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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 

1 89 to 205. Mercury, also known as quicksilver, has always 

been considered somewhat sinister because of its unique 

property as the only metal that 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 d ied of mercurial poisoning. 

Though mercury has been known as a toxic agent s ince 

earliest history the f irst environmental involvement of mercury 

became apparent only in the 1950's when an epidemic of poi­

sonings c aused 46 deaths in Minam�ta, Japan. The ingestion 

of methylmercury in contaminated fish produced a condition in 

which a loss of vision and hearing, and a nrogressive loss 

of coordination, resulted in the deaths. Following a second 

similar poisoning in 1964, the Jananese Government undertook 

research which resulted in an announcement in 1968 that indus-

trial wastes contqinin� mPthylm0rcury w0re the toxic agents. 

. 1 



Two major s ources 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 the environment fron 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 of applications which include seed 

dressings, 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 pollu­

tion. Joensuu (1971) s peculated that the amount of mercury 

released by combustion of coal fqr exceeded thqt released by 

weathering, The indirect sources assoiciated with mercury­

related technology result from the use, misuse and disposal 

of �ercury and mercury-containing industrial and consumer 

products. 

The medical implications of mercury pollution are well 

documented. Hughes (1957) found that when metallic mercury 

accumulates in nervous tissue, neuron metabolism is blocked, 

Gage (19�1) found thqt while �ethylmercury salts cRused dam�ge 
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to the central nervous system in rats , phenylmercury did not 

produce this effect. "Minamata•• disease ( methyl'Mercury poisoning) 

is characterized in humans by weakening of �uscles, loss of 

vision, impairment of cerebral functions, paralysis ,  and in 

severe cases, death. Methylmercury is of prime importance 

because of its prop ens ity for the nervous system, long reten-

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

, 1G70). 
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 ch annel catfish. 

In order to control the amount of mercury which an indi­

vid ual may ingest a Food and Drug Administration regulation 

prohibits the commercial sale of fish containing levels of 

mercury greater than 0.5 pnm. It also issues advisories con­

cerning consumption of fish containing mercury. The Public 

Health Service has set o.5 ppb as the upper level of mercury 

in water fit for human consumntion. As of January 1, 1976, 

it was found that some fish in Lake Shelbyville , Illinois, 

exceeded the 0.5 ppm lim it. The State of Illinois advised 

fishermen taking largemouth bass from the lake to e at only 

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



METHYLATION IN THE ENVIRONMENT 

Background mercury levels vary widely in aquatic ecosystens 

due to the multiple forms of the complex ions that can occur 

( s ee figure 1 ). Prior to 1966, it was ass umed that mercury 

found in fish was either inorganic mercury or phenylrriercury. 

Westoo ( 1 966 ) disputed this by the use of gas chromotography 

and showed tha_t approximately 8_5 to 9 5% of the mercury contained 

in fish was methylmercury. The process of methylation becomes 

of primary importance. Jenson and Jernelov ( 1 96 9 ) s peculated 

that microbes in bottom sediments converted inorganic or 

phenylmercury to both. mono and dimethylmercury. As a result 

two reactions were postulated: 

Hg++ +2R� CH3-CH3HgCH3-7 CH3Hg+ 

R-CH3 
Hg+++R-CH3-7CH3Hg+ ) CH3HgCH3 

Wood, et al., ( 1 968 )  supported this theory by showing that 

meth8.nogenic bacteria used methylcobalaMin (CH3-(Co), a B12 
analog ) to form di and monomethylmercury. The methyl moiety, 

in mild reducing conditions, is transferred from co++ to Hg++ 

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 nercury the occurrence deserves some attention. Jernelov 

( 1 9 69) showed that under permanent anaerobic conditions mer-

curie sulfide in mud is not readily methylated. However 

4 
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FIGURE 1. A HYPOTHETICAL MODEL OF THE CONVEllSIOtl OF 
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Fag e rst rom and Jern e l ov (1970) f ound that mercuric sulf i d e  i s  

available f o r  biologic a l  methylation i n  a e rob i c  cond i t i on s .  

