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Abstract

Arsenic and selenium were determined in water,
sediments and fish samples from the international Great
Lakes, in water samples from international rivers and
selected rivers in Ontario and in precipitation samples
from the Great Lakes region, to assess their present levels
and to provide base -line data for future reference.

Mean values for arsenic in lake waters varied from
0.23 pg/] for Lake Superior to 0.91 ug/l for Lake
Ontario, and mean sediment values ranged from
2.03 pg/gforLake Superior to 3.20 pg/g for Lake Erie.
The mean arsenic fish value for lakes Erie and Ontario was
0.07 png/g. Analyses of waters from the St. Marys and

St Lawrence rivers showed mean arsenic values of

0.37 pg/l and 0.61 pug/l, respectively, and the mean
value of other rivers in Ontario was 0.26 g/l. The mean
precipitation arsenic valuewas 0.72 jg/I.

Mean selenium values for lake waters were <0.1 g/l
for all of the Great Lakes and mean sediment values ranged
from 0.63 pg/g for Lake Superior to 1.00 pg/g for Lake
Ontario. Mean fish values from lakes Erie and Ontario
were 0.05 pg/g and 0.06 ug/g, respectively. The
St. Marys and St. Lawrence rivers showed mean sele-
nium values of <0.1 ug/l, as did other rivers tested in
Ontario. The mean precipitation selenium value was
0.29 pg/l.

Résumé

On a fait I'analyse de I"arsenic et du sélénium dans
I’eau, les sédiments et le poisson des Grands lacs; dans
I'eau de cours d’eau communs aux Etats-Unis et au
Canada; dans|’eau d’autres cours d’eau choisis en Ontario
etdans les précipitations de la région des Grands lacs, pour -
en déterminer les teneurs actuelles et pour obtenir des
données de référence.

Pour l'arsenic, la teneur moyenne dans les eaux
lacustres variait de 0.23 g/l (lac Supérieur) a
0.91 ag/Il (lac Ontario), et dans les sédiments, elle allait
de 2.03 jg/g (lac Supérieur) a 3.20 pg/g (lac Erié).
Dans le poisson, elle était de 0.07 wg/g pour les lacs
Ontario et Erié. L'analyse des eaux de la riviére Sainte-
Marie et du Saint-Laurent a2 donné des moyennes en
arsenicde 0.37 pig/| et 0.61 pg/! respectivement, et la
moyenne des autres riviéres ontariennes était de
0.26 pg/l. Dans les précipitations, elle était de
0.72 pg/l.

Pour le sélénium, la teneur moyenne dans les eaux de
tous les Grands lacs était inférieure 2 0.1 ug/l, etdans les
sédiments, elle allait de 0.63 pg/g (lac Supérieur) a
1.00 pg/g (lac Ontario). Dans le poisson, elle était de
0.05 pug/g (lac Erié) et de 0.06 pg/g (lac Ontario). Dans
les cours d’eau ontariens, y compris la riviére Sainte-Marie
et le Saint-Laurent, la teneur moyenne du sélénium était
inférieure 2 0.1 pg/l. Dans les précipitations, elle était de
0.29 pg/l.



Levels of Arsenic and Selenium in the Great Lakes Region
W.J. Traversy, P.D. Goulden, Y.M. Sheikh and J.R. Leacock

INTRODUCTION

In recent years, considerable attention has been
focused on the pollution in the Great Lakes produced by
the discharge of nutrients and other toxic and non-toxic
substances from industries, municipalities and agricul-
tural sources. Limited information is available on the
distribution of arsenic and selenium in the Great Lakes
basin, and because of their increasing use in various
industries and agricultural products (1-4), arsenic and
selenium have the potential of being an environmental
concern. The purpose of this study is to assess the levels of
arsenic and selenium in the Great Lakes basin to establish
base lines for future reference.

Arsenic occurs widely in minerals, ores, coal and soil,
with an average concentration of 2.0 ppm in the earth’s
crust (5). It is used commercially in the manufacture of
glassware, ceramics, leather, dyes, metals and numerous
chemicals, and has also been used in various insecticides.

Selenium is found in igneous rocks, sulphide deposits,
some soils and is generally associated with volcanic
activity. The burning of ““fossil fuels’’ such as coal, coke,
fuel oil, and gasoline, is a potential source of contamination
of the atmosphere and surrounding land and water, since
many of these fuels are known to contain high concentra-
tions of selenium. More than 80% of the world’s output of
selenium is derived asa by -product of copper refining (4).

Selenium is used commercially in the manufacture of
photoelectric cells, clarification of glass, photography,
vulcanization of rubber, production of certain steels,
petroleum -cracking catalysts, and in the manufacture of
selenium rectifiers (4).

Arsenic and selenjum are deposited into rivers and
lakes through the dissolution of minerals and ores;
industrial effluents associated with coal, metal mining,
refining, and related chemical industries (1, '2); and
agricultural and municipal runoffs. The incineration of
solid wastes also results in stack emission of selepium into
the atmosphere (6).

The toxic effects of arsenic (7) and selenium (8) have
been known for quite some time. Both arsenic and
selenium are cumulative in nature. Arsenic builds up in the
body to a level that may cause systemic vascular, mitotic,
and protoplasmic poisoning; skin diseases; and cancer (3,
9, 10). Ingestion and inhalation of selenium cause pallor,
depression, nervousness, gastrointestinal disorders (4),
carcinoma, and cirrhosis of the liver (11, 12). Unlike
arsenic, selenium is an essential element required at trace
levels for the normal growth of man and other warm-
blooded animals. Deficiencies in the diet of animals can
cause disease and retard growth, whereas toxic properties
are exhibited by selenium when present in food sources at
levelsabove 4 ppm (13). Selenium deficiencies appear to
be more of a problem than selenium toxicity, particularly.to
farmers who have suffered losses because of animal
pasturage low in selenium. In New Zealand, selenium is

added to animal diets to guard against selenium

deficiencies in sheep. This is necessary because the
pasturage in much of New Zealand is low in selenium.

The Canadian Drinking Water Standards for arsenic
and seleniumare 50 ug/land 10 pg/l, respectively, as
maximum pérmissible limits, and 10 ug/l and
<10 pug/|, respectively, as acceptable limits (14).

