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ABSTRACT 

TOXICITY, ACCUMULATION AND DEPURATION OF MERCURIC ACETATE 

IN THE FATHEAD MINNOW, PIMEPHALES PROMELAS 

by 

EVA KATHRYN LARTIGUE 

Acute toxicity levels of mercuric acetate were investigated 

using static toxicity testing procedures and were found to be in the 

order of 0.1 ppm Hg (9-6HR LC5Q = 0.159 ppm HgCQAc^). Possible 

losses of the toxicant during the static experiments were examined 

and are discussed in some detail. 

Accumulation of mercury in the fathead minnow was investigated by 

the use of 2Q3-HG(QAc)2» a gamma emitter. Accumulation was found to be 

rapid and usually lethal, depending upon the length of exposure to the 

toxicant. Minnows were able to biomagnify mercury in their tissues to 

a level of 500X the concentration in the water when exposed for 96 

hours to a sublethal concentration (0.05 ppm Hg). 

Depuration of the accumulated body burden of mercury proved to 

be a slow and incomplete process. Mortality was high in the depura¬ 

ting population even after 32 days in clean water. Some minnows were 

able to rid themselves of up to 30% of the accumulated mercury. How¬ 

ever, these organisms continued to exhibit the erratic behavior which 

is symptomatic of mercury poisoning. 

There is a potential threat to public health from consumption of 

mercury-contaminated seafood. Monitoring programs should be continued 

for fish and shellfish for at least several years, particularly in 

regions where industrial discharging of mercury is known to have 

taken place in the past. 
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INTRODUCTION 

Mercury is a relatively rare element, comprising about 10 

percent of the world's igneous rock (Wojtalik, 1971). However, man 

and his activities have drastically altered the distribution of mer¬ 

cury in the environment, and in the process have created potential 

problems of both acute and chronic toxicity for humans as well as 

lower animal species. Mining and industrial mercury usage now con¬ 

stitute a multimillion dollar enterprise. Some 10,000 metric tons 

of mercury are produced annually in the world; the United States 

alone consumes 30% of this. In the past, mercury has been a common 

ingredient of such household items as antiseptics, paints, floor 

waxes, air-conditioner filters, fabric softeners, furniture polishes 

and mildew suppressants (Goldwater, 1971). Yet these and similar 

products make up a mere fraction of the mercury used in this country; 

the potential environmental problems associated with mercury have a 

much wider base, The large majority of mercury usage occurs in 

industry, particularly in the caustic soda and chloral kali plants. 

Also, mercury compounds were in popular use until quite recently as 

mildew control agents in the pulp and paper mill industries. (This 

practice has now stopped, due to a Federal Drug Administration 

regulation prohibiting the presence of mercury in paper packagings 

for foods.) Organomercurials are manufactured for use as fungicides 

on seed grains. Mercury salts, including mercuric chlorides, oxides, 

nitrates and acetates, are used as catalysts in a wide variety of 

manufacturing processes. As an example, mercuric acetate is used in 
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the mercuration of organic compounds and in the absorption of 

ethylene. 
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It has been estimated that of the total mercury consumed in this 

country, only 18% is salvaged and recycled (Goldwater, 1971). The 

rest is released into the environment through discharges into the air 

and water, and through finished products which dissipate their mer¬ 

cury content slowly. The possible consequences of this release of 

mercury into the environment have recently come under close scrutiny. 

A Geologic Survey estimates that the natural background of mercury 

in topsoil in the U.S. is probably 100 ppb Hg, but studies conducted 

by Warren and Delavault (1967) in Great Britain indicate that a lower 

level of 60 ppb Hg may be more accurate on a world-wide basis. 

Warren and Delavault, however, reported values as high as 15,000 ppb 

Hg in garden soils contaminated by heavy industrialization of the 

surrounding area. Values in contaminated topsoil have been reported 

to be as high as 922 ppb Hg in areas of Sweden, and 1000 to 10,000 

ppb Hg in British Columbia (Krenkel, 1973). 

Investigations of marine sediments off the coast of southern 

California in areas far removed from waste water outfalls have shown 

a substantial increase of mercury content over the past several 

decades. Samples taken in 1900 contained 0.06 mg Hg/kg dry sediment 

or 60 ppb Hg. In 1970, the value was 0.16 mg Hg/kg dry sediment, or 

160 ppb Hg. However, part of the difference in values is attributable 

to errors in analysis or to the different methods of analysis in use 

at the two time periods involved. As one might anticipate, mercury 
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levels in sediments near outfalls of chi oral kali plants have been 

found to be as high as 2000 ppm Hg (Turney, 1971) although values 

an order of magnitude smaller than this are more common. It seems 

reasonable to assume that the sediments of rivers and lakes are the 

sources of the mercury being accumulated by aquatic organisms. 

Compared to soils and sediments, water has a relatively low 

mercury content. Durum et al_. (1971) found mercury in only 7% of 

the 720 water samples from public water supplies tested in the 

United States. Only a few of these samples surpassed the 5 ppb Hg 

standard for drinking water. Hammerstrom et al_. (1972) analyzed 

698 samples from 273 sources of raw and treated water for mercury. 

They found that 261 of the 273 samples demonstrated no detectable 

amount or less than 1 ppb Hg. Only one water supply exceeded 

5 ppb Hg. 

Several investigations of the mercury content in oceanic waters 

have been conducted, and they suggest that mercury levels near waste- 

water outfalls are only slightly higher than ambient levels (Krenkel, 

1973). Even in the vicinity of Minamata Bay, the site of a tragic 

mass poisoning of a village by mercury-laden seafood, water concen¬ 

trations were reported to be in the order of 0.1 ppb, and they were 

never found to exceed 1 ppb Hg (Ui and Kitamira, 1971). Since the 

samples were taken some time after the disaster occurred, the low 

values may merely represent the effects of a sweeping industrial 

effluent improvement program. 

Besides the apparent increase in mercury levels in the environ¬ 

ment, it is important to look at human body burdens of mercury and 
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the possible sources of this contamination. In 1961 - 1963, the 

World Health Organization undertook the examination of urine samples 

and blood samples from the general citizenry of 15 different coun¬ 

tries. The subjects for this study were selected from the "normal 

population", that is, persons who had no previous medical or occu¬ 

pational exposure to mercury. Twenty to twenty-five percent of 

this "normal population" showed easily detectable amounts of mercury 

in their body fluids. Mercury content in urine was 20 - 25 ppb, 

while the concentration in the blood was 30 - 50 ppb (Goldwater, 

1971). Man, as the top of a food web, has been eating fish and 

other mercury-concentrating forms of food for centuries. Possibly 

he has evolved or is evolving an increased tolerance for mercury, 

however, the limit of man's tolerance is not well defined and 

requires more study. It was through estimation more than calculation 

that the maximum allowable levels of mercury were set at 0.5 ppm for 

fish and shellfish and 0,05 ppm for other foods. Scientists appar¬ 

ently felt a need to set guidelines of some sort when a series of 

events in other countries spelled out the potential mercury problems. 