G ill e spie (1972) show e d  that unde r  ae r o b ic c ond i t ions th ere 

was a gradual mobil izat ion o f  me rcury from s e dime nts c ontaining 

mercuric chloride or me rcuric sulf ide . Mercury bound to 

o rganic substance s c an be methylated in the pres c en c e of hy­

drogen s u l f ide ( J e rnelov , 1969). 

Mic robial m ethylation o f  m e rc u ry p r oduc e s  m on o  and d i­

methylm e rcury ( J en s en and Je rn elov , 1969; W o o d, e t al., 1968). 

Bainbr idge (1973) d emo s t rate d that the f ac to r s  o f  an aquatic 

syste� wh ic h  d e te rm in e  the pr opo r t ion s  in wh i c h  they o c c ur 

ar e merc ury c oncentrat i on and pH. At h igh l eve ls o f  merc uric 

i on c oncen t rat ion and low pH, m e thylme rc ury is favored, wh ile 

at l ow e r  leve l s  of me rc ur ic · i on c onc entration and high e r  pH 

dim e t hy l  f ormat ion i s  favor e d . 

For m e thy lat i on t o  o c c u r  m e rc ury u s ually must b e  pre s ent 

in the me rc uric ion f orm (Hg++). F ive catego r i e s  of m e rc ury 

which TT!o s t  commonly o c cur in aquat i c  systems ar e :  

In organ i c  me rcury , Hg++ 
Metall i c  merc ury ,  HgO 
Ph enylme rcury , C6HsHg+ 
Alkoxymer9ury , CH30CH2CH2Hg+ - + Methylme rcury , CH 3Hg 

Al l th ese f o rm s  c an b e  c onverted to d ivalent merc ury ( J e rn e lov , 

1969). Th e m e rc ur i c  i on s  ar e then ava ilable f o r  t h e  biolog i c al 

methyl tran s f e r r e ac t ion . The se c onv e r s i ons are d e pic te d 

shema t i c ally in Fig. 1 ( Bainbr i dge , 1973). 

6 



"PURPOSE OF STUDY 

Since T'l.ethylmercury is . dangerous t o  human heal th and 

because it can be readily produced by aquatic ecosystems , the 

·importance of information concerning the levels of mercury in 

fish is o bvious. Mercury concentrations in fish have been 

extensively studied in lakes but little research has been 

carried out concerning mercury concentrations in fish in l otic 

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 aret 

1. To see if mercury concentrations 
vary between trophic levels, as demon­
strated in pre_vious work done in l akes. 

2. To speculate on the effect of weight 
and length of fish on mercury concentra­
tions in a riv.er as opposed t o  a lake. 

7 



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 E mbarras River and 

Polecat Creek. N o  specific sites were chosen along these 

waterways for the collections, although certain areas were 

seined more than others in order that a greater number of fish 
-

could be collected. E ach fish was weighed and measured, and 

then frozen until used for analysis. An attempt was made to 

collect various sizes of each fish, in order to prevent as 

little bias as possible when qomparing species. Variety of 

size would also allow the observation 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 Me rcury 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 flask. Five ml. of concentrated sulfuric acid were 

added and the mixture was digested at 70°c for JO minutes. 

The preparation was next cooled in an ice bath and 15.0 nl. 

of 6% potassium permangan�te solution was added, with flask 
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swirling to reduce heating of the sample. The contents were 

removed from the ice bath and cooled at room temperature for 

JO minutes. The solution was then heated on the steam bath, 

at 70°c, for JO minutes, with occasional swirling. An addi­

tional 5.0 ml. of 6% potassium pertTlanganate was added and the 

flask was heated to boiling for J O  seconds. The contents 

were cooled and quantitatively transferred into a 50 ml. 

volumetric flask and 10% hydroxylamine hydrochloride added 

until the solution cleared. The flask was filled to v olume 

with distilled water. 

