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FOREWORD 

Section 304(a)(1) of the Clean Water Act of 1977 (P.L. 95-217) requires 
the Administrator of the Environmental Protection Agency to publish criteria 
for water quality accurately reflecting the latest scientific knowledge on 
the kind and extent of all identifiable effects on health and welfare which 
may be expected from the presence of pollutants in any body of water, 
including ground water. This document is a revision of proposed criteria 
based upon a consideration of comments received from ocher Federal agencies, 
State agencies, special interest groups, and individual scientists. The 
criteria contained in this document replace any previously published EPA 
aquatic Life criteria. 

The term “water quality criteria” is used in two sections of the Clean 
Water Act, section 304(a)(1) and section 303(c)(2). The term has a different 
program impact in each section. In section 304, the term represents a 
non-regulatory, scientific assessment of ecological effects. The criteria 
presented in this publication are such scientific assessments. Such water 
quality criteria associated with specific stream uses when adopted as State 
water quality standards under section 303 become enforceable maximum 
acceptable levels of a pollutant in ambient waters. The water quality 
criteria adopted in the State wafer quality standards could have the same 
numerical limits as the criteria developed under section 304. However, in 
many situations States may want to adjust water quality criteria developed 
under section 304 to reflect local environmental conditions and human 
exposure patterns before incorporation into water quality standards. It is 
not until their adoption as part of the State water quality standards chat 
the criteria become regulatory. 

Guidelines to assist the States in the modification of criteria 
presented in this document, in the development of water quality standards, 
and in ocher water-related programs of this Agency, have been developed by 
EPA. 

Edwin L. Johnson 
Director 
Office of Water Regulations and Standards 
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Introduction* 

Mercury has long been recognized as one of the most toxic of the heavy 

metals, but only recently was it identified as a serious pollutant in the 

aquatic environment (National Research Council, 1978; National Research 

Council Canada, 1979; Nriagu, 1979). Elemental mercury is a heavy liquid at 

room temperature and was considered relatively inert, because it was assumed 

chat it would quickly settle to the bottom of a body of water and remain 

there in an innocuous state. However, elemental mercury is oxidized to 

mercury(II) under natural conditions (Wood, 1974). Furthermore, mercury(II), 

whether discharged directly or produced from elemental mercury, can be 

methylated by both aerobic and anaerobic bacteria (Akagi, 1979; Beijer and 

Jernelov, 1979; Callahan, et al. 1979; Jernelov, 1971, 1972; Jernelov, et al. 

1975; National Research Council, 1978; Summers and Silver, 1978; Thayer and 

Brinckman, 1982; Wright and Hamilton, 1982). Mercury(II) can also be 

mechylated in the slime coat, liver, and intestines of fish (Jernelov, 1968; 

Matsumura, et al. 1975; Rudd, et al. 1980b), but methylation apparently does 

not occur in ocher tissues (Huckabee, et al. 1978; Matida, et al. 1971; 

Pennacchioni, et al. 1976) or in plants (Czuba and Mortimer, 1980). (The 

term “methylmercury” is used herein to refer only to monomethylmercury, and 

not to dimethylmercury or any ocher monoorganomercury salt or diorganomercury 

compound. Inorganic mercury(II) will be referred to as “mercury(II)“.) 

The importance of methylation may be reduced by demethylation (Bisogni, 

1979; Ramamoorthy, et al. 1982). Demethylation might provide a feedback 

*An understanding of the “Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses” 
(Stephan, et al., 1985), hereafter referred to as the Guidelines, is 
necessary in order to understand the following text, cables, and calculations. 
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mechanism that controls the concentration of methylmercury in sediment and in 

water. Jernelov, et al. (1975) cited a case in which low levels of methyl- 

mercury in fish from a highly contaminated area coincided with strong 

methylmercury degrading activity in the sediment. Demethylation also occurs 

in fish (Burrows and Krenkel, 1973; de Freitas, et al. 1981; Gage, 1964; 

Olson, et al. 1978), probably as part of the depuration mechanism. 

Numerous factors such as alkalinity, ascorbic acid, chloride, dissolved 

oxygen, hardness, organic complexing agents, pH, sediment, and temperacure 

probably affect the acute and chronic toxicity and bioaccumulation of the 

various forms of mercury (Amend, et al. 1969; Baker, et al. 1983; Feich, et: 

al. 1972; Hahne and Kroontje, 1973; Jernelov, 1980; Ramamoorthy and 

Blumhaqen, 1984; Ribeyre and Boudou, 1982; Rogers and Beamish, 1981, 1983; 

Rudd, et al. 1980a; Rudd and Turner, 1983a,b; Sharma, et al. 1982; Stokes, et 

al. 1983; Tsai, cc al. 1975; Wren and MacCrimmon, 1983; Wright and Hamilton, 

1982). 

A variety of studies have been conducted on the effect of selenium on 

the acute toxicity of mercury (e.g., Birge, et al. 1981; Bowers, et al. 1980; 

De Filippis, 1979; Heisinger, 1981; Heisinger, et al. 1979; Klaverkamp, et 

al., 1983a; Lawrence and Holoka, 1983; Sharma and Davis, 1980c) and on the 

accumulation of mercury from food and water (e.g., Beijer and Jernelov, 1978; 

Chang, et al. 1983; Heisinger, et al. 1979; Klaverkamp, et al. 1983b; Rudd, 

et al. 1980a; Sharma and Davis, 1980c; Speyer, 1980; Turner and Swick, 1983). 

Available data do not, however, show that quantitative relationships are 

consistent enough for a variety of aquatic species to enable relating water 

quality criteria to any of these variables. 

Because of the variety of forms of inorganic and organic mercury and 

lack of definitive information about their relative toxicities, no available 
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analytical measurement is known to be ideal for expressing aquatic Life 

criteria for mercury. Previous aquatic life criteria for mercury (U.S. EPA, 

1980) were specified in terms of coca1 recoverable mercury, which would 

probably be measured as coca1 mercury (U.S. EPA, 1983a), but both of these 

measurements are probably coo rigorous in some sicuacions. Acid-soluble 

mercury (operationally defined as the mercury chat passes through a 0.45 Jm 

membrane filter after the sample is acidified to pH = 1.5 $0 2.0 with nitric 

acid) is probably the best measurement ac the present for the following 

reasons : 

1. This measurement is compatible vich all available data concerning 

coxicicy of mercury to and bioaccumulacion of mercury by, aquatic 

organisms. No test results were rejected just because ic was likely chat 

they would have been subscancially different if they had been reported in 

cents of acid-soluble mercury. For example, results reported in terms of 

dissolved mercury would not nave been used if the concencracion of 

precipitated mercury was subscancial. 

2. On samples of ambient. vacer, measurement of acid-soluble mercury should 

measure all forms of mercury chat are toxic to aquac ic life or can be 

readily converted to toxic forms under natural conditions. In addition, 

this measurement should not measure several forms, such as mercury char: 

is occluded in minerals, clays, and sand or is strongly sorbed to 

particulare matter, chat are not toxic and are not likely to become toxic 

under natural conditions. Although this measurement (and many others) 

will measure soluble, complexed forms OE mercury, such as the EDTA 

complex of mercury( II), that probably have Low coxicicies to aquatic 

life, concencracions of these forms probably are negligible in most 

ambient water. 
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3. Although water quality criteria apply to ambient vacer, the measurement 

4 . 

5. 

6. 

7. 

8. 

9. 

10. 

used to express criteria is Likely to be used to measure mercury in 

aqueous ef f luencs. Measurement of acid-soluble mercury should be 

applicable to effluents because it will measure precipicaKes, such as 

carbonace and hydroxide precipicaces of mercury(II), chat might exist in 

an effluent and dissolve when the effluent is diluted with receiving 

wac er . If desired, dilution of effluent with receiving water before 

measurement of acid-soluble mercury might be used to determine whechar 

the receiving water can decrease the concencracion of acid-soluble 

mercury because of sorption. 

The acid-soluble measurement should be useful for most metals, thus 

minimizing the number of samples and procedures chat are necessary. 

The acid-soluble measurement does not require filtration ac the time oE 

collection, as does the dissolved measurement. 

The only creacmenc required ac the time of collect ion is pteservac ion by 

acidification to pH = 1.5 to 2.0, similar to chat required for the coca1 

measurement. 

Durations oE 10 minutes to 24 hours between acidification and Eilcracion 

probably will not affect the result subscancially. 

The carbonace system has a much higher buffer capacity Erom pH = 1.5 to 

2.0 than ic does from pH = 4 to 9 (!Jeber and Scumm, 1963). 

Differences in pH within the range of 1.5 to 2.0 probably will not aEfecc 

the result subscancially. 

After acidification and Eilcracion of the sample to isolace the acid- 

soluble mercury, the analysis for coca1 acid-soluble mercury can be 

performed using pennanganace and persulfate oxidation and cold vapor 

acomic absorption (U.S. EPA, 1983a1, as with the coca1 measurement. 
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Acid-soluble inorganic mercury can be measured by not breaking down the 

organomercury compounds before using cold vapor acomic absorption. 

xechylmercury has been measured using gas chroaacography (Cappon, 1984; 

HiLdebrand, et al. 1980; Paasivirta, et al. 19811, chin layer chromaco- 

graphy (Kudo, et al. 19821, and Liquid chromatography (Gast and Kraak, 

1979; MacCrehan and Dursc, 19781. 

Thus, expressing aquatic life criteria for mercury in terms of the acid- 

soluble measurement has both toxicological and practical advantages. On the 

ocher hand, because no aeasuremenc is known to be ideal for expressing 

aquatic life criteria for mercury or for measuring mercury in ambient water 

or aqueous eff luencs, measurement of both coca1 acid-soluble mercury and 

coca1 mercury in ambient water or effluent or both might be useful. For 

exaiiple, there might be cause for concern if coca1 mercury is much above an 

applicable limit, even though coca1 acid-soluble mercury is below the Limit. 

Unless ocherwise noted, al L concencracions reported herein are expected 

to be essentially equivalent to acid-soluble mercury concencracions. All 

concencracions are expressed as mercury, not as the chemical cesced. The 

criteria presented herein supersede previous aquatic Life water quality 

criteria for mercury (U.S. EPA, 1976, 1980) because these new criteria were 

derived using improved procedures and additional information. Whenever 

adequately justified, a national criterion may be replaced by a site-specific 

criterion (U.S. EPA, 1983b), which may include not only site-specific 

crirerion concentrations (U.S. EPA, 1983c1, but also site-specific durations 

of averaging periods and site-specific frequencies of allowed exceedences 

(U.S. EPA, 1985). The Lacesc liceracure search for information for this 

document was conducted in May, 1984; some newer information was also used. 
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Acute Toxicity to Aquatic Animals 

Table 1 contains the primary acute toxicity data for three classes of 

mercury compounds: mercury(II), methylmercury, and ocher mercury compounds, 

chiefly organic. The latter information exists principally because many of 

these compounds were considered for use in treatment of diseases and control 

of parasites in fish culture, although their source for environmental concern 

is from industrial and agricultural uses for fungus control. Both phenyl- 

mercuric acetate and pyridylmercuric acetate have been called PMA. Tests 

have been conducted on different formulations which contain various 

percentages of active ingredient and the percentages of active ingredient 

given by the authors were used to calculate mercury concentrations. When the 

percentage of active ingredient was not given for pyridylmercuric acetate, 80 

percent was assumed (Allison, 1957). 

The freshwater acute toxicity values indicate that the difference in 

sensitivity between different species to a particular mercury compound is far 

greater than the difference in sensitivity of a particular species to various 

mercury compounds. For example, the reported acute values for mercury(II) 

range from 2.217 µg/L for Daphnia pulex to 2,000 µg/L for the aquatic stages 

of certain insects, with a continual gradation in sensitivity among 

intermediate species (Table 3). On the ocher hand, Joshi and Rege (1980), 

Lock and van Overbeeke (1981) and Matida, et al. (1971) found that various 

species were 4 to 31 times more sensitive to various organic mercury 

compounds than to mercuric chloride (Table 1). 

MacLeod and Pessah (1973) studied the effect of temperature on the acute 

toxicity of mercuric chloride to rainbow trout. At 5, 10, and 15 C, the 

LC50s were 400, 280, and 220 µg/L, respectively (Tables 1 and 6). Clemens 

and Sneed (1958b) found a similar effect of temperacute on toxicity to 
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juvenile channel catfish; at 10, 16.5, and 24 C the acute values for phenyl- 

mercuric acetate were 1,960, 1,360, and 233 µg/L, respectively (Table 6). 

The 28 Genus Mean Acute Values in Table 3 were calculated as geometric 

means of the available Species Mean Acute Values (Tables 1 and 3). Acute 

values are available for more than one species in each of two genera, and the 

range of Species Mean Acute Values within each genus is less than a factor of 

1.6. On the ocher hand, a midge was among the most sensitive species, 

whereas ocher insects were the most resistant species. The most sensitive 

genus, Daphnia, is 756 times more sensitive than the most resistant, 

Acroneuria (Table 3). A freshwater Final Acute Value of 4.857 µg/L was 

obtained for mercury(II) using the Genus Mean Acute Values in Table 3 and the 

calculation procedure described in the Guidelines. Not enough data are 

available to calculate a Final Acute Value for methylmercury, but the 

available data indicate that it is more acutely toxic than mercury(II). 

Saltwater fishes and invertebrates both show wide ranges of sensitivi- 

ties to mercury(II). Acute values for fishes range from 36 µg/L for spot to 

1,678 µg/L for wincer flounder (Tables 1 and 31. Among invertebrates a mysid 

has an acute value of 3.5 µg/L, whereas the value for the soft-shell clam is 

400 µg/L. Of the 29 saltwater genera for which acute values are available, 

the most sensitive, Mysidopsis, is 479 rimes more sensitive than the most 

resistant, Pseudopleuronectes. Acute values are available for more than one 

species in each of three genera and the range of Species Mean Acute Values 

within each genus is less than a factor of 1.7. The saltwater Final Acute 

Value of 4.125 µg/L was calculated for mercury(II) from the Genus Mean Acute 

Values in Table 3. 
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Chronic Toxicity to Aquatic Animals 

Chronic toxicity tests with Daphnia magna have been conducted on three 

mercury compounds (Table 2). The renewal and flow-through techniques 

produced similar results for mercury(II), but the renewal technique produced 

much higher results for methylmercury, presumably because of volatility. In 

addition, a chronic test with brook trout on methylmercuric chloride yielded 

a chronic value of 0.5193 µg/L. Both an early life-stage test and a 

life-cycle test on mercuric chloride found adverse effects on the fathead 

minnow at all concentrations tested including the lowest of 0.23 µg/L. For 

mercuric chloride the acute-chronic ratio with Daphnia maqna is less than 6, 

whereas that with the fathead minnow is greater than 600. For methylmercury 

the acute-chronic ratio with brook trout is 142.3. 

A chronic value of 1.131 µg/L was obtained in a flow-through life-cycle 

exposure of a mysid to mercuric chloride (Table 2). Groups of 30 juvenile 

mysids were reared in each of 5 concentrations for 36 days at 21 C and a 

salinity of 30 g/kg. Effects examined included time to first spawn and 

productivity (total number of young/number of available female spawning days 

and total number of spawns/number of available female spawning days). No 

spawning occurred at 2.5 µg/L. Time to spawn and productivity at 1.6 µg/L 

were significantly different from the controls. The highest concentration at 

which no statistically significant effect on reproductive processes was 

detected was 0.8 µg/L. Therefore, the chronic limits are 0.8 and 1.6 µg/L 

and the chronic value is 1.131 µg/L. The 96-hr LC50 for this species in the 

same study was 3.5 µg/L, giving an acute-chronic ratio of 3.095 (Table 2). 

The species mean acute-chronic ratio for Daphnia magna is 4.498, whereas 

that for the mysid is 3.095 (Table 3). These are sensitive species in fresh 

and salt water, respectively, and the four most sensitive species in each 
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water are invertebrates. Thus, it seems reasonable to use the geometric mean 

of these two values as the Final Acute-Chronic Ratio (Table 3). Division of 

the Final Acute Values by 3.731 results in freshwater and saltwater Final 

Chronic Values of 1.302 and 1.106 µg/L, respectively. Even though the 

fathead minnow was considerably less sensitive than Daphnia magna in acute 

tests, the acute-chronic ratio for the fathead minnow is so high that its 

chronic value is below the Final Chronic Value and probably below the Final 

Residue Value (see below). If the acute-chronic ratio of greater than 649 

for the fathead minnow is representative of ratios for other freshwater and 

saltwater fishes, then twelve of fourteen tested fish species, including the 

rainbow trout, coho salmon, bluegill, and haddock, would have chronic values 

below the Final Chronic Value. Various values for vertebrates in Table 6 are 

below the Final Chronic Value or are indicative of large acute-chronic ratios. 