The development of a method for the determination of
submicrogram levels of arsenic and selenium (15) made it
possible to monitor their concentrations in the Great Lakes
and in rivers in the Great Lakes basin. This paper presents
information on the levels of arsenic and selenium in the
Great Lakes region in different types of water, including
the international Great Lakes, connecting channels, rivers,
precipitationi, sediments and fish.

A total of 782 water and sediment samples were
collected at selected stations from lakes Superior, Huron,
Erie, Ontario, and Georgian Bay, and from various rivers
and precipitation monitoring stations in the Great Lakes
region (Figs. 1-6). Forty-three fish samples were also
taken from lakes Erie and Ontario (Figs. 7 & 8).



The St. Marys and St. Lawrence rivers were sampled
more extensively than other rivers because of surveys
underway during the course of this study. A total of 7
sampling ranges of 34 sampling stations covering a
distance of 14 miles of the St. Marys River were sampled
twice on three alternate days at different times of the year.
The St. Lawrence River was sampled at 69 locations
covering about 116 miles of the river from Kingston to
Cornwall, Ontario. The river was divided into 6 sections of
4 to 7 ranges and was sampled twice at different times of
the year on six consecutive days, each range being
-sampled once during that period. The details of these
intensive surveys will be reported in a separate study in
connection with programs related to the International
Joint Commission. :

ANALYTICAL METHODS

The water samples were analyzed by the automated
atomic absorption technique developed by Goulden and
Brooksbank (15). The method has a detection limit of
0.1 pg/l for both arsenic and selenium. In this proce-
dure, the samples are pretreated by digestion with
potassium persulphate and hydrochloric acid to break
down organe-arsenic and organo-selenium compounds
and to overcome the interferences from iron and nitrate
which may be present. The arsenate and selenate, thus
formed, are reduced to arsenite and selenite before the
formation of their hydrides, which are then thermally
decomposed to atomic arsenic and selenium for simulta-
neous atomic absorption measurement in a dual-channel
spectrophotometer.

The sediment and fish samples were subjected to a
slightly different digestion treatment from the water
samples. For sediment.samples, 1.0 g of the dried sample
was weighed and placed in a 250 -millilitre conical flask, to
which 25 ml of deionized water, 25 ml of concentrated
hydrochloric acid and a few glass beads were added, and
the mixture was boiled down to approximatély 10 ml.
After the solution had cooled, 1 g of potassium per-
sulphate and 50 ml of deionized water were added, and
again the solution was boiled down to approximately
10 ml. Finally, the solution was cooled and made up to
100 ml. Analysis was made by the method of standard
addition.

For fish samples, 1 g of ground whole fish sample was
digested with 15 ml of deionized water, 25 ml of
concentrated hydrochloric acid and 3 g of potassium
persulphate in a conical flask. The mixture was boiled
down to about 15 ml. If fish particles still remained, the
digestion was repeated with further addition of 2 g of
potassium persulphate and 10 ml of hydrochloric acid.

2

Finally, the solution was cooled and made upto 100 ml.
Analysis was carried out using the method of standard
addition. : :

RESULTS AND DISCUSSION

Table 1 shows the average arsenic and selenium
concentrations of all the various sample types analyzed,
including maximum and minimum values. For statistical
purposes, a value of 0.0 was given to samples containing
less than detectable quantities.

Water

Great Lakes

Of the 243 water samples analyzed from the Great
Lakes, detectable quantities (>>0.1 pug/I) of arsenic were
found in 93 % of the samples, whereas only 34% showed
similar detectable quantities of selenium. Sixty-five
percent of the samples contained arsenic in the range
0.10-0.40 pg/l, and 32% showed selenium levels in
the same range. The remaining samples having detectable
quantities contained 0.5 pug/l or more of arsenic and
selenium; the highest arsenic value was 1.20 ug/l and
the highest selenium value, 0.80 pug/1. Figures 1 to 6
show the sampling locations on the Great Lakes for the
work reported in this paper. Tables 2 to 6 show the details
concerning the levels found in the Great Lakes including
means, exact station location and number of samples
analyzed.

The distribution of arsenic within each of the Great
Lakes appears quite uniform, with Lake Ontario having the
highest average concentration, 0.91 jig/l. The majority
(75%) of the Lake Ontario samples were within the
concentration range of 0.60-0.90 ug/l; the remaining
samples were in the range of 1.00-1.20 pg/l. These

. higher levels occurred mostly in the western part of the

lake. It is significant that none of the 24 samples analyzed
from Lake Ontario showed arsenic to be less than
0.60 ug/l, whereas the other Great Lakes and Georgian
Bay samples showed values <0.1 ug/l. Lake Huron had
no minimum value of <0.1 ug/l.

Selenium values on the Great Lakes ranged from
<0.1 pg/l to 0.80 ug/l. The lake-wide average
concentration of <0.1 g/l Se was common to all of the
Great Lakes. The highest selenium value found was
0.80 pg/latstation 207 in the west end of Lake Superior
near Duluth, Minnesota, and one sample, at station 89
near Marathon, Ontario, showed 0.50 ug/l. One other
value of 0.50 pug/1 occurred at station 35 located in the
central part of Lake Ontario.