Ramirez-Munoz (1975) provided the basic procedure used 

in the mercury testing. The procedure was altered somewhat 

due t o  the unavailibility of certaJn equipment. A Beckman 

Model 495 Atomic Absorption Spectrophotometer connected to a 

Ten-Inch Potentiomet�r 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, 

9 
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RESULTS 

Mercury content of fish 

The fish are lsited by species in Table 1, with weight 

and length given for each individual. A summary of these 

data is shown in Table 2. 

D'Intri ( 197 2 )  cat e g oriz ed fish according to their ability 

to accumulate mercury. The categories are s 

Category 
Category 
Category 

I-Predators(highest accumulation ) 
II-Carn end blueeills 
III-Bottom feeders(lowest accum­

ulation) 

Using the D'In tri system, an analysis of variance was run on 

the fish in the present study. The results were found to be 

significant at the 0.05 level (Table J). A N ewman-Keuls Multi-

Range Test was run to determine where this difference was 

occurring (Table 4). It was f ound that each group mean was 

significantly different from each other group mean at the 0.05 

level. 

Fish cataloged by cat egory were1 

Category I-Largemouth bass(Micronterus salmoidP.s), 
grass �ickerel

.
(E�ox americanus), white crappie 

(Pomoxis annular1sY 
Category II-Carp(Cyprinus carnio), bluegill(Lenomis 
macroch irus) 
Category III-White sucker(Catostomus comrnersoni), 
creek chubsucker(Erimyson oblcngtisJ, striped shiner 
(NotroJ is chrysocephalusJ, quillback(Carpicdes s::L­

prinus , shorthead redhorse(Moxostoma macrolepidotum), 
yellow bullhead(Ictalurus natalis) · 
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The predacious fish (Group I )  had significantly higher levels 

of �ercury 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, et al., 1974)(Smith, et al., 

1975). Scott and Armstrong (1972) reported that fish condition 

(fatness) can be correlated to mercury concentration. There 

have been studiesCBainbridge 1973; and Wobeser, et al., 1970), 

however, in which these parameters could not be correlated 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, however, 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. The results are shown in Table 5. Correlations 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 (yellow bullhead) showed a significant correlation 

12 



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. It should be noted, however, that in this study 

white crappie and bluegills did not have significant correla­

tions. 

13 



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

weight 
Largemouth :S-as s  .. I2J2m {grams � 

• 08 10. 0 
.06 28.2 
. 40 524.5 
.31 315.6 
.47 501 .4 
.29 287.J 
.25 351. 5 
• 31 402.3 
.30 523.0 

White Cra1212ie .24 153 .1 
• 21 147.5 
. 26 

-
53. 5 

.20 197.6 
. 2 5 . 248. 8 
.12 84.3 
• 31 52.0 
.23 213 .1 
.24 191.7 
. J O 236.2 
.21 127·.o 
.21 198.6 

White Sucker .16 8s.-5 
.19 40.9 
.11 18.6 

Bluegill .09 33.0 
.14 35.2 
.11 41.8 
.13 54.3 
.08 37.4 

Stri12ed Shiner .07 56.2 
.10 14.5 

Creek Chubsucker .19 78.o 
.15 123. 6 
.09 68.9 

Shorthead Redhorse .11 184.6 
.11 192.3 
.09 178.4 

Grass Pickerel .10 63.1 
.12 52.5 

14 

length (mm.t 86 • 

127.0 
297.2 
261.6 
299.7 
226.1 
266.7 
287.0 
297.1 

213.4 
210.8 
152.4 
226.1 
246.4 
177.8 
149.8 
231.2 
218.4 
236.2 
193.1 
223.5 