Toxicity to Aquatic Plants 

Whereas some freshwater plant values for mercury(II) are about 1,000 

µg/L (Table 4), affects of mercury(II) and methylmercury have been observed 

at concentrations below 10 µg/L, respectively (Table 6). Some organomercury 

compounds have affected algae at concentrations less than 1.0 µg/L (Table 6). 

Although freshwater plants are relatively insensitive to mercury(II) and 

sensitive to methylmercury, they do not appear to be more sensitive to 

methylmercury than freshwater animals. 

Data concerning the toxicity of mercuric chloride to saltwater plants 

are from four studies with eight species of algae. The EC50s (Table 4) 

indicate reduction in growth at concentrations ranging from 10 to 160 µg/L. 

No data are available concerning the toxicities of organomercury compounds to 

saltwater plants. 
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Bioaccumulation 

Bioconcentration is a function of the relative races of uptake and 

depuration. The bioconcentration factor (BCF) of mercury is high for fish 

because uptake is relatively fast and depuration is very slow. Thus, the 

biological half-life of mercury in fish is approximately 2 to 3 years (de 

Freitas, et al. 1974, 1977; Jarvenpaa, et al. 1970; Lockhart, et al. 1972; 

McKim, et al. 1976; Mellinger, 1973; Ruohtula and Miettinen, 1975; Sharpe, et 

al. 1977). Depuration of mercury is so slow that, even in the absence of 

exposure to mercury, long-term reduction in the concentration of mercury in 

fish tissue is largely due to dilution by tissue addition from growth. 

Usually less than 60 percent of mercury in invertebrates is methylated, but 

in fish, except for young fish, usually more than 70 percent is methylated 

(Bache, et al. 1971; Baluja, et al. 1983; Busch, 1983; Cappon, 1984; Cappon 

and Smith, 1982a,b; Hattula, et al. 1978; Hildebrand, et al. 1980; Huckabee, 

et al. 1979; Kudo, et al. 1982; Lucen, et al. 1980; Paasivirta, et al. 

1983). 

The distribution of mercury within a fish is the result of the movement 

of mercury from the absorbing surfaces (gills, skin, and gastrointestinal 

tract), into the blood, then to the internal organs, and eventually either to 

the kidney or bile for recycling or elimination or to muscle for long-term 

storage. As the tissue concentration approaches steady-state, net 

accumulation rate is slowed either by a reduction in uptake race, possibly 

due to inhibition of membrane transport, or by an increase in depuration 

race, possibly because of a saturation of storage sites, or both. 

High concentrations of mercury in the slime coat of certain freshwater 

fishes, such as burbot, eels, and northern pike, and in the skin of acutely- 

exposed fishes are believed to be due to the methylating activity of bacteria 
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prevalent in the mucous coat (Jernelov, 1968). In addition, acutely toxic 

concentrations of mercury have been reported to stimulate secretion of mucus 

(Baker, 1973; Lock, et al. 1981; McKone, et al. 1971). When acutely exposed 

fish are placed in mercury-free water, the skin quickly loses mercury, 

probably because of elimination of mercury(II) and sloughing of the slime 

coat (Burrows and Krenkel, 1973; Burrows, et al. 1974). The skin and mucous 

coat are in direct contact with mercury in water and can accumulate 

proportionately more mercury during short exposure than muscle. During long 

exposure there is sufficient time for mercury to reach more permanent storage 

sites. 

Because sorption at the gill surface is a major pathway of mercury into 

aquatic organisms (Fromm, 1977), increases in temperature and activity cause 

increases in metabolic race and ventilation race and, therefore, uptake race 

(de Freitas and Hart, 1975; Rogers and Beamish, 1981). The relationship 

between temperature and tissue residues seems to apply primarily before 

steady-state is reached (Reinert, et al. 1974) but also to some extent at 

steady-state (Boudou, et al. 1979; Cember, et al. 1978; Hartung, 1976). The 

latter is difficult to understand if steady-state results from saturation of 

available binding sites. Apparently not only are uptake and depuration 

accelerated by temperature (Ruohtula and Miettinen, 1975), but higher tissue 

residues also occur at higher temperacures, possibly because the uptake race 

increases proportionately more than the depuration race. 

Similarly, low concentrations of dissolved oxygen are likely to increase 

both respiration race and uptake race. Larson (1976) found chat the low 

concentration of dissolved oxygen in a eutrophic lake forced fishes into 

warmer surface waters to secure adequate oxygen. The warmer surface water 

apparently stimulated metabolic race and increased mercury uptake. 
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Increased mcabolic race increases not only ventilation race but also 

energy demand and thus increases food consumption and exposure to mercury 

through the food chain. Uptake through both the gilI. and the digestive 

tract is significant for fish, and some data suggest chat tissue residues are 

higher in organism8 exposed via both routes than via either separately 

(Etoudou, et al. 1979; Phillips and Buhler, 1978). The relative importance of 

uptake from food for various fish species depends on such things as 

assimilation efficiency (Phillips and Gregory, 19791, body size, growth race, 

and life span (Sharpe, et al. 19771, and diet (Murray, 1978). Although 

Murray (1978) did find different concencracions of mercury in different fish 

species, Huckabee (1972) and Huckabee, et al. (1974) found similar concencra- 

cions in both forage and game fish in the same environment. 

Haines (1981) reported char acid rain rends to scour more mercury from 

the air. Acidification of a body of water might also increase mercury 

residues in fish even if no new input of mercury occurs, possibly because 

lower pH increases ventilation race and membrane permeability, accelerates 

the races of mechylarion and upcake, affects parcicioninq between sediment 

and water, or reduces growth or reproduction of fish (Akielaszek and Haines, 

1981; Fromm, 1980; Hahne and Krooncje, 1973; Jernelov, 1980; Miller and 

Akagi, 1979; Ribeyre and Boudou, 1982; Rudd and Turner, 1983b; Scheider, et 

al. 1979; Stokes, et al. 1983; Tsai, et al. 1975; Wrenn and MacCrimmon, 

1983). However, Heiskary and Helwig (1983) did not find a relation between 

pH and mercury in fish. 

The available information (a .g., Boudou and Ribeyre, 1981; Boudou, et 

al. 1977, 1980; de Freicas, et al. 1981; Hamdy and Prabhu, 1979; Hamelink, et 

al. 1977; Herrick, et al. 1982; Yuckabee, et al. 1979; Jernelov and Lann, 

1971; Klaverkamp, et al. 1983c; HacCrirmnon, et al. 1983; Norscrom, et al. 
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1976; Phillips, et al. 1980; Ribeyre, et al. 1980; Rogers and Beamish, 1982; 

Rogers and Qadri, 1982) indicates chat the importance of upcake from food 

probably depends on the form and concentration of mercury in the diet and on 

the size and metabolic race of the fish. Transfer of mercury from fish to 

wildlife predators has also been observed (Heinz, et al. 1980; Kucera, 1983; 

Wren, et al. 1983). 

The available freshwater BCFs are listed in Tables 5 and 6. Table 5 

contains BCFs only from chose studies in which the exposure concencracions 

were adequately measured and the tissue residues reached steady-state or the 

test lasted longer than 27 days. Although the BCFs presented in Table 6 do 

not meee all these conditions, they do provide information on BCFs for plants 

and iLluscrace the very imporcanc influence of temperacure on 

bioconceneracion. 

McKim, et al. (1976) studied the upcake of mechylmercury into various 

tissues of brook crouc. AC concencracions in water of 0.93, 0.29, 0.09 and 

0.03 yp/L the resulting concencracions in muscle after 273 days were 10,000, 

5,000, 1,900, and 1,000 ug/kg and the corresponding BCFs were 11,000, 17,000, 

21,000, and 33,000, respectively. Because the concencracion of mercury in 

the muscle did nor decrease as much as the concentration in water, the BCFs 

increased as the concentration in water decreased. A possible explanation 

for an inverse relationship between concentration in water and BCF is chat 

steady-state results from sacuracion of available binding sires (Cember, et 

al. 1978). The maximum concencracion in tissue would then be dependent on 

the number of available bindinq sites and would be indeoendenc of the concen- 

rration of mercury in water. If the concentration in tissue were conscanc, 

the BCF would be inversely proportional to the concentration in water. 

However, neither the concencracion in eissue nor the BCF was conscanc. The 
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co-arable BCFs for the whote body were 10,000, 12,000, 12,000, and 23,000 

and are lower than chose for muscle- The fish were adversely affected ac 

0.93 gg/L, but for both muscle and whole body, the BCF at this concencracion 

is in line with the ocher BCFS. Even though concencracions up to 0.29 ;rg/L 

did not cause scaciseically significant adverse effects, the concencracion of 

mercury in fish exposed to 0.03 uq/L were ac the FDA action level. 

Olson, et al. (1975) obtained much higher BCFs for mechylmercury with 

chc fathead minnow, and the BCF was also concencracion-dependent. As the 

concencracion in the water decreased from 0.247 :J~/L to 0.018 gg/L, the 

concencracion in the fish decreased from 10,900 rJg/kg KO 1,470 pg/kg, but the 

BCF decreased from 44,100 to 81,700. The conerasc between the results with 

the fachead minnow at 25 C (Olson, et al. 1975) and brook crouc at 9 to 15 C 

(McKim, et al. 1976) is one of considerable inceresc and potential 

importance. The trout were fed pelleted feed, and so had little opporcunicy 

for food chain input. In contrast, the fathead minnow is a browser and 

probably fed not only on the introduced food but also on the Aufwuchs growing 

in the cesc solution to which mercury had been added. Thus the higher BCFs 

for the fathead minnow might be more represencacive of field sicuacions in 

which fish are exposed to mechylmercury via both the water and food (Phillips 

and Buhler , 1978; Phillips and Gregory, 1979; Rogers and Seamish, 1982). 

Also, because temperacure affects bioconcencracion, the fathead minnow miqhc 

be more represencacive of cowonly consumed warmwacer fishes. 

In a 75-day test, Niimi and Lowe-Jinde (1984) found 12 mg/kg in the 

whole body of rainbow croue exposed to 0.15 ;1g mechylmercury/L (0.14 >g 

mercury/L) in water and 18 dg mercury/kg in food. The BCF of 85,700 is 

higher than the highest BCF obtained by Olson, et al. (1975). However, ac 

0.012 pq/L and 18 ug/kg, they found 0.053 mg/kg in the crouc. This BCF of 
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4,077 is lower than the lowest BCF obtained by *Kim, et al. (1976). Also, 

although both McKim, et al. (1976) and Olson, et al. (1975) found higher BCFs 

ac lower concencracions in water, Niimi and Lowe-Jinde (1984) found just the 

opposite. 

The FDA action level for mercury in fish and shellfish is 1.0 q/kg 

(Table 51, and now only applies CO the methylmercury in consumed tissues 

(U.S. FDA, 1984a,b). In their test on mechylmercury, McKim, et al. (1976) 

found that brook trout exposed to 0.03 ug/L contained 1 mg/kg in muscltz 

tissue. However, in eheir test on mechylmercury with the fathead minnow, 

Olson, et al. (1975) found ch,ac exposure to 0.018 ;rg/L resulted in 1.47 mg/kg 

in the fish and a BCF of 81,700. Use of this BCF with the FDA action level 

results in a Final Residue Value of 0.012 ;Ig/L for mechylmercury (Table 5). 

The concencracion in the fathead minnow is for whole body, but Heisinger, et 

al. (1979) found no significant difference between various body comparcmencs. 

Furrher, Huckabee, et al. (19741 tOWId cnat all fishes in a particular 

environment acquired about the same concencracions of mercury in both the 

whole body and muscle tissue when they were chronically exposed to low 

concencracions of mercury. On the ocher hand, Heiskary and Helwig (1983) and 

McKim, et al. (1976) found higher concentrations of mercury in the edible 

portion of fish than in the whole body. Thus the concentration of mercury in 

the muscle of some edible species is likely to exceed the FDA action lever 

when exposed to methylmercury ac a concencracioo of 0.012 yg/L. 

Although the FDA action level only applies to mechylmercury in fish and 

shellfish, it can be used to derive a water quality criterion for mercury(II) 

because mose of the mercury in fish is methyLmercury even if the organisms 

were exposed to inorganic mercury (de Freicas, et al. 1974; Jernelov and 

Lann, 1971). A BCF of 4,994 was obtained for mercuric chloride in a 
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life-cycle test with the fathead minnow (Snatski and Olson, 1982). This BCF 

is based on the concencracion of mercuric chloride in the water and the total 

concentration of organic and inorganic mercury in the tissue. Even though 

all concentrations tested caused adverse effects and the higher concentra- 

tions caused more severe effects, the BCFs were similar ac all concentrations 

and were lower than chose obtained with methylmercury by ticKim, et al. (1976) 

and Olson, et al. (1975). Use of the BCF of 4,994 with the FDA action Level 

of 1.0 mg/kg results in a freshwater Final Residue Value of 0.20 :Ag/L for 

mercuryt II> (Table 5). This value of 0.20 IJS/L derived for mercury( 11) 

would, however, be too low if. field BCFs are higher than laboratory BCFs, if 

racers coneain substantial concencracions of methylmercury, or if methylacion 

processes are accelerated in sediment; 

Information on the bioconcencration of various mercury compounds by 

saltwater animals and plants is included in Tables 5 and 6 and by salcwacer 

plankton in Table 5. For mercuric chloride, BCFs ranged from 853 to 10,920 

with algae. In tests with the eastern oyster, BCFs of 10,000, 40,000, and 

40,000 were obtained for mercuric chloride, methplmercuric chloride and 

phenylmercuric chloride, respectively (Kopfler, 1974). These are similar to 

the BCFs obtained with freshwater fish, but the BCF of 129 obtained Ear 

mercuric chloride in tail muscle of the American lobster is much lower. 

To protect the marketability of saltwater shellfish for human 

consumption, Final Residue Values can be calculated based on the BCFs for the 

oyster and the FDA action level of 1.0 mgjkg. Accordingly, the Final Residue 

Values for mercuric chloride, mechylmercuric chloride, and phenylmercuric 

chloride are 0.10, 0.025, and 0.025 dg/L, respectively. However, at these 

concentrations fifty percent of the exposed oysters would probably exceed the 
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FDA action level if all the mercury in the body were present as methyl- 

mercury. 

Ocher Data 

Most of the significant freshwater and saltwater results in Table 6 have 

already been discussed in connection with data in Tables 1-5, but a few 

additional items deserve special mention. Comparable tests with four species 

showed chat mercuric cyanide was 0.67 to 50 times as toxic as mercuric 

chloride. Also, Birge, et al. (1979) reported that flow-through tests gave 

EC50s nearly two orders of magnitude lower than static tests with rainbow 

trout, catfish, goldfish, and largemouth bass (Table 6). Bouquegneau (1979) 

found chat preexposure induced metallothionein production, which then 

protected the fish. 

Molybdenum (Yamane and Koizumi, 1982) and vitamin E (Ganther, 1978, 

1980) affects the toxicity of mercury to mammals, and probably many consumers 

of aquatic organisms, as does selenium (e.g., Alexander, et al. 1979; Berlin, 

1978; National Research Council, 1978; National Research Council Canada, 

1979; Stopford and Goldwater, 1975; Strom, et al. 1979). Wobeser, et al. 

(1976a,b) found methylmercury to be much less toxic to mink when they were 

fed freshwater drum, Aplodinolus grunniens, containing high mercury tissue 

residues than when they were fed a diet to which methylmercury chloride had 

been added. On the other hand, Albanus, et al. (1972) and Charbonneau, et 

al. (1974) found similar toxicity to cats when fed similar dietary 

concentrations of methylmercury, one as a tissue residue in pike and the 

ocher with methylmercury added to the ration. 