Table 1. Summary of Arsenic and Selenium Levels in the Great Lakes Region

Namber of | Total Arsenic (As) " Selenium (Se)
cruises or | nuinber of . = -
Origin samplings samples Maximum | Minimum Average* | Maximum | Minimum Average*
Lakes
Lake Superior 4 47 1.00 pg/t | <0.1mgN | 0.23 g/l | 0.80 ug/l | <0.1 wg/l 1<0.1 ugNt
Lake Huron 4 91 0.80 0.10 0.44 0.20 <o0.1 <0.1
Georgian Bay 6 64 0.70 <0.1 0.35 0.20 <o0.1 <o0.1
Lake Erie 2 17 0.60 <0.1 0.25 0.20 <0.1 <0.1
Lake Ontario 2 24 1.20 0.60 0.91 0.50 <0.1 <0.1
Various rivers 8 108 1.40 <o0.1 0.26 0.50 <0.1 <0.1
St. Marys River 2 160 1.00 <0.1 0.37 0.60 <0.1 <0.1
St. Lawrence River 2 132 1.00 <0.1 0.61 0.20 <0.1 <0.1
Precipitation at
various locations 4 53 2.50 <0.1 0.72 1.00 <0.1 0.29
Sediments
Lake Superior 1 15 8.00 ug/g| 0.50 pg/g| 2.03me/e | 1.10mg/g| 0.20me/g] 0.63 ug/g
Lake Huron 1 10 4.50 0.80 2.33 2.00 0.50 0.90-
Lake Erie 1 10 5.50 2.00 3.20 1.30 0.20 0.79
Lake Ontario 1 8 14.00 1.50 4.061 1.80 0.30 1.00
Fish_
Lake Erie 1 31 0.12 0.03 0.07 0.08 0.01 0.05
Lake Ontario 1 12 0.10 0.04 0.07 0.08 0.04 0.06
* Average value or result of one analysis if only one sample collected
TAverage 2.64 pg/g, excluding a value of 14.00 ug/g
Table 2. Levels of Arsenic and Selenium in Water from Lake Superior
Number Arsenic (ugfl) Selenium (ug/1)
Station of -
number Latitude Longitude samples Maximum | Minimum | Average* | Maximum | Minimum | Average*
34 47°50'00" 85°12'30" 3 0.40 - 0.10 0.20 <0.1 <0.1 <0.1
35 47°55'57" 85°16'09" 2 0.40 0.30 0.35 <o0.1 <0.1 <0.1
38 47°48'30" 85°50'03" 3 0.30 <0.1 0.20 <o0.1 <o0.1 <o0.1
« 45 46°51'36" 86°34'30" 4 0.40 0.10 0.25 <0.1 <0.1 <0.1
50 46°30'42" 86°34'06" 4 0.40 <o0.1 0.20 <0.1 <0.1 <o0.1
70 47°03'00" 88°18'00” 3 0.30 0.10 0.17 <0.1 <o0.1 <o0.1
80 47°35'00" 86°57'06" 1 ‘ 0.50 : 0.10
v 89 48_°42'00" 86°25’06" 4 0.50 0.10 0.25 0.5'0 <0.1 0.12
4115 47°50'48" 87°27'24" 3 0.30 0.10 0.17 <o0.1 <0.1 <0.1
133 48°17'00"” 88°35'55" 4 0.30 0.10 0.20 <o0.1 <0.1 <0.1
€139 48°1512" 88°11'00"" 4 0.30 0.10 0.25 <0.1 <0.1 <0.1
189 46°50'54" 90°11'00" 4 0.30 0.10 0.25 <0.1 <0.1 <o0.1
203 47°13'12" 91°12'1_8” 4 0.30 <o0.1 0.18 <0.1 <0.1 <0.1
¢+ 207 47°00'12" 91°30'54" 4 1.00 0.10 0.40 0.80 <0.1 0.20
*Average value orresult of one analysis if only one sample collected
3



Table 3. Levels of Arsenic and Selenium in Water from Lake Huron

Arsenic (ug/l)

Selenium (ug/l)

Station Number of
number Latitude Longitude samples Maximum | Minimum Average Maximum | Minimum Average -
1 43° 09’ 30" 82° 20 30" 4 0.60 0.40 0.50 0.20 0.10 0.13
3 43° 48" 30" 82° 32' 30" 2 0.60 0.50 - 0.55 0.10 0.10 0.10
5 44°05'18" | 83°04’ 54" 6 0.60 0.20 0.40 0.20 <o0.1 <o0.1
6 43° 51' 30" 83° 40' 15" 3 0.20 0.10 0.17 0.20 0.20 0.20
7 44° 12' 24" 83° 23’ 00" 2 0.60 0.60 0.60 0.20 0.10 0.15
9 44° 44' 48" 83° 08’ 12" 2 0.50 0.40 045 <0.1 <0.1 <0.1
11 44° 52' 25" 82° 127 00" 6 0.50 0.30 0.42 0.20 <0.1 <0.1
12 45° 14' 00" 82° 25' 00" 7 0.60 0.30 043 0.10 <0.1 <0.1
18 45° 18’ 54" 83° 24’ 12" 5 0.60 0.30 0.50 0.20 <0.1 <0.1
20 45° 43’ 42" 83°17' 48" 2 0.50 0.40 0.45 0.10 0.10 0.10
24 45° 41' 00" 83°42' 54" 2 0.80 0.60 0.70 0.10 0.10 0.10
25 45° 30’ 00" 83° 52’ 00" 3 0.50 0.30 0.40 0.20 1 0.20 0.20
26 45° 32' 24" 84° 05’ 12" 6 0.70 0.30 0.51 0.20 <0.1 <0.1
28 45°43' 12" 84° 30' 00" 2 0.50 0.50 0.50 0.10 0.10 0.10
‘30 45° 46' 40" 84° 55' 00" 3 0.60 0.30 0.40 0.20 0.10 0.13
32 45° 50’ 00" 84° 38' 30" 6 0.60 0.30 0.47 0.20 <0.1 <0.1
35 46° 02' 30" 83°51' 42" 2 0.40 0.40 0.40 0.20 0.20 0.20
36 46° 04’ 42" 84° 01/ 42" 4 0.70 0.30 045 <0.1 <0.1 <o.1
38 46° 14' 00" 83° 44’ 48" 2 0.50 0.50, 0.50 0.10 <0.1 <o.1
46 46°07' 24" "1 82°53' 00" 5 0.40 0.20 0.32 0.20 <0.1 <0.1
51 46° 05’ 30" 82° 33" 24" 4 0.50 0:30 0.35 0.20 <0.1 <0.1
53 46° 00' 18" 82°23'18" 2 0.40 0.30 0.35 0.10 <0.1 <0.1
56 46° 03’ 12" 81° 59’ 06" 2 0.40 0.30 0.35 0.20 0.10 0.15
59 45° 22’ 54" 81° 56' 06" 5 0.60 0.30 0.46 0.20 <0.1 <0.1
65 45° 21' 06" 81° 44' 42" 4 0:50 0.40 048 <0.1 <0.1 . <0.1
Table 4. Levels of Arsenic and Seleniurh in Water from Georgian Bay
. Number Arsenic (ug/l) Selenium (ug/l)
Station of -
number Latitude Longitude samples Maximum | Minimum Average Maximum | Minimum Average
1 44°3724" 80°55'24" 5 0.50 0.20 0.36 0.10 <_0_.l <0.1
2 44°43'03" 80°51'24" 5 0.50 0.20 0.32 0.10 <0.1 <0.1
3 44°48'30" 80°52'18" 5 0.60 0.10 0.36 0.10 <0.1 <0.1 .
5 44°36'30" 80°24'30" 5 0.50 0.20 0.36 0.10 <0.1 <0.1
12 44°57'06" 80°08'06" 6 0.50 0.30 0.37 0.10 <0.1 <0.1
13 44°52'36" 80°55'48" 5 0.50 <o0.1 0.28 0.20 <0.1 0.10
14 45°03'18" 80°11'30" 5 0.40 0.20 0.34 0.10 <0.1 <0.1
23 45°14'42" 80°52'30" 5 0.40 0.20 0.34 0.20 <o.1 <0.1
28 45°25'30" 81°04'00" 5 0.40 0.20 0.32 0.20 <0.1 <0.1
32 45°46'36" 80°45'06" 5 0.40 0.20 0.30 0.20 <0.1 <0.1
36 45°28'42" 81°23'00" 3 0.70 0.20 0.47 <o0.1 <01 <0.1
52 45°43'00"” 81°22'30" 6 0.50 0.30 0.40 0.20 <0.1 <0.1
53 45°53'00" 81°06'30" 3 0.60 0.20 0.37 0.20 0.10 0.13




