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INTRODUCTION

Mercury.is a metallic element, and was among the first
to be mined and utilized by man. The pyrolysis of red cin-
nabar (mercuric sulfide), an ore found at depths of less than
fifteen hundred feet, provides most of the commercial mercury.
Mercury has an atomic number of 80 and an atomic weight of
200,59, and occurs as sixteen isotopes with mass numbers from
189 to 205. Mercury, also known as quicksilver, has always
been considered somewhat sinister because of its unique
property as the only metal thét is a liquid at room temper-
ature. Alchemists'took>a keen interest in mercury during
medieval times because of the element's fascinating properties.
Mercury's toxic properties were put to use as agents of suicide
and murder, Napoleon, Ivan the Terrible, and Charles II of
England are all reported to have died of mercurial poisoning.

Though mercury has been known as a toxic agent since
earliest history the first environmental involvement of mercury
became apparent only in the 1950's when an epidemic of poi- |
sonings caused 46 deaths in Minamata, Javan. The ingestion
of methylmercury in contaminated fish produced a condition in
which a loss of vision and hearing, and a progressive loss
of coordination, resulted in the deaths. Following a second
similar poisoning in 1964, the Japanese Government undertook
research which resulted in an announcement in 1968 that indus-

trial wastes containing methvimercury were the toxic agents,



Two major sources provide mercury to the environment.
First, mercury occurs naturally in deposits, which are not a
result of man's action. Secondly, however are the sources of
mercury in tﬁe environment from the direct or indirect result
of man's action. The major industries utilizing mercury include
production of electronic components, industrial control instru-
ments, and the chlor-alkali industry. Organo-mercurial com- |
pounds are widely used in industry as bacteriocidal-fungicidal

agents applied prior to application of water-based paints
and to retard fungus attacks upon‘painted surfaces under damp
and humid conditions. The paper and pulp industry uses mercury
compounds as slimicides. Organo-mercurials are used in agri-
culture for a spectrum éf applications which include seed
dreséings, foliage sprays, and lawn and garden applications.,
Sewage system disposal of unwanted chemicals and release from
fossil fuels are two other possible sources of mercury poilu-
tion. Joensuu (1971) speculated that the amount of mercury
released by combﬁstion of coal far exceeded that released by
weathering, The indirect sources assoiciated with mercury-
related technology result from the use, misuse and disposal
of mercury and mercury=-containing industrial and consumer
products.,

Tﬁe medical implications of mercury pollution are well
documented. Hueghes (1957) found that when metallic mercury

accumulates in nervous tissue, neuron metabolism is blocked.,

Gage (1941) found that while methylmercury salts caused damage



to the central nervous system in rats, phenylmercury did not
produce this effect., "Minamata” disease (methylmercury poisoning)
is.characterized in humans by weakening of,musclés, loss of
vision, impairment of cerebral functions, paralysis, and in

severe cases,_death. Methylmercury is of prime importance

because of its propensity for the nervous system, long reten-

tion in the body, and its effect on developning tissues (Nelson

» 1970).

Acute effects of mercury on aquatic organisms have only
recently been studied. Behavioral alterations in the mosqui-
tofish have been demonstrated (Kania and O'Hara, 1974). At
levels of greater than .01 ppm mercury, mosquitofish were
impaired.when trying to’avoid predation by bass. Kendall (1975)
found that at high levels of mercury acute damage was done to
the kidneys of channel catfish.

In order to control the amount of mercury which an indi-
vidual may ingest a Food and Drug Administration regulation
prohibits the commercial sale of fish containing levels of
mercury greater than 0.5 pome. It also issues advisories con-
cerning consumption of fish containing mercury. The Public
Healfh Service has set 0.5 ppb as the upper level of mercury
in water fit for ﬁuman consumption. As of January 1, 1976,
it was.found that some fish in Lake Shelbyville, Illinois,
exceeded the 0.5 ppm limit. The State of Illinois advised
fishermen taking largemouth bass from the lake to eat only

One-half of a pound of the fish during any given week.