190.5 
147.3 
119. 9 

114.3 
121.9 
127.0 
154.9 
121.9 

170.2 
109.5 

177.8 
228.7 
161.1 

241.3 
254.4 
243.8 

193.0 
198.2 

W/L 
ratio 

.12 

.22 
1.76 
1 .21 
1.67 
1.27 
1.32 
1.40 
1.76 

.72 

.70 

.35 
.87 

1.02 
.47 
.35 
.92 
.88 

1.00 
.66 
.89 

.46 

.28 

.16 

.29 

.29 
.33 
.35 
.31 

.33 

.13 

.44 
.54 
.44 

.77 

.76 

.73 

.33 

.26 



Quill back .18 654.o J6J.2 1 .80 
.15 278.5 274.7 1.01 

Carp .14 981.0 393.7 2.49 
.22 1155.8 444.5 2.60 
.22 502.5 335 .8 1.50 

.17 855.5 416.9 2.05 
.21 960 . 7 408.9·· 2 .35 .32 494.o 335.2 1.47 
.16. 678.6 386 .o 1.75 
.19 781 .8 388.6 2 .01 
.31 1100 .1 4)4.2 2.53 
.21 978.9 411 .4 2.38 

Yel low Bullhead .12 201.6 . 254 .6 .79 
.07 115 .6 210.8 .55 

.11 .153. 7 231.2 .66 

.10 148.2 226.0 .66 
.07 93.5 213 .4 .44 

.11 112 .2 203.8 .55 
.09 225.5 254.o .89 
.07 184.7 248.9 .74 

.08 71 .0 180. 3 .39 
• 11 148 .2 215 .9 . .69 

1 .5 
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Table 2. Length, Weight, and Mercury Levels(X+SD) for Fish Collected in Coles County, 
Illinois, from Oct. 1975 to March 1976 

S-pec ies Number Weie;ht {g } Length{mm} J2J2m Hg 

White Crapp:ie 12 159:t.68 207!.32 • 23:!:.· 0 5 

Carp 10 849±246 396±.37 • 22:!:_. 07 

Yellow Bullhead 10 145+49 224+24 .09:!:_.02 

Largemouth Bass 9 327:!:_196 239.:t.79 • 27± .13 

Bluegill 5 4o+8 128+16 . 11:t_ . O ) 

White Sucker 3 49±36 153+35 .15+. 04 

Creek Chubsucker 3 90:!:_29 190±3 5 .14:t_. 0 5 

Shorthead Redhorse 3 185+7 247±7 .11:t_.01 

Striped Shiner 2 35±29 140±43 .09+. 02 

Pickerel 2 58+7 196+4 .11:!:_. 01 

Quill back 2 466+266 319±.6 3 . 1 6:t_ . 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) 

Categor;y: I 
f .24 
n· 23 ci> 1.300 

n1 
£x2 1.505 

Source of Variation 
Total 

Gr oups 
Error 

F-1 2.31 

F2
,58-J.16 

Categor;y: 

SS 
.554 

.165 
.389 

.18 
15 

.485 

.557 

. .  
P(.05 

17 

II 

DF 
bO'" 

2 
58 

Categor;y: 

MS 

.0825 
.0067 

.11 
23 

.300 

.412 

III 



Table 4 .  Newman-Keauls Multi-Range �est of Data from Table 3. 

Ca tegor;y: III Categor� II Categorv I 

Ranks of sample � . 1 2  . 1 ._ .24' 

q.05 
B vs. A. �X11-X�) SE _g__ 584p Conclusion 
3 vs. 1 . 1 2  .017 7.29 3. 1 U3fU1 
3 vs. 2 • 058 .019 3.05 2.83 UJ fu� 
2 vs. 1 . 066 . 01 9 3.47 2.83 u,( fu, 

The means of the categories are significantly different at the 
.05 level 
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Table 5 .  Correlation coe.fficients 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 

Largemouth Bass 
(M:\_cropterus salmoides) 

White Crappie 
(Pomoxis annularis) 

Carp 
(Cynrinus carpio) 

Yellow Bullhead 
(Ict8lurus natalis) 

Bluegill 
(Lenomis m8crochirus) 

*significant at 0.05 level 

**significant at 0.1 level 

Correlation Coefficients 

.9800* 

.4902 

.6586* 

.6173** 

.692 3 



DISCUSSION 

Bioamplif ication of Mercury 

From the results of this work it is obvious that higher 

trophic levels (predators)have greater concentrations of mer ­

cury thq,n lower trophic levels (omnivores �nd bottom-feeders). 

