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Abstract

Durifig 1979, three cruises were conducted on Lake

Ontario to measure total trace metal conc¢éntrations on the
open lake. With the exception of five isolated incidents
(two for cadmium and three for iron), the lake was found
to be in compliance with the objectives of the 1978 Water
Quality Agreement.

Nearshore values were found to be higher than those
of the open waters, with metal concentrations generally
greater at the western end of the lake. To define this
spatial variation, a statistical procediire was Used to
divide Lake Ontario into zones for each of the individual
trace metals. A composite map was compiled from this
information.

For each metal, on a cruise-by-cruise basis, depth-
weighted concentrations were calculated for both the
surface-t0-20-metre stratum and the entire water column,
No significant (P > 0.05) differences betwéen the surface
and the whole water column were found during isothermal
conditions. However, during stratified conditions in late
surimer, sighificantly lower surface values were found for

" arsenic, chromium and jron.

Résumé

En 1979, trois levés ont été effectués dans le lac
Ontario6 pour mesurer les.concentrations totales des métaux
cas isolés (deux pour le cadmium et trois pour le fer), le lac
satisfaisait aux objectifs de I'Accord relatif 3 la qualité de
I'eau de 1978.

Les concentrations a proximité des rives étaient plus
élevées que dans la zone libre et étaient généralement plus
élevées a I'extrémité occidentale du lac. Pour déterminer la
variation spatiale, on a employé une méthode statistique
divisant le lac en plusieurs zones selon la ¢éoncentration de
chacun des métaux, puis on a établi une carte globale pour
I'ensemble de tous les métaux.

On a calculé; pour chaque métal et chaque levé, les
concentrations pondérées en fonction de la profondeur
pour la tranche de la surface jusqu'a 20 meétres de pro-
fondeut et poutr toute la colonne d’eat. Oh t'a trouvé
aucune différence significative (P > 0.05) entre la surface
et toute la colonne d’eau en période d'isothermie. Toute-
fois, en période de stratification thermique (fin dé I'été),
des valeurs significativement plus faibles ont été obtenues
pour l"arsenic, le chrome et le fer & la surface.




Trace Metals in Lake Ontario, 1979

Melanie A. Neilson

INTRODUCTION

The Canada Centre for Inland Waters carries out
annual surveys on Lake Ontario to monitor the levels of
various physical, chemical and biological. parameters. In
1979, thréé synoptic trace metal éruises were conducted,
during both isothermal and stratified conditions. Samples
were collected at surface (1 m) and discrete depths at 47
stations (Fig. 1). In the past, investigators studying trace
metal levéls in -the waters of the Great Lakes (1,2,3,4)
reported on fiitered and/or unfiltered/nondigested samples.
In compliance with the 1978 Great Lakes Water Quality
Agreement (5), the curterit study employed revised analyt-
ical techniques to measure total metal concentrations and
thus identify incidences of noncofnpliance with water
quality objectives.

To describe the horizontal distribution of the data,
the temporal and spatial variabilities were calculated so
that the lake could be mapped into statistically significant
trace metal Zones. The vertical distribution was then
studied by comparing the concentrations found in the
surface-to-20-metre stratum with those of the entire water
column.

MATERIALS AND METHODS

The cruises were conducted April 30 to May 4
(presstratified), May 28 to June ‘1 (early-stratified) and
August 27 to August 31 (late-stratified). Analyses were
done for total cadmium (Cd), chromium (Cr), copper (Cu),
iron (Fe), manganese (Mn), nickel {Ni}, zinc (Zn), non-
filtered aluminum (Al), arsenic (As), mercury (Hg), selenium
(Sé) and silver (Ag) based on the methods outlined in the
Ana/yt)fgq/ Methods Manual, 1979 (6). Samples were
collected by a winch-operated Rosette Multi-Bottle Array
model 1015 Mark V Sampler (Geriéral Oceanics Limited,
Miami, Florida), inteérfaced with a Guideline EBT model
8301B probe, which gives temperature and depth readings.
This submersible bottle mounting arfay enables the oper-
ator to remotely actuate a sequence of Niskin sampling
bottles. Depths sampled were as shown in Table 1.