In 1953, and extending into the 1960's, tragic evidence of the 

potential hazard of dumping mercury industrially was revealed. Two 

small villages in Japan suffered the first recorded instances of what 

came to be known as "Minamata Disease". The mainstay of the diet of 

the villagers of Minamata Bay and Niigata Bay was fish. A chemical 

plant located near the bay waters was discharging inorganic mercury 

which they used as a catalyst in the manufacture of vinyl chloride 
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and acetaldehyde (Nelson et al_., 1970). It was later demonstrated 

that microorganisms methylated the inorganic mercury, converting it 

to what is possibly its most toxic form. The methyl mercury then 

contaminated fish and shellfish of the area. The first to show signs 

or mercury poisoning were the village cats and birds, who scavenged 

the cast-off parts of the fishermen's catch. Next children, and 

eventually adults, began to complain of loss of coordination, numb¬ 

ness and/or tingling of the extremities, and concentric constriction 

of vision. The poisoning led to some cases of paralysis, blindness, 

deafness and retardation. Infants born of women who themselves 

suffered none of the symptoms of poisoning, showed signs of a cerebral 

palsy-like disease. They were later found to be blind, deaf, or re¬ 

tarded due to the fetal exposure. A total of 168 people in the two 

villages displayed signs of mercury poisoning. Of these, 52 deaths 

resulted. The plastics company responsible for the dumping of 

mercury into the bay was forced to clean up its wastewater effluent. 

A ban on selling fish from the area was in effect for some time 

thereafter. 

In 1955, Swedish scientists began to note unusual deaths, repro¬ 

ductive failures, and general population declines of both seed-eating 

and predator birds. Toxicity due to mercury-based seed dressings 

was shown to be partly responsible, but further investigations indi¬ 

cated that mercury pollution was a serious problem in Swedish waters. 

Leakages and discharges from the pulp mills and chi oral kali factories 

were pinpointed as the chief contributors. The water-borne mercury, 
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as in the case of Minamata Bay, was shown to have been methylated by 

microorganisms and then accumulated in the fish populations, compoun¬ 

ding the problem. Predator birds who fed on the contaminated fish 

were found to have liver residues ranging up to 300 ppm Hg, twice 

the concentration found in seed-eating birds, Johnels et al_. (1967) 

examined Northern pike populations above and below industrial effluent 

outfalls on Swedish rivers. They reported concentration factors of 

pike to water in contaminated areas to be as high as 3000:1. After a 

number of investigations had been carried out, the Swedish government 

imposed strict discharge limits upon the chemical and paper industries, 

resulting in a vast decrease in the amount of mercury being added to 

the aquatic environment. Additionally, protective recommendations 

were adopted in 1968 for people consuming fish from contaminated 

areas. A concentration of 1 mg Hg/kg fish was proposed as "safe" if 

eaten only once a week (Nelson et^ al^., 1970), 

Alerted by the findings in Sweden, Canadian scientists began 

examining their wildlife and aquatic populations for mercury content. 

It was determined that seed-eating birds and also fish from areas 

where mercury-based seed-dressings were used contained significantly 

higher levels of mercury than birds and animals in areas where no 

mercury dressings were applied (Keith and Gruchy, 1971). The aquatic 

pollution came under close scrutiny in 1964, when elevated levels of 

mercury were reported in fish from the Saskatchewan River and other 

Canadian waterways. More than one million pounds of fish which 

exceeded the 0.5 ppm Hg standard were destroyed in the four months 
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following discovery of the contamination (Bligh, 1971), At the same 

time, mercury values for Canadian Atlantic coast seafoods were repor¬ 

ted to range from 9-68 ppb in scallops (Jervis, 1970), and up to 

80 - 200 ppb in lobster and 820 - 1000 ppb in swordfish (Bligh, 1971). 

In 1970, the United States initiated surveillance programs for 

mercury in fish and shellfish. In August of that year, 18 of the 

states had reported that mercury concentrations above 0,5 ppm Hg 

were present in at least some of their native fish species. By the 

end of 1970, 15 more states had confirmed similar results for their 

fish populations. The percentage of fish samples that were found to 

exceed the guideline ranged from 19.3% in Idaho to 85% of a certain 

species of bullhead in Washington and Oregon (Krenkel, 1973). 

Seagran (1971) found that over one-fourth of fish samples taken from 

Lake Erie and one-half of samples taken from Lake St. Clair contained 

more than 0.5 ppm of mercury. Klein and Goldberg (1970) conducted an 

investigation off the coast of California. They reported values as 

high as 2.3 ppm Hg in the crab (Cancer anthonyi), 2,5 ppm Hg in whelk 

(Kalletia kalletia), and 1,6 ppm Hg in rock scallop (Hinnites multi- 

ruqosus). Anderson et_ al_, (1971) examined several marine species of 

the Texas Gulf Coast area close to Galveston. They found that 33% 

of the blue crabs, Callinectes sapidus, exceeded the 0.5 ppm Hg 

standard. Hardhead catfish, Galeicthys felis, values ranged from 

0.1 - 0.7 ppm Hg in the fillet. Mercury content of menhaden and 

mullet were reported as .125 ppm and .100 ppm, respectively. Brown 

shrimp, Penaeus aztecus, contained the smallest amount of mercury, 
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well under 0.1 ppm in all samples, 

Kamps ertaj_, (19721 examined five kinds of fish, varying from 

swordfish steaks and canned tuna to Swedish Northern pike. Their 

results were as follows: 

Fish 

swordfish (20) 

canned tuna (11) 

Swedish N. pike (2) 

white bass (2) 

perch (1) 

ppm Hq 

0.48 - 2.3 

0.31 - 0.54 

1,10 - 1.94 

0.57 - 0.69 

0.22 - 0.30 

All but a few tuna samples and the single perch contained mercury 

concentrations exceeding the recommended 0.5 ppm Hg. 

As data were being collected on the mercury levels in natural 

fish and wildlife populations, it became increasingly important to 

obtain information on bioconcentration factors, lethal concentrations 

in water, accumulation patterns and depuration processes in order to 

have a reasonably adequate foundation for formulating more equitable 

standards and limits. (The 0.5 ppm Hg standard for fish has an 

economic basis but no strong scientific basis.) 