Previous studies have also shown this bioamplif ication (Aronson 

and Spiesman , 1976 ) (Bainbr idge, 1973 )(Henderson, et al., 1972) 

(Koirtyohann, et al.,:1976)(Fotter, et al., 1975)(Richins, et 
al., 1975)(Walter, et al., 1974). An explaination for these 

results will now be pres ented . 

There are two m odes of concentrating mercury in aquatic 

org!3.rlisms: direct uptake from water or by ingest ion in to the 

food chain. Direct uptake is accomplished by crossing the 

gills o� epithelium from the surrounding media. Mercury can 

· be transported through the food chain in either one of two 

ways1 first by direct inc orporation by phytoplankters, which 

are1then consumed by z ooplankton 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 stud ied . Burrows (1973) reported that the methylrriercury-

203 concentration in bluegills rem ain e d c onstant, after 5 days 

of exposure, at 20 per cent per gram of fish per liter of water. 

Several other investigaters have concurred (Fagerstrorri, �t al., 

20 



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 �nd elimi­

nation. Mercury accumulation ranged from a ratio of 4(mercury 

in tissue/mercury in water) at 5°c, to a ratio of 2 2  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 sum�er period. 

Inorganic mercury is m.ore easily translocated from water to 

fish under low pH conditions (Shen-Ching, et al., 1 975) . 

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 mercury 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 normally 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 thi s 

study. 
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Jernelov and Lann (1971) discussed the transport of mer­

cury through the f ood chain. They postulated that there was 

only a 10% effeciency in mercury transport to higher trophic 

levels. A northern pike receives 60 per cent of its mercury 

from food whereas species on lower trophic levels c oncentrate 

more of their mercury from the s urrounding waters. Methyl­

mercury transport from benthic£auna 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 m ore important role in the concentrating of mercury in fish. 

Many authors ( Jernelov and Lann, 1971 ) ( Underdal and Hastein, 

1q71 ) feel it is a combination of both with the extent of 

mercury nollution playing an important role. It seems to the 

author that bi oamplif ication 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 

tend to show as marked bioamplification. These younger fish 

have very simil�r 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 

feedings habits, �etabolic rate, size of the fish, and the 

various water quality nara�eters, as well as the degree of 
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mercury pollution. Mercury up�ake 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 correlation 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 species 

( 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 studies showing significant 

correlations, the study areas for the most part were lakes, 

while the contradictory studies were done in rivers. 

Bainbridge (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 individual fish 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 factors as pH, temper-

ature, and concentrations of electrolytes, in discussing the 

cause of the variability. 

The present study was done in a less contaminated area, 

but the initial correl�tions testing mercury concentration 
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against fish length and mercury concentration against fish 

weight proved not significant. This would suggest that the 

variabiliti of individual fish ii more a product of the physical 

environment (river as opposed to lake) than the extent of 

mercury contamination. 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 area, such as an industrial 

site, w ould become diluted as it flowed downstream. Fish 

downstream would have less of an opportunity for direct uptake 

of mercury, thus providing f or lower concentrations for these 

fish. Similar sized fish of the same species near the area 

of contamination might 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 individual "condition" of the fish. Scott 

and Armstrong (1972) have shown a correlation by t�e use of 

a siMil3.r ratio. 
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Of the five spec ies on wh ich correl ations were c alculated , 

th ree were f ound t o  s h ow signif icant r esul t s . Largem outh 

bass and carp were s ignif icant at the 0 . 05 level , wh i le yellow 

bullheads were signif i c ant at t he 0 . 1  l evel , It must be remem­

bered that at n o  time will there be a " ba s e  zero" level of 

Mercury c oncentration . Hence ,  smaller f ish of thes e species 

may b ias the results . 