Finley and Stendell (1978) and Heinz (1979a) fed black and mallard 

ducks, respectively, food contaminated with methylmercuric dicyandiamide. 
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These feeding studies extended over two and three generations, respectively, 

and demonstrated reduced hatching success and juvenile survival at mercury 

concentrations chat were estimated to be equivalent to 0.5 and 0.1 mg/kg, 

respectively, in the natural succulent food of the wild ducks. These results 

were not used to estimate a Final Residue Value based on food for wildlife 

because the dicyandiamide compound might not represent the toxicity of 

methylmercury alone. Nevertheless, these tests suggest that the Final 

Residue Value might be an order of magnitude too high because at least one of 

these authors believes that the anion had little effect on the results 

(Heinz, 1979b). 

Unused Data 

Some data on the effects of mercury on aquatic organisms were not used 

because the studies were conducted with species that are not resident in 

North America (e.g., Ahsanullah, 1982; Akiyama, 1970; Dial, 1978a,b; 

Heisinger and Green, 1975; Jones, 1939a, 1940, 1973, 1975; Khangarot, et al. 

1982; Kihlstrom and Hulth, 1972; Krishnaja and Rege, 1982; Mathur, et al. 

1981; McClurg, 1984; Murti and Shukla, 1984; Nagashima, et al. 1983; Saxena 

and Parashari, 1983; Shaffi, 1981; Srivastava, 1982; van den Broek and 

Tracey, 1981; Verma, et al. 1984), or because the test species was not 

obtained in North America and was not identified well enough to determine if 

it is resident in North America (Hannerz, 1968). Brown and Ahsanullah (1971) 

brine shrimp, which species is coo atypical to be used 

criteria. Reviews by Chapman, et al. (19681) Eisler 

al. (1972) only contain data, that have been published elsewhere. 

conducted tests with 

in deriving national 

(1981), Eisler, et al. (1979), Phillips and Russo (1978), and Thompson, et 
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The 96-hr values reported by Buikema, et al. (1974a,b) were subject to 

error because of possible reproductive interactions (Buikema, et al. 1977). 

Applegate, et al. (1957) exposed only one or two organisms. Data were nor 

used if the mode of exposure was inappropriate for deriving water quality 

criteria (Giblin and Massaro, 1973; Lucu and Skreblin, 1981; Schmidt-Nielson, 

et al. 1977; Weisbart, 1973). In addition, data were not used if mercury was 

a component of an effluent (Wong, et al. 1982) or if the test organisms were 

cultured in one water and tested in another (Bringmann and Kuhn, 1982). 

Bills, et al. (1977) and Passino and Cotant (1979) did not report any usable 

results. Jones (1935, 1938, 1939b, 1947), Miller (1980, 1981), and Nuzzi 

(1972) did not report a clearly defined endpoint. 

Results of some laboratory tests were not used because the test was 

conducted in distilled water (McKone, et al. 1971), the quality of the 

dilution water or medium was questionable (Brkovic-Popovic and Popovic, 

1977a,b; Carter and Cameron, 1973; Kim, et al. 1977a,b; Scary and Kratzer, 

1982; Stary, et al. 1982, 1983), or because the test solution or culture 

medium contained too much EDTA which would probably complex mercury 

(Gutierrez-Galindo, 1981; Knowles and Zingmark, 1978; Stratton and Corke, 

1979; Stratton, et al. 1979). 

Data concerning concentrations of mercury in wild organisms (e.g., 

Abernathy and Cumbie, 1977; Armstrong and Scott, 1979; Bodaly, et al. 1984; 

Copeland and Ayers, 1972; DiNardi, et al. 1974; Flegal, et al. 1981; Helwig 

and Hora, 1983; Hildebrand, et al. 1980; Jensen, et al. 1981; Leonzio, et al. 

1982; Martin, et al. 1984; May and McKinney, 1981; Mitchell, et al. 1982; 

Moore and Sutherland, 1980; Murray, 1978; Pennington, et al. 1982; Phillips 

and Buhler, 1980; Price and Knight, 1978; Ray, et al. 1984; Sheffy, 1978; 

Tsui and McCart, 1981; Wachs, 1982; Watling, et al. 1981) were not used to 

19 



calculate bioaccumulation factors if the concentrations of mercury in the 

ambient water during the period of exposure was not adequately measured. 

Studies using isotopic mercury (e.g., Cunningham and Tripp, 1975; 

Glooschenko, 1969) were not used because of the possibility of isotopic 

discrimination. 

Results of bioconcentration tests were not used if the tests were 

conducted in distilled water, were not long enough, were not flow-through, or 

if the concentration of mercury in the test solution was not adequately 

measured (e.g., Cunningham and Tripp, 1973; Kim, et al. 1977a,b; MCKone, et 

al. 1971; Medeiros, et al. 1980; Middaugh and Rose, 1974; Phillips and 

Gregory, 1980; Ribeyre, et al. 1980; Sharma and Davis, 1980a; Scary and 

Kratzer, 1980, 1982; Scary, et al. 1980, 1981, 1982, 1983; Vernberg and 

O’Hara, 1972). 

Summary 

Data are available on the acute toxicity of mercury(II) to 28 genera of 

freshwater animals. Acute values for invertebrate species range from 2.2 

µg/L for Daphnia pulex to 2,000 µq/L for three insects. Acute values for 

fishes range from 30 µg/L for the guppy to 1,000 µg/L for the Mozambique 

tilapia. Few data are available for various organomercury compounds and 

mercurous nitrate, and they all appear to be 4 to 31 times more acutely toxic 

than mercury(II). 

Available chronic data indicate that methylmercury is the most 

chronically toxic of the tested mercury compounds. Tests on methylmercury 

with Daphnia magna and brook trout produced chronic values less than 0.07 

µg/L. For mercury(II) the chronic value obtained with Daphnia magna was 

about 1.1 µg/L and the acme-chronic ratio was 4.5. In both a Life-cycle 
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test and an early life-stage test on mercuric chloride with the fathead 

minnow, the chronic value was less than 0.26 µg/L and the acute-chronic ratio 

was over 600. 

Freshwater plants show a wide range of sensitivities to mercury, but the 

most sensitive planes appear to be less sensitive than the most sensitive 

freshwater animals to both mercury(II) and methylmercury. A bioconcentration 

factor of 4,994 is available for mercury(II), but the bioconcentration 

factors for methylmercury range from 4,000 to 85,000. 

Data on the acute toxicity of mercuric chloride are available for 29 

genera of saltwater animals including annelids, molluscs, crustaceans, 

echinoderms, and fishes. Acute values range from 3.5 µg/L for a mysid to 

1,678 µg/L for wincer flounder. Fishes tend to be more resistant and 

molluscs and crustaceans tend to be more sensitive to the acute toxic effects 

of mercury(II). Results of a life-cycle test with the mysid show that 

mercury(II) at a concentration of 1.6 µg/L significantly affected time of 

first spawn and productivity; the resulting acute-chronic ratio was 3.1. 

Concentrations of mercury that affected growth and photosynthetic 

activity of one saltwater diatom and six species of brown algae range from 10 

to 160 µg/L. Bioconcentration factors of 10,000 and 40,000 have been 

obtained for mercuric chloride and methylmercury with an oyster. 

National Criteria 

Derivation of a water quality criterion for mercury is more complex than 

for moat metals because of methylation of mercury in sediment, in fish, and 

in the food chain of fish. Apparently almost all mercury currently being 

discharged is mercury(II). Thus mercury(II) should be the only important 
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possible cause of acute toxicity and the Criterion Maximum Concentrations can 

be based on the acute values for mercury(II). 

The best available data concerning long-term exposure of fish to 

mercury(II) indicates that concentrations above 0.23 µg/L caused statisti- 

cally significant effects on the fathead minnow and caused the concentration 

of total mercury in the whole body to exceed 1.0 mg/kg. Although it is not 

known what percent of the mercury in the fish was methylmercury, it is also 

not known whether uptake from food would increase the concentration in the 

fish in natural situations. Species such as rainbow trout, coho salmon, and 

especially the bluegill, might suffer chronic effects and accumulate high 

residues of mercury about the same as the fathead minnow. 

With regard to long-term exposure to methylmercury, McKim, et al. (1976) 

found chat brook trout can exceed the FDA action level without suffering 

statistically significant adverse effects on survival, growth, or reproduc- 

tion. Thus for methylmercury the Final Residue Value would be substantially 

lower than the Final Chronic Value. 

Baaing a freshwater criterion on the Final Residue Value of 0.012 µg/L 

derived from the bioconcentration factor of 81,700 for methylmercury with the 

fathead minnow (Olson, et al. 1975) essentially assumes that all discharged 

mercury is methylmercury. On the other hand, there is the possibility that 

in field situations uptake from food might add to the uptake from water. 

Similar considerations apply to the derivation of the saltwater criterion of 

0.025 µg/L using the BCF of 40,000 obtained for methylmercury with the 

Eastern oyster (Kopfler, 1974). Because the Final Residue Values for methyl- 

mercury are substantially below the Final Chronic Values for mercury(II), it 

is probably not too important: that many fishes, including the rainbow trout, 
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coho salmon, bluegill, and haddock might not be adequately ptotecced by the 

freshwater and saltwater Final Chronic Values for mercury(II). 

In contrast to all the complexities of deriving numerical criteria for 

mercury, monitoring for unacceptable environmental effects should be 

relatively sctaightforward. The most sensitive adverse effect will probably 

be exceedence of the FDA action level. Therefore, existing discharges should 

be acceptable if the concentration of mechylmercury in the edible portion of 

exposed consumed species does not exceed the FDA action level. 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses” indicate that, except possibly where a locally important species 

is very sensitive, freshwater aquatic organisms and their uses should not be 

affected unacceptably if the four-day average coocencracion of mercury does 

not exceed 0.012 ug/L more than once every three years on the average and if 

the one-hour average concentration does not exceed 2.4 pg/L more than once 

every three years on the average. If the four-day average concentration 

exceeds 0.012 pg/L more than once in a three-year period, the edible portion 

of consumed species should be analyzed to determine whether the concentration 

of methylmercury exceeds the FDA action level. 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses” indicate that, except possibly where a locally important species 

is.very sensitive, saltwater aquatic organisms and their uses should not be 

affected unacceptably if the four-day average concentration of mercury does 

not exceed 0.025 fig/L more than once every three years on the average and if 

the one-hour average concentration does not exceed 2.1 ug/L more than once 

every three years on the average. If rhe four-day average concentration 
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exceeds 0.025 qg/L more than once in a three-year period, the edible portion 

of consumed species should be analyzed CO determine whether the concentration 

of methylmercury exceeds ehe FDA action level. 

EPA believes that a measurement such as “acid-soluble” would provide a 

more gciencifically correct basis upon which to establish criteria for 

meeals. The criteria were developed on this basis. However, ac this time, 

no EPA approved methods for such a measurement are available to implement the 

criteria through the regulatory programs of the Agency and the States. The 

Agency is considering develovment and approval oE methods for a measurement 

such as “acid-soluble”. Until available, however, EPA recommends applying 

the criteria using the total recoverable method. This has two impacts: (1) 

certain species of some metals cannot be analyzed directly because the total 

recoverable method does nor distinguish between individual oxidation states, 

and (2) these criteria may be overly proceccive when based on the cotal 

recoverable method. 

The recommended exceedence frequency of three years is the Agency’s best 

scientific judgment of the average amount of time it will cake an unstressed 

system to recover from a pollution event in which exposure to mercury exceeds 

the criterion. Stressed systems, for example, one in which several oucfalls 

occur in a limited area, would be expected to require more time for recovery. 

The resilience of ecosystems and their ability to recover differ greatly, 

however, and site-specific criteria may be established if adequate juscifica- 

tion is provided. 

The use of criteria in designing waste treacmenc facilities requires the 

selection of an appropriate wasceload allocation model. Dynamic models are 

preEerred for the application of these criteria. Limited data or ocher 

factors may make their use impractical, in which case one should rely on a 
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steady-state modeL. The Agency recotmuends the interim use of 1QS or LQlO for 

Criterion Maximum Concentration (CMC) design flow and 745 or 7Q10 for the 

Criterion Conrinuous Concentration (CCC) design flow in steady-state modeLs 

for unstressed and stressed systems respectively. These macrers are 

discussed in more detail in the Technical Support Document for Water Quality- 

Based Toxics Control (U.S. EPA, 1985). 
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Toblo I. Acute TadcIty ot Muciuy to Aquatlc Anlmfs 

SpdSS 

Tublflcld worm, 
Branchlura sowerbyl 

Tublflcld worm, 
Llmnodrllus hoifmelsterl 

Tub1 f lcld worm, 
Qulstadrllus multlretorus 

Tubl f lcld worm, 
Rhyacodr I I us montana 

Tublflcld worm, 
Splrosperma ferox 

Tub1 f lcld worm, 
Splrosperma nl kolskyl 

Tubl flcld worm, 
Stylodrllus herlnglanus 

Tub1 f icld worm, 
Tubl fex tublfex 

Tub1 f lcld worm, 
Varlchaeta paclflca 

Worm, 

Snal I (embryo) , 
Annlcola sp. 

Snail (adult), 
AfMlcola sp. 

Snail, 
hypoorum Ap I exa 

R, U 

R, U 

R. U 

R, U 

R, U 

R, U 

R, U 

R, U 

R, U 

s, 14 

s, H 

s, M 

s, u 

Lc50 
ay EC50 

cb-lcal hQ/L)- 

FRESHWATER SPECIES 

uercwy( I I I 

Mercur lc 
chloride 

80 

uercurlc 
chloride 

I60 

t43rcur I c 
chloride 
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Mercur I c 
chloride 

240 

Mercuric 
chloride 
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Wercur I c 
chloride 
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Mercur I c 
chloride 

140 

Uercur Ic 
chloride 

140 

Mercur Ic 
chloride 

100 

Hercur I c 
n I trate 

1,000 

Mercur lc 
nltrate 

2,100*** 

Merarr Ic 
n I trate 

80 

Mercur Ic 
chloride 

370 

80 Chapan, et al. 1982a 

I80 Chapllan, et al. 1982a,b 

250 Chapman, et al. l962a 

240 Chapman, et al. 1982a 

330 Chapman, et al. l982a 

500 Chapman, et al. l982a 

140 Chapman, et al. 1982a 

I40 Chapman, et al. 1982a,b 

100 Chapman, et al. 1982a 

1,000 Rehwoldt, et .YII. 1973 

Rehwoldt, ot al. 1973 

80 Rehwoldt, et al. 1973 

370 Holcanbe, et al. 1983 

Reterubca 
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Table 1. uhntInuul) 

sped OS 

Cl WiOCWln, 
maqna Daphnla 

C I adoceran, 
maqna Daphn la 

Cladoceran, 
Daphnl a magna 

Cl adoceran, 
maqna Daphn I a 

Cladocefan, 
Daphnla maqna 

Cladoceran (~6 hr old), 
Dephn I a magna 

Cladoceran (~24 hr old), 
Daphnl a maqna 

Ciadoceran ( 1-9 day old), 
Daphnla magna 

Cladoceran, 
Daphnia pulex 

hphlp~, 
Gammarus sp. 

Crayt Ish (male, 
mlxed ages), 
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Crayf I sh, 
Orconectes I I mosus 
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Damselfly, 
(Un ldentl f led) 
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s, u 
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s, u 
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Mercawlc 
chloride 

Mercur Ic 
chloride 

Wercur Ic 
chlor Ide 

tkwcur I c 
chloride 

Mercur I c 
chloride 

Uercur I c 
chloride 

Mercur Ic 
chloride 

Mercur I c 
ch lorl de 

Hercur lc 
chloride 

Hercur Ic 
n I trate 

Hercur I c 
chloride 

Mercur I c 
chlor lde 

Mercw I c 
chloride 

Mercur I c 
nl trate 

5 

3.177 

1.478 

2.160 

4.4 

4.4 

5.2-14.8”* 

2.217 

IO 

20 

50 

2,000 

I ,zDo 

3.157 

2.211 

10 

M 

50 

2,000 

1,200 

Rofw- 

Anderson, 1948 

Bleslnger I 
Chrlstensen, 1972 

Canton 6 Adema, 1978 

Canton 6 Adena, 1978 

Canton 6 Adema, 1978 

Rarera & Adams, 1983 

Barera & Adams, 1983 

Barera b Adams, \983 

Canton & Adema, 1978 

Rehwoldt, et al. 1973 

tielt 6 FIngerman, 
t977; Melt, 1981 

Boutet b 
Chalsewrtln, I973 

Warnlck 6 Bel I, 1969 

Rehwoldt, et al. 1973 
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Table 1. NontInudI 

Spoclw lsvn 
Acut. Valua 

(llll/L)~* 

2,m 

Mathod~ 

s, u 

SPOClH 

Stonef ly, 
Acroneurla lycorlas 

Caddlsf ly, 
Hydropsyche bettenl 

Caddlsf ly, 
(Unldentlfled) 

Midge, 
Ch I ronDmus sp. 