The magnitude of the problem of mercury pollution was brought 

acutely into focus by investigators of the aquatic food chains. As 

early as 1934, Stock and Cucuel had established as fact the biologi¬ 

cal magnification of mercury in aquatic ecosystems. They reported 

0,03 ng Hg/g in seawater, 30 ^ 37 ng Hg/g in algae, and 105 - 110 rrg 
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Hg/g in fish CPeakall and Lovettj 1972), Chapman et al_. as reported 

in Wojtalik (.1971) cite biomagnification factors of 1000 for fresh¬ 

water macrophytes and phytoplankton, and 100,000 for freshwater 

invertebrates. Johnels et al_. (1967) examined concentration levels 

in Sweden and reported 0,13 ng Hg/g of water in a stream where pike 

concentrations were 300 ng Hg/g of fish. In another river measured, 

the water contained 0.25 ng Hg/g and pike from the river contained 

2300 ng Hg/g, a magnification factor of 9200. It appears that 

aquatic organisms are regrettably adept at concentrating mercury 

from quite dilute solutions. 

Using mercuric chloride, Jones (1939) established that 10 mg 

Hg/liter was fatal within one hour to three-spined sticklebacks, 

Gasterosteus aculeates L. In a concentration of 0.008 mg Hg/liter, 

all sticklebacks survived for ten days, Jones labelled this the 

"lethal concentration limit." Vallin (1948), as listed in McKee and 

Wolf (1963), reported a "safe" concentration of mercuric acetate for 

fish to be 0,02 - 0,05 mg Hg/liter. 

Testing procedures have only recently become standardized, 

allowing more comparison of the results reported by different inves¬ 

tigators. A number of 96HR LC50's have been determined for several 

aquatic organisms in the past two years. Klaunig et^al_. (1975) 

examined the 96HR LC50 for inorganic mercury, using mercuric chloride, 

on a population of male mummichoqs (Tundulus heteroclitus). Temper- 

ature, dissolved oxygen and test water quality were carefully con¬ 

trolled, and the experiments were repeated several times to assure 
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reproducibility. Organisms were acclimated over seven days and were 

not fed for 24 hours before the tests, nor were they fed during the 

tests. Klaunig reports that the 96HR LC50 = 2.0 mg Hg/liter. Doyle 

et aj_. (1976) in a similarly well-control led experiment using mer¬ 

curic chloride, reported a 96HR LC50 = 1 mg Hg/liter for the crayfish, 

Orconectes limosus. Reisn et al_. (1976) conducted acute toxicity 

experiments with laboratory populations of two polychaetes, Neantha 

arenacoedentata and Capitella capitata. Their results are reported 

below. 

Species 96HR LC50 28DAY LC50 

N.a. adults 0.022 0.017 

N.a. juveniles 0.1 0.09 

£.c_. adults 0.1 0.1 

C^.c_. juveniles 0.014 — 

It is of interest to note that juvenile stages of a population may 

not always be more sensitive than the adult stages to specific 

toxicants. Also, it is apprent that chronic toxicity may occur after 

a long period of exposure to very dilute solutions of mercury. 

Nelson et al_. (1976) performed a 96HR LC50 test for a juvenile 

population of scallops, Argopecten irradians. The test was a static 

procedure, with solutions renewed daily. They reported the LC50 = 

0,089 ppm, with the 95% confidence level given as 0,054 - 0.147. 

After the test, the organisms were analyzed for mercury content. The 

accumulated mercury body burdens were: 
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ppm Hq in water 

0.04 

ppm Hq in bivalves 

48.9 + 5,9 

55.5 + 4.5 

46.9 + 4.0* 

0.06 

0,08 

0.10 28,3 + 7.3* 

*The greatest mortality occurred within the first 24 - 48 

hours of the test and may account for this low value. 

Boetius, in Wojtalik (1971), studied the survival of fish in various 

concentrations of mercuric chloride. He came to the conclusion that 

mercuric chloride is infinitely toxic: even traces of it would be 

toxic, given sufficiently long exposure time. Glooschenko (1969) 
2cn utilized Hg in his experiments on the uptake of the mercuric ion 

among the dividing cell population of a marine diatom, Chaetoceros 

costatum. He reported that uptake was exponential, with the maximum 

rate occurring between 0 and 20 hours, The greatest total accumula¬ 

tion was in and on dead cells. 

The accumulation of mercury by the goldfish, Carassius auratus, 

was investigated by McKone et al_. (1971). The experiments were con¬ 

ducted over a range of concentrations, It was reported that 1 ppm 

Hg caused death in all organisms within four hours. Fifty fish were 

communally exposed for 100 hours to a concentration of 0.25 ppm Hg, 

applied as mercuric chloride, After the exposure, mercury levels in 

the fish were 40 - 50 ppm. However, when the fish were exposed indi¬ 

vidually to mercury solutions for 81 hours, the results were more 

conservative: 
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ppm Hq in water ppm Hq in fish 

0,001 0,25 

0,01 0.53 

0.1 3,73 

The shorter exposure time and the lower mercury concentrations used 

in the individual exposure tests can only partly explain the lower 

mercury concentrations accumulated in the organisms. 

Accumulation of mercury in rainbow trout, Salmo gairdneri, 

was investigated by Macleod and Pessah (1973). Using mercuric 

chloride as the source of the mercuric ion, they investigated con¬ 

centration factors at two temperatures and different concentrations 

of the toxicant. As can be seen from the data immediately following, 

the rate of accumulation was greater at a higher temperature and 

at lower concentrations. 

ppm fish 
Temp. °C ppm Hg in water Cone, factor (= ppm water) 

20° 0.05 26.0 

20° 0.10 22.0 

20° 0.20 14.0 

5° 0.10 4.0 

5° 0,20 3.2 

Kopfler (1974) studied the accumulation of mercury in the 

oyster, Crassostrea virqinica. He exposed the oysters for six 

weeks using a concentration of 0.05 mg Hg/liter, applied as mercuric 

chloride. There were no apparent detrimental effects from the 
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exposure, After one week, the oysters contained 25 ppm Hg. At the 

end of the second week, the value had increased somewhat to 35 ppm 

Hg, At the end of six weeks, the oysters had accumulated 60 ppm Hg 

in their tissues. Upon closer examination, most of the mercury was 

found to be bound to the gills. Kopfler also investigated the 

accumulation rates of two organic mercury compounds and found them 

to be concentrated four times more than inorganic mercury in the 

oysters. 