A f ew c onclus i ons can be drawn from a significant weight/ 

l ength ratio c orrelation . As this ratio increases , that i s  

as a f ish becomes st outer, it also inc reases the level of m e r ­

cury concentration. This could b e  a func t i on of changing f o od 

habits and/or of age . A s pecies difference in this ratio 

correlation can be attributed t o  th� d ifferent physical make-up 

of the fish species • .  Hence it is n ot surpris ing that the more 

stout species ( l a·rgeM outh bas, yellow bul lhead , c arp ) h ad 

signifi�ant correl at i ons whi le the s limmer species ( b luegill, 

wh ite crappie) did n ot show signific ant results . 

There are s everal advantages t o  sett ing up a correl ation 

between merc u ry concentration and weight/l e ngth ratios. If 

a firm rel ationship c ould be e s t a�l i shed , then c ommercial 

fisheries w ould greatly benefit . There might be p ositive 

correlat i ons s trong en ough t o  establish size l imits with in 

wh ich safe m e rc u ry c onc ent rations sh ou l d  be found. Th is w ould 

be time- s av ing and ec onom ic a l  t o  fishermen and a further safety 

c heck fo� the general publ ic .  A p osit ive c or relation w ould 

allow h e alth o f f icials t o  set s i ze l evel s t o  c e rta in s p e 6 i e s  
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and not close all the fishing in an area. In f ish populat ions 

it is known that the overal l  biomass may inc rease though the 

ave rage siz·e of · individuals decreas es . S ince large carnivorm1s 

f i sh have the greates t c hanc e of exceed ing the 0 . 5  ppm limit, 

a method of f ishing could be develop e d  wh ic h perm itted undamag ed 

return of these larg e r , more h ighly contam inated fish. These 

would th e n  c onst iture th e spawning populat ion without resort 

to any decrease in average age or size at reprodu c tion . This 

would be a h ealth s afeguard aga inst highly c ont aminated fish 

and also sound f i sh erie s management. 

In r ivers and streams a we ight/length ratio would app ear 

to be the best physic al attribute of f i sh to use when corre­

lating with merc ury c on c entration s .  In lakes , wh ere correla­

t ions have been e s tablish e d  for mercury c onc entrations and 

we ight, and merc u ry c oncentrat ions and length , l ength , of the 

f ish sh ould be chos en as the c orrelation fac t o r  over we ight 

since it i s  less likely to be sub j ect to ma j or day-to-day 

f luctuation s. · We ight is high ly influen c ed by feed ing . These 

two differing situation s have t o  be taken into ac count i f  

any mean ingful m ercury granh s are to b e  es t abl i s hed. 

Further researc h 

Many further m e asurements of merc u ry levels in f i s h  

around Coles County a r e a  w o u l d  be n eed e d  to f irmly establish 

a we ight/length rat io to m e rcury c onc entrat ion correl at ion. 

Further i s  also n e e d e 1  � n  th e f oll ow ing a r e as s 
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1 .  Determination of the amount of mercury 
a carnivorous fish, an omn ivorous f ish , 
or a b ot t om - f e eder c oncentrates through 
food c on sumption vs . concentration by 
respirat ion. 

2 .  In the above, contrast a f l ow ing wat er 
s ituat ion ( river ) w ith a still water sit ­
uat ion ( lake or  pond ) . Al s o  a determ i­
nat ion of the l evel a t  wh ic h me rcury 
excret i on by th e f i sh w o uld exceed 
merc ury conc entrat i on, i f  a t  all . 