Coho salmon (juvenIleI, 
Oncorhynchus klsutch 

Ralnbow trout (juvenl le), 
Salmo qalrdnerl 

Ralnbow trout (juvenl le), 
Salmo galrdner I 

Ralnbou trout (Juvenl le), 
Salmo qalrdnerl 

Ralnbou trout, 
Salvo qalrdnwl 

Ralnbow trout (JuvenIleI, 
Salmo qalrdnerl 

Fathead minnow, 
Plmephales promelas 

Fathead mlnno*, 
Plmophales promelas 

Mosquitof Ish (fernale), 
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Guppy (116-157 mg), 
Poecllla retlculata 
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Mercur Ic 
chloride 
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chloride 
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nl trate 
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Yarnlck 6 Bell, 1969 

s, u 

s, M 
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chloride 
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20 20 Rehwoldt, et al. 1973 
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240 240 Lorz, et al. 1978 
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FT, U 
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fl, M 
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chloride 
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chlor Ide 
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chloride 
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Tablo 1. tContlnud) 

Sp0Cl.s 

Guppy (362-621 rg), 
Poecllla retlculata 

Blueglll (JuvenIleI, 
rnacrochlrus Lepcnnls 

Mozambique tllapla, 
TI lapla nwxsamblca 

Ralnbou trout (juvenl lo), 
Salmo qalrdnerl 

Ral nbou trout ( larva), 
Salmo qalrdner I 

Rainbow trout (JuvenIleI, 
Salmo qalrdnerl 

Ralnbon trout (juvenl le), 
Salmo qalrdnerl 

Brook trout (JuvenIleI, 
Salvellnus fontlnalls 

Brook trout (yearling), 
Salvellnus fontlnalls 

Ralnbor trout (JuvenIleI, 
Salvo qalrdnerl 

Rainbow trout (2 mos), 
Salm, qalrdnerl 

Goldflsh, 
Carasslus auratus 

Methods 

R, U 

mIcaI 

Mercur lc 
chloride 

s, u Mfwcur Ic 
chloride 

s, u Mat-cur Ic 
chloride 

R, U 

fb U 

R, U 

fl, M 

s, u 

speclos lbam 
orEc50 Acutr Valua 

3D Destvukh & War&he, 
1980 

160 160 Holccmbe. et al. 1983 

l,DDO 1,000 Qureshl 6 Saksena, 
1980 

Methy lmarcury 

Methylawcurlc 
chloride 

25 Matlda, et al. 1971 

Met hy I mercur Ic 
chloride 

24 Mobeser , 1973 

Uethy lmercw I c 
chloride 

42 

Methylmercur lc 
chloride 

24 

MethylmercurIc 
chloride 

04 

Hathylmercurlc 
chloride 

65 

Other Mercury Canpounds 

Phenylmercurlc 
acetate 

5 

Mercurous 
nl trate 

33.0 

Phenylmercurlc 
lactate 

02 

Wobeser, 1973 

24 Lock S van Overbeeke, 
1981; Lock, et al. 1981 

WcKlm, et al. 1976 

73.89 McKlm, et al. 1976 

5 

33.0 

82 

Matlda, et al. 1971 

Hale, 1977 

El I Is, 1947 
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Tablm 1. Gmtlnued~ 

LC50 
or EC50 

Chemical (w/L)** 

2-Methoxy ethy I I39 
mnrcurlc chloride 

spcles MewI 
Acut. Volue*fi 

(pQ&) 

I39 

Ret erence 

Das A Mlsra. 1982 

Species 

Common carp, 
Cyprlnus carplo 

Fathead ml nnou, 
Plmephales promelas 

Methodm 

R, U 

s, M 

Fathead ml nnow, 
Plmephales prcmelas 

Channel catflsh (JuvenIleI, S, U 
lctalurus punctatus 

Curtis, et al.. 1979; 
Curtls & Ward, 1961 

Curtls, et al. 1979; 
Curtls A Ward, 1981 

Clemens A Sneed, 1959 

Met-cur I c 
acetate 

40 40 

Hercur I c 
th locyanate 

1 IS 

Ethylmercur Ic 
p-to1 uene 
sul fananll Ide 

51 

Channel catflsh (juvenile), S, U Ethylmercurlc 
lctalurus punctatus phosphate 

49 

Channel catflsh (juvenlle), S, U 
lctalurus punctatus 

Pheny lmercur Ic 
acetate 

1,966 

II5 

51 

49 Clemens A Sneed, 1959 

Channel catf Ish (juvenile), S, U 
lctalurus punctatus 

Channel catf Ish (juvenlle), S, U 
lctal urus punctatus 

Channel catfish (juvenIleI, S, U 
I eta I urus punctatus 

Channel catf Ish (JuvenIleI, S, U 
lctalurus punctatus 

MosquItofIsh (female), 
Gambusla afflnls 

s, u 

Mosqul tof I sh ( female) , 
Gambusla afflnls 

s, u 

Mosqultof Ish (female), 
Gambusla afflnls 

s, u 

1,966 Clemens S Sneed, 
1959 

28 Clemens 6 Sneed, 
l958a, 1959 

Pheny lmercur lc 
acetate 

28 

Pyrldylmercurlc 
acetate 

cl76 Clemens A Sneed, 
l958b 

Pyrldylmercurlc 
acetate 

224 

Pyrldylmercurlc 
acetate 

(153 

Clemens A Sneed, 
1958b 

(182 Clemens A Sneed, 
l958b 

Methoxy ethyl 910 
mercuric chloilde 

910 Josh1 4 Rege, 1980 

Josh1 A Rege, 1980 Phenylmercllr Ic 
acetate 

37 

Pheny Imercw Ic 
acetate (Ceresan) 

44 

37 

44 Josh1 6 Rege, 1980 
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Table I. Kant I nued) 

SPeCIeS Method* 

LC50 
a- EC50 

Chtumlcal (Cq/L)~~ 

SMTWATEH SPECIES 

Specie6 Mean 
Acute Value’~ 

(W-t/L) Reference 

Polychaete worm (adult) , 
Neanthes arenaceodentata 

.Polychaete worm (juvenl le), 
Neanthes arenaceodentata 

Sand worm (adult), 
Nerels vlrens PI__ 

Pol ychaete worm (I arva) , 
Capltella capltata 

01 lgochaete worm, 
Lirmodrlloldes verrucosus 

0 I 1 gochaete worm, 
Monopylephorus cutlculatus 

Ollgochaete worm, 
Tubl f lcoldes gabrlel lae 

Northern horse rmsse I, 
Modlolus modlolus 

81 ue mussel, 
Hytl lus edul Is 

Bay seal lop (juvenl le), 
Arqopecten lrradlans 

Paclflc oyster, 
Crassostrea gIgas 

Pacl f Ic oyster, 
Crassostrea c~lgas 

Pacl f Ic oyster, 
Crassostrea glgas 

5, u 

s, u 

s, u 

s, u 

R, U 

R, u 

R, u 

5, M 

s, u 

s, u 

s, u 

s, M 

s. M 

Mercur Ic 
chloride 

Hercur I c 
chloride 

Mercur I c 
chloride 

Hercur Ic 
chloride 

Hwcur I c 
chlff Ide 

Hercur Ic 
chlorlcle 

Mercur lc 
chloride 

Mercur I c 
chloride 

Hercur Ic 
chloride 

Mercur Ic 
chloride 

Met-cur Ic 
chloilde 

Mercur Ic 
chloride 

Mercur Ic 
n I trate 

Mercuryi I I) 

96 Reish, et al. 1976 

IO0 

70 

I4 

120 

230 

98 

230 

5.8 

89 

6.7 Martin. et al. 1981 

5.7 

5.5 

97.98 Relsh, et al. 1976 

70 Elsler & Hennekey, 
1977 

I4 Relsh, et al. 1976 

120 Chapman, et al. l982a 

230 Chapman, et al. l982a 

98 ChapcMn, et al. 1982a 

230 HI Imy, et al. 1981 

5.8 Martin, et al. 1981 

89 Nelson, et al. 1976 

5.944 

Gllcksteln, 1978 

GI Icksteln, 1978 
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Table 1. Kcmtlnued) 

LC50 
OT EC50 
f&L)@’ 

5.6 

Species Mean 
Acute Value 

(rq/L)** MdKld’ 

5, u 

5, u 

Species 

Eastern oyster, 
Crassostrea vlrglnlca 

Eastern oyster, 
Crassostrea vlrglnlca 

Common rangla (adult), 
cuneata Ranqla 

Canmon rangla (adult), 
cuneata Rang l a 

Ccnmon rangla (adult), 
Ranqla cuneata 

Commn rangla (adult), 
cuneata Rang la 

Quahog clan, 
Mercenarla mercenarla 

Soft-shell clan (adult), 
fi arenar I a 

WeW, 
Pseudodlaptomus cwonatus 

Cwep~, 
Eurytemora afflnls 

Cww~, 
Acartla clausl 

Copepod (adult), 
Acartla tonsa 

Copepod (adult), 
Acart la tonsa 

Copepod (adult) , 
Acartla tonsa 

Chemical 

10.2 7.558 

10,Dcm 

Reference 

Cal abrese 6 Nelson, 1974; 
Calabruse, et al. 1977 

Maclnnes 6 Calabrese, 
1978 

Olson A Harrel, 1973 

8,700 Olson & Harrel, 1973 

58 

122 444.4 

4.8 4.8 

011 Ion, 1977 

01 I Ion, 1977 

Calabrese & Nelson, 1974; 
Cslabfese, et al. 1977 

Mercur Ic 
chloride 

Met-cur Ic 
chlor Ide 

s, u Her cur I c 
chloride 

5, u 

s, M 

Hercur Ic 
chloride 

l&cur lc 
ch lor Ide 

S, M Mercuric 
chloride 

5, u 

s. u 

s, u 

Mercur lc 
chloride 

400 4OD 

79 79 

158 158 

10 IO 

IO 

Mercur Ic 
cnlor Ide 

Elsler 6 Hennekey, 
1977 

Gent1 le, 1982 

Gent1 le, 1982 

Gentlle, 1982 

Sosnowskl A Gentlle, 
1978 

Sosnarskl 6 Gentlle, 
1978 

Sosnouskl 6 Gentile, 
1978 

Mercur Ic 
chloride 

s, u 

5, u 

Her cur I c 
chloride 

Hercur Ic 
chloride 

s. u Mercur I c 
chlor Ide 

s, u 

5, lJ 

Mer cur Ic 
chloride 

I4 

Mer cur I c 
chlor Ide 

I5 
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Table 1. Kontlnued) 

Lc50 
w EC50 

H fp!a/L) 

20 

Species Mean 
Acute Value 

(w/L)** 

14.32 

Method* 
s, u 

s, u 

FT, M 

Species 

Copepod (adult), 
Acartla tonsa 

Cww~, 
Nltocra splnlpes 

Mysld, 
Mysldopsls bahla 

Chemical Reference 

Gent I le, 1982 Mercur I c 
chlor Ida 

Marcur I c 
chlor Ide 

230 230 Bengtsson, 1978 

Mercur Ic 
chloride 

3.5 3.5 Gentlle, et al. 1982, 
1983; Lussler, et al. 
Manuscr Ipt 

Green, et al. 1976 5, u 

s, u 

s, u 

Hercur Ic 
chloride 

Hercur Ic 
chloride 

I7 I7 White shrlmp (adult), 
Penaeus setlferus 

Amer lcan lobster f larva), 
tlomarus americanus 

Herml t crab (adult), 
Paqurus longlcarpus 

Dungeness crab (larva), 
Cancer mag I ster 

Dungeness crab f larva), 
Cancer maqlster 

Green crab ( larva), 
Carcl nus maenas 

Starfish fadul t), 
Asterlas forbesi 

Haddock f I arva) , 
Melanogrammus aegleflnus 

Munmlchog, 
Fundulus heteroclltus 

Hunmlchog, 
Fundulus heteroclltus 

Mummlchog, 
Fundulus heterocl ltus 

20 20 Johnson & Gentlle, 
1979 

Mercur Ic 
chloride 

Mtwcur Ic 
chloride 

50 50 Elsler d Hennekey, 
1977 

Martin. et al. 1981 s, u 

S, M 

8.2 

6.6 Mercur Ic 
chlor lde 

7.357 GI Icksteln, 1978 

s, u Morcur I c 
chlor Ide 

14 I4 Connor, I972 

s, u 

s, u 

Mercuric 
chlor Ide 

60 

98 

60 Elsler 6 Hennekey, 
1971 

Card1 n, 1982 Mercur I c 
chlor Ide 

98 

s, u Mercur Ic 
chloride 

Dorfman, 1977 

s, u 

s, u 

Mercur I c 
chlor Ide 

Dorfman, 1977 

Mercur Ic 
chloride 

Dorfman, 1977 

33 



Table I. Kontlnued) 

species 

Munmlchog, 
Fundulus heterocl ltus 

Mummlchog fadul t) , 
Fundulus heteroclltus 

Munmlchog (adult), 
Fundu lus heterocl I tus 

Mummlchog (embryo), 
Fundulus heteroclltus 

Atlantic sf lverslde 
(larva), 
Menldla menldla 

Atlantic sllverslde 
f larva), 
Henldla menldia 

Atlantic sl lverslde 
fjuvenlle), 
Menldla menldla 

Tidewater silverside 
(juvenl le), 
Menldla penlnsulae 

Foursplne stlcklebck 
(adult), 

quadracus Apeltes 

Spot fjuvenlle), 
Lelostomus xanthurus 

Winter flounder (larva), 
Pseudopleuronectes 
amerlcanus 

Wlnter flounder (larva), 
Pseudop I euronectes 
amer I canus 

Method* 

s, u 

s, u 

s, u 

S, M 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

5, u 

Chadcal 

Mercur Ic 
chlwlde’ 

Mercur I c 
chloride 

Mercur I c 
chloride 

Mercuric 
chloride 

Her cur I c 
chloride 

Mercur Ic 
chlor Ide 

Mercur I c 
chlor Ide 

Mercur Ic 
chloride 

t4wcur Ic 
chlor lde 

Mercur Ic 
chloride 

Met-cur Ic 
chlor lde 

Mercuric 
chloride 

a- EC50 
fpq/L)” 

300 

800 

2,000 

67.4 

144 

125 

86 

71 

315 

36 

1,820 

1,560 

Speclos b&ban 
hcuto Value 

fpq/L1’4 

l m**I) 

67.4 

115.7 

71 

315 

36 

Ref erenco 

Oorfman, 1977 

Elsler A Hennekey, 
1977 

Klaunlg, et al. 1975 

Sharp 6 Nef f , 1982 

Cardln, 1982 

Card1 n, I982 

Cardln, 1982 

Hansen, 1983 

Cardln, 1982 

Hansen, 1983 

Card1 n, 1982 

Cardln, 1982 
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Table I. Ukmtlnued) 

species 

Winter flounder 1 larva), 
Pseudop I euronectes 
amer I canus 

Method* 

s, u 

Winter flounder (larva), 
Pseudopleuronectes 
amer I canus 

s, u 

Winter flounder ( larva), 
Pseudopleuronectes 
amer lcanus 

s, u 

Amphlpod (adult), 
Gammarus duebenl 

Mwmlchog (embryo), 
Fundulus heteroclltus 

Grass shrlmp (adult), 
Pa I aemonetes puqio 

Grass shrlmp (adult), 
Palaemonetes puglo 

Mumnlchog, 
Fundulus heteroclltus 

Munm Ichog, 
Fundulus heteroclltus 

s, u 

s* n 

Cheimlcal 

Mercur Ic 
chloride 

Mercur Ic 
chlor Ide 

Mercur Ic 
chloride 

LC50 
a- EC50 

Species Meen 
Acute Value 

(w/L)* (ro/L)n* Reference 

1,810 

1,320 

1,960 

Methylmercury 

MethylmercurIc 
chloride 

150 

Methylmercur Ic 
chloride 

51.1 

Other Mercury Compounds 

s, M Mercur I c 
acetate 

47 

S, M t&w-cur Ic 
th locyanate 

76 

s, u Harcurous 
sulfate 

6,800 

s, u Mercurous 
sulfate 

300 

1,678 

I50 

51.1 

47 

76 

uuuua 

Cardln, 1982 

Cardln, l9M.2 

Cardln, 1982 

Lockwood 6 Inman, 
1975 

Sharp L Nef f, 1982 

u S = static, R = renewal, fT = f lo*-through, U = unmeasured, M = measured. 

l u Results we expressed as mercury, not as the chemical. 

l m* Not used in calculation of Species Mean Acute Value because data are avallable for a more sensltlve life stage. 

l *** “Less than” values were not used In calculations. 

e*rr*No Species Mean Acute Value calculated because acute values are too divergent for thls sPecles= 
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SPOC1.S 

Cladoceran, 
Daphnla magna 

Cladoceran, 
magna Daphn I a 

fathead alnnou, 
Plmephales pronelao 

fathead minnow, 
Plmephales promelas 

Cladocefan, 
maqna Oaphn i a 

Cladoceran, 
maqna Daphnla 

Brook trout, 
SalvelInus fontlnalls 

Cladoceran, 
Daphnl a magna 

Hyald, 
Mysldopsls bahla 

LC*# 

~‘u.4 

Lc 

ELS 

LC*a* 

Ly*** 

LC 

auuu* 

LC 

FRESHWATER SPECIES 

uercur yl I I 1 

Mtwcur Ic 0.72-1.28 
chloride 

0.96 Bleslnger, et al. 
1982 

Mercur I c 
Chloride 

0.91-1.82 1.287 HesInger, et al. 
I982 

Mercur Ic 
chloride 

<0.26***** (0.26 Snarskl 4 Olson, 
1982 

mrcurlc 
chlor Ide 

<&23’fi*” co.23 Call, et al. 1983 

Wethv lmercurv 

Wethy lmercur Ic <0.04***” 
chloride 

MethylmercurIc 0.52-0.87 
chlwlde 

MethylmercurIc 0.29-O. 93 
chloride 

Other Mercury Compounds 

Pheny lmercur Ic I. 12-1.90 
acetate 

ao.04 l3leslnger, et al. 
1982 

0.6726 Bleslnger, et al. 
1982 

McKlm, et al. 
1976. 