Total metal samples were digested with 1% HNO3 and
evaporated to 5 mL. The Cd, Cr, Cu, Fe, Pb, Ni -and Zn
concentrations were then determined by atomic absorption
spectrophotometry after chelation with -ammonium pyr-
rolidine dithiocarbamate (APDC) and subsequent -extrac-
tion with the solvent rethyl isobutyl. ketone (MiBK).
Oxine (8-hydroxyquiiicline) . was used to complex
manganese before spectrophotometric determination.
Arsenic and selenium were measured by flameless atomic
absorption, and mercury, by cold vapour atémiic absorption.
The method for EDTA-chelation of silver and subsequent
spectrophotometric analysis was a modified. version. of
that method outlined in the Analytical Methods Manual,
1979 (7). Aluminurm was not digested, as it does not exist
in forms extractable by hot acid (8).

In the analysis of the data, all values reported at
less than the detection limit were taken at one-half the
detectable level.

A statistical procedure developed by El-Shaarawi and
Shah (9) was used to zone the lake according to concen-
tration levels of the different metals. The method involves
a hierarchical classification of the surface.(1 m) data,
based on temporal and spatial components. The F-values
are calculated to test the hypothesis of any significant
differences between cruises (temporal) and/or stations
(spatial). Where there was found to be no significant

Table 1. Sampling Depths for Trace Metals, Lake Oi;tario, 1979

Unstratified Stratified
l-m 1m
10m 1 m above thermocline
25_ m 1 m below thennociine

Bottom — 10 m Bottom — 10 m

Bottom — 2m Bottom — 2m

NOTE: If station depth was less than 25 m, only three depths were
sampled: 1 m, 10 m, bottom - 2 m. If station depth was
50 m or less, four depths were sampled: 1 m, 10 m, 25 m,
‘bottom — 2 m. )



difference between sampling sites, the lake was regarded
as a single zone. However, if the F-test showed spatial
differences, the lake was divided into more than one
zone. Those stations most frequently reporting the highest
_ concentration of a particular metal fell into Zone 1. Zone 2
stations reported the next highest concentrations, and
S0 on.

A composite map was then constructed to describe
various regions of the lake. In. assigning stations to the
zanes of the composite map, an accumulated total point
system was used. Any station occuiring in the lowest-
concentration zone for a particular metal was scored 1
poifit. Stations classified in the next higher concentration
zone 'we,re scored 2 points, and so on in succession. A
station was awarded points for each metal and the accu-
mulated total was recorded. A score of 43 points would
signify that the station was found in zone 1 (the highest-
concentration zone) for all the metals. To construct the
composite map, any station scoring an accumulated point
total of 26 (of the 43 maximum) or more {60%) was
designated to zone 1, to zone 2if at least 22 points (50%),
to zone 3 if at least 17 points (40%), and to zone 4 if
less than 40%.

To6 examine the vertical distribution, depth-weighted
concentrations for surface-to-20-metre- stratum. and the
entire water column (surface-to-bottom) were calculated
for each station for all three cruises. The Student's t test
was .run. to determine whether there was any statistical
difference in the top 20 m versus the entire water column.

RESULTS AND DISCUSSION

The metals can be classified into three categories:
(1) those that were consistently reported at below the

- detectable level {cadmium, lead, mercury and silver); (2)

those of concentrations exceeding the detection limit for
all or most of the samples collected (aluminum, arsenic,
copper, chromium, iron, manganese, nickel and zirc); and
(3) those undetected in spring but found in late summer
(selenium). Fitzsimons and Whittle (10), in analyzing
the supernatant of centrifuged samples collected at the
Kingston Basin in Lake Ontario, reported similar results
for selenium. Samples collected before and after August
had selenium concentrations at or below the detection
limit; in August a mean value of 0.20 ug/L was found (11).

Table 2 gives the mean, standard deviation, number
of samples collected, and the number of values less than
the detection limit for each of the three cruises. These
concentrations correspond ‘well with the data réported by
Nriagu et a/. (12). In Lake Ontario waters the latter reported
average concentrations of 1.5 ug/L for Cu, 1.1 ug/L for Ni,
0.05 pg/L for Cd and 0.31 ug/L for Pb.

which had been collected during 1972-73 on Lake Ontario,
relative to the objectives established in the Great Lakes
Water Quality Agreement. They reported multiple incidénts
of noncompliance with objectives. Of 207 Lake Ontario
stations sampled, they found that 39% had Fe concentra-
tions in excess of 300 ug/L; 44% exceeded the 25 ug/L

.T'able 2..Cruise Summaries. Mean and Stﬁndard Deviation, Nuinber of Samples Collected and Number of Samples Less than the Detection