Other studies with the same species of oysters were conducted 

by Cunningham and Tripp (1973 and 1975). Oysters were exposed to 

one of two concentrations of mercury (applied as mercuric acetate) 

for a twelve hour period each day for two months. There was a 

significant uptake of mercury during the 60 day experiment. Maximum 

concentrations occurred after 45 days of exposure. At this time, 

oysters exposed to 10 ppb Hg contained 29,750 ppb Hg. Oysters ex¬ 

posed to 100 ppb Hg contained 140,710 ppb Hg. Following the accumu¬ 

lation period was a six month depuration period for the 10 ppb group 

of oysters. Cunningham and Tripp reported only one significant 

period of depuration in this group, which occurred during the first 

18 days. Mercury content declined 21%, then remained steady through 

out the rest of the observation period. In the 100 ppb group, the 

depuration was limited to 32 days due to the high mortality in the 

group. Mercury concentration declined 43% during the first 18 days 

of depuration in this group, The next two weeks showed no further 

significant decline. In a separate experiment (Cunningham and Tripp 
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1975), oysters were exposed to either 10 ppb Hg or 100 ppb Hg (ap¬ 

plied as mercuric acetate) for 16 hours a day for 45 days, A depura¬ 

tion period followed, and the mercury half-life was calculated for 

each group. The values they calculated were 35.4 days and 19.9 

days for the 10 ppb Hg and the 100 ppb Hg groups, respectively, 

when both groups were exposed to a declining temperature regime. 

When the experiment was .repeated, with a constant temperature of 

25°C, the biological half-life of mercury was found to be 16.8 

days for the 10 ppb Hg group and 9,3 days for the 100 ppb Hg group. 

Weir and Hine (1970) conducted experiments on the behavioral 

effects of the mercuric ion on goldfish. They established a 48HR 

LC50 of 0.82 ppm Hg, 95% confidence limits being 0.75 to 0.90. They 

also reported that a concentration of 0.003 ppm Hg caused observable 

deleterious effects upon the conditioned response of the goldfish 

to avoid an electric shock. DeCoursey and Vernberg (1972) examined 

the effect of mercuric chloride on oxygen consumption rates and 

swimming rates in the larval stages of the fiddler crag, Uca pugi- 

lator. Their results were somewhat erratic. Oxygen consumption was 

increased in some cases and decreased in others. Unusual swimming 

behavior was exhibited by some organisms at every concentration 

tested (0.18 ppm Hg, 0,0018 ppm Hg, 0.000018 ppm Hg). The only 

noteworthy occurrence was the difference in survival times for 

larvae versus adults when placed in solutions containing 0.18 ppm 

Hg, The adults survived for several weeks, while the larvae all 

died within 6 to 24 hours, This supports the common argument that 



15 

the most delicate or most sensitive stage of the life cycle of an 

organism should be used in toxological testing whenever possible in 

order to obtain an accurate picture of the possible environmental 

effects. 

Heisinger and Green (1975) studied uptake and effects of mer¬ 

curic chloride on the eggs of the ricefish, They found that solutions 

of 10 ppb Hg had no observable effect, but that the hatching rate was 

reduced by more than half in a solution of 15 ppb Hg. In solutions 

of 20 ppb and 30 ppb Hg, hatching was totally inhibited. In eggs 

exposed to 15 ppb Hg, hemorrhaging and blood vessel deterioration 

were present in 79% of the eggs that did hatch. In addition, the 

newly hatched fry had bent tails and were apparently unable to move 

their caudal fins. At the time of hatching, eggs from the 10 ppb Hg 

solution contained 16 ppm Hg, while eggs from the 15 ppb Hg solution 

contained 29 ppm Hg, The two higher concentration groups of eggs 

contained an average of 55 ppm Hg, 

Although investigative work on the topic of mercury is now 

proceeding at a rapid pace, there is still missing information on 

many mercury compounds. This cripples the efforts of government 

agencies to set fair but safe limits for these compounds. This 

research will focus on the determination of the acute and chronic 

effects mercuric acetate has on the fathead minnow, Pimephales 

promelas. Acute toxicity levels will be established and further in¬ 

vestigations will be undertaken of the rates and degrees of accumu¬ 

lation and depuration of mercury in the minnow. It is hoped that the 
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results of this work will provide information useful to those study¬ 

ing the effects of bioconcentration of mercury in the food chains. 

The data will be interpreted with respect to their significance in 

the protection of public health from mercury contamination of foods. 



METHODS AND MATERIALS 

ORGANISM 

The fathead minnow, Pimephales promelasj was the test organism 

used for all experiments. The minnows were obtained from Quinn 

Pickering of the EPA Newton Fish Toxicology Station, Cincinnati, 

Ohio. 

After their arrival, the fish were held in a light-controlled 

room set for a cycle of 16 hours of light and 8 hours of darkness. 

A flow-through system was established so that the fish were continu¬ 

ously supplied with fresh water. Tap water was dechlorinated by 

passage through a counter-gravity flow column of granulated activated 

carbon and transferred to the holding tank by tygon tubing. The 

holding tank for the fish was a beige plastic sink with a stand-pipe 

in the center allowing overflow water to drain out. The water level 

was maintained at a depth of 20 cm, and contained a water volume of 

49.5 liters. To prevent the fish from jumping out of the holding 

tank, fine metal screening was placed over the top of the tank. Com¬ 

pressed air was bubbled into the tank through pipettes and airstones 

to maintain a high level of dissolved oxygen and to aid in circula¬ 

tion, Twice daily the minnows were fed Tetramin (TetraKraft, West 

Germany), The tank was siphoned out twice a week to remove accumu¬ 

lated solids (fecal material and uneaten food) from the bottom. 

Periodically, the tank was drained and scrubbed with a solution of 

200 mg calcium hypochlorite per liter of water. This was done as a 
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disinfection procedure and seemed to lower the incidence of bacterial 

infection among the fish. In addition, all nets, airstones and 

brushes were similarly disinfected with calcium hypochlorite and 

rinsed several times with deionized water before being used in close 

contact with the minnows. 

The minnows were held for a minimum of 10 days and in some 

cases as long as seven months before being used in an experiment. 

The average length of minnows used in a test was 4.5 cm; the average 

weight was 1.0 gram. 

TOXICITY: DETERMINATION OF THE 96HR LC50 

Static toxicity determinations afford several advantages. 

First, results from a static test are more comparable to the work 

being reported in the literature on other mercury compounds (McKone 

et al_., 1971). Also, it was felt that the static testing procedure 

would give more reproducible results. One has more direct, complete 

control over the parameters of a static system than over a continu¬ 

ous flow system. It is also important to perform experiments in 

water of a known quality in order to control as many variables as 

possible, e.g. water hardness, alkalinity, conductance and pH. The 

expense of a flow-through system using reconstituted water of selec¬ 

ted components was prohibitive, so the static testing procedure was 

selected. 

The water used for the tests was reconstituted soft water made 

up according to the specifications of the Environmental Protection 
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Agency (U,S,E,P,A,, 1975, p. 17), See Appendix 2 for the components. 

The test containers were round glass jars (distilled water 

bottles with the tops removed) with a capacity of approximately 15 

liters. The test solution in each jar was 24 cm deep, giving a 

solution volume of 12 liters. A metal tank and a circulating water 

bath were connected to control the temperature of the test aquaria to 

22.0° C +0.2° C, (See Figure 1), A temperature probe and a recor¬ 

ding chart were used to check the performance of the water bath. 