Bleslnger, et al. 
1982 

SALTWATER SPECIES 

Mercury(ll) 

Mercur Ic 
chloride 

0.8-1.6 

0.5193 

1.459 

I.131 Gentlle, et al. 
1982, 1983; 
Lussler, et al. 
Manu scr I pt 

36 



Table 2. (Ccmtlnudl 

w LC - Ilfa cycle or partial llte cycle, ELS = early life stage. 

WI) Results are expressed as mercury, not as the chenlcal. 

www Flow-through 

Iwww Renewal 

l wwwwAdverse effects occurred at this concentration, uh Ich was the lowest concentration tested. 

AcuteChronIc Ratlo 

Species 

Cladoceran. 
magna Daphnla 

Cladoceran, 
magna Daphn I a 

Fathead ml nnow, 
Plmephales promelas 

Fathead mlnnou. 
Plmephales promelas 

Mysld, 
Mysldopsls bahla 

Brook trout 
Salvellnus tontlnalls 

Acute Value 
(w/L) 

Hercuryt I I) 

5 

Chronk Value 
Q&L) Rat10 

0.96 5.208 

5 1.287 3.885 

168 (0.26 xa46.2 

150 <0.23 a652.2 

3.5 I.131 3.095 

Methy lmercury 

73.89+ 0.5193 142.3 

t GecmetrJc mean of 2 values from McKlm, et al. (1976) In Table 1. 
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28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

I8 

I7 

GNlUS)(#r, 
Acute V8Itm 

h.dL) 

2,000 

2,000 

2,000 

1,200 

1.200 

1,000 

1,000 

406.2 

370 

275 

250 

240 

FRESHWATER SPECIES 

Mercuryfll) 

Stonef ly, 
Acroneurla lycorlss 

WaYflY, 
Ephenerella subrarla 

Caddlsf ly, 
Hydropsyche bettenl 

Caddlsfly, 
(Unldentlfled) 

Oamselfly, 
Wnldentlfled) 

worm, 

Mozambique tl lapla, 
Tllapla mossamblca 

Tubl flcld worm, 
Splrospwma ferax 

Tubltlcld worm, 
Splrosperaa nlkolskyl 

Snail, 
5 I exa hypnorum 

Ra Inbow trout, 
Salmo qalrdnerl 

TubI t lcld worm, 
pul stadrl lus mult lsetosus 

Tublflcld worm, 
Rhyacodrllus montana 

2,000 

2,000 

1,200 

1,200 

1,000 

1,000 

330 

500 

370 

275 

250 

240 
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Tablo 3. 

Gmus wnn 
Acuto Value 

trdLl 

16 240 

I5 

I4 

I3 

I2 

II 

IO 

9 

8 

7 

6 

5 

4 

3 

180 

I80 

I60 

158.7 

140 

140 

100 

80 

80 

50 

30 

20 

20 

spoclos 

Cblm sahm, 
Oncorhynchus klsuich 

Tubl f lcld rot-a, 
L lmnodrl lus bof fmelsterl 

Mosqultof Ish, 
Gambusla afflnls 

Bluegl I I, 
Lepoml s macrochlrus 

Fathead ml nnou, 
Plmephales prawlas 

Tub) f kid uorm, 
Tublfex tublfex 

Tubltlcld worm, 
Stvlodrllus herlnqlanus 

Tublf lcld uorm, 
Varlchaeta paclflca 

Tub1 f Icld worm, 
Branchlura sowerbyl 

Snal I, 
Amnlcola sp. 

Crayf Ish, 
Orconectes llms~s 

GUPPY, 
Poecl I la retlculata 

Crayf Ish, 
Faxonella clypeatus 

MI dge, 
Chlronomus sp. 

240 

180 

180 

160 

158.7 

140 

140 

100 

80 

80 

50 

30 

20 

m 
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Table 1. Nontlnuod) 

enus )lur 
Acut. Value 

Ranka (r&L) 

2 10 

I 2.646 

29 1,678 

28 400 

27 315 

26 230 

25 230 

24 230 

23 158 W-pod, I58 
Eurytamwa at f Inl s 

22 I20 Ollgochaete worm, 
Llmnodrl loldes 
verrucosus 

I20 

Spdn 

-hIpod, 
Gsrvarus sp. 

Cladoceran, 
Daphnla llaqna 

C ladoceran, 
Oaphnla pulew 

SALTWATER SPECIES 

Mercury( I I) 

WI ntor flounder, 
Pseudopleuronectes 
amer I canus 

Soft-shell clam, 
* arenarla 

Foursplne stickleback, 
Apeltes puadracus 

Northern horse mussel, 
Modlolus modlolus 

W-pod, 
Nltocra splnlpes 

01 I gochaete worm, 
Honophy I ephorus 
cutlculatus 

s2Z!%~n SpulmsWwa 
Acuto4%ronIc 

4 &Lb Aatlo 

IO 

3.157 4.490ww 

2.217 

1,678 

400 

315 

230 

230 

230 
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Table 3. 

Ranka 

0 

7 

6 

5 

4 

uantlnuad1 

Gwus haa 
Acuta Valw 

Ml/L) 

I4 

I4 

11.97 

7.357 

6.703 

5.8 

4.8 

3.5 

SPdes 

Green crab, 
Carcl nus l aenas 

Polychaste worm, 
Capltella capltata 

Copepod, 
Acartla clausl 

Copepod, 
Acart I a tonsa 

Dungeness crab, 
Cancer maql ster 

Pacltlc oyster, 
Crassostrea g lqas 

Eastern oyster, 
Crassostrea vlrqlnlca 

Blue mussel, 
Wytllus edulls 

Q-hog cl-, 
Wercenarla fnercenarla 

Hysld, 
Mysldopsls bahla 

Spaclrnmn 
Acut. Valm 

hi/L) 

I4 

I4 

IO 

14.32 

7.357 

5.944 

7.558 

5.8 

4.8 

3.5 3.095 

l Ranked from most reslstant to most sensltlve based on Genus Mean Acute Value. 

**Geometric mean of two values In Table 2. 
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Table 3. lContInued1 

Genus Meim 
Acute Va I urn 

Rank. (#lq/L) 

21 98 

20 98 

19 97.98 

18 90 -63 

I7 

I6 

I5 

I4 

I3 

12 

II 

10 

9 

89 

79 

70 

67.4 

60 

50 

36 

20 

I7 

Specl as 

Species Mean 
Acuto Va I uo 

( rg/L) 

01 I gochaete worm, 
Tub1 f lcoldes gabrlel lae 

Haddock, 
Helanoqrammus aegleflnus 

Pofychaete worm, 
Neanthes arenaceodentata 

Atlantic sllverslde, 
Uenldla menldia 

Tidewater sl Iverslde, 
Henldla penlnsulae 

Bay seal lop, 
Arqopecten I rradlans 

Wepod, 
Pseudodlaptomus coronatus 

Sand worm, 
Nerel s VI rens -- 

Hummlchog, 
Fundulus heteroclltus 

Start lsh, 
Arterlas torbesl 

fierml t crab, 
Paqurus lonqlcarpus 

spot, 
Lelostrnnus xanthurus 

American lobster, 
Homarus amerlcanus 

White shrimp, 
Penaeus setiterus 

98 

98 

97.98 

115.7 

71 

89 

79 

70 

67.4 

60 

50 

36 

20 

I7 

Species Mean 
Acute-Chronic 

Ratlo 
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Table 3. Mcintl mad) 

Mercurv(ll) 

Flnal Acute-Chronic Ratio = 3.731 (see text) 

Fresh rater 

Flnal Acute Value = 4.857 “g/L 

cri terlon maximum concentration h (4.857 ~g/Ll / 2 = 2.428 ug/L 

Flnal Chronic Value = (4.857 rg/L) / 3.731 = 1.302 rg/L 

Salt water 

Flnal Acute Value = 4.125 pg/L 

Criterion ~xlmum concentration = (4.125 ~g/Ll / 2 1 2.062 pg/L 

Final Chronic Value = (4.125 ug/L) / 3.731 = 1.106 rg/L 
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Table 4. Toxlclty of Mmmury to Aquatic Plants 

SPmdms 

AkP, Wercur I c 
Chlorel la vulgar18 chloride 

Alga, 
Chlorella vulgarls 

Mercuric 
chloride 

Alga, 
Chla-ells vulqarls 

Mercuric 
chloride 

Alga, 
Chlorel la vulqarls 

Mercur Ic 
chloride 

Alga. 
Anabaena flos-aquae 

Blue alga, 
Hlcrocystls aeruqlnosa 

Green alga, 
Scenedesmus quadrlcauda 

Alga, 
Selenastrum caprlcornutum 

Euraslan waterml lfol I, 
Hyrlophyl lm splcatum 

Alga, 
hnabaena flos-squae 

Alga, 
Chlwella vulgarls 

aIrlcrl 

Mercur Ic 
chloride 

Mercur ! c 
chlor Ide 

Mercur k 
chlarlde 

Mercur I c 
chIarId6 

Hercurlc 
chloride 

Effut 

FRESHWATER SPECIES 

MercuryIll) 

3ktay EC50 
(ccl I dlvlslan 
InhIbItIon) 

LC!WJ 

LC50 

l5-day EC50 
(growth) 

EC50 (growth) 

B-day lnclplent 
Inhlbltlon 

B-day lnclplent 
InhIbItIon 

lnhlblted 
gro*th 

J&day EC50 
(root welght) 

Methylmercury 

Methylmercuilc 
chloride 

EC50 (growth) 

Methylmercur Ic 
chloride 

1%day EC50 
(growth) 

Ruult 
(r!a/L1e 

1,030 

100-I ,Olnl 

148-296 

443-592 

53 

5 

70 

59 

3,400 

6.0 

0.6-4.0 

Rmfwmncm 

Rosko 6 Rschlln, 
1977 

Glpps & Blro, 1978 

Ral, 1979; Ral, et al. 
1901 

Ral, et al. I981 

Thomas 4 Mantes, 1978 

BrIngmann, 1975; BrIngmann 6 
Kuhn, 1976, 1978s,b 

BrIngmann, 1975; BrIngmann 6 
Kuhn, 1976, 197Ba,b, 1979, 
198Otl 

Slooff, et al. 1983 

Stanley, 1974 

Thomas 6 Hontes, 1978 

&al, et al. 1981 
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Tab). 4. 02mtlnud) 

SpUlU 
ftmwlt 

Chenlcal fffwt &m/L,@ I?ofu- 

Other Mercury Canpounds 

Alga, Phenylmercurlc 
Anabaena f I orsquae acetate 

Alga, 
Thalassloo 

Seaweed, 

#I ra aesteva I 

Ascophy I I um nodosum 

Ir 
Mercuric 
chlar Ide 

Wercur Ic 
chloride 

Reduced 
chlwophyll a 

IO-day EC50 
(grouth) 

Dlatan, Mercuric 5-day EC50 
Dltylum brlqhtwellll chlor Ide (grouthI 

Seaweexl, 
F ucus serratus 

Mercur Ic 
chlor Ide 

IO-day EC50 
(growth) 

Seaweed, 
Fucus spiral Is 

Herarr Ic 
chloride 

IO-day EC50 
(growth) 

Seaweed, 
Fucus veslculosus 

Mercur Ic 
chlorlde 

IO-day EC50 
(growth) 

Glant help, 
Macrocystls pyrlfera 

t&cur Ic 
chloride 

4-day EC50 
(grout h) 

Seaweed, 
Pelvetla canallculata 

Hercur Ic 
chloride 

IO-day EC50 
(growth) 

EC50 (gromth) 2.0 Thomas (I kites. 1978 

SALTWATER SPECIES 

Hmzury(lll 

IO 

loo 

IO 

160 

80 

45 

50 

I30 

Holllbmgh, et al. 
I980 

Strcmgren, 19643 

Canter ford 6 
Canter ford, 1980 

Strangren, I980 

Strcmgren, 1980 

Strangren, 1980 

Clendennlng & North, 
1959 

Strangren, 1980 

* Results are expressed as mercury, not as the chemical. 
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SP0Cl.S 

Rainbow trout, 
Salmo galrdnerl 

Fathead ml nnow, 
Plmephales procaelss 

Ralnbcu trout, 
Salmo qalrdnerl 

Ralnbow trout, 
Salmo qalrdnerl 

Brook trout, 
Salvef lnus fontlnal lo 

Brook trout, 
Salve1 lnus fontlnsi Is 

Brook trout, 
Salvellnus fontlnalls 

Fathead minnow, 
Plmephales promelas 

Eastern oyster fadul t), 
Crassostrea vlrqinica 

American lobster (adult), 
Homarus amerIcanus 

Tablm 5. 

TISSW 

Whole body 

Whole body 

Whole body 

Whole body 

Muscle 

Whole body 

Muscle and 
whole body 

Whole body 

Soft parts 

Tal I mscie 

el~I~tlan of wwtu8-y tly AquatIc ofgaalur 

our8tlon Bl-trmt1aa 
ChUlCJJl (days) FXt@+ 

FRESHWATER SPECIES 

Mercuryf I I ) 

Mercuric chloride 60 

Murcurlc chloride 287 

Rot Yancm 

Boudou I Rlbeyrs, 1964 

Snarskl 6 Olson, 1982 

Met hy imercury 

Methylrercu Ic 
chloride 

60 11,000 Boudou A Rlbeyre, I964 

Methylmercur Ic 
chloride 

75 85,700 NI Id 4 Lowe-Jlnde, 
1984 

Methylmercur Ic 
chloride 

273 I l,oO0- 
33,ooo 

McKIr, et al. 1976 

Methy I mercur Ic 
chforlde 

273 10,0ocb 
23,600 

HIa, et al. 1976 

MethylmercurIc 
chloride 

756 12,000 CcEKlm, et al. 1976 

Methylmercur Ic 
chloride 

336 44,130- 
0 I ,670 

Olson, et al. 1975 

SALTWATER SPECIES 

Mercuryf I I) 

Mercuric chloride 74 

Mercuric chloride JO 

10,000 Kopf ier, 1974 

I29 Thurbery, et al. 1977 
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Tablo 5. Kontlnud) 

LbImtlar Bl-*at loa 
SPuas Tl ssuo ChdCd (days) F8CtOf’ Rmfr- 

Methylmercury 

Eastern oyster (adult), 
Crassostrea vlrglnlca 

Soft parts Methylm~cut~c 
chloride 

74 40,Doo Kcpf\er, 1974 

Other Mercury Canpounds 

Eastern oyster (adult), 
Crassostrea vlrglnlca 

Soft parts Phenylmrcurlc 
chlwlde 

14 40,000 Kopf ler, 1974 

l Results are based on marcwy, not the cherlcal. 