Table 5. Levels of Arsenic and Selenium in Water from Lake Erie

Selenjum (ug/1)

Number Arsenic (ug/l)
Station of - —
number Latitude Longitude samples Maximum | Minimum Average* Maximum | Minimum | Average*
2 42°50"18" 78°955'42" 1 <o0.1 0.10
-4 42°47'18" 79°06'18" 2 0.20 <0.1 0.10 0.10 0.10 0.10
12 42°51'06" 79°31'12" 1 <0.1 0.10
13 42°49'05" 79°31'09" 1 0.20 0.10
A4 42°47'24" 79°33'24" 2 <0.1 <0.1 <0.1 0.10 0.10 0.10
24 42°40'12" - 80°01’06" 1 0.50 0.20
33 42°26'30" 80°14'12" 1 0.50 0.10
V35 42°19'00" 80°37'48" 2 040 0.30 0.35 <o0.1 <o0.1 <0.1
37 41°55'42" 80°54'42" 1 0.50 0.20
39 42°30°00" 81°05'36" 1 0.30 0.10
42 42°31'54" 81°28'48" 1 0.60 0.20
104° 41°50'06" 83°06'00" 1 0.20 0.20
117 41°58'00" 83°03'12" 1 0.20 0.10
121 42°39"24" 80°16'12" 1 0.30 0.10 -
* Average value or result 6f one analysis if only one sample collected
Table 6. Levels of Arsenic and Selenium in Water from Lake Ontario
Number Arsenic (ug/fl) Selenium (ug/1)
Station of r————— ————r————
number Latitude Longitude samples | Maximum | Minimum Average* | Maximum | Minimum Average*
2 43°34'24" 79°24'00" 1 1.0 <01
3 43°17'18" 79°24'00" 1 1.1 <0.1
5 43°17'36" 79°24'30" 1 0.80 <0.1
' 6 43°21'36" 78°43'48" 1 0.60 <0:1
9 43°34'54" 78°47'18" 1 1.20 <o0.1
10 43°42/24" 79°13'06" 1 0.70 <0.1
12 43°49'48" 78°51’00" 1 1.20 <0.1
‘15 43°57'00" 78°03'00" 2 1.20 0.80 1.00 0.10 <0.1 <0.1
19 43°35"24" 78°00'42" 1 0.90 030
20 43°39'30" 78°48'00" 1 0.80 0.10
22 43°23'00" 88°5924" 1 0.70 1 0.10
v25 - 43°39/06" - 78°30’00" 1 0.80 0.10
26 43°21'30" 76°57'18" 1 0.90 0.10
29 43°34'06" 76°59'42" 1 0.90 0.10
30 43°45'42" 78°17’00" 1 0.80 <0.1
+32 43°48'00" 77°02/24" 1. 0.80 <0.1
35 43°26"24" 77°54’00" 1 1.20 0.50
40 43°39'06" 77°36'00" 1 0.90 0.10
45 43°39'00# 77°18'00" 1 0.90 <0.1
*50 43°39'00" 77°00'00" 1 0.90 <o0.1
55 43°30"24" 76°42'00" 1 0.90 0.10
60 43°43'42" 76°24'00" 1 0.90 <o0.1
65 44°00'18" 76°48'00" 1 <0.1

0.90

*Average value or result of one analysis if only one sample collected



Rivers

Figure 6 indicates the sampling location of the rivers in
the region that were considered in this study. It may be
noted that a few samples were collected outside the Great
Lakes basin for data comparison purposes. Table 7
presents the details concerning the levels of metals found
atthe river stations.

Arsenic and seleniurn in rivers tested in Ontario were
within the concentration range of <0.1-1.40 ug/l and
<0.1-0.50 ug/|, respectively (Table 7). The riversin the
northern part of Ontario outside the Great Lakes basin
showed lower concentrations of arsenic and selenium
(<0.1-0.35 png/l and <0.1-0.10 ug/l, respectively)
than the rivers situated in the southern portion of the
Province (0.10-1.10 pg/l and <0.1-0.50 ug/!);
which is perhaps indicative of industrial activities in this
part of the region. A value of 1.40 g/l Asin the English
River was observed, although there is no known industrial
source in the region. The mean concentration of selenium
in the rivers tested was <0.1 pg/l. The mean concentra-
tions of arsenic were 0.37 ug/l and 0.61 ug/| for the
St. Marys and St. Lawrence rivers, fespectively, whereas
the mean concentration for selenium was <0.1 ug/I for
both rivers.

In general, the water samples from the Great Lakes and
most rivers in the Great Lakes basin are within the
concentration ranges of <0.1-1.40 ug/l Asand <0.1-
0.80 p.g/l Se. These results are considerably lower than
arsenic levels reported for other parts of the world, some of
which are tabulated in Table 8.