Before initiation of an experiment, approximately 60 - 70 min¬ 

nows were gradually acclimated to the water quality and temperature 

of the experimental conditions. The acclimation procedure required 

four days: two days for changing the water quality and two days to 

effect a temperature change of 2° C, During the acclimation period 

and the actual test period, the minnows were not fed. This was done 

in order to prevent unnecessary fouling of the test aquaria, to 

prevent metabolic variations that could affect the test, and to 

obviate the need for determining how much of the mercury dose 

accrued was due to ingestion of contaminated food and not to absorp¬ 

tion through the gills. Starvation for the necessary period of time 

did not appear to be a problem for control fish, and so was dis¬ 

counted, 

A stock solution of the compound was made by dissolving mer¬ 

curic acetate in deionized water. The appropriate number of milli¬ 

liters of the stock solution was added to each of ten test aquaria 

so that five concentrations in a predetermined geometric series were 
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attained in the ten aquaria, 

Two additional aquaria were used to hold the control fish. 

The test solutions were stirred with a glass rod just prior to the 

addition of five fish to each of the twelve aquaria. Thus, a total 

of IQ minnows in two aquaria were exposed to each of the five chosen 

concentrations of the toxicant. 

Water quality checks were performed on the test water prior to 

each test to determine the hardness, alkalinity, pH, and dissolved 

oxygen levels. Hardness and alkalinity were determined by titrations 

(Standard Methods, 1975), pH was determined with a Corning pH meter 

Model #130. Dissolved oxygen was determined with a D.O. meter, YSI 

Model 51B, Yellow Springs Instrument Company. 

During the experiments, regular observations were performed 

for dissolved oxygen, temperature and percent survival in each 

aquarium at t = 24 hours, t = 48 hours, t = 72 hours, and t = 96 

hours. In addition, 100 ml water samples were drawn for mercury 

analysis from the odd numbered jars at t = 0 hours and from the 

even-numbered jars at t = 96 hours. The pH was also checked in 

each aquarium at the end of the test (t = 96 hours), Dead minnows 

were recorded and removed as soon after death as possible in order 

to prevent fouling and lowering of D,0, in the test aquaria. 

DETERMINATION OF MERCURY IN WATER SAMPLES 

With respect to toxicity, the mercuric ion is undoubtedly the 

most important part of the mercuric acetate compound, However, to 
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ascertain this statement, 96HR LC50 tests were also run with mercuric 

chloride. Water samples from both the LC50 tests with mercuric ace¬ 

tate and the LC50 tests with mercuric chloride were examined for 

mercury content alone, and the corresponding amounts of the appro¬ 

priate anion for each compound were calculated from the heavy metal 

concentration, The procedure used was cold vapour atomic absorption 

spectrophotometry, a technique first developed by Hatch and Ott 

(1968) for rock and igneous material. It has since been adapted by 

several other researchers to suit analyses for water, fish, eggs, 

wheat and a variety of other foodstuffs and plants (Cunningham and 

Tripp, 1973; Uthe et^al_,, 1970; Munns and Holland, 1970). The pro¬ 

cedure followed in this investigation is one recommended by the 

Environmental Protection Agency (U.S.E.P.A., 1976) and is presented 

in Appendix 3, See Figures 2 and 3, 

ACCUMULATION OF MERCURY 

The accumulation of mercury in the minnows was investigated by 

use of 203Hg (CHgCOO^- Mercury-203 is a gamma emitter, and has a 

half-life of 46.9 days. The minnows were exposed to a concentration 

of 0.05 ppm Hg (CH3COO)2 which is equivalent to 0.0314 ppm Hg. This 

concentration was chosen because it was adequately traceable yet 

toxicity was sufficiently low so that excessive mortality would not 

be a problem during the exposure period. The length of exposure was 

set at 96 hours because it was felt that this would be long enough 

for the cumulative effect; of the mercury to be seen in the minnows' 
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behavior, yet it was not so long that the dissolved oxygen level in 

the test solutions would fall below the level necessary to meet the 

metabolic requirements of the fish. 

As in the acute toxicity experiments, reconstituted soft water 

was used as the test water, and a static system was set up in the 

same manner using round glass aquaria in a circulating water bath. 

Temperature was maintained at 22,0° C + 0,2° C. 

The radioactive mercury was applied to the water in the aquaria 

with a microliter syringe. One ml, of experimental solution was then 

drawn from each aquarium for counting. 

Five minnows were added to each aquarium; 60 fish were exposed 

during the test. Twenty control fish were held in an acclimation 

aquarium and sampled at the regular observation times to be used as 

blanks for the gamma counting. One milliliter water samples from 

each aquarium and three minnows chosen at random were sampled at 

the following intervals; 3 hours, 6 hours, 12 hours, 24 hours, 48 

hours, 72 hours, and 96 hours. The fish to be sacrificed were 

rinsed with a stream of deionized water to remove any mercury not 

actually adsorbed to the fish’s tissues. This rinse water was 

collected and the radioactivity determined. All samples were 

counted in a Searle Analytic Inc. Model No, 1185 Automatic Gamma 

System. This counter utilized a crystal of sodium iodide, and 

counting efficiency was approximately 25%, Standards containing 

known amounts of radioactivity were used and decay was accounted 

for, Backr^calculations were performed to determine the amount of 



mercury present in the samples, 
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DEPURATION OF MERCURY 

Minnows were exposed in a temperature-controlled water bath 

for 24 or 96 hours to a concentration of 0.0314 mg ^03^g/i s -jn the 

same manner as for the accumulation test. The minnows exposed for 

only 24 hours were placed in groups of five in glass aquaria with 

clean reconstituted soft water, and the holding water was changed 

every 24 hours thereafter. Three fish taken at random were sampled 

at the end of the exposure period and once per week after that to 

determine the rate of depuration. The minnows which were exposed 

for 96 hours were placed in a larger aquarium with clean reconsti¬ 

tuted water and sampled every 24 hours for four days, and then only 

once per week. Their holding water was also replaced daily. Com¬ 

pressed air was bubbled into all depuration aquaria through airstones. 

Feeding was reinstituted after 24 hours of depuration. As in the 

accumulation study, samples were analyzed in a gamma counter and 

back-calculations were performed to determine the body burden of 

mercury. 



RESULTS 

ACUTE TOXICITY 

The results of the static toxicity tests were analyzed with the 

aid of a computer and are plotted in semi-log mode in Figure 4. The 

concentration levels are stated in terms of the initial applied con¬ 

centrations in the water. These calculated concentrations agree well 

with the concentrations derived by cold vapour atomic absorption 

spectrophotometric analysis of the t = 0 hour water samples. The 96HR 

LC50, or concentration which proved lethal to 50% of the organisms 

after 96 hours of exposure, was determined by interpolation to be 

0.159 ppm of mercuric acetate or 0.1 ppm of mercury. The 95% confi¬ 

dence limits were 0.028 ppm Hg to 0.2 ppm of Hg. 