3 .  Establ ishment of TLm level s, taking into 
account the var ious phy s ic a l  fact o rs ( pH ,  
turbidity , thermal c ond i t i ons , etc . ) 
and the biol og ic al - f act crs ( parasit ism, 
s ize  of f ish , �pecies of f ish, etc . )  
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Mercury Pollu t i on in Coles County : 
An Overvi ew 

N one of the f ish in th is s tudy exceeded the recommended 

l imit of 0 . 5 ppm set forth by g ove rnment off ic ial s . Pers onal 

corres p ondence w it h  Dr . Ken Sm ith o f the Illino i s  Natural 

H is tory Survey h a s  s h own that s om e  o f  th e l arg emouth bass in 
Lake Shelbyv i lle have greatly exc e e ded th is  l imit  ( up to 1 .2 

ppm ) . It would seem that in compari s i on with th is study , as 

in prev i ous researc h , mercury concen trations of f ish in l ak e s 

are gr e ater than c onc ent rat i ons of f i s h  in r ivers . Lakes 

would s e em t o  have the f eature of c onc entrat ing mercury in 

the ir sediments, while r ive rs have c urrents t o  move the con -

t aminant d own s tream an d n o t  al l ow c oncentrations to build 

up . Th i s  w ou l d  especially be true of man -mad e lakes and 

perhaps explains s ome of the extremely h igh mercu ry readings 

in Lake Shelbyv i � l e . 
As a r esult of the ext ent of the mercury c ontam inat ion 

in Lake Shelbyville, certain precaut i ons have been set up 

for l oc al f i s h e rmen . Only one h alf of a p ound of largem outh 

bass over two p ounds should b e  eaten per we ek . A l l  f i s h ing 

in Lake Shelbyville ne ed n o t  be c l o s ed d own since only t h e  

l argem outh bass exc eeded the 0 . 5  ppm l imit . 
Since there are n o  l arge indu s t r ial c enters in C o l e s  

C ounty the question arises as t o  the s ource o f  the merc ury. 

Poss ible s ources inc lude product s c onta in ing mercury f o r  

ag r ic u l tu ral u se , sewage d i s u o sal s y s tem s , and natural o c c u rr ing 
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mercury . The natural bac kground l evels are s ometimes l o s t  in 

the shuffle by s ome envir onmentalists and med ia pers onne l  

when bringing the mercury problem to the att ent i on o f  the 

publ ic . In mildly polluted areas , such as in C o les C ounty , 

natural background levels make up a larger p ortion of mercury 

concentrations in fish than wou l d  occur in m ore highly polluted 

areas. Merc ury p ollut ion in Coles C ounty is n ot a serious 

health hazard , although constant mon i t or ing i s  essential t o  
avo id any future problems . 
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Summary 

Fr om this study it is p ossible to conclude · that in moderate ly 

polluted stream s  and rivers b i oamplif ication of merc ury does 

oc c u r . Although the exac t c ause o f  bioarrip l if ic at i on is a 

combination of a number o f  fact ors , th e trophic level of the 

individual fish is the main f o rce behind the concentrat ing of 

higher l evels o f  mercury . Predac i ous fish were f ound t o  con ­

c entrate from two to three t imes as much mercury as fish on 

lower t rophic levels . 

C orrelations between mercury c oncentration s and we ight/length 

ratios were f ound for largem outh bas s , carp, and yel l ow bull­

head . White crappie and bluegill were found not t o  have this 

significant correlation . Thes e l atter f is h  were , on the whole , 

les s s t out than the fish w i th significant weight/length rati o s. 

I t  seems that the more stout an individual fish becomes, the 

greater its ab i l ity t o  c oncentrate mercury. A weight/length 

ratio should be us ed as the parameter correlated t o  mercury 

c oncentrations in f is h  tested from river s  and streams. 

The merc ury levels found in the fis h in this s tudy were 

not above the recommended level s. Some of the larger fish 

tes ted did approach this level o f  0 . 5  ppm . This , however , 

did not alter the fac t that merc ury p ollution in C oles C ounty 

is not a serious health h a z ard . 
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