Limit for the Metals Measired on Lake Ontario, 1979

Cruise mean and sta{;@ard deviation (ug’/L)‘

Maximum

_Cruise 1: April 30-May 4

Cruise 3: August 27-31

Detection Cruise 2: May 28-June 1
Metal  limit (ug/L) = value (ug/L) X SD. N n X  sD. N n X SD. N n
Ag © 0.1 0.8 - 0 o 010 * 0.1 178 121 0.06 * 0.02 170 159
Al 1.0 260.0 13.5 + 154 180 2 13.0 ¢ 21.2 178 O 83 t 85 166 12
As . 0.1 1.2 060 * 021 18 1 057 t 0.28 178 O 072 + 017 167 O
Cd 0.1 " 0.3 005 + 0.02 180 174 0,05 + 0.02 178 177 006 £ 003 ‘174 137
Cr 0.2 3.2 - o o 062 % 040 178 10 0.58 * 0.35 174 6
Ca 0.1 4.5 1.21 t 036 180 0 142 * 046 178 O 1.3 t 036 174 O
Fe 1.0 520.0 346 t 453 180 O0- 259 + 434 178 0 17.2 t 200 174 1
Hg 0.05 0.16 0.026 * 0.006 180 174  0.027 + 0.012 178 173 0.025 + 0.002 170 169
Mn 0.1 17.0 1.8 + 101 180 0 200 ¢+ 161 178 0 1.79 £ 1.52 174 » 0
Ni 0.1 11.0 116 + 026 180 O 1.8 + 0.92 178 O 147 t 088 174 O
Pb 0.5 3.0 031 t 0.26 180 161 040 1+ 0.19 178 84 039 * 0.25 174 109
Se 0.1 0.6 006 * 0.06 180 162 007 % 0.04 178 150 012 = 0.04 167 2
Zn . 10 13.0 1.1 + 0.6 180 2 1.3 ¢+ 08 178 14 1.2 t+ 12 174 52

¥ —= —
* A value of ong-half the detection limit was used for values reported as “less than detection limit™.

N = Total number of samples analyzed. .

n = Number of samples for which “less than detection limit” was reported.

~




Ni objective; 79% exceeded the 30 ug/L Zn objective; and
99% exceeded the 5 ud/L Cu objective. All of the 68
stations sampled for Cd had concentrations at least five
times greater than the 0.2 ug/L objective. These values
are at least an order of magnitude greater than the data
obtained in the present study, in which only five incidents
of objective noncompliance were detected. In the Toronto-
Hamilton region, 0.3 ug Cd/L was reported at station 1
{spring cruise) and at station 6 (August cruise). The heavy
industry in this area may account for the high concentra-
tions, as cadmium is an impurity associated with zinc and
lead ores (14). Station 21 off the Niagara River, station 57
{Rochester) and the Black River Bay station 98 all reported
total iron values near or exceeding the 300 ug/L objective.

When surface data were studied, it was evident that
trace metal values were generally greater at the western end
of the lake. Also, a concen't‘fa't'io'n gradient existed wherein
The total suspended mate,rlal of nearshore waters was found
by Nriagu et a/. (12) to be higher than that of the open
waters. The acid digestion method used to measure total
metal concentrations leaches trace metals off the partic-
ulate matter; thus, it was expected that nearshore stations
would report higher total trace metal levels. Especially
high levels were recurrently found localized in the Toronto-
Hamiltor area and near the mouths of the Niagara, Genesee
and Black rivers. It was thus decided to define this spatial
variation further by utilizing the regionalization procedure
developed by El-Shaarawi and Shah (9).

Table 3 presents the temporal (F,) and spatial (F,)
values for each metal. It was generally found that the
temporal variability far exceeded the spatial variability.
Similar results were found by El-Shaarawi a'nd Kwiatk'owski
When a s,tatlstlcally 5|gn|f|cant F, value was found, the
spatial distribution of that metal was described by division
of the lake into statistically (P > 0.20) homogeneous zones.

Table 3. The Temporal (F,) and Spatial (F,) Viriabilities for Each
of the Trace Inorganics Studied on the Three Cruises on

Lake Ontario, 1979.

Metal F,
Ag 7.75% 0.99
Al 18.57* 3.28°
As 2,73 2.33*
cd 3.99% 1.25
Cr 0.14 1.49
Cu 4.03% 1.74*
Fe 38.34* 3.47
Hg 0.51 0.90
Mn 8.01* 3.99*
Ni 21.09* 2.51*%
Pb 7.83* 1.43%
Se 82.36* 1.00
Zn 2.49

1.51%

*Statistically different at 1% level.
+Statistically different at 5% level,

Figures 2 through 9 are the zone maps of Lake Ontario for
the measured metals. Table 4 lists the mean and standard
deviation, the nufiber of samples coliected ifi @ach zone, and
thé number of samples reported at less than the detection
limit for each zone of the individual metal maps.