The river data reported by Kopp and Kroner (18)
appear to be up to 70 times higher than our findings. Yet it

must be realized that the spectrographic method of

analysis used by Kopp and Kroner is much less sensitive

(about 50 wg/l) than the method used for this report
(0.1 jrg/l). In addition, the data reported by Kopp and
Kroner represent the mean concentration of positive
occurrences only, and arsenic was found in less than 6 % of
all of the samples tested.

The United States Geological Survey (21) shows a
median river water value for arsenic of less than 10 ag/I,
the lower limit of detection of their method. Twenty=two
percent of the samples analyzed did show detectable
amounts, mostly in the lower range of detection, 10-
20 pg/l

The selenium values we obtained are in general
agreement with those shown in Table 8. The nine rivers in
the United States reported by Kharkar, Turekian and
Bertine (20) have an average selenium valueof 0.2 ug/I.

Precipitation

Atmospheric pollution is one of the sources which
contributes considerably toward the pollution of rivers and
lakes (22). The atmospheric pollutants are deposited in
the surface waters, either by dry fallout or by wet
precipitation. The analytical data on the precipitation
constituents could indicate the nature of industrial
activities in a particular area, as well as in adjoining
regions depending on meteorological conditions.

The precipitation samples used for this study were
collected at 18 permanent sampling lécations (Fig. 6) and
showed values that ranged from levels found in the lakes to
ahighof2.50 pg/lAsand 1.00 pg/ISe (Table 9). The
high arsenic and selenium values were observed at or near
highly industrialized locations, such as Toronto, Sarnia
and Hamilton. The precipitation samples collected aboard
research vessels during monitor cruises on lakes Superior,
Erie and Ontario, showed more or less the same
concentration ranges as those found in the lake waters.

The average concentration of selenium in precipitation
was found to be 0.29 ug/l, which is in general
agreement with the value of 0.2 ug/l reported by
Hashimoto and Winchester (23). The average concentra-
tion of arsenic in precipitation was 0.72 pug/l, and no
other data could be locatedin the literature for comparison.
The highest arsenic level in precipitation was 2.50 pug/|
from the station at Toronto Island, and the lowest value,
<0.1 pg/|, wasfrom Guelph, Ontario.

Itisinteresting to note that considerably higher arsenic
and selenium values occurred in precipitation, as
compared to the values found in lakes and rivers. This
indicates that precipitation may be a significant source of
these pollutants. Copeland (8) has shown that the
selenium concentration in Lake Michigan zooplankton
increases as one approaches Chicago from the lake: This
could be related to the smoke from fossil fuel combustion
being carried by prevailing winds blowing from the
southwest and taking most of the smoke over Chicago and
out over the southern end of the lake. Copeland also noted
that the selenium is apparently very quickly taken up by
zooplankton rather than accumulating in the bottom
sediments.

Sediments

The sediment samples analyzed for this study were
collected as a part of the geochemical and sedimentolog-
ical studies on the Great Lakes from 1968 to 1973. The
samples were collected by a Shipek grab sampler, and the
top 3 cm of the sediment was subsampled and retairied
for geochemical analysis.
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Table 7. Levels of Arsenic and Selenium in Water fram Rivers in the Great Lakes Region

Number Arsenic (ug/l) Selenium (pg/1)
of ] o . S

Rivers Latitade Longitude |samples | Maximum | Minimum Average Maximum | Minimum Average
Michipicoten 47°55’ 84°46' 4 0.35 0.10 0.22 <o0.1 <o0.1 <0.1
Mississagi 46°12'04" 83°01'32" 4 <0.1 <0.1 <0.1 <o0.1 <0.1 <0.1
French 46°03'01" 80°34'26" 4 0.20 0.10 0.13 <0.1 <0.1 <0.1
Severn 44°51'25" 79°32'30" 5 0.30 0.20 0.24 0.30 <o0.1 <o.1
Lake Huron 43°00'07" 82°25'10"” 7 0.50 0.10 0.26 0.10 <0.1 <0.1
St. Clair 42°39"28" 82°3029" 8 0.70 0.10 0.29 0.50 <0.1 <0.1
Thames 42°32'42" 81°58'04" 3 0.50 0.20 0.30 0.30 <0.1 0.10
Detroit 42°19'42" 82°58'46" 6 0.20 0.10 0.18 <0.1 <0.1 <0.1
Detroit 42°07"20" 86°06'53" 7 0.50 0.10 0.29 0.10 <o0.1 <0.1
Grand 43°07'56" 80°16'01" 3 0.60 0.20 0.43 0.10 <0.1 <o0.1
Niagara 43°09'25" 79°02'50" 3 0.60 0.10 0.37 0.10 <0.1 <0.1
Trent 44°22'14" 77°46'42" 4 1.00 0.20 0.43 <0.1 <0.1 <0.1
Napanee 44°16'39" 76°55'43" 5 0.20 <0.1 <0.1 <0.1 <0.1 <0.1
St. Lawrence 45°00"21" 74°47'43" 6 1.10 0.30 0.60 0.10 <0.1 <0.1
Rainy 48°38'30" 93°20'00" 8 0.30 0.10 0.15 0.10 <0.1 <0.1
English 50°35'00" | 93°27'15" 3 1.40 0.30 1.00 0.10 <0.1 <0.1
Kénogami 49°54'56" 86°29'17" 2 0.20 0.10 0.15 <0.1 <o0.1 < 0.1
Moose 50°48'50" 81°17'40"” 3 0.30 0.20 0.23 <o0.1 <0.1 <0.1
Abitibi 50°36'00" 81°25%00" 2 0.30 0.30 0.30 0.10 <o0.1 <0.1
Winisk 54°31' 87°14' 3 0.20 <0.1 0.10 <0.1 <0.1 <0.1
Albany 51°19'30"” 83°52'20"” 2 0.20 0.20 0.20 <0.1 <0.1 <0.1
Goulais at ‘Search Mount 7 0.20 <0.1 <o0.1 0.10 <0.1 <0.1
N. Magnetawan at Pickerel Lake 4 <o0.1 <o.1 <o0.1 <o0.1 <0.1 <0.1
St. Marys* at various locations 160 1.00 <0.1 0.37 0.60 <0.1 <0.1
St. Lawrence* at various locations 132 1.00 <o0.1 0.61 0.20 . <0.1 <o0.1
*Intensive surveys