METHYLATION IN THE ENVIRONMENT

Background mercury leQels vary widely in aquatic ecosystems
dué to the multiple forms of the complex ions that can occur
(see figure 1), Prior to 1966, it was assumed that mercury
found in fish was either inorganic mercury or phenylmercury.
Westoo (1966) disputed this by the use of gas chromotography
and showed that approximately 85 to 95% of the mercury contaired
in fish was methylmercury. The process of methylation becomes
of primary importance. Jenson and Jernelov (1969) speculated
that microbes in bottom sediments converted inorganic or
phenylmercury to both mono and dimethylmercury. As a result
two reactions were postulated:

Hg™*+2R— CH4-CH3HgCH3 > CH3Hg™"

R-CH
Hg+++R-CH3->CH3Hg+_..gBCH3HgCH3

Wood, et al., (1968) supported this theory by showihg-that
methanogenic bacteria used methylcobalamin (CH3-(Co), a By
analog) to form di and monomethylmercury. The methyl moiety,
in mild reducing conditions, is transferred from Co** to Heg™*
in biological systems. .It was also postulated that this is
a nonenzymatic process, enhanced by anaerobic conditions and
increased numbers of bacteria.,

Since anaerobic conditions enhance bacterial methylation
of mercury the occurrence deserves some attention. Jernelov
(1969) showed that under permanent anaerobic conditions mer-

curic sulfide in mud is not readily methylated. However
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FIGURE 1. A HYPOTHETICAL MODEL OF THE CONVERSION OF
MERCVRY IN THE AQUATIC ENVIRONMENT



Fagerstrom and Jernelov (1970) found that mercuric sulfide is
available for biological methylation in aerobic conditions.
Gillespie (1972) showed that under aerobic conditions there
was a gradual mobilization of mercury from sediments containing
mercuric chloride or mercuric sulfide. Mercury bound to
organic substances can be methylated in the prescence of hy-
drogen sulfide (Jernelov,‘1969);

Microbial methylation of mercﬁry produces mono and di-
methylmercury (Jensen and Jernelov, 1969; Wood, et al., 1968),
Bainbridge (1973) demostrated that the factors of an aquatic
system which determine the proportions in which they occur
are mercury concentration and pHe At high levels of mercuric
ion concentration and low pH, methylmercury is favored, while
at lower levels of mercuric ion concentration and higher pH
dimethyl formation is favored.

For methylation to occur mercury usually must be bresent
in the mercuric ion form (Hg**’- Five categories of mercury
which most commonly occur in aquatic systems aréz

1. Inorganic mercury, Hg**

2., Metallic mercury, HgoO

3. Phenylmercury, CAHgHg?

4Ly Alkoxymergury, CH3OCH20H2Hg

5. Methylmercury, CHBHﬁ
A1l these forms can be converted to divalent mercury (Jernelov,
1969), The mercuric ions are then available for the biological

methyl transfer reaction. These conversions are depicted

shematically in Fig. 1 (Bainbridge, 1973).



"PURPOSE OF STUDY

Since methyimercury is dangerous to human health ana
beéause it can be readily produced by équatic ecosystems, the
‘importance of information concerning the levels of ﬁercury in
fish is obvious. Mercury concentrations in fish have been
extensively studied in lakes but little research has been
carried out concerning mercury concentrations in fish in lotic
environments.,

The purpose of this research is to examine the mercury
concentrations of fish in rivers and streams in the Coles
County Area, The objectives sought are:

1. To see if mercury concentrations
vary between trophic levels, as demon-
strated in previous work dene in lakes.
2. To speculate on the effect of weight

and length of fish on mercury concentra-
tions in a river as opposed to a lake.



MATERIALS AND METHODS

Collecting

Fish were collected by seine from various streams and
rivers in Coles County from Oct. 1975 to March 1976. The
majority of the fish were taken in the Embarras River and .
Polecat Creek. No specific sites were chosen along these
waterways for the collections, although certain areas were
seined more than others in order that a gréater number of fish
could be collected. Each fish was weighed’and measured, and
then frozen until used for analysis. An attémpt was made to
collect various sizes of each fish, in order to prevent as
little bias as possible when comparing species., Variety of
siZe would also allow the observa@ion of any correlations
which may exist between individual fish size and mercury level,
Extremely small fish were not kept because the muscle tissue

available was insufficient for analysis.
Determination of Mercury Levels

Each speciman was dissected and 2 to 5 grams of lateral
muscle were removed. From this muscle, a one half gram sample,
separated into two duplicate samples, was placed in a 100 ml.
Erlenmeyer flaske. Five ml. of concentrated sulfuric acid were
added and the mixture was digested at 70°C for 30 minutes.