The zone map for aluminum (Fig. 2) reveals high
aluminum concentrations along the northwestern and
southern shores of Lake Ontario, and at.Black Bay. The
shoreline of the lake at the forrer two sites is shale, which
is composed fmainly of aIummosnIncates likewise, the
drainage basin of the Black River (just east of the Bay) is
shale (16). Hence, it appears that alummums zone 1
regions may be due to runoff

The remaining metals have the highest concentrations
at the mouths of rivers flowing into Lake Ontario, off-
shore of heavily populated areas. Industrial and domestic
effluents and urban stormwater runoff would appear

Tablé 4. The Meari and Standard Deviation, Total Number of Surface Samples Collected in Each Zone (N) and the Number of Samples
Reported at Less than Detection (n) for Each Meml Zone Map

Zone 1 Zone 2 Zone 3 _Zone4 ‘Zone 5
Metal - X SD. N n X SD. N n X SD. N"n ‘X SD. N n X 'SD. Nn
Al 288. ¢+ 267 23 0 118 + 85 39 0 48 t 3.0 69 2 ' '
As 081 * 012 15 0 063 £ 0.18 82 0 039 t 019 38 O
Cu 233 ¢+ 058 3 0 171 ¢+ 0.26 12 0 147 £ 0.53 59 0 112 £ 0.25 62 O
Fe 107.2 t 111.8 9 0 437 t 361 30 0 16.5 * 86 26 0 96 "'+ 66 701 05t 00 11
Mn 453 t- 201 9 0 254 t 095 30 0 1.53 + 049 40 0 106 t 0.41 57 0 :
Ni 525 ¢ 408 6 O 192 + 0.52 24 0 1.37 t+ 040 100 0 092 * 038 6 0
Pb 075 + 0.34 12 0 053 *+ 0.33 18 6 031 t 0.12 106 80
Zn ! 44 = 44 6 0 1.4 * 06 44 2 09 £ 05 86 40
NOTE: All values are reported in micrograms per litre. -




Table 5. Zone Summ_aries, Mean Concentration of Each Metal for the Four Zones of the Composite Map

Zone 1 _ . Zone 2 Zone 3 Zone 4
Metal. X . SSb. N n X ssD. N n- X s D. N n X 78D, N 'n
Ag 008 * 006. 16 11 008 t 009 19 14 008 + 008 41 35 007 £ 007 14 12
Al 24.3 + 259 24 0 14.6 £ 135 29 o0 6.1 £ 5.0 58 1 4.8 + 3.5 0 1
As 054 * 024 24 O 052 + 023 29 0 062 + 022 62 0 052 - * 019 20 0O
cd 007 * 0.06 24 20 005 * 001 30 28 005 *+ 001 62 58 005 * 000 20 20
Cr 116 + 092 16 1 053 £ 031 20 3 . 044 t 023 41 4 034 * 018 14 2
Cu 1.71 £ 076 24 O 1.27 + 037 30 O 131 £ 032 62 0 110 * 031 20 O
Fe 61.2 + 776 .24 O 32.4 + 354 30 1 12.3 + 122 62 0 93 + 8.0 20 1
Hg 0026 + 0.005 24 23 0.025 * 0.000 29 29 0.025- + 0003 62 61 ~ 0.025 * 0.000 20 20
‘Mn 290 * 160 24 0 225 *+ 136 30 0O 1.32 + 050. 62 0 097 =+ 046 20 O
Ni 281 * 252 24 O 1.58 ¢ 051 30 0 1.35 - £+ 039 62 0 1.23 £ 038 20 O
"Pb 059 * 037 24 7 036 =+ 017 30 19 033 . 014 62 44 034 = 019 20 16
Se 008 + 0.05 24 13 008 t 005 29 14 007 * 003 62 36 008 1 005 20 12
Zn 22+ 25 24- 5 1.3 £ 04 30 2 0.9 + 05 62 24 0.8 £ 0.3 20 11

N = Total number of_samples' analyzed.
n = Number of samples reported at “Iess than detection limit”,

NOTE: Data are reported in mlcrograms per litre and include only the surface (1 m) values for the three cruises. All values reported as “less
than the detectxon limit” were taken at half the detectable level.