The majority of deaths occurred within the first 24 hours of the 

96 hour test. Certain behavioral effects manifested themselves prior 

to death of the organisms. Erratic swimming and what appeared to be 

loss of equilibrium were evident in the minnows at all concentrations 

of the toxicant but especially at the higher concentrations. Oftën 

the fish would circle the surface of the water while they were upside 

down. Occasionally minnows collided with the sides of the glass 

aquaria. After the initial frantic display of activity, the fish 

would become immobilized on the bottoms of the aquaria. Only the gill 

opercula exhibited movement during this stage. Gradually the gills 

began to gape open and death occurred within a few hours. The dead 

minnows invariably displayed a gaping mouth, flared gills, and a red 

-27- 
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discoloration or hemmorrhage on the ventral side close to the head. 

In addition, there seemed to be excessive mucous on the bodies of some 

of the dead fish. 

The comparative acute toxicity test which was performed with 

mercuric chloride yielded similar results to those obtained using 

mercuric acetate. The 96HR LC50 for mercuric chloride was calculated 

to be 0.2 ppm of mercury, with 95% confidence limits of 0.14 ppm Hg 

to 0.34 ppm Hg. This is not significantly different from the value 

established for mercuric acetate. The fish used in the mercuric 

chloride experiment exhibited the same behavioral or nervous disorders 

discussed above in detail for the mercuric acetate tests. The appear¬ 

ance of the dead organisms was also similar, indicating that the mer¬ 

curic ion is probably responsible for both the lethal and sub-lethal 

effects displayed by the test fish. 

ACCUMULATION OF MERCURY 

The minnows rapidly accumulated mercury from the 0.0314 ppm 

mercury to which they were exposed. The results are graphed in 

Figure 5. At the end of the 96 hour exposure, the amount of mercury 

accumulated was approximately 12 - 15 mg Hg/kg fish or 12 - 15 ppm Hg. 

This yields a bioconcentration factor of approximately 500 X. The 

variation involved could be a function of individual metabolic rates. 

The accumulation rate was exponential, but there appear to be 

two distinct segments or compartments in the curve. These segments 

and their probable causes are examined in detail in the discussion 
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section dealing with accumulation. 

DEPURATION OF MERCURY 

The depuration of mercury by the minnows was relatively slow and 

also incomplete. Minnows which had been exposed for 96 hours to 

0.0314 mg Hg/liter lost almost half of their accumulated body burden 

in the first 11 days of the depuration period. Then the process 

slowed somewhat and after four weeks of depuration the minnows still 

retained over 25% of the original mercury body burden. At the end of 

45 days of depuration, the minnows contained an average of 3 ppm of 

of mercury in their tissues or more than 20% of the mercury originally 

accumulated. The mercury content of the fish was observed to decrease 

along an exponential pattern. The results are presented graphically 

in Figure 6. 

Minnows which were exposed for only 24 hours to 0.0314 mg Hg/liter 

exhibited the same slow and incomplete depuration as the minnows ex¬ 

posed for 96 hours. After ten days, approximately half of the body 

burden had been excreted, leaving the minnows with 0.8 ppm Hg in their 

tissues. At the end of the test (t = 36 days of depuration), the fish 

contained an average of 0.39 ppm Hg or about 20% of the amount ori¬ 

ginally accumulated. The depuration curve for this experiment is 

presented in Figure 7. 
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DISCUSSION 

ACUTE TOXICITY 

The results of the static 96HR LC50 experiments for mercuric 

acetate are in reasonably good agreement with the results reported in 

the literature for 96HR LC50 tests performed with other aquatic 

species using various salts of the mercuric ion. This author's exper¬ 

imentally derived value of 0.1 ppm mercury is the same as that repor¬ 

ted by Nelson et al_. (1976) as the 96HR LC50 for juvenile scallops. 

It is interesting to note that several authors have reported values 

one order of magnitude higher than the value calculated in this work. 

For example, Klaunig et al_. (1975) report a 96HR LC50 for inorganic 

mercury applied as mercuric chloride to be 2.0 ppm mercury for a popu¬ 

lation of male mummichogs. In a similar experiment using crayfish 

as the test organism, Doyle et aJL (1976) found that the 96HR LC50 = 

1.0 ppm mercury. The range of LC50 values may be accounted for by 

interspecies variation in metabolism and by the possibility of 

different methods of absorption and depuration in distinct species. 

It is evident that the mercuric ion is highly toxic in quite dilute 

solutions to a number of aquatic species. 

The observable sub-lethal effects of the mercuric ion on the 

fathead minnows used in this investigation are distinctly similar to 

effects reported in the literature for several other species. Doyle 

et al_. (1976) describe apparent disorientation and sluggish movements 

in crayfish who survived exposure to mercuric chloride solutions. 



35 

Weir and Hine (1970) recorded increased rates of respiration (defined 

by the frequency of opercular movement) for goldfish exposed to 0.003 

ppm mercury, applied as mercuric chloride. One of the earliest 

papers on the toxicity of the mercuric ion describes the onset of 

rapid opercular movements in stickleback fish just prior to death 

(Jones, 1935). Some investigators hypothesize that mercury-induced 

deaths in fish are attributable to suffocation caused by the heavy 

secretion of mucous on the gills. It is believed that insoluble 

metal-protein complexes are formed which stimulate mucous secretion 

and interfere with the respiratory function of the gills (Doudoroff 

and Katz, 1953). The evident mucous secretion and flared gills dis¬ 

played by the test minnows in this investigator's experiments would 

appear to be in accord with this hypothesis. 

As noted earlier, a static testing system was used in this 

investigation to establish acute toxicity levels and to determine 

the rate of accumulation of the toxicant. The static test procedure 

has the advantage of yielding results that are both reproducible and 

amenable to comparison with the current literature where static pro¬ 

cedures seem to be favored. Flow-through procedures would seem to 

mimic actual natural situations better than static procedures, but 

evidently the high operating costs and minor technical difficulties 

associated with flow-through systems have slowed the widespread 

adoption of this experimental design until very recently. However, 

the static procedure also has certain drawbacks which cannot be 

ignored. The most obvious disadvantage is that the concentration of 
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of the compound being tested does not remain constant throughout the 

test but instead decreases with time. Water samples drawn immediately 

before and after the 96HR LC50 tests showed a decrease in mercury con¬ 

centration of 50% - 70% over the four day period. Part of this loss 

is of course due to absorption of the mercury by the fish. However, 

there are other possible losses which must be considered, such as 

adsorption of the mercury onto the glass walls of the aquaria, and 

perhaps preciptation out of solution. These pathways of possible 

mercury loss were examined during the experiments which were performed 

to determine the rate of accumulation of mercury. The results are 

discussed in the following section. 