The preparation wzs next cooled in an ice bath and 15.0 ml.

of 6% potassium permanganate solution was added, with flask

30



swirling to reduce heating of the sample. The contents were
removed from the ice bath and cooled at room temperature for
30.minutes. The solution was then heated on the steam bath,
at 70°C,'for 30 minutes, with occasional swirling. An addi-
tional 5.0 ml. of 6% potassium permanganate was added and the
flask was heated to boiling for 30 seéonds. The contents
were cooled and quantitatively transferred into a 50 ml.
volumetric flask and 10% hydroxylamine hydfochloride added
until the solution cleared. The flask was filled to volume
with distilled water.

Ramirez-Munoz (1975) provided the basic procedure used
in the mercury testing. The procedure was altered somewhat
due to the unavailibility of certain equipment. A Beckman
Model 495 Atomic Absorption Spectrophotometer connected to a
Ten-Inch Potentiometer Recorder was used. The instrumental

. set-up is diagrammed in figure 2. A 25 ml,., aliquot from the

50 ml. sample was transferred to the reaction vessel. The
mercury in the solution was reduced by adding stannous chloride
solution. Readings were obtained and compared with readings

of corresponding standards. The results were reported on a

wet weight basis, in parts per million.
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RESULTS

Mercury cohtent of fish

The fish are 1lsited by species in Table.l, with weight
and length given for each individual. A summary of these
data is shown in Table 2,
D'Intri (1972) categorized fish according to their ability
to accumulate mercury. The categories are: |
Category I-Predators(highest accumulation)
Category II-Carn 2nd bluegills
Category IIT-Bottom feeders(lowest accum-
ulation)
Using the D'Intri system, an analysis of variance was run on
the fish in the present Study. The resulfs were found to be
significant at the 0.05 level (Table 3)., A Newman-Keuls Multi-
Range Test was run to détermine where this difference Qas
occurring (Table 4)., It was found that each group mean was
significantly different from each other group mean at the 0.05
level,
| Fish cataloged by category were:s
Category I-Largemouth bass(Microvoterus salmoides),

rass pickerel(Esox americanus), white crappie
Pomoxis annularis)

Category II-Carp(Cvprinus carpio), bluegill(Levomis
macrochirus)

Category ITII-White sucker(Catostomus commersoni),
creek chubsucker(Erimvson oblcngus), striped shiner
(Notropis chrvsccephalus), quillback(Carpicdes cy-
prinus), shorthead redhorse(Moxostoma macrolepidotum),
vellow bullhead(Ictalurus natalis) :

11



The predacious fish (Group I) had significantly higher levels
of mercury in their'muscle tissues than either group II or
III. Group II had higher levels of mercury than Group III.
Correlation of Mercury Content
to a Weight-Length Ratio

Previous studies have indicated that the mercury content
of fish increases with increasing age, length, or weight
(Bache, et al.,, 1971)(Fagerstrom, ef al., 1974)(Smith, et al.,
1975). Scott and Armstrong (1972) reported that fish condition
(fatness) can be correlated to mercury concentration. There
have been studies(Bainbridge 1973; and Wobeser, et al., 1970),
however, in which these parameters couid not be cdrreléted to
mercury concentration. Preliminary correlations were run
comparing mercury levels to weight and mercury levels to length.
It was found that the mercury levels were not correlated to
the weight of the fish nor to the length of the fish. These
tests, howevef, did not seem to represent a true mercury
correlation indicative of the situation in Coles County. Mer-
cury concentrations were then correlated to a fish weight/length
ratio. Thé results are shown in Table 5. Correlationé were
run for only five of the species because of insufficient data
for the other species.

