fe 25 4 7 18 4 17 4
Hglug kg™ 7 2 7 10 4 8 4
K 91 27 7 190 4 160 4
Mg 40 7 7 43 4 34 4
Mn 1.4 3 7 .6 4 1 4
Na 76 13 7 100 B 95 4
Ni 2 4 .2 2
P 320 70 7 360 B 250 4
Sr 2 4 2 4
Ti 4 4 3 4
Vv A 4 A 4
Zn 10 4 5.2 4

from these compartments (Freedman and Hulchinson, 1986; Havas, 1986). Of the 3
lakes under study, the highest mean concentration of Al in water occurred in the most
acidic lake (Pebbleloggitch; pH 4.3, .19 mg kg', Table Ill), whilst the smallest
concentration was in the most alkaline lake (Beaverskin; pH 5.3, .05 mg kg™, Table l1).
Aluminium concentrations in sediments {15.4 - 85.6 mg g, Table IV) and in biota (3
- 860 mg kg™, Tables IV - VII) were present in much larger concentrations.

Mercury in fish The Hg concentrations in water (.07 - .1 mg kg™') were lower than
the recommended limit for protection of aquatic wildlife (.2 mg kg'; CCREM, 1987).
The maximum observed concentration of Hg in Notemigonus crysoleucas in this study
was .2 mg kg d.w. but the mean value, .15 mg kg"' (n=18), corresponding to .038 mg
kg’ on a fresh weight basis (Bowen, 1979, p. 85), was much lower than the
recommended upper limit for the protection of fish-eating birds and other wildlife (.5
mg kg d.w.; International Joint Commission, 1977). Some other studies of mercury
in fish of lakes in Eastern Canada have found higher concentrations than these, e.g. .3
-1.3 mgkg"in 3 speciesin 11 lakes in N.W. Ontario; .1 - .4 mg kg in 3 species in Lake
of the Woods, Ontario; a mean of 2 mg kg"' (maximum 5 mg kg") in Esox lucius in
northern Manitoba (Fimreite and Reynolds, 1973). Other studies have found similar
mercury concentrations (e.g. mean values of <2 mg kg™ in juvenile yellow perch of
10 Ontario lakes; Sunsetal., 1980). However, Fimreite etal., (1973) reported analyses
of relatively large and/or old fish of different species than the ones studied here. These
and other factors are known to affect the mercury concentration of fish (Scheider et al.,
1978; Suns et al., 1980; MacCrimmon et al., 1983). Water pH is another important
factor, with acidic waters generally favouring the formation of bioavailable
methylmercury compounds compared to dimethylmercury in less acidic waters (Tsai
et al., 1975; Brouzes et al., 1977; Scheider et al., 1978).

All of the determinations reported are for total elemental concentrations, no
analytical distinctions are made between e.g. ionic and organically bound forms. In
terms of ecotoxicology, this is an important point, since ionic forms of toxic elements
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Table VI Concentrations of elements in Eriocaulon septangulare, Nuphar variegatum and
Utricularia vulgaris collected in Kejimkujik, Pebbleloggitch and Beaverskin Lakes
(o = standard deviation; n = number of analyses)

Element Kejimkujik Pebbleloggitch Beaverskin
Eriocaulon Nuphar  Eriocaulon Nuphar Utricularia  Eriocaulon
Utricularia
mean mean mean g mean mean mean g
(h=1)  (n=4) (n=5) (n=8) (h=5) (h=4)  (n=7)
(mg g
Al 7 2 .52 09 .04 3.27 .52 5.65 A2
Ca 1.15 10.3 .38 123 1.1 3.97 79 5.2 3
Fe 3.4 77 1.89 .49 .18 6.4 3.94 16.9 7
K 49 10.3 1.14 10.8 1.3 .85 3.65 1.02 1
Mg .66 1.13 34 1.4 04 3.46 46 2.73 A
Mn 225 .57 .044 15 .004 .05 3 3.54 .64
Na 5.34 4.85 1.71 5.98 .16 2.01 6.6 656 .01
P .83 2.43 79 1.93 A 1.65 .39 1 .03
Zn 144 .024 .02 .02 001 .064 .04 .076 .002
(ug 10g™)
Cd 7.5 1 8 1 1 10 20 24 1
Co 33 27 16 9 2 20 13 34 7
Cr 160 34 67 10 1 120 64 110 30
Cu 590 28 70 9 1 66 100 78 4
Hg .09 .05 .09 .05 n=2 18 .05 27 n=2
Ni 31 35 33 20 2 75 44 91 3
Pb 120 26 260 140 20 540 210 460 50
Sr 68 710 51 380 60 420 79 540 30
Th 13 9 14 8 19 4
Ti 160 57 230 19 15 930 87 870 160
\ 26 5 27 5 3 68 32 140 10
ZIr 9 6 5 14 7 36 ?

Table VII Element concentrations (mg kg dry weight) in Perca flavescens (yellow perch) caught
in Kejimkujik, Pebbleloggitch and Beaverskin Lakes (o = standard deviation, n =
number of analyses)

Element Kejimkujik Pebbleloggitch Beaverskin
mean o n mean o n  mean o n
Al 6.1 3.4 11 3.3 1.9 9 17 6 6
Ca 13500 2100 14 11700 1900 20 11700 2500 18
Cr 4 2 14 3 A 20 3 A 18
Cu 9 4 14 .6 2 20 i 3 18
Fe 21 7 14 17 3 20 35 4 18
K 2800 300 14 2440 310 20 2260 700 18
Mg 470 40 14 410 40 20 440 60 18
Mn 16 7 14 3 .8 20 18 11 18
Na 880 100 14 720 200 20 610 110 18
Ni 1.1 .6 12 1.1 .2 20 1.1 .8 18
P 8000 950 14 7010 980 20 7100 1200 18
Pb 7 2 14 2.4 6 20 1.1 2 18
Sr 29 13 14 33 7 20 32 7 18
Ti 2 A 8 2 . 17 3 3 12
Zn 24 6 14 17 2 20 23 6 18
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are more readily bioavailable and toxic than are equivalent concentrations that are
bound to dissolved organic materials or colloids such as suspended clays (Pagenkopf
etal., 1974; Sunda and Lewis, 1978; Chau et al., 1974; Bowen, 1979; McKnight, 1981;
Havas, 1986). Pebbleloggitch and Kejimkujik Lakes have large total concentrations
of dissolved organic substances (Kerekes and Freedman, 1989) and these serve as
complexing agents for metals, greatly reducing the relative concentration of the ionic
fraction and thus the potential toxic effects.
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