ACCUMULATION 

After the determination of lethal concentrations of mercury, the 

next major effort of this research was to establish the accumulation 

rate of mercury at a sublethal concentration. Man is one of the top 

levels of a food pyramid. Since mercury is known to be extremely 

toxic to man, it would seem that determination of the extent of bio¬ 

concentration of mercury by a lower food chain member could be of 

importance in the estimation of the risk factor involved in the con¬ 

sumption of contaminated fish and shellfish. Also, biomagnification 

of a toxicant may imply that more stringent maximum concentrations 

in the water need to be set in order to adequately protect the public 

from excessive amounts of the toxicant being accumulated in food 

organisms. 
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The major mode of uptake of the mercury was expected to be 

through the gills because the fish were not fed during the test and 

because fresh water fish drink very little water. There are two 

credible explanations for the exponential shape of the accumulation 

curve. One is that the concentration of mercury in the test water 

decreases with time in a static test situation due to absorption of 

mercury by the fish. The other is the possibility of more than one 

major accumulation site for mercury in the bodies of the minnows. As 

one site becomes saturated, the other site could begin to store the 

mercury at a slower rate, causing the flatter portion of the curve 

seen during the last half of the accumulation period. Both explana¬ 

tions may be involved, which would further exaggerate the flatness 

of the curve. 

To ascertain whether or not different sites of mercury accumula¬ 

tion exist, partial dissections were performed on the minnows which 

had been involved in the accumulation experiments. Each fish was 

dissected into four parts: the anterior portion of the head, the 

gills, the torso and the tail. See Figure 8 for the results of the 

analyses on these sections. There was a definite decrease in the 

accumulation rate of the gills, head and tail during the last half 

of the experiment. Mercury accumulation in the torso continued at 

a rapid rate for a longer period of time than in the rest of the 

sections. This tends to support the hypothesis that a second accumu¬ 

lation site is involved in the uptake of mercury and has an effect on 

the shape of the accumulation durve during the later hours of exposure. 



TIME ( HRS. ) 

FIGURE 8. MERCURY ACCUMULATION AT FOUR SITES IN 
SAMPLE FISH 
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Further dissections were undertaken in an effort to isolate the 

livers of the fish from the rest of the internal organs in the torso 

sections. Unfortunately, this effort met with little success. At 

the intervals of sampling during the original accumulation experi¬ 

ments, the whole organisms had been immediately frozen on dry ice and 

then placed in a freezer to await analysis. This freezing process 

caused disintegration of the liver tissue, making isolation of the 

organ impossible. This author was therefore unable to determine 

whether or not the rate of mercury accumulation which was apparent 

in the torso sections was due specifically to the livers. 

As mentioned in the previous section on acute toxicity, experi¬ 

ments were performed to determine whether or not mercury was lost to 

the system by adsorption onto the glass walls of the aquaria or by 

precipitation out of solution. At the end of the accumulation experi¬ 

ment, the water from three test aquaria was sampled and then passed 

through 0.45 micron micropore filters in order to trap any precipi¬ 

tate which might have formed. The aquaria were rinsed with distilled 

water, and the rinse water was also passed through the filters. Only 

background levels of radiation were seen on the filters when analyzed 

in the gamma counter. This^ indicates either that no precipitate was 

formed, or that any precipitate present was re-dissolved by the volume 

of water which was passed through the filter. After the three 

aquaria were rinsed with distilled water, they were rinsed with nitric 

acid to remove any mercury which might have adsorbed to the glass. 

The nitric acid rinse was saved, and an aliquot was drawn for analysis 
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in the gamma counter. Again, only background levels of radiation 

were detected. Therefore, it can be assumed that losses of mercury 

due to precipitation out of solution or to adsorption onto the glass 

walls of the aquaria are minimal. 

Comparison of the accumulation data with the literature suggests 

that fathead minnows may be slightly more adept than either goldfish 

or trout at bioconcentrating mercury. McKone et al_. (1971) detected 

40 - 50 ppm mercury in goldfish which had been communally exposed for 

100 hours to a solution of 0.25 ppm mercury. This yields a biocon¬ 

centration factor of 200 X. Macleod and Pessah (1973) report that at 

20° C and 0.05 ppm mercury in the water, trout have a bioconcentration 

factor of only 26 X. This is an order of magnitude smaller than the 

concentration factor of 500 X found for the minnows. The smaller 

number obtained by Macleod and Pessah could not be a function of 

decreased concentrations in their test water with time since they 

used a flow-through procedure. It could be that the two procedures 

are not comparable; however, the differences could also be accounted 

for by simple species variation. 

Nelson et al_. (1976) report a tissue concentration of 48.9 ppm 

mercury for scallops exposed for 96 hours to a concentration of 0.04 

ppm mercury. This is a bioconcentration factor of over 1200 X. 

Bioaccumulation of mercury by aquatic organisms is the major 

focus of concern in the discharging of mercury wastes into the 

waterways. It is also a strong argument for setting discharge limits 

on mercury as low as technically feasible in areas where fish and 



41 

shellfish make up a large portion of the diet of the human population. 

DEPURATION 

The inability of the fathead minnows to completely purge them¬ 

selves of mercury after a reasonable length of time suggests some 

serious possible consequences. After almost seven weeks of depura¬ 

tion, the minnows which had been exposed to 0.0314 ppm mercury for 

a 96 hour period still retained 3 ppm mercury or six times the 

allowable concentration for edible fish. If minnows are unable to 

excrete mercury well enough to attain a safe level in their own 

tissues, other species which utilize minnow populations for food 

will be doubly endangered. Not only will the predators be exposed 

to presumably the same water concentrations as the minnows, but they 

will also be consuming and assimilating contaminated food sources. 

In addition to the possible contamination of higher food chain organ¬ 

isms which in turn serve as food sources for humans, the lower food 

chain populations may themselves be faced with reproductive failures 

and declining populations. Not only were deaths still occurring in 

the depurating fish populations after 45 days in uncontaminated water, 

but the surviving fish were consuming food irregularly and in reduced 

amounts. They appeared weakened. Furthermore, the observable beha¬ 

vioral disorders such as erratic swimming did not decrease with time. 

This may indicate that serious repercussions are in store for the 

reproductive cycle of the minnows or possibly any environmentally 

exposed aquatic species. 
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The literature does not show an abundance of data on depuration 

of mercury, but the few experiments which are reported conclude with 

a pessimistic outlook for complete recovery once the organisms have 

been exposed and have accumulated some mercury in their tissues. 

Cunningham and Tripp (1973) reported 100% mortality in a population 

of oysters which had been exposed to 100 ppb mercury over a period 

of 60 days, even though some of the oysters survived as long as 32 

days after they were removed from exposure and placed in clean water. 