Of the five species on which correlations were calculated,
three showed significant results. Two species showed signifi-
cant results at the 0.05 level (largemouth bass and carp),

while a third (vellow bullhead) showed a significant correlation



at the 0.1 level. Use of the weight/length ratio as the com-
parision parameter did allow significant results; whereas a
weight correlation or length correlation did not. It appears
this ratio would be a better measurement of a particular species
‘ability to accumulate mercury than either of the two parameters
separately.s It should be noﬁed, however, that in this study

- white crappie and bluegills did not have significant correla-

tions.
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Table 1. Levels of Mercury in Fish Collected from Coles County,
Illinois, from Oct. 1975 to March 1976 .

‘ weight length W/L
Largemouth Bass _ppm (grams) mme. ratio
.08 10.0 86, 12

.06 28.2 127.0 022

A0 524 ,5 297.2 1.76

31 315.,6 261 .6 1.21

47 501 .4 299.7 1.67

«29 287,.3 226 .1 1.27

25 351,5 266,7 1.32

.31 402.3 287,0 1,40

«30 . 523.0 297.1 1.76

White Crappie o 2U 153,.1 213 .4 072
.21 1L7.5 210.8 .70

26 53¢5 152.4 «35

20 197.6 226,.1 87

25 -248,8 246 4 1,02

12 84,3 177.8 47

31 52,0 149,8 35

«273 213.1 231,2 92

2L 191.,7 218.4 .88

.30 236,2 236 ,2 1,00

21 127.0 193,1 66

.21 198,6 223.5 89

White Sucker .16 88.5 190,5 L6
«19 40,9 147,.3 .28

o11 1846 116,9 .16

Bluegill « 09 33,0 ' 114.,3 29
‘ b 35,42 121.9 «29

11 41,8 127.0 e 33

13 54,3 154.9 ¢35

.08 37 .4 121.9 31

Striped Shiner .07 5642 170.,2 33
«10 14,5 109.5 o173

Creek Chubsucker .19 78,0 177.8 UL
15 123.6 22847 .54

.09 68.9 161.1 Jul

Shorthead Redhorse 11 184 ,6 241 .3 W77
11 192,3 254 .4 76

« 09 1784 243,8 73

Grass Pickerel .10 63.1 193,.0 ¢33
012 52.5 198,2 .26

14



Quillback

Carp

Yellow Bullhead

.18
15

Ak
.22
W22
017
21
«32

16

.19
«31
021

.12
.07
o11
10
.07

.09
.07
.08
W11

654,0
27845

981.0
1155.8
502.5
85545
960.7
Lok .0
67846
781,.8
1100.1
978.9

201 .6
115.6
15347
148,2

9345
112,2
225.5
184,7

71.0
148,2

15
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Table 2, Length, Weight, and Mercury Levels(X+SD) for Fish Collected in

Illinois, from Oct. 1975 to March 1976

Coles County,

Species ‘Number Weicht(g) Length (mm) ppm_Hg
White Crappie 12 159+68 207+32 «23+,05
Carn 10 8L49+246 - 396437 «22+,07
Yellow Bullhead 10 145+49 224+ 24 +09+ .02
Largemouth Bass 9 327+196 239+79 27+.13
Bluegill 5 40+8 128+16 114,03
White Sucker 3 L9+36 153+35 «15+,04
Creek Chubsucker 3 90+29 | 190+35 «14+,05
Shorthead Redhorse 3 -185i7 24747 114,01
Striped Shiner 2 35+29 140+43 «09+.02
Pickerel 2 58+7 196+4 .11+,01
Quillback 2 1664266 319+63 164,02




Table 3., Analysis of Variance for Mercury Levels in Fish
Samples Taken in Coles County, Illinois, from)Oct.

1975 to March 1976 (ppm on a wet weight basis

Category IIT

Category T ) Category 11
02U .18 .11

nj 23 15 ’ 23
(x) 1.300 485 g « 300
ny |
£x2 1.505 . .557 U412
Source of Variation SS DF MS
Total , . 554 60

Groups .165 2 . 0825

Error : « 389 58 0067

F-12,31
F2,58—3.16 P(.OS

17



Table 4, Newman-Keauls Multi-Range Test of Data from Table 3,

Category ITI Category IT + Category I
Ranks of sample X W12 .18 .20
q.05 _
B vs. A (Xp-X.) SE o 58 Conclusion
3 VSe 1 012& 0017 7.29 3.)4'1 u;]%ul
3 vse 2 .058 .019 3.05 2.83 u, 7Fug
2 vse 1 . 066 .019 347 2483 u, 7w