**From concentrations that caused adverse effects In a life-cycle test* 

bfaxlmua Permlsslble Tissue hncontratlon 

COClSUlrer 

Man 

Cancentr8t Ion 
Mlon level ar Effect m/kg) Ref weme 

A&Ion level for edible 1.0 U.S. FDA, 1964a,b 
flsh or shellflsh 

Wink, Hlstolcglcal evidence 
Hustela vlson of Injury 

(1.1 Hobeser, 1976a,b 

Brook trout, 
Salve1 lnus fontlnalls 

Death (700 days) 5-7 McKln, et al. 1976 

Wethy Imercury 

Freshwater Flnal Residue Value - (1.0 mg/kg) / 81,700 = 0.000012 &kg = 0.012 pg/L (see text) 

Saltwater Flnal Residue Value - (I.0 mg/kg) / 40,000 = 0.000025 mg/kg = 0.025 ug/L 

Mercury(lll 

Freshwater Flnal Residue Value = (1.0 my/kg) / 4,994 = 0.00020 mg/kg - 0.20 &L (see text) 

Saltwater Flnal Residue Value = (I.0 my/kg) / 10,000 = 0.00010 mg/kg = 0.10 ug/L [see tact) 
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Tablo 6. Othw Data on EffoCtS Of MUCUQ om AquatIC OfgMlw 

sped OS 

Alga. 
(Spring assemblages, 
predcnnlnantaly dlators) 

Alga, 
Ankl strodesnus braunl I 

Alga, 
Anklstrodesmus braunll 

Alga, 
Ankl strodesmus sp. 

Alga, Mercur Ic 
Synedra ulna chloride 

Green alga, 
Scenedesmus quadrlcauda 

Mercur I c 
chloride 

Green alga, 
Scenedesmus quadrlcauda 

Mercur I c 
cyan I de 

Bacteria, 
Escherlchla toll 

Mercur I c 
chloride 

Bacteria, 
Escherlchla toll 

ktfwcur I c 
cyan1 de 

Batter I a, 
Pseudomonas put I da 

Protozoan, 
Entosl phon su lcatun 

Her cur I c 
chloride 

Mer cur I c 
chloride 

Protozoan, 
Chllomonas paramecium 

Mercuric 
chloride 

Protozoan, 
Uronema parduczl 

Mel- cur I c 
chloride 

Chrlcal Duration Lffwt 

FRESHWATER SPECIES 

Mercury( I I) 

Uftrwrlc 
chloride 

Merwr I c 
chloride 

Uercur I c 
chloride 

Uercur I c 
chloride 

2 hrs 

168-240 hrs 

24 days 

IO days 

0.29 days 

96 hrs 

96 hrs 

16 hrS 

72 hrs 

48 hrs 

20 hrs 

EC50 (reduced 
photosyntheslsl 

EC50 \\nhlb\ted 
llpld blOSyntheS\S) 

InhIbIted grouth 

More toxic at pli = 
5 than pH = 7 

BCF-29,000 

Inclplent 
InhIbItIon 

lnclpl ent 
InhIbItIon 

lnclplent 
InhIbitIon 

lnclplent 
lnhlbltlon 

Inclplent 
Inhlbltlon 

lnclpl ent 
InhIbitIon 

Inclplent 
lnhlbltlon 

lnclpl ent 
lnhlbltlon 

Result 
&a/L)@ 

a0 

2,590 

74 

5 

3o*fl 

ISO’fi 

200 

200 

10 

I8 

15 

67 

Ret mromca 

Bllnn, et al. 1977 

Matson, et al. 1972 

Trevors, 1982 

Baker, et al. 1985 

r$ta 4 HashlzuPe, 

Elrlngmann A Kuhn, 1959a,b 

BrIngmann 6 Kuhn, 1959a,b 

BrIngmann 6 Kuhn, 1959a 

&I ngmann &.Kuhn, 1959a 

Brlngraann 6 Kuhn, 
1976, 1977a, 1979, 1980b 

Brl ngtnann, 1978: Brl ngmann 
A Kuhn, 1979, 1980b, 1981 

Brinqinann. et al. 1980; 
Br\ ngmann 4 Kuhn, 1981 

Bringmann d Kuhn, IJ80a, 
1981 
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Tablo 6. (Contl nuad) 

Specln Chmlcal 

Protozoan, Metcur I c 
Mlcroreqma heterostoea chloride 

Protozoan, 
WI crorfwma hsterostoma 

Werwrlc 
cyan I de 

Hydra, 
ol lgactl s Hydra 

Planarlan, 
Dugesl a I ugubrl s 

Tublflcld worm, 
Tubl fex tub1 few 

Mercur I c 
chlor lde 

Mercur I c 
chloride 

Mercur I c 
chloride 

Snal I, 
staqnal I a Lymnaea 

Mussel, 
Marqarltlfera margarltlfera 

Mercur I c 
chloride 

Mercur I c 
nl trate 

Clsdoceran, 
Dlaphanoscmna x. 

twcur I c 
chloride 

Cladoceran, 
Daphnia 9aleata mendotae 

Uercur I c 
chloride 

Cladoceran, 
Daphn I a maqna 

Cladoceran, 
Daphnl a magna 

Mercur I c 
chloride 

Met-cur ic 
chloride 

Cladoceran, 
Daphn l a magna 

Cladoceran, 
Daphn l a naqna 

Cladoceran, 
fiormlna longlrostrls 

Met-cur I c 
cysnlde 

Mercur I c 
chloride 

Met-cur ic 
chloride 

Ouratlan 

28 hrs 

28 hrs 

48 hrs 

48 hrs 

.48 hrs 

48 hrs 

39 days 

3 irks 

3 wks 

3 wks 

48 hrs 

40 hrs 

24 hrs 

3 wks 

Effut 

lncl pl ent 
lnhlbl tlon 

Rmsult 
&Q/W 

I50 

Inclplent 
InhIbItIon 

I60 

LC50 56 

LC50 55 

LC50 3,200 

LC50 443 

BCF=302 

Reduced ppulatlon 
density 

2.8 

Reduced population 
dens1 ty 

2.2 

Reproduct I ve 
Impairment 

3.4 

EC50 30” 

EC50 2o*fi 

LC50 I3 

Reduced population 
dens1 ty 

2.8 

Rmf wonca 

BrIngMnn 4 Kuhn, 1959b 

BrIngmann 6 Kuhn, 1959b 

Slooff, 1983; Slooff. 
et al. I983 

Sloof f, 1983 

Qureshl, et al. 1980 

Slooff, 1983; Slooff, 
et al. 1983 

Mel linger, 1973 

Marshall, et al. 
1981 

Marshall, et al. 
I981 

Wesinger 6 
Chrl stensen, 1972 

Brlrgmann 6 Kuhn, \959a,b 

BrIngmann & Kuhn. I959a,b 

BrIngmann A Kuhn, 1977b 

Marshal I, et al. 
1981 
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Table 6. Kontlnumd~ 

SP0CI.S Chrlcal 

Natural copepod Mercur Ic 
assembi ages chloride 

Mercur Ic 
chloride 

Whlpod, 
Gamarus sp. 

Mercur Ic 
nltrate 

Crayflsh (male, mlxed ages), 
Faxonells clypeatus 

Hercur Ic 
chloride 

Crayf Ish (0.2 g), 
Faxonella clypeatus 

brayfIsh (1.2 g), 
Faxonella clypeatus 

Mercuric 
chloride 

Wercur Ic 
chloride 

Crayf Ish (adult), 
Orconectes I lmsus 

Mercur 1 c 
chloride 

Crayf lsh (JuvenIleI, 
Orconectes llmosus 

Wcurlc 
cnlorlde 

Crayf Ish (Juvenile), 
Orconectes llmosus 

W-cur I c 
chloride 

Crayf Ish (male, nlxed ages), 
Procambarus c I ark I 

Freshwater canmun I ty 
I pr lnary producers, 
herb1 vores and 
cam I vorous midges) 

Mercuric 
chloride 

Mercur I c 
chloride 

Mosquito, 
Aedes aeqyptl 

Mercur 1 c 
chlor Ide 

Hosqulto, 
Aedes aeqyptl 

Mercur I c 
chloride 

Wrath 

7 days 

7 days 

7 days 

72 hrs 

24 hrs 

612 hrs 

5% hrs 

30 days 

30 days 

72 h-s 

1 v 

48 hrs 

48 hrs 

Result 
Effect @/W 

Reduced growth 
rate 

WF=2,500 

BCF-2,500 

LC50 

Lc50 

Lc50 

LtiO 

l.c!io (unfed) 

LC50 (fed) 

LC50 

Reduced algal standlng 
stock and dlverslty; 
no evidence of effects 
on l ldges 

LC50 

Lc50 

28.3 

200 

l,ooo 

1,000 

740 

2 

<2 

200 

0. I 

Rotueaco 

Rorymann, 1980 

Zubarl k d O’Connor, 
1978 

Helt L FIngerman, 
1977 

Melt & FIngerman, 
1977 

tielt 6 Flngerman, 
1977 

Doyle, et al. 1976 

Ebutet b 
Chalsmartln, 1973 

Routet 4 
Chalsemartln, 1973 

Helt d FIngerman, 
1977 

Slgmon, et al. 1977 

4,100 Slooff, et al. 1983 

776 Slooff, et al. 1983 
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Tablo 6. WontI nued) 

Species 

Pink SSIIHI (embryo). Hercur Ic 
Oncorhynchus gwbuscha sulfate 

Plnk sahnon (pm-eyed mbryo), Mercur lc 
Oncorhynchus qcirbuscha sulfate 

Pink salinon (larva), 
Oncorhynchus qorbuscha 

Sockeye sallaon (ernbryol, 
Oncorhynchus nerka 

Sockeye salnon 
(pm-eyed unbryo) , 
Oncorhynchus nerka 

Sockeye salmon ( larva), 
Oncorhynchus nerka 

.Sockeye salmon (Juvenl lel, 
Oncorhynchus nerka 

RaInbow trout (juvenl le), 
Salmo qalrdnerl 

RaInbow trout (Juvenl le) , 
Salmo qalrdnerl 

Ralnbow trout (Juvenl le), 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdner I 

Rainbow trout, 
Salmo qalrdnerl 

Rainbow trout (embryo, larva), 
Salmo qalrdner 1 

t4ercur Ic 
sulfate 

Mercur I c 
su I t ate 

Mercuric 
sul fate 

Hercur lc 
sulfate 

Uercur lc 
sulfate. 

Mel-cwlc 
chloride 

Hercur Ic 
chloride 

Mercur I c 
chlorlda 

W-cur Ic 
chloride 

Mercur Ic 
chloride 

Met-cur I c 
chlorlde 

Duration Effect 

2 days <tlae EC32 to EC81 
frun fertlllza- (deformity) 
tlon to hatch 

5.2 

2 days <tlrae LCIOO 8.5 
frw fertll lra- 
tlon to stage 

168 lus CC50 

2 days <tine EC45.6 
fran fertl I Iza- (defomlty) 
tlon to hatch 

140 

4.3 

2 days dtlme LCIOO 9.3 
from fertll Ira- 
t Ion to stage 

168 hrs 

168 hrs 

24 hrs 

2 hrs 

I wk 

80 mln 

28 days 

Lc50 

Lcso 

LC50 

Depressed olfactory 
bul her response 

Growth lnhlbltlon 

Effected osmo- 
regulation 

ho I dance 
threshold 

EC50 (death and 
deformlty) 

290 

I90 

903 

74 

2.1-21 

100 

0.2 

4.7 
5.0 

Reference 

Servltl & Martens, 
1978 

Servlzl I Martens. 
1978 

Serv I z 1 6 Martens, 
1978 

Servlzt 6 Martens, 
1978 

Servlzl 6 Martens, 
1978 

Servlrl & Martens, 
1978 

Servlzl 6 Martens, 
1978 

Yobeser, 1973 

Hara, et al. 1976 

Hatida, et dl. 1971 

Lock, et al. 1981 

Black 6 i3lrge, 1980 

Blrge, et al. 1979, 
1980 



lablo 6. ant Imml) 

SpecI# 

Ralnbow trout (abryo, I~NI), 
Salmo qalrdnwl 

Kalnbou trout (mbrvo. larval, 
Salvo galrdnerl . r 

nercw lc 
chloride 

Ralnbow trout, Merarr Ic 
Salmo galrdnerl chlorlda 

RaInbow trout, 
Salmo zlrdnerl 

Mercur Ic 
chloride 

Goldf Ish (embryo, larva), 
Carasslus auratus 

Goldflsh (mnbryo, larva), 
Carasslus auratus 

Met-cur l c 
chlorlda 

Wcurlc 
chlwlde 

Ccmfnon carp, 
Cyprlnus carplo 

Mercur lc 
chloride 

Fathead minnow, 
Plmephales promelas 

Marcur Ic 
chloride 

White sucker (adult), 
Catostcnws cotmwson I 

Mercur Ic 
chloride 

White sucker (adult), 
Catostrnnus ccmmw son I 

Hercur 1 c 
chloride 

Channel catf I sh (embryo, 
lctalurus punctatus 

arva) , MerclN- Ic 
chloride 

Channel cat f I sh (embryo, 
lcta lurus punctatus 

arva), Met-cur Ic 
chloride 

chealul 

l4Brcurlc 
chloride 

Channel catf lsh (embryo, larva), Mercuric 
lctal urus punctatus chloride 

Channel catf Ish (embryo, larva), Mercuric 
lctalurus punctatus chlor Ide 

lhratloa 

28 days 

28 days 

5, I8 ao 

48 hrs 

7 days 

7 days 

fd-72 hrs 

48 In-s 

36 aln 

46 mln 

IO days 

10 days 

IO days 

Efhct 

EC50 (death and 
defarmlty) 

OHIO (death and 
defwalty) 

Result 
(L&L)* Rotuaaco 

(0. I 

0.9 

:&13, et al. 1919, 

Blrae. et al. 1981 - - 

Substantlal 
aorta1 lfy 

b. 12-0.24 Blrge, et al. 1979 

LCM 480 Slooff, et al. 1983 

EC50 (death and 121.9 Ellrge, 1978; Blrge, 
deformity) et al. 1979 

EC50 (death and 0.1 Blrge, 1978; Blrge, 
deform1 tyl et al. 1979 

Reduced hatch Ing 3P34J tiuckabee 6 Grlftlth, 
success 1974 

lC50 37 Slooff, et al. 1983 

Blood snzpe Ulli) 8,000 Chr Istensen, 1972 
lnhlbltlon 20s 

Blood enzyme (GOT) 10,000 
lnhlbltlon 201 

Chr Istensen, 1972 

EC50 (death and 
deloralty) 

30 Blrge, et al. 1979 

EC50 (death and 
deformlty) 

0.3 Blrge, et al. 1979 

Increased 
albinlsm 

f3CF=44 l-2071 

0.5 Westerman A Blrge, 
1978 

Blrye, et al. 1979 
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Tablo 6. uhnt I wed) 