Table 8. Published Arsenic and Selenium Levels in Fresh Water
Average or concentration range
Origin and location Arsenic (ug/l) Selenium (ug/l) Reference

Hierkanal, Germany 3.0 (£ 10%) 0.22 (£ 10%) (16)
Donau, Ulm, Germany 3.3 (£ 10%) 0.15 (+ 10%) (16)
Donau, Bofingerhalde, Germany 2.2 (£ 10%) 0.12 (£ 10%) (16)
Lech Kanal, Gersthofen, Germany 8.1 (£ 10%) 1.20 (£ 10%) (16)
Lech Kanal, Langweid, Germany 4.5 (£ 10%) 1.50 ( 10%) (16)
Water reservoir, U.K. 1.0 12.00 (* 10%) an
St. Lawrence River, Massena, U.S.A. 38. - (18)
Schuylkill River, Philadelphia, U.S.A. 69. - (18)
Allegheny River, Pittsburgh, U.S.A. 70. - (18)
Columbia Rivet, Wenatchee, U.S.A. 46. - (18)
Subsurface waters, France - 10-20 as)
Nine rivers, U.S.A. - 0.11-0.34 (Average 0.2) (20)




Table 9. Levels of Arsenic and Selenium in Precipitation Samples

Number Arsenic (ugfl) Selenium (ug/1)
Station number of —_— - - ——
and location Latitude Longitude samples | Maximum | Minimum | Average* | Maximum | Minimum | Average*
1 Isle Royale 47°55' 89°12' 4 1.40 0.30 0.65 0.10 <0.1 <o0.1
2 Thunder Bay 48°22'27" 89°18'38" 4 0.50 <o0.1 0.30 |- <0.1 <o0.1 <0.1
3 Copper Harbour 47°28' 87°55' . 4 1.40 0.40 0.90 0.60 <0.1 0.20
4 Ney’s Park 48°46'38" 86°35'12" 4 0.80 0.40 0.55 0.10 0.10 0.10
5 Caribou Island 47°19'30" 85°49'48" 4 1.90 0.70 1.38 0.70 0.10 0.40
6 Gore Bay 45°53'06" 82°34"28" 2 0.80 0.60 0.70 0.30 0.10 0.20
7 Wiarton 44°44'48" 81°06'46" 2 0.40 .0.30 0.35 0.10 0.10 0.10
8 Trenton 44°06'40" 77°32'38" 1 0:30 : 0.50
9 Kingston 44°13'05" 76°35'46" 2 1.20 0.80 1.00 - 0.50 0.50 0.50

10 Main Duck Island 43°55'28" 76°36'39" 2 0.90 0.70 0.80 1.00 0.50 0.75

11 Toronto Island 43°37'54" 79°23'48" 3 2.50 0.50 1.60 1.00 0.50 0.67

12 Woodbridge 43°47'36" 79°34'08" 3 0.90 <0.1 0.30 0.50 0.40 047

13 CCIW, Burlington 43°17'56" 79°47'58" 5 0.90 0.10 0.46 0.50 0.30 0.36

14 Guelph 43°38'04" 80°06'52" 1 <o0.1 0.40

15 Ancaster 43°10'31" 79°57'00" i 1.90 0.60

16 Port Stanley 42°40'14" 81°13"28"” 2 0.90 0.80 0.85 0.40 0.20 0.30

17 Sarnia 42°59'48" 82°18"25" 2 1.90 0.80 1.35 0.70 - 0.30 0.50 -

18 Pelee Island 41°45'02" 82°41"13" 1 1.20 0.80

Lake Superiort 47°42'00" 89°00'00"
47°10'54" 86°07'48" 2 0.20 <0.1 0.10 <0.1 <o0.1 <0.1
47°10'54" 86°07'48" )
46°30'30" 84°37'30"

Lake Erief 42°36'48" 79°13'12" :
42°50'24" 78°53'12" 2 0.50 0.40 045 0.20 0.20 0.20
42°40'12" 80°01'06" ’

Lake OntarioT 43°24'42" 79°24'30" .
43°36'12" 79°21"24" 2 0.20 <0.1 0.10 | <o.1 <0.1 0.1
43°42' 77°18'

¥ Average value or result of one analysis if only one sample collected

TSamp_l_es were collected during monitor cruises on lakes Superior, Erie and Ontario

Data and other details pertaining to levels of arsenic
and selenium in sediments from the Great Lakes are given
in Tables 10 to 13. It should be noted that in this study
sediment data are reported on a dry basis and fish data, on
awet basis. .

The average lake-wide concentrations of arsenic in the
sediments were 2.03 ug/g, 2.33 pg/g. 3.20 ng/gand
2.64 ug/g (excluding a single high value of 14 ug/g at
station L-35, Lake Ontario) for lakes Superior, Huron,
Erie, and Ontario, respectively. These results are consider -
ably lower than other sediment data reported by
Schramel, Samsahl and Pavlu (16) (Table 14). Ruch,
Kennedy and Shimp (24) reported from 5-30 ppm Asin
Lake Michigan sediments. The highest sediment value
observed in the present study was 7.0 ppm in Lake
Superior near Duluth, Minnesota.

For selenium in sediments, the average lake-wide
concentrations were 0.63 ug/g, 0.90 ug/g, 0.79 ug/g
and 1.00 pg/g for lakes Superior, Huron, Erie and
Ontario, respectively. These results are higher than the
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0.5 ppm selenium content of the sediments in Lake
Michigan near Chicago reported by Copeland, although 4

. of the 15 sediment samples analyzed for this study from:
Lake Superior showed selenium values <0.5 ppm. They
are in agreement with values reported in Table 14 for Lake
Mendota in the United States, and Markt Redwitz in
Germany.