The means of the categories are significantly different at the
.05 level
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Table 5. Correlation coefficients for the relationships of weight/length ratio to the
muscle tissue mercury of the various species of fish collected from the Coles
County Area '

Species of Fish Correlation Coefficients

Largemouth Bass | + 9800
(Micropterus salmoides)

White Crappie 14902
(Pomoxis annularis)

Carp 6586#
(Cyprinus carpio)

Yellow Bullhead (6173%%
(Ictalurus natalis)

Bluegill : .6923
(Lepomis macrochirus) _

*3ignificant at 0.05 level

*#significant at 0.1 level



DISCUSSION ’

Bioamplification of Mercury

From the results of this work it is obvious that higher
trophic levels (predators)have greater concentrations of mer-
cury than lower trophic.levels (omnivores and bottom-feeders).
Previous studies have also shown this bioamplification (Aronson
and Spiesman, 1976)(Bainbridge, 1973)(Henderson, et al., 1972)
(Koirtyohann, et al.,.1976)(Potter, et al., 1975)(Richins, et
al., 1975)(Walter, et al., 1974)., An explainationlfor these
results will now be presented.

There are two modes of concentrating mercury in aquatic
orgaﬁisms: direct uptake from water or by ingestion in to the
food'chain. Direct uptake is accomplished by crossing the
gills or epithelium from the surrounding media. Mercury can
- be transported through the food chain in either one of two
wayst: first by direct incorporation by phytoplankters, which
are then consumed by zooplankton and fish, or by methylmercury-
producing microbes in the sediment which are then eaten by
benthic invertebrates and consumed by fish,

Direct uptake may well be dependent upon the size of the
fish studied. Burrows (1973) reported that the methylﬁercury-
203 concentration in bluegills remained constant, after 5 days
of exposure, 2t 20 per cent per gram of fish per liter of water,

Several other investigaters have concurred (Fagerstrom, et al.,



1974) (Underdal 1971),

Environmental factors play an important role in direct
uptake of mercury. MacLeod and Pessah (1973) found that
temperature influences both mercury accumulation and elimi-
nation. Mercury accumulation ranged from a ratio of 4(mercury
in tissue/mercury in water) at 59¢, to a ratio of 22 at 20°C,
Higher temperatures appear to increase the rate of mercury
elimination. Uthe, et al., (1973) found a stream-caged rain-
bow trout had rapid uptake during the warm summer period.
Inorganic mercury is more easily translocated from water to
fish under low pH conditions (Shen-Ching, et al., 1975).

Under alkaline conditions some mercury complexes were found
to be relatively unreactive.

These environmental conditions (pH and temperature) would
fluctuate under natural conditions. How this might affect
the mefcury'concentrations of the fish collected in this study
cannot readily be determined. It should be noted, however,
that colder water conditions were prevalent during the collection
period. This may have given lower levels of mercury than
would have normélly been encountered during warmer periods.

Predacious species of fish have a higher rate of respira-
tion than more sluggish omnivores. These predacious species
require greater amounts of oxygen and thus obtain greater
amounts of mercury directly from the water due to a greater
rate of gill irrigation. This could account for part of the
higher levels of mercury seen in the predatory fish in this

study.

231



Jernelov and Lann (1971) discussed the transport of mer-
cury through the food chain. They postulated that there w;s
only a 10% éffeciency in mercury transport to higher trophic
levels. A northern pike receives 60 per cent of its mercury
from food whereas speéies on lower trophic levels concentrate
more of their mercufy from the surrounding waters. Methyl-
mercury transport from benthicfawma to bottom feeding-fish
was found to be insignificant. Thus mercury bioaccumulation
is actually a function of a predator adding uptake from water
to a "basic level” found in the food chain,

There is no conclusive evidence to show whether direct
uptake from the water or accumulation in the food chain plays
a more important role in the concentrating of mercury in fish,
Many authors (Jernelov and Lann, 1971)(Underdal and Hastein,
1971) feel it is a combination of both with the extent of
mercury pollution playing an important role. It seems to the
author that bioamplification is more evident in lakes where
conditions would be more stable than in the rivers and streams
sampled in this study.