SWAM Chrlcal 

Channel catf Ish (embryo, I arva), t&cur Ic 
lctaiurus punctatus chlwlde 

Hosqul tof ish, Wercur lc 
knbusla af f lnls chloride 

GUPPY I Metcur 1 c 
Poecllla fetlculata chloride 

GUPPY. Wercw Ic 
Poecllla retlculata chloride 

Olueglll (embryo, larva), Mwcur Ic 
macrochlrus Lepomls chlor Ide 

Redear sunf Ish (embryo, larval, Mercuric 
Lepomls nlcrolophus chloride 

Largamouth bass (embryo, larva), Mercuric 
Hlcropterus salfnoldes chloride 

Largemouth bass (embryo, larva), Hercurlc 
Hlcropterus salmoldes chloride 

Largemouth bass, 
Hlcropterus salmoldes 

Mozambique tl lapla, 
TI lapla mossamblca 

Mozambique tl I apla, 
TIlapla ar>ssamblca 

Pig frog (embryo, larva), 

Meraw Ic 
nl trdte 

Mercur Ic 
chloride 

Mercur 1 c 
chloride 

River frog (embryo, larva), Mercur Ic 
Rana heckscherl chlwlde 

Leopard frog (embryo, larva), Mercur Ic 
chlwlde 

llurat1on 

IO days 

Result 
Ettut hl/L)~ 

w-4.4-353 

Retumca 

Urge, et al. 1919 

al0 days Lc50 500 Boudou, et dl. 1979 

24 hrs lc50 I3 Hamdy, 1977 

48 hrs Lc50 303 Sloof f, et al. 1983 

7-8 days EC50 (death SIbd 
deform1 ty) 

68.7 Blrge, et al. 1979 

7-8 days EC50 (death and 
deformity) 

137.2 Urge, et al. 1979 

8 days 

8 days 

24 hrs 

35 days 

48 hrs 

7 days 

7 days 

7 days 

EC50 (death and 
deformItyI 

EC50 (death and 
deformlty) 

130 
140 

5.3 

Affected opwcular 
rhythm 

IO 

Cl I nlcal symptans 310 

LC50 1,000 

EC50 (death and 
deformlty) 

67.2 Blrge, et al. 1979 

EC50 (death and 
deform1 ty) 

59.9 Blrye, et al. 1979 

EC50 (death and 
deform1 tyl 

7.3 Urge, et al. 1979 

Urge, et al. 1978, 
1979 

tilrge. et al. 1979 

Wryan, 1979 

Panlgrahl A Wlsra, 
1980 

Menezes & Qaslm, 1983 
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Tablo 6. mmtInwd) 

RIIUI t 
(W/L)* Refrmco 

!.3 
Blrge, l t 81. 1978, 
1979 

Effact 

EC50 (death and 
deform1 ty) 

ChdUl 

Mercuric 
chloride 

lhN8tIon 

7 days 

Sp0cl.S 

Narrowmouthed toad 
(embryo, larva), 
Gastrophryne carollnenSlS 

Green toad lenbryo, larva), Mercur Ic 
Buto debllls chloride 

Fouler’s toad (embryo, larva), 
lhto fouler1 

MerCW Ic 
chloride 

Red-spotted toad 
(embryo, larva), 
But0 punctatus 

krcur 1s 
chloflde 

Northern wicket frog 
(embryo, larva), 
Acrls crepltans 

Mercur Ic 
chloride 

Southern gray treef rog 
(embryo, larva), 

Hyla chrysoscel l s 

Mercur lc 
chlwlde 

Spr Ing peeper (embryo, larva), 
u cruel fer 

Mercur Ic 
chloride 

Bark1 ng treet rog 
(embryo, larva), 

m grat I osa 

Mercur lc 
chloride 

Squirrel treetrog 
(embryo, larva), 

Hyla squlrel la 

Mercur lc 
chloride 

Gray treetrog (embryo, larva), 
Hyla verslcolor 

Mercur Ic 
chloride 

African clawed frog, 
I aev I s Xenopus 

Atrlcan clawed frog, 
Xenopus laevl s 

Hercur I c 
chlor Ide 

Mercur Ic 
chloride 

7 days 

7 days 

7 days 

EC50 (death and 
detormlty) 

ECSO (death and 
deforalty) 

ECSO (death and 
deform1 ty) 

40.0 Blrge, et al. 1979 

45.9 Elrge, et al. 1979 

36.8 t31rge. et al. 1979 

7 days EC50 (death and 
def oral ty) 

10.4 Blrge, et al. 1979 

2.4 Blrge, et al. 1979 7 days EC50 (death and 
deformltyl 

7 days 

7 days 

EC50 (death and 
detormlty) 

EC50 (death and 
detoralty) 

2.8 Blrge, et al. 1979 

2.5 Blrge, et al. 1979 

7 days EC50 (death and 
deforulty) 

2.4 Blrge, et al. 1979 

7 days 

11 lms 

48 hrs 

EC50 (death and 
deform1 ty) 

Substantial 
mwtaI Ity 

LCSO 

2.6 Blrge, et al. 1979 

0.16-0.2 Blrge, et al. 1978 

74 Sloott d Bderselman, 
1980; Slooff, et al. 
1983 
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Tablo 6. (ContImed) 

Species 

Marbled salamander 
(embryo, larva), 
Ambystana opacur 

Alga, 
Ankl strcdesmus braunl 1 

Alga, MethylmercurIc 
Coel astrurr ml croporum chloride 

Alga, 
Scenedesmus obllquus 

MethylmercurIc 
chloride 

Alga, 
Wlcrocystls lncerta 

Methylmercurlc 
chlcrlde 

Planarlan, 
dorotocephala Ougesla 

fklssel, 
Margarltlfera margarltltera 

hphlpd, 
Gammarus sp. 

RaInbow trout (JuvenIleI, 
Salmo galrdnerl 

Ralnbow trout (juvenl le), 
Salmo qalrdnerl 

Ralnbou trout (juvenl le), 
Salmo galrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

RaInbow trout, 
Salmo galrdnerl 

ChaIml 

Clercur lc 
chloride 

Methylppercurlc 
chloride 

MethylmercurIc 
chloride 

MethylmercurIc 
chloride 

Kethylmercur Ic 
chloride 

Hethy I mercur Ic 
chloride 

Methylmerarr Ic 
chloride 

Methylmercur Ic 
chloride 

Methy Imercur Ic 
chloride 

Methylmercur Ic 
chloride 

Result 
Duratlorr Effod kl/w Rofumca 

7-8 days EC50 (death and 108 Blrge, et al. 1978, 
detanlty) 107.5 1979 

Methy Imercury 

ILB-240 hrs Llpld blosynthesls, 1,598 Matson, et al. 1972 
m30 

EC50 (growth B2.444.8 tiolderness, et al. 

14 days 

I4 days 

4 days 

57 days 

7 days 

Inhlblilon) 

BCF~2,lOO (MaxI- 
IWI by third day)*” 

6CF=990 Wax lnrr 
by thlrd day)“’ 

LC50 

EEf=2,463 

fCF=8,000 (approx.) 

84 daysMfi** BCF=4,530 (whole 
flsh, 5 Cl 

04 days”** BCF=6,620 (whole 
tlsh, IO Cl 

84 days**** tW=8,049 (whole 
tlsh, 15 C) 

InhibIted grouth 

I4 days approxlmate LC60 

- 1975 

Havllk. et al. 1979 

Hevllk, et al, 1979 

200-500 Best, et al. 1981 

Mel I IlKJar, 1973 

Zubarlk 6 O%onncr, 
I978 

Relnert, et al. I974 

Relnert, et al. 1974 

ReInert,,et al. 1974 

0.0037-0.037 Watlda, et al. 1971 

0 Bl ant, 1973 

55 



Tablo 6. (Continued) 

SPecles cflemlcel 

Ralnbou trout, Methyllercurlc 
Salmo galrdnerl chlor Ide 

RaInbow trout, 
Salmo salrdnerl 

Methy lmercur Ic 
chloride plus 
I norgan Ic 
mercury 

Ralnbou trout 
Iembryo, larva), 
Salmo galrdnerl 

Ra Inbow trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

brook trout (embryo) , 
Salvellnus fontlnalls 

Brook trout (alevln), 
Salvellnus fontlnalls 

Brook trout (alevlns), 
Salvellnus tontlnalls 

Brook trout (Juvenile), 
Salvellnus tontlnalls 

Brook trout, 
Salvellnus tontlnalls 

comma0 carp, 
Cyprlnus carplo 

Cbsqultotlsh, 
Gambusla attlnls 

Methy Imercur lc 
chloride plus 
lnorganlc 
mercury 

Methy lmercur Ic 
chloride 

Hethy lmercur lc 
chloride 

Methylaercur lc 
chloride 

Wethylmercurlc 
chloride 

Methylmercurlc 
chloride 

Methylmercur Ic 
chloride 

Hethy lmercur Ic 
chloride 

MethylmercurIc 
chloride 

ourat loll 

I wk 

I20 days 

24 days 

269 days 

30 *In 

16-17 days 

Incubation 
period 
+ 21 days 

JO days 

I4 days 

8 days 

16 days 

<24 hrs 

Lffoct 

Effected OSYT 
regulation 

Loss of appetl te 

EC50 (death and 
deforrlty) 

Loss of nervous 
control 

EC50 (Reduced 
vlabl Ilty of sperm) 

Decreased enzyme 
(GOT) activity 

Reduced growth 

Increased ,enzyme 
(GOT) act Ivl t-y 

Increased blood 
plasma chloride 

Increased cough 
trequency 

Reduced protel n 
synthes Is 

LCSO 

fbsult 
0’ 

5 

48 d/kg 
In food 

5 

1,000 

0.88 

0.7 

0.79 

2.93 

Reform 

Lock, et al. 1981 

Matlda, et al. 1971 

Blrge 6 Black, 1977 

Uatfda, et al. 1971 

McIntyre, 1973 

ChrIstensen, 1975 

ChrIstensen, 1975 

ChrIstensen, 1975 

ChrIstensen, et al. 
1977 

Drwnnond, et al. 
1974 

>3 

0.05 Sharma 6 Davis, 19f3Db 

500 Boudou, ef al. 1979 
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Table 6. Gontlnudl 

sPec1os 

Wosqul tof I sh, 
Gambusla afflnls 

Mosqul taf I sh, 
Gambusla afflnlr 

MosquItofIsh, 
Gambusla aff lnls 

Mosqultoflsh, 
Gambusla aff lnls 

Blueglll (juvenile), 
nacfoch lrus Lepcm!s 

BluegIll (juvenile), 
Lepcmls nacrochIrus 

Blueglll (juvenile), 
macrochlrus Lepcmls 

Leopard frog (tadpole), 

Leopard frog, 

Leopard frog 
(blastu la embryo], 

Ctldtil 

Methylaercurk 
chlor Ide 

MethylmercurIc 
chloride 

MethylmercurIc 
chloride 

Hethylmerawlc 
chloride 

MethylmercurIc 
chloride 

Methy Imercur Ic 
chloride 

Methy lmercur Ic 
chloride 

MethylmercurIc 
chloride 

MethylmercurIc 
chloride 

MethylmercurIc 
chloride 

Dlbratl~ 

30 days 

30 days 

30 days 

30 days 

28.5 days 

28.5 days 

28.5 days 

48 hrs 

4 In05 

5 days 

Effect 

BCF=2,5DO 
(whole flsh, 
IO C) 

EICF=4,300 
(uhole f kin, 
18 Cl 

ECF=3.000 
(whole f Ish, 
I64 ug/kg In 
food, IO Cl 

tXF=27 ,ODO 
(whole flsh, 
238 @kg In 
food, 26 Cl 

6CF=373#*““ 
iuhole fish, 
9 Cl 

8CF=92I**“* 
(uhole f lsh, 
21 C) 

fXF=2,400*~‘*’ 
(whole f Ish, 
33 Cl 

LCIOO 

Failure to 
inetimWphOse 

LC50 

SQ-loo 

I-IO 

12-16 

Boudou, et al. 1979 

Boudou, et al. 1979 

Bwdou, et al. 1979 

Boudou, et al. I979 

Cuber, et al. 1978 

Cember, et al. 1978 

Cember, et al. 1978 

Chang, et al. 1974 

Chang, et al. 1974 

Dlal, 1976 
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Tablo 6. (Continued) 

Speclw 

Leopard frog 
(gastruls embryo), 

chrlul 

MethylmercurIc 
chlwlde 

Leopard frog 
(neural plate embryo), 
Rana pl pl ens 

Wethylmercur Ic 
chloride 

Leopard frog Methy Imercur lc 
(blastula embryo), chlor ldo 

Leopard frog MethyImercurIc 
(gastru la embryo), chloride 

Leopard frog 
(neural plate embryo), 
Rana plplens 

Mathy laercur lc 
chloride 

Newt, 
Trlturus vlrldescens 

MethyIRercurlc 
chloride 

Newt, 
Trlturus vlrldescens 

Methy lmercur Ic 
chloride 

Newt, 
Tr ltwus vlrldescens 

Hethy lmercur lc 
chloride 

Mink (a&l t), 
Hustela vlson 

Methylmercur lc 
chloride 

Ulnk (adult), 
hstola vlson 

Methylmercurlc 
chloride 

Alga, 
(FlorIda Lake assanblage) 

Methy lmercur Ic 125 hrs Reduced b lcuaass 0.8 Harrlss, et al. 1970 

Durstlcm 

5 days 

Effmct 

LIZ50 

Result 
(WA/L)* 

B-12 

RofwuKo 

Olal, 1976 

5 days uxo 12-16 Dial, 1976 

% trs EC50 
(teratogenerl s) 

Dial, 1976 

96 tu-s EC50 
(teratogenesls) 

Dial, I976 

94 hrs EC50 
(teratogenesls) 

3 days 

I7 days 

Delayed llnb 
regenerat Ion 

Death 

o-4 

6-12 

12 

8 

300 

1,000 

1,100 

Dial, 1976 

Chang, et al. 1976 

hang, et al. 1976 

8 days 

93 days 

93 days 

Death (&hang, et al. 1976 

Hlstologlc wldence 
of Injury 

Wobesor, 1973 

LC50 In train 
tissue 

11,000 Wobeser, 1973 

Other Mercury Compounds 

dlcyandlanlde (approx. 1 
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Tabtm 6. 1Contl nuod) 

l s Spacl 

Alga, 
(FlorIda Lake assemblage) 

Alga, 
Cladophoraceae 

Alga, 
U I othr I chaceae 

Alga, Phenylmercuric 
(Florida Lake assemblage) acetate 

Alga, 
(Florida Lake assemblage) 

DI phenyi 
mercury 

Phenylmercuric 
chloride 

Alga, 
Scenedesmus obliquus 

Alga, 
Mlcrocystls lncerta 

Sponge, 
Ephydatla f luvlatl Ils 

Spo’-‘ge, 
Ephydatla fluvlatllls 

Amphlpod, 
Gammarus sp. 

Crayfish (Juvenile), 
Procambarus clarkl 

Sockeye salmon (JuvenIleI, 
Oncwhynchus nerka 

Sockeye salmon (Juvenl le), 
Oncorhynchus nerka 

Chricai Durat I om 

N-Methy lmercur I c- 
i ,2,3,6-tetrahydrcr 
3,6-methane3 ,I .5,6, 
7,7,-hexachlorcr 
phthailride 

Ethyimercurlc 
phosphate 

Ethylmercurlc 
phosphate 

Phenylmercuric 
chloride 

Mercury 

Mercury 

Pheny lmercur I c 
acetate 

MethylmercurIc 
dlcyandimide 

Pyridylmercurlc 
acetate 

Pyr I dy lmercur I c 
acetate 

125 hrs 

I hr 

I hr 

I25 hrs 

I25 hrs 

I4 days 

14 days 

30 days 

30 days 

7 days 

120 hrs 

1.5 hrs 

I hr 

Effect 

Reduced tdanass 

Nui sance control 

Nul sance control 

Reduced bl oaass 

Reduced bl amass 

RCF=lJ,OOO (MaxI- 
own by third day) 

RCF=4,000 o4axlaum 
by third day) 

Clalformed gemmrz- 
scleres 

LC50 

DCF=El,OOO (approx.) 

LCSO 

LC50 

Safe for dl seas8 
control 

Rnuit 
(ram’ 

0.3 
(approx.) 