Fish

The fish samples analyzed for this study were collected
in 1971 as part of a pesticide residue study (Figs. 7 & 8).
The fish had been retained in a frozen state. The.analyses
carried out on portions of ground whole fish showed a
concentration range of 0.03-0.12 pg/g and 0.01-
0.08 pg/g for arsenic and selenium, respectively. Data
and other details pertaining to levels of arsenic and
selenium infish from lakes Erie and Ontario are shown in
Tables 15 and 16. If the values for arsenic and selenium
in this report are compared.to the data published
elsewhere (Table 17), the values are from 2 to 4 times
higher for arsenicand 50 to 100 times higher for selenium



Table 10. Levels of Arsenic and Selenium in Sediments
from Lake Supéerior

Table 12. Levels of Arsenic and Selenium in Sediments
from Lake Erie

- | Arsenic | Selenium
Basin Station | Latitude | Longitude ug/g (dry) {ug/g (dry)
Duluth I-7 47°11.4' | 91° 14,10 7.0 0.2
19 47°12.1" {90° 58.80" 0.8 0.7
Thunder
Bay G-34 {47°05.0' | 87° 55.90 5.0 " 0.8
120 [47°14.6' {89°30.90'| 1.0 0.6
141 47°16.4' | 87° 08.50 8.0 0.2
M-41 [47° 38.0' | 87° 08.00' 0.5 0.6
N-56 [47°42.9' | 85° 08.00' 0.8 0.9
P48 [47°53.6' |86°12.40 2.0 0.2
Q-22 [|47°58.1' | 89°17.10 0.7 0.8
R-23 |48°03.9' | 89° 08.90' 0.5 1.1
R-33 [48°04.8' | 88° 04.20' 0.7 0.8
S-25 {48°09.3' | 88°53.00 0.5 0.8
S-41 148°10.0' |87°08.10 0.5 0.8
T-25 |48°15.06'| 88° 53.20' 2.0 0.2
T-28 :

48° 15.4'

88° 36.60'

Table 11. Levels of Arsenic and Selenium in Sediments

Arsenic | Selenium

Basin | Station| Latitude |Longitude |ug/g (dry)| ug/g (dry)
Sandusky B-8 [41°32.58'82°33.50' 3.5 0.6
Central E-12 [41°49.10'{82° 05.00' 2.0 1.0
E-15 |41°49.28'{81°43.35' 2.5 1.3
G-19 |42°00.18" |81° 14.48' 5.5 1.1
H:22 |42°05.63"{80° 52.73' 3.5 0.4
Eastern M-31 {42°32.25'|79°46.93' 4.0 0.9
N-33 {42°37.50"(79°32.20' 2.0 0.9
P-35 |42°48.10'(79°17.30' 2.0 0.2
Western F-6 {41°54.70"|82°48.20'{ 3.0 0.6
V-40 {41°50.80'|83°13.70' 4.0 0.9

Table 13. Levels of Arsenic and Selenium in Sediments
from Lake Ontario

from Lake Huron Arsenic | Selenium
. Basin | Station} Latitude | Longitude |ug/g (dry) | ng/g (dry)
. Arsenic | Selenium e - - e
Basin | Station| Latitude | Longitude {ug/g (dry){ ug/g (dry) Niagara B-3 43°17.2' | 79° 36.00' 2.0 0.8
B-7 43°17.3" [79°12.10'| -3.5 0.8
Mackinac | H-30 | 45°39.6' {83°49.50'| 4.0 0.5 D-5 143°25.7"179°24.30'| 2.5 L1
Manitoulin| S-25 | 43°14.2’ |82°23.80'| 1.5 0.5 Mississauga| D-16 |43225.8' |78°17.80'| 4.0 1.8
V-22 | 44°58.1' |82°00.90'| 2.0 2.0 E-14 143°30.2'78°30.00'} 2.0 0.5
W-19 | 44°41.3' {81°54.00'| 1.5 0.7 F-20 143°34.4"177°54.00'| 3.0 L7
Port Huron| S-5 43°26.3' (82°21.20' 2.0 0.9 Rochester | E-27 |43°30.0' |77°12.10’ 1.5 1.0
S7. | 43°37.0' {82°21.80’ 2.0 0.7 Kingston L-35 |44°00.5' |76°24.00'| 14.0 0.3
S-9 | 43°47.8" {82°22.20' 2.0 1.0 =
Goderich V-6 43°31.8' [81°59.50' 3.0 0.9
V-10 | 43°53.5’ |81°59.50' 4.5 0.9
V-12 | 44° 04.2' {82° 00.00’ 0.8 0.9
Table 14. Published Arsenic and Selenium Levels in Sediments
Concentration range ug/g (dry)
Origin and location Arsenic Selenium Reference
Markt Redwitz, Germany 51-59 (£ 10%) 0.8-0.9 & 10%) (16)
Faulschlamm, GroBlappen, Germany 15.6 (£ 10%) 7.1 (£ 10%) (16)
Bodenschlamm, Imm, Germany 24.5 (£ 10%) 14 (£ 10%) (16)
Isorwerk Kanal, Munchen, Germany 10.9 (* 10%) 2.9 £10%) (16)
Southem Lake Michigan, U.S.A. 5-30 - (24)
Lake Mendota, Dane County, U.S.A. - 0.5-1.8 25
Lake Crystal, Vilas County, U.S.A. - 3.5. (25)
Lake Waubesa, Dane County, U.S.A. - 2.2 (25)




Table 15. Levels of Arsenic and Selenium in Fish from Lake Erie

‘ Number Arsenic ug/g (wet) Selenium ug/g (wet)
Station of
number | Latitude | Longitude Species samples [ Maximum | Minimum | Average* | MaXimum | Minimum | Average*
1 42°50'00" | 79°34'00" | white basse 2 0.08 0.07 0.075 0.06 0.03 0.045
yellow perch -3 0.09 0.05 0.067— 0.07 0.03 0.047
4 42°34'00" | 79°44'06" erche 1 0.060 0.060
(ghub 1 0.070 0.060
5 42°28'48" | 79°47'30" | barbote 1 0.030 0.010
clams 1 0.070 0.050
melts 1 0.120 0.050
erch’ 1 0.080 0.060
. chub*® 1 0.070 0.050
6 42°23'30” | 79°51'30"” } carp* 1 0.120 0.050
yellow pickerel 1 0.100 0.050
catfish 1 0.090 0.030
g. shad 1 0.100 0.040
drum 1 0.070 0.060
elts 1 0.040/ 0.050
yellow perch 1 0.070~ 0.020
clams 1 0.050 0.030
7 | 42°18'18" | 79°54'42" \\perch. 1 0.060~ 0.040
chub. 1 0.070 0.030
‘ clams 1 0.070 0.040
8 42°13'00" | 79°58'00” | drum 1 0.060 0.050
perchs 1 0.100~ 0.040
chub. 1 0.070 0.040
11 42°03'00" | 81°47'24" | perch: 1 0.030- 0.060
12 41°57'12" | 81°45'18" | perch’ 1 0.060~ 0.060
19 41°45'00" | 82°56'06" | yellow perch 1 0.090—~ 0.040
’ drum 1 0.030 0.040
20 41°38'12" { 82°53'18"” | clams 1 0.100 0.080