By comparing smaller fish of each species it is quite
apparent that younger fish of different trophic levels do not
fend to show as marked bioamplification. These younger fish
have very similar levels of mercury concentration. As the fish
ages, the biological accumulation of mercury is a function not
only of the species and its exposure interval, but also of the
feedinegs habits, metabolic rate, size of the fish, and the

)

various water quality varameters, as well as the degree of

22



mercury pollution. Mercury uptake is a complex combination
of various parameters affected by environmental conditions
and species‘habits. |
Correlation of Weight/Length Ratio
to Mercury Concentration

Preliminary tests showed no correlatioﬁ between mercury
concentration and length, or concentration and weight. However
studies have shown correlations between mercury concentrations
and a combination of the.weight and length of the épecies
(Bache, et al., 1971)(Fagerstrom. et al., 1974)(Scott and
Armstrong, 1972)(Smith, et al., 1975). Bainbridge (1973) and
Wobeser, et al., (1970) have contradicted this. It is signi-
ficant, however, that in the studiés showing significant |
correlations, the study areas for the most part were lakes,
while the contradictory studies were done in rivers.,

Bainbridege (1973) states that greater variation in mercury
content to weight of individual fish could be expected in
flowing water situations. This results from variability in
duration of exposure of individualbfish to variable concentra-
tions of mercury. This situation is not present in lakes,
where the concentration of mercury is fairly uniform throughout
the aquatic system. His studies were done in a highly conta-
minated river and did not consider such factbrs as pH,temper-
ature, and concentrations of electrolytes, in discussing the
cause of the variability.

The present studyv was done in a leés contaminated area,

but the initial correlations testing mercury concentration

23



against fish length and mercury concentration against fish
weight proved not significant. This would suggest that the
variability of individual fish is more a product of the physical
environment (river as opposed to lake) than.the extent of
mercury céntamination. This variability may occur because

of the differing‘features present in rivers, for example

riffles versus pools. In lakes there would be a more static
situation lending to a more uniform distribution of mercury

in the Water.

Even though the physical environment is a more important
parameter, the extent of mercury pollution does contribute
- to the variability within a species. Mercury present in the
water within a highly polluted areé, such as an industrial
site, would become diluted as it flowed downstream. Fish
downstream would have.less of an opportunity fdr direct uptake
of mercury, thus providing for lower concentrations for these
fish, Similar sized fish of.the same species near the area
of contamination migh% have higher mercury concentrations
because of the higher levels in the environment.

Observing no correlations between mercury concentration
and individual weight, and concentration and length, a new
measurement was sought, It was felt by the author that a.
weight/length ratio may be a truer measurement of an individual
fish's ability to concentrate mercury. This ratio would take
into an account the individuwal "condition" of the fish. Scott
and Armstrong (1972) have shown a correlation by the use of

a similar ratio.



Of the five species on which correlations were calculated,
three were found to show significant results. Largemouth
bass and carp were significant at the 0.05 level, while yellow
bullheads were significant at the 0,1 level, It must be remem-
bered that at no time will there be a "base zero" level of
mercury concentration. Hence, smaller fish of these species
may bias the results. | |

A few conclusioné can be drawn from a significant weight/
length ratio correlation. As this ratio increases, that is
as a fish becomes stouter, it also increases the level of mer-
cury concentration. This could be a function of changing food.
habits and/or of age. A species difference in this ratio
correlation can be attributed to the different physical make-up
of the fish species. . Hence it is not surprising that the more
stout species (largemouth bas, yellow bullhead, carp) had
signifizant correlations while the slimmer species (bluegill,
white crappie) did not show significant results. '

Thererare several advantages to setting up a correlation
between mercury concentration and weight/length ratios. If
a firm relationship could be established, then cqmmercial
fisheries would greatly benefit. There.might be positive
correlations strong enough to establish size limits within
which safe mercury concentrations should be found. This would
be time-saving and economical to fishermen and a‘further safety
check for the general public. A positiye correlation would

allow health officials to set size levels to certain sgpecies
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~and not close all the fishing in an area. In fish populations
it is known that the overall biomass may increase though the
average size of -individuals decreases. Since large carnivorous
fish have the greatest chance of exceeding the 0.5 ppm limit,

a method of fishing could be developed which permitted undamaged
return of these larger, more highly contaminated fish. Tﬁese
would then constiture the spawning population without resort

to any decrease in average age or size at reproduction. This
would be a health safeguard against highly contaminated fish

and also sound fisheries management.