to be responsible for these elevated levels, Fitchko a,r:\d
Hutchinson (17) studied sediment trace metal levels at the
mouths of sevéial watercourses flowing into Lake Ontario.
The data were reported relatlve to the maxima (defined as
the mean plus two standard deviations) of the tributary
outlets sampled. They reported “elevated” Pb levels. (greater
than the maxima) in surface sediment samples collected
at the mouths of the Credit and Humber rivers and the
Etobrcoke Creek and “excesswe concentratror_\s (greater
than fuve_ fimes the maxima) at the‘ mouth of the Don
River. According to Nriagu. et a/. (12), about 60% to
90% of the rinoff load of metals into Lake Ontario is
imported via the Niagara River from Lake Erie; aluminurm,
iron and manganese concentrations were highest just at
the mouth of this river (Figs. 2, 7, 9). The lead, zinc and
copper éoncentrations off Hamilton (Figs. 4, 5, 6) most
likely are a result of the steelworks foundries located
" there (18).

The composite trace metal map of Lake Ontario is
shown in Figure 10. Table 5 lists the mean concentration
and standard deviation for all the metals in each zone of
‘the map. For the most part, concentrations decreased from
the. highest in zone 1 to the lowest in zone 4. However,
there were éxceptions; silver, cadmium, mercury, lead-and
selenium especially did not follow this zone-concentration
trehd. This i§ due to the high percentage of less-than-
detection values reported for these metals. Greater sensi-
tivity of detection is required for their more accurate
zonation. The isolated zone 2 in the eastern region of the

lake was also reported by Chau ét a/. (3) in describing the

horizontal distribution of surface concentrations of iron
and copper in Lake Ontario.

Because more than half the metals showed s'ignif'i'ca'nt
temporal varlablllty (Table 3), the vertical distribution was
examined on a cruise-by-cruise basis. For each’ station,
depth-wéighited concentrations were. calculated for both
the surface-to-20-metre straturh and the entire water
column (surface-to-bottom). Student’s t test values were
calculated to compare the two strata; the results are shown
in Tablé 6. '

Table 6. Student’s t Test Values for the 1979 Lake Ontario Trace
Metal Concentrations o»f_‘t,hje,S\;,rﬁ@geetp-ZO-Metre
Stratum Veérsus the Entive Witer Coluinii

Metal Cruise 1 Cruise 2 Criise 3
Ag - 0.00 0.00
Al 0.39 0.32 134
As 0.05 0.64 3.50*
Cd 0.00 0,00 0.00
Cr - 0.74 1.79%
Cu -0.20 -0.23 0.38
Fe 0.37 0.36 1.95%
Hg 0.23 1.01 0.00
Mn 0.47 0.44 1.46
Ni -0.19 0.15 -0.52
Pb ~0.24 0.14 -0.18
Se 1.19 -1.32 0.84 -
Zn 0 29 -0.46 1.23

'ngmficant at 5% fevel.
+Significant at- 10% level.

On the first two cruises, the difference between the
trace metal levels reported for the surface waters and those
reported throughoui the water column was not found to
be statistically significant for any of the metals. However,




on cruise 3, which was conducted during stratified condi-
tions in late summer, arsenic, chromium and iron concen-
trations were significantly lower in the surface waters
(0-20 m). Furthermore, of the metals that showed any
difference in concentration between the two strata, the
surface trace metal levels tended to be less than the whole
water ¢olumn for all the elements except nickel and lead
(for these the mean concentrations were, respectively, 0.04
and 0.02 ug/L higher in the surface waters).

CONCLUSIONS

Improvément in extraction techiniques and sensitivity
of detection is required so that fewer values of less than
detection limit are reported. This would permit more
extensive statistical analysis of the data and zonation of
the lake for all the metals studied. Furthermore, for more
definitive zonation, more stations are required in both the
central eastern and the western basins.

Having determined that higher total metal concentra-
tions are found in areas directly influenced by runoff,
major watercourses entering the lake and urban-industrial
by the. concentration of suspended sediments. However,
with consideration to its original intent, the composite
map is still a valuablé tool for defining potential problem
areas and regions with a greater probability for demon-
strating noncompliance with the Water Quality Agreement
objectives.

The. temporal variability, although much greater than
the spatial variability, showed the epilimnetic waters to be
significantly different from the whole water column only
during the late summer cruise. The vertical distribution of
trace retals in the spring and early summer indicated that
surface waters were representative of the entire water
column.