*Average value or:result of one:analysis if only one sample collected

Table 16. Levels of Arsenic-and Selenium in Fish from Lake Ontario

Selenium ug/g (wWet)

Number Arsenic ug/g (wet)
Station of

namber | Latitude Longitude Species samples | Maximum | Minimum | Average* | Maximum | Minimum | Avérage*

1 43°37'00" | 79927'00" alewife 1 0.04 0.07

smelt 1 0.04~ 0.07

5 | 43°18'30” | 78°56'30" smelt 1 0.09/ 0.05

6 43°56'48" | 77°48'00" alewife 2 0.05 0.05 0.05 0.06 0.06 0.06

7 43952'48" | 77°48'00" smelt 2 0.07 0.06 0.065V 0.05 0.04 0.04

alewife 1 0.07 0.05

sculpin 1 0.06 0.05

13 43°22'30" | 77°48'00" alewife 1 0.10 0.08

sculpin 1 0.09 0.04

15 44°04'00" | 76°34'00" rock bass 1 0.07 0.08

* Average value or result of one analysis if only one sample collected
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Table 17. Published Arsenic and Selenium Levels in Fish

Average or concentration range
Origin and location Arsenic (ug/g) Selenium (ug/g) Reference
Isar (fish-meat), Germany . 0.4 (£ 10%) 2.0 (¢4 10%) (16)
Salzach (fish-meat), Germany 0.2-0.4 (£10%) 1.04.6 (£10%) (16)
10 different species, lakes Superior and Michigan 0.003-0.043 0.0001-0.0020 26)
7 different species, lakes Erie and Ontario - 0.12-0.75 (vX)]
than the data of Lucas, Edgington and Colby (26). The CONCLUSIONS

results in a more recent publication (27) on the levels of
selenium are from 5 to 40 times higher than the results we
obtained for the same species within the same lake. These
published data indicate a large variability, particularly for
selenium concentrations in fish from the Great Lakes, and
also probably reveal a need for method standardization.

Toxic substances present in the aquatic environment
are assimilated by the organisms and are carried through
the lower members of the food chain to the higher
members, such as zooplankton and eventually to fish.
Selenium, as reported by Copeland for southern Lake
Michigan, is taken up very quickly and accumulated by
zooplankton reaching a level of 7 ppm, which is
considerably higher than the selenium in the sediment
which is always less than 0.5 ppm in that part of the lake.
Copeland mentioned that 7 ppm selenium is approaching
a dangerous limit insofar as foodstuffs are concerned. Data
reported in our study show that the concentration of .
selenium in fish from lakes Ontario and Erie is on an
average 10 to 20 times less than the level found in
sediments, and therefore does not apparently indicate a
magnification from sediments to fish in those lakes.
Further investigation is needed to determine if high levels
of selenium aré present in zooplankton in other parts of the
Great Lakes. -

The selenium content of the fish illustrates bioconcen-
tration of selenium representing about a 1000-fold
increase over the level found in the waters of the same
lakes.

Much of the arsenic as arsenate is taken up by the
phosphate transport system of many organisms (28, 29).
Data reported in our study show that the concentration.of
arsenic in fish from lakes Ontario and Erie ison an average
about 50 to 60 times less than the level foundin sediments
from those lakes. Again, as with selenium, this indicates
no apparent magnification of arsenic concentration from
sediments tofish in lakes Ontarioand Erie.

The arsenic content of the fish shows a bioconcentra-
tion of arsenic representing about an 80-fold to 300-fold
increase over the level found in the waters of the same
lakes.

Presented here is a summary of the major conclusions
involving the concentrations of arsenic and selenium
found in the Great Lakes region.

Arsenic and selenium levels in the waters of the
Great Lakes, Georgian Bay and in the rivers tested in the
Ontario region are in the ranges of <0.1-1.40 ug/l and
<0.1-0.80 ug/l, respectively. Selenium levels found are
generally in agreement with the levels of selenium found
by others in lakes, rivers and reservoirs elsewhere in the
world. Arsenic levels, however, aré considerably lower
than the levels generally reported in these areas in other
parts of the world.

Arsenic and selenium levels in the precipitation
samplesare in the ranges of <0.1-2.50 pug/land <0.1-
1.00 pg/1, respectively. The results indicate that
precipitation may be a significant source of these two toxic
elements to the environment. High arsenic and selenium
concentrations in precipitation samples were generally
found near industrial locations.

Arsenic and selenium levels in the sediments of the
Great Lakesare in therangesof0.5-14.0 ug/gand0.2-
2.0 ug/g, respectively.

Arsenic and selenium levels in fish from lakes Ontario
and Erieare in theranges 0f0.03-0.12 ug/gand0.01-
0.08 pug/g. respectively. The results indicate no appar-
ent magnification of either element from sediments to fish
in lakes Ontarioand Erie.

No water samples that were analyzed showed arsenic

or selenium concentrations over the permissible limits of
the Canadian Drinking Water Standards.
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Figure2. Lake Huronsampling locations. Figure3. Georgian Bay samplinglocations.
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Figure4. LakeEriesamplinglocations.
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No.  STATION

1 ISLE ROYALE

2 THUNDER BAY

3  COPPER HARBOUR

4 NEY'S PARK

5 CARIBOU .

6  GORE BAY

7 WIARTON

8  TRENTON

9 KINGSTON

10 MAIN DUCK L

11 TORONTO L

12 WOODBRIDGE

13 CCIW - BURLINGTON

14 GUELPH

15 ANCASTER

16 PORT STANLEY

17 SARNIA

18  PELEE I
QUEBEC

Figure6.

Location of precipitation and surface water stations.
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Figure7. Lake Erie fish sampling locations.
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