In an experimental group of oysters which had been exposed to 10 ppb 

mercury for 60 days, the organisms were unable to depurate more than 

21% of the accumulated body burden even over a period of six months. 

Cunningham and Tripp (1975) further investigated depuration using a 

slightly shorter exposure period of 45 days. They were able to 

calculate a biological half-life for mercury of 16.8 days for the 

10 ppb exposure group and a half-life of 9.3 days for the 100 ppb 

exposure group. These values are close to the 11 day period required 

for fathead minnows to lose half of their body burden of mercury after 

four days' exposure to 31.4 ppb mercury. For the sake of comparison, 

it should be noted that at the beginning of depuration, the 10 ppb 

group of oysters contained 27 ppm mercury and the 100 ppb group of 

oysters contained 140 ppm mercury. The minnows at t = 0 hours 

depuration contained 12 - 15 ppm mercury. 



CONCLUSIONS 

1. The toxicity of mercuric acetate is due to the mercuric 

ion at the low concentrations used in this investigation. 

2. Mercury toxicity to fathead minnows is first evidenced by 

erratic swimming behavior, reduced feeding and respiratory distress. 

3. The 9.6HR LC5Q of mercuric acetate for fathead minnows is 

0.159 ppm £= 0.1 ppm Hg). 

4. The decrease in mercury concentration during static toxic¬ 

ity procedure is due mainly to absorption of the mercury by the fish. 

5. Accumulation of mercury occurs at an exponential rate in 

static experiments. Minnows can bioconcentrate mercury to 5Q0X. the 

concentration in the experimental water. 

6. Fathead minnows exposed to sublethal concentrations of 

mercury can accumulate a lethal dose. 

7. Depuration of mercury by fathead minnows is slow and 

incomplete. 

8. The behavioral disorders induced by mercury appear to be 

irreversible, even when exposure to the compound has ceased. 

9. There is a potential threat to public health from mercury- 

contaminated seafood. Monitoring programs should continue in those 

areas where mercury contamination has occurred and surveillance 

programs should periodically investigate the level of mercury in 

seafoods from all areas. 



APPENDIX I 

CHARACTERISTICS OF MERCURIC ACETATE 

PHYSICAL CONSTANTS 

Molecular Height 

Density 

Melting Point 

Formula Hg(CH3C00}2 

318.76 

3.27 

178° - 180° C 

CHARACTERISTICS 

1. Nhite crystals or crystalline powder 

2. Slight acetic odor 

3. Sensitive to light 

4. I.QL gram dissolves in 2.5 ml cold water or 1.0 ml 

boiling water 

5. Aqueous solution decomposes on standing to yield 

yellow precipitate 



APPENDIX II 

EPA RECONSTITUTED SOFT WATER 

Soft reconstituted water must be made up with distilled water 

or carbon-filtered deionized water. Add the following salts to the 

listed final concentrations: 

NaHC03 

CaS04‘2H20 

MgS04 

ICC! 

48 mg/liter 

30 mg/liter 

30 mg/liter 

2 mg/liter 

Mix well fgr one hour. A stream of air bubbling briskly from the 

bottom of the container works well for this. 

The final water should meet these specifications: 

Specific conductance 1 mMho/cm 

pH 7.2 - 7.6 

Hardness 40 - 48 mg/liter 

Alkalinity 3Q - 35 mg/liter 



APPENDIX III 

PROCEDURE FOR COLD VAPOUR ATOMIC ABSORPTION SPECTROPHOTOMETRY 

Reagents: 

- concentrated sulfuric acid 

- sulfuric acid, 0.5 N 

- concentrated nitric acid 

- stannous sulfate suspension: Add 25 g of SnSOg to 250 ml 

of the 0.5 N sulfuric acid. 

- sodium chloride-hydroxylamine sulfate solution: Dissolve 

12 g of each sodium chloride and hydroxylamine sulfate in 

distilled water and dilute to 1Q0 ml. 

- potassium permanganate solution, 5% weight/volume: Dissolve 

5 g of potassium permanganate in 100 ml. of distilled water. 

- potassium persulfate solution, 5% weight/volume: Dissolve 

5 g of potassium persulfate in 100 ml. distilled water. 

- stock solution of mercury: Dissolve 0.1354 g mercuric 

chloride in 75 ml. distilled water. Add 10 ml. concentrated 

nitric acid and dilute to 100 ml. with distilled water. 

- working solution of mercury (to be made fresh each time used) 

Dilute the stock solution (1 ml. * 1 mg Hg) down to 1 ml. a 

Q.l^g Hg. 



Calibration: 

Transfer 0.0 ml., 0.5 ml., 1.0 ml., 2.Q ml., 5.0 ml., and 10.0 

ml. aliquots of the working solution of mercury to a series of BOD 

bottles. Bring the volume of each one up to 100 ml. with distilled 

water. Mix by swirling the bottles gently. Treat as below under 

"Procedure". 

Procedure : 

Place 100 ml. water samples (or dilutions of the water samples) 

containing not more than 1.0fjg of mercury per sample to a series cf 

BOD bottles. To each BOD bottle (containing either a sample or a 

standard): 

1. Add 5 ml. concentrated sulfuric acid 

2. Add 2.5 ml. concentrated nitric acid 

3. Add 15 ml. potassium permanganate solution 

Allow the bottles to stand for 15 minutes. The purple color should 

persist that long. If it does not, add potassium permanganate until 

the color stays for 15 minutes. 

4. Add 8 ml. potassium persulfate solution 

Heat the BOD bottles in a steam bath or in a water bath at 95° C for 

two hours. Cool the bottles to room temperature, overnight if desired. 

5. jAdd 5 ml. of the SQdium chloride-hydroxyl ami ne sulfate to 

one bottle at a time. Wait at least 30 seconds. 

Add 5 ml. stannous sulfate solution. 



Immediately attach the bottle to the aeration apparatus of the atomic 

absorption cold vapour equipment (Figure 2)^. Read the absorbance. 

Procédé to the next bottle. Construct a calibration curve from the 

mercury standards (Figure 3). Read the mercury values for the 

samples from the standard curve, using the absorbance values obtained 

from the atomic absorption spectrophotometer. The mercury concentra¬ 

tion in the original water sample is: 

g Hg/1 = (wg Hg in aliquot) x ,, 1.PPP M].-  f ml. of aliquot 

The equipment used in this investigation was a Varion Techtron AA-5 

equipped with a mercury cathode lamp. The burner was not used. A 

glass cylinder measuring 11.5 cm in length and 25 mm in internal 

diameter with two quartz windows cemented to the ends was strapped 

to the burner and aligned with the beam from the mercury cathode 

lamp. (Hatch and Ott, 1968). 
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