In rivers and streams a weight/length ratio would appear
to be the best physical attribute of fish to use when corre-
lating with mercury concentrations. In lakes, where correla-
tioﬁs have been established for mercury concentrations and
weight, and mercur& concentrations and length, length,of thé
‘fiSh should be chosen as the correlation factor over weight
since it is less likely to be subject to major day-to-day
fluctuations. :Weight is highly influenced by feeding. These
two differing situations have to be taken into account if

any meaningful mercury gravhs are to be established.
Further research

Many further measurements of mercury levels in fish
around Coles County area would be needed to firmly establish
a weight/length ratio to mercury concentration correlation.

Further is also needed in the following areass

oY+
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3.

Determination of the amount of mercury
a carnivorous fish, an omnivorous fish,
or a bottom-feeder concentrates through
food consumption vs. concentration by
respiration.

In the above, contrast a flowing water
situation(river) with a still water sit-
uation(lake or pond). Also a determi-
nation of the level at which mercury
excretion by the fish would exceed
mercury concentration, if at all.,

Establishment of TLm levels, taking into
account the various physical factors(rH,
turbidity, thermal conditions, etc.)

and the biological factecrs(parasitism,
size of fish, species of fish, etc.)



Mercury Pollution in Coles County:
An Overview

None éf the fish in this study exceeded the recommended
limit of 0.5 pﬁm set forth by government officialse Personal
correspondence with br. Ken Smith of the Illinois Natural
History Survey has shown that some of the largemouth bass in
Lake Shélbyville have greatly exceeded this limit (up to 1.2
ppm)e It would seem that in comparision with this study, as
in previous research, mercury concentrations of fish in lakes
are greater than concentrations of fish in riveré. Lakes
would seem to have the feature of concentrating mercury in
their sediments, while rivers have currents to move the con-
taminant downstream and not allow concentrations to build
upe This would especially be true of man-made lakes and
perhaps explains some of the extremely high mercury readings
in Lake Shelbyville.

As a.result of the extent of the mercury contamination
in Lake Shelbyville, certain precautions have been set up
for local fishermen. Only one half of a pound of largemouth
bass over two pounds should be eaten per week. All fishing
in Lake Shelbyville need not be closed down since only the
largemouth bass exceeded the 0.5 ppm limit,

Since there are no large industrial centers in Coles
County the question arises as to the source of the mercury.
Possible sources include products containing mercury for

agricultural use, sewage disvosal systems, and natural occurring
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mercufy. The natural background levels are sometimes lost in
the shuffle by some environmentalists and media personnel

when bringing the mercury pfoblem to the attention of the
public. In miidly polluted areas, such as in Coles County,
natural background levels make up a larger portion of mercury
concentrations in fish than would occur in more highly polluted
areas., Mercury pollution in Coles County is not a serious
health Hazard. although constant monitoring is essential to

avoid any future problems.
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Summary

From this study it is possible to conclude ‘that in moderately
polluted streams and rivers bioamplification of mercury does.
occur. Although the exact cause of bioamplification is a
combiﬁation of a number of factors, the trophic level of the
" individual fish is the main force behind the concentrating of
higher levels of mercury. Predacious fish were found to con-
centrate from two to three times as much mercury as fish on
lower trophic levels., |

Correlations Between mercury concentrations and weight/length
ratios were found for largemouth baés, carp, and yellow Bull-
head. White crappie and bluegill were found not to have this
significant correlation. These latter fish were, on the whole,
less stout than the fish with significant weight/length ratios.
It seems that the more stout an individual fish becomes, the
greater its ability to concentrate mercury. A weight/length
ratio should be used as the parameter correlated to mercury
concentrations in fish tested from rivers and streams.

The mercury levels found in the fish in this study were
not above the recommended levels. Some of the larger fish
tested did approach this level of 0.5 ppm. This, however,

did not alter the fact that mercury pollution in Coles County

is not a serious health hazard.,.
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