ACKNOWLEDGMENTS

The author would like to acknowledge the crew of
the SS Limnos and the Technical Operations Staff who

" collected the 542 samples for this report, and the Water

Quglity Branch technicians who analyzed them. Special
thanks are extended to Roy E. Kwiatkowski vfor reviewing
this manuscript.

10.

1.

12,

13.

14.

15.

16.

17.

18.

REFERENCES

Kopp, J.F. and R.C. Kroner. 1974. Trace Metals in Waters of
the Unijted States, Federal Water Pollution Control Adminis-
tration, Cincinnati, Ohio.

Chawla, V.K. and Y.K. Chau. 1969. Trace metals in Lake Erie.
Proc. 12th Conf. Great Lakes Res. (IAGLR), pp. 760~765.

Chau, Y.K., V.K. Chawla, H.F. Nicholson and R.A.
Vollenweider. 1970. Distribution of trace elements and chloro-
phyll @ in Lake Ontario, Proc. 13th Conf. Great Lakes Res.
(IAGLR), pp. 659-672.

Elzérman, A. and D. Armstrong.. 1979. Enrichment of Zn,
Cd, Pb and Cu in the surfacé microlayer of Lakes Michigan,
Ontario and Mendota. Limnol; Oceanogr, 24(1): 133-144,

Agreement between Canada and the United States of America
on Great Lakes Water Quality. 1978. International Joint
Commission.

Environment Canada. 1979. Analytical . Methods Manual.
Inland Waters Directorate, Water Quality Branch, Ottawa,

Alkema, H. 1981. Personal communication.

Leslie, J.K, and K. Lum-Shue-Chan, 1981, Science of the Totél
Environment. In press.

El-Shaarawi, A.H. and K.R. Shah, 1978, Statistical Procedures
for Classification of a Lake. Sci. Ser. No. 86, Inland Waters
Directorate, Environment Canada, Burlington, Ontario.

Fitzsimons, J. anq M. Whittle, 1981. Temporal Contaminant
Dynamics in a Demersal and Pelagic Food Chain of the
Kingston Basin (Lake Ontario) and their Interactions. Unpub.

Fitzsimons, J. 1981. Personal communication.

Nriagu, J.0., H.K.T. Wong and R.D. Coker, 1981. Particulate
and dissolved trace metals in Lake Ontario. Water Res.
15: 91-96.

Waller, W.T. and G.F. Lee. 1979. Evaluation of observations of
hazardous chemicals in Lake Ontario during the International
Field Year for the Great Lakes. Environ. Sci. Téchnol.
13: 79-85.

Department of Natural Resources, 1972, Heavy Metals in
Surface Waters, Sediments and Fish jin Michigan. Michigan
Water Resources Commission, Bureau of Water Management.

El-Shaarawi, A.H. and R.E. Kwiatkowski. 1977. A model
to describe the inherent spatial and temporal variability of
parameters in Lake Ontario, 1974. J. Great Lakes Res.
3:177-183.

Geological map of North America. 1965. United States
Geological Survey,

Fitchko, J. and T.C. Hutchinson. 1975. A comparative study
of heavy metal concentration in river mouth sedifments arourd
the Great Lakes, J. Great Lakes Res. 1: 46~78.

Forstner, U. and G.T.W. Wittmann. 1979, Meta/ Pollution in
the Aquatic Environment. New York: Springer-Verlag.



| lllustrations



80°00’ 77°00’
44°30’ 44°30’
A4
2 AN =
R (7 %qj -
[/ 082 BT
N ogz 981 v/
: ® 4 p°s
' °gy 044 46 o84 ’o ’ .
029 o 75
| 032 o 61 om
- %10 027
Yoo o0 °%8
o7
K o12 025 039 064
O,
% °© o3 085 067
L 20 023 037 054 059
. of 093 053 058
ol o015 o1 ) 095
S 03 17_y 057 e,
’ 0
—’—43%0’ &, —43°00’
o S
80°00’ 77°00"
Figure 1. Location of 1979 trace metal sampling stations in Lake Ontario,
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Figure 2. Zone map of aluminum, 1979,
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Figure 3. Zone map of arsenic, 1979.

Figure 4. Zone map of lead, 1979.
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Figure 5. Zone map of zinc, 1979,
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Figure 6. Zone map of copper, 1979.
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Figure 7. Zone map of iron, 1979,

Figure 8, Zone map of nickel, 1979.
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Figure 9. Zone map of manganese, 1979,
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Figure 10, Composite map of trace metils in Lake Ontario, 1979,
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