38.6 

36.6 

0.5 
fappr0x.l 

2.8 
fapprox. 1 

100-500 

56 

10,5oD- 
15,700 

c954 

Ref arem. 

lbfriss, et al - 1970 

Durrows h Canbs, I958 

Burrows A Canbs, 1956 

twrlss, et al. 1970 

Harrlss, et al. 1970 

lia~llk, et al. 1979 

HiwIik, et al. 1979 

Mysing-Gubala a 
Polrrler, 1981 

Ctyslng-Gubala I 
Polrrler, 1981 

Zubar Ik 6 O’Connor, 
1978 

Hendrick I Everett, 
1965 

Rurrows 6 Palmer, 
1949 

Rucker , I948 

59 



Table 6. (continued) 

Speclos chmlcai Duration 

Sockeye salmon i Juvoni lo), Pyrldylmercurlc 
Oncorhynchus nerka acetate 

Ihr 

Chlnook salmon (fIngerlIngI, 
Oncorhynchus tshawtscha 

Ethylmercuric 
phosphate 

I hr 

ChInook sail, 
Oncorhynchus tshauvtscha 

Ethyi&merCurlC 
phopshate 

20 hrs 

Ral nbow trout (Juvenl ie), 
Saimo galrdnerl 

Pyrldyimerc~ric 
acetate 

I hr 

Ralnbow trout (Juvenl lo), 
Salmo galrdnerl 

Pyrldylrercurlc 
acetate 

I hr 

Ralnbou trout (JuvenIlei, 
Salmo galrdnerl 

Pyrldylmercurlc 
acetate 

I hr 

Rainbow trout lalevin), 
Salmo galrdnerl 

Pyridylmercurlc 
acetate 

I hr 

Rainbow trout (Juvenl lei, 
Salmo galrdnerl 

Pyrldylmercurlc 
acetate 

i hr 

Ral nbow trout, 
Salmo qalrdnerl 

Phenylmercuric 
acetate 

I2 rks 

Ral nbow trout (Juveni IeI, 
Salmo galrdnerl 

Ethy lmercur l c 
phosphate 

48 hrS LC50 43 Cbtlda, et al. 1971 

Ral nbow trout l juvenl IeI , 
Salmo gal rdnerl 

EthylmercurIc 
p-to I’uene 
sultonanlllde 

Effmct 

Safe for disease 
control 

01 stress 

Safe tor dlseaso 
control 

LCIOO 

Len 

LC33 ( 8.3 C) 
(13.3 Cl 

Sate tor disease 
control 

LC60 

Grouth inhlbl tlon 

Retarded learnlng 

Ralnbow trout (JuvenIleI, Pyridylmercurlc 24 hrs LC50 
Salmo galrdnerl acetate 

Ralnbow trout 1 juvenl le), Phenylmercurlc 48 hrs lx50 
Salmo qalrdnerl acetate 

Aasuit 
(ug/L)~ 

<4,752 

77 

Rof YubC. 

Rucker & Whlppio, 
1951 

Ewrous A Combs, I958 

b Burrour & Cmbs, 1958 

1,030 Al II son, 1957 

967 

4,750 
4.750 

<4,750 

AIIIson, 1957 

Rodgers, et al. 1951 

517 

0.11-1.1 

Rucker 6 Whlpple, 
1951 

Al Ilson, 1957 

Matlda, et al. 1971 

5 b&9 In 
feed daily 
of IO l&g 
teed every 
t i fth day 

Hartran, 1978 

25 Ma4a;eod & Pessah, 

1,780 WI llford, 1966 
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Table 6. Kontlnued) 

Speci*s Che*lCal Ouratiorr 

Ralnbou trout (juveni ie), 
Saino qalrdnerl 

Merthlolate 

&own trout f Juvenl ie), 
Salmo trutta -- 

Pyrldylmercurlc 
acetate 

Brown trout ! Juvenl le) , 
Salmo trutta -- 

Brown trout (juvenile), 
Salmo trutta -- 

Pyrldylmercurlc 
acetate 

Werthioiate 

Brook trout (Juvenl le), Pyridylmercurlc 
Salvelinus fontlnalls acetate 

Brook trout L Juvenl le), 
Salvelinus tontlnails 

Pyrldylnercurlc 
acetate 

Brook trout (Juvenl ie), 
Salvelinus tontlnails 

Brook trout (Juvenl le) , 
Salvelinus fontlnalls 

Pyrldyiaercurlc 
acetate 

Merthlolate 

Lake trout (juveni le), 
Salvelinus namavcush 

Pyrldyimercuric 
acetate 

Lake trout (juveni le), 
Salve1 I nus namaycush 

Merthtolate 

Channel cattish (juvenlie), 
lctalurus punctatus 

Pyridylmercuric 
acetate 

Channel cattish (juvenl le), 
lctalurus punctatus 

Pyrldylmercuric 
acetate 

Channel cattish (yolk sac fry), Pyrldylmercurlc 
lctalurus punctatus acetate 

Channel catfish (I wk-old), Pyrldylmercurlc 
I ctalurus punctatus acetate 

40 h’-s 

I nr 

40 hrs 

48 hrs 

I hr 

1 hr 

48 hrs 

48 hrs 

40 hrs 

48 hrs 

72 hrs 

46 hrs 

48 hrs 

48 hrs 

Effect 

Lc5D 

Rosuit 
I l&L)* 

10,500 

Ret ueeco 

wi I I tort-i, 1966 

Sate for disease 
control 

iC50 

4,750 Rodgers, et al. 1951 

2,950 WI I I ford, 1966 

LC50 26.800 WI I I ford, 1966 

Safe for dl seas8 
control 

Safe for disease 
control 

LC50 

2,070 Al II son, 1957 

4,750 Rodgers, et al. 1951 

5,080 WI I Itord, 1966 

LC50 36,900 WI I iford, 1966 

LC50 3,610 WI I I ford, 1966 

LC50 1,060 Wl I ltord, 1966 

LC50 232 Clemens & Sneed, 
IQSBa, 1959 

LC50 (IO C) 
(16.5 Cl 
(24 c) 

LC50 (23 Cl 

I.960 
1,340 

234 

Clemens a Sneed, 
l958b 

I76 

<I48 

Clemens 6 Sneed, 
l956b 

LC50 (23 Cl Clemens 1 Sneed, 
1958b 
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Tablo 6. Montlnuod) 

SPUIW Cherlcal DllfetlcMl trt Et 

Chsnnol catt lsh, Pyrldylmercurlc 48 hrs LC50 
lctalurus punctstur acetate 

Channel catflrh, 
I eta I urus punctatus 

Merthlolate 48 hrs LC50 

Bluegl I I fjuvenl le), 
macrochl rus Lepoml s 

Bluegill (Juvenile), 
Lepoml s macrochlrus 

Pyrldylmercurlc 48 hrs 
acetate 

LC50 

Merthlolato 48 hrs LCSC 

Largmouth bass, 
Mlcropterus salmoldes 

Wercury 21 days Threshold of 
et f ect oporcu- 
lar rhyttku 

Red alga, 
Antlthamnlon plumula 

Alga, 
Chaetoceros qlavestonensls 

Alga. 
Chaetoceros qa I vestonensl s 

AlQ8, 
Chaetoceros qa I vestonensl s 

AlQa, 
Chroomonas sa I I na 

Alga, 
Cyclotel Is sp. 

Alga. 
Dunal lel la sp. 

Result 
lug/L)* Rof uancm 

1,370 WI I I ford, 1966 

2,600 WI I Iford, 1966 

7,600 WI I I tord. 1966 

32,000 WI I Iford, 1966 

SALTWATER SPECIES 

Mercuryfll) 

Uercur I c 
chloride 

30 mln LC50 at ter 7 days 5,OfKi 

Hercur lc 
chloride 

Mer cur I c 
chloride 

Hercur i c 
chloride 

4 days About 30# reduction 10 
In growth 

4 days No grcuth of 100 
cu 1 ture 

4 days BCF-10,920 

Wercur I c 
chloride 

2 days RCF=I353 

Hercur I c 
chloride 

Her cur I c 
chloride 

3 days No qouth ot 100 
cu I ture 

7% reduction In 2,500 

a)2 

IO Cbrgan, 1979 

Boney A Corner, 1959 

l-bnnan, et al. l973b 

Hannan, et al. l973b 

knnan, et al. 1973b 

ParrlSh 6 Cat-r, 1976 

Hannan A Patoul I let, 
1972 

HI I Is 8% Colwel I, 1977 
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Tablo 6. fContlnuul) 

sped 0s 

Alga, 
Dunal lel la tertlolecta 

.Alw, 
Dunal lel la tertlolecta 

Dlatca, Mercur I c 
Nitzchla aclcularls chloride 

D I atom, 
Skeleton- costatum 

Wercur I c 
chloride 

Alga, 
Dunallel la tertlolecta 

&rcur I c 
chloride 

Al%% 
Dunallel la tertlolecta 

Alqa, 
I sochrysl s ~a I bana 

Alga, 
I SOChrySl s qa I bana 

Alga, 
lsochrysls qalbana 

Ke I p ( zoospores, ganetophytes, 
sporophytes), 
Lam1 nar I a hyperborea 

Kelp (zoospores, qametophytes, 
sporophytesb, 
Lamlnaria hyperborea 

Kelp (zoospores, gametophytas, 
sporophytes), 
Laminaria hyperborea 

Chamlcal 

Mercur I c 
chloride 

Mercuric 
chloride 

Mercur I c 
ch 1or.i de 

Mercur I c 
chloride 

Mercuric 
chloride 

Mercur I c 
chlorl de 

Mercurlc 
chloride 

Hercur I c 
chloride 

Mel- cur i c 
chloride 

Durotlon 

8 days 

0 days 

7 days 

I5 days 

3 days 

B days 

15 days 

15 days 

28 days 

28 days 

22 hrs 

28 hrs 

Effect 

About 108 Increase 
In martlnum chlwo- 
phyl I E concentra 
tlon 

About 45% Increase 
In maximum chloro- 
phyll & concentra- 
tlon 

Prevented growth. 

Reduced ccl I 
dens i ty 

About 159 reduction 
In grwth 

No ettect on growth 

About 10s reduction 
In growth 

About 601 reduct Ion 
In qrouth 

Growth rate recovery 
to near normal 
atter day 5 

Lowest concentration 
causl nq growth 
lnhlbitlon 

EC50 respl rat Ion 

Rault 
(us/L)* 

100 

220 

150-200 

0.08 

10 

2 

5.1 

10.5 

10.5 

IO 

about 450 

About 80s reduc- 
tion In 
re5pl rat Ion 

10,000 

Rot ermnco 

fletz, 1977 

Bet!, 1977 

Flora A Fabregas, 1980 

Cloutier-Mantha 6 
Harrl son, 1980 

Davl es, 1976 

Davies, 1976 

Davies, 1974 

Davies, 1974 

Oavi es, 1974 

Hopkins 6 Kain, 1971 

Hopkins 6 Kaln, 1971 

Hopkins 6 Kaln, 1971 
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Tablo 6. KontInuod) 

SPeclms 

Alga, 
Phaeodacty I urn tr I cornutw 

Mercur Ic 
chloride 

Alga, Mercur Ic 
Phaeodactylum trlcornutlrr Chlwlde 

Alga, 
Phaeodactylua trlcornutun 

Red alga (sporllng), 
Plumarla eleqans 

Red alga (sporllng), 
Plumurla eleqans 

Red alga (sporllng), 
Plumarla elegans 

Red alga, 
Plumarla elegans 

Red alga, 
Polyslphonla lanosa 

Alga (mixed), 
Asterlonella japonlca plus 
Dloqenes sp. 

5 seaweed species. 

T. serratus 
Pelvetlacanallculata 

Algae, 
(eighteen species) 

CllVJCaI 

Mercur Ic 
chloride 

Mercuric 
chlwlde 

Mercur Ic 
chlwlde 

Merclr Ic 
chloride 

Hercur Ic 
chloride 

Her cur I c 
chloride 

Mercur Ic 
chloride 

Hercur lc 
chloride 

Mercur Ic 
chloride 

Duration 

4 days 

4 days 

4 days 

24 hrs 

I hr 

18 hrs 

30 aln 

30 rln 

8 days 

10 days 

Rerult 
Effwt JlIll/W 

About 50s rfaductlon 50 
In grwth 

No grwth of 
culture 

I20 

BCF-7, I20 

40s reduction In 
grwth over 21 days 

120 

40% reduction In 1,000 
growth over 21 days 

LC50 after 7 days 3,170 

LC50 after 7 days 6,700 

LCSO after 7 days 8,000 

BcF=3,467 

10-30s reduct Ion ln 
growth 

IO 

Rat Yutc. 

ttannan, et al. \973b 

ttannan, et at. 1973a 

tbnnan, et al. l973b 

Boney, 1971 

Boney, 1971 

fioney, et al. 1959 

Boney d Corner, 1959 

Boney 6 Corner, 1959 

Laumond, et al. 1973 

Straagren, I980 

I7 days Growth lnhlbltlon <5-I5 Berland, et al. 1976 
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Tablo 6. ~Cmtlnuod) 

simclos chalcal 

Alg-, 
(elghteen specles) 

wcur Ic 
chloride 

Algae, Mercur Ic 
(three species) chloride 

Algae, 
(three specles) 

t43rcur Ic 
chloride 

Algae, 
(thr’ee specles) 

Mercur I c 
chloride 

Natva I phytopl ankton 
popu I at Ions 

Wercurlc 
chloride 

Natval phytoplankton 
populations 

kl-cw- Ic 
chloride 

Phytoplankton, 
(Natural assemblages) 

Mercur Ic 
chloride 

Protozoan, 
Crlstlqera sp. 

Mercuric 
chloride 

Protozoan, 
Euplotes vannus 

Mercur Ic 
chloride 

Sand worm (adult), 
Nerels vlrens -- 

Mercur Ic 
chloclde 

Sand worm (adult), 
Nerels vlrens -- 

Met-cur I c 
chlwlde 

Polychaete worm (adult), 
Ophryotrocha dladema 

t&raw lc 
chlor lde 

Pol ychaete worm (adult) , 
Ophryotrocha d ladema 

Mercur Ic 
chloride 

Pol ychaete wotm (adult) , 
Ophryotrocha d ladema 

Marcurlc 
chloride 

Polychaete worm, 
Ophryotrocha dladema 

t&cur Ic 
chlor Ide 

Wrath 

17 days 

168 hrs 

I68 hrs 

I68 hrs 

120 hrs 

96 hrs 

21 days 

12 hrs 

48 hrs 

I68 hrs 

168 hrs 

96 hrs 

96 hrs 

96 hrs 

40 hrs 

Death 

Depressed grwth 30-350 

)(o further 
bloaccmulatlon 

40 

Changes In ccl I 
cheml stry 

m-350 

Reduced chlorophyll 6 

Reduced bl mass 2 

InhIbIted grwth 1 

Reduced go&h 2.5-s 

lnhlbltlon of 
reproduction 

1,000 

LCSO 60 

ICI00 I25 

LCl3 50 

LC60 IQ0 

LCIOO 5oQ 

LC50 30-100 

Rof a-m- 

Elerlsnd, et al. 1976 

Sick a Wlndcln, 1975 

Sick b Ylndar, 1975 

Sick 6 Wlndom, I975 

tiolllbaugh, et al. 
1900 

blllbaugh, et al. 
I980 

Thomas, et al. 1977 

Gray b Vent11 la, 1973 

Persoone 6 
Uyttersprot, 1975 

Elsler b Hennelrey, 
1977 

Relsh 6 Carr, 1978 

Welsh 6 Carr, 1978 

Relsh & Carr, 1978 

Parker, 1984 

65 



Tsblo 6. Uhntlnuod) 

SPecIes 

Blue mussel (larva), 
Wytllus 8dUllS 

Paclf Ic oyster (larva), 
Crassostrea glqar 

Eastern oyster (unbryo) , 
Crassostrea vlrqlnlca 

Eastern oyster (embryo), 
Crassostrea vlrqlnlca 

Eastern oyster (embryo), 
Crassostrea vlrqlnlca 

Clam, 
Mullna lateralls 

Common rangla, 
Rangla cuneata 

Canmm rangla, 
cuneata Ranqla 

Quahog clam (larva), 
Hercenarla mercenarla 

Quahog clam (larva), 
Mercenarla mercenarla 

Soft-shell clam (adult), 
& arenarla 

Soft-she1 I clam (adult), 
- arenar la 

Soft-she1 I clam (adult), 
* arenar la 

Copepods (adult), 
(5 genera) 

Copepods (adu I t) , 
I5 genera) 

Chrl-I 

Mercuric 
chloride 

t48rcurIc 
chlor Ide 

Marcur Ic 
chloride 

Mercur Ic 
chloride 

Hercur Ic 
chloride 

Meraw Ic 
chloride 

Mercur Ic 
chloride 

Hercur lc 
chloride 

Mercur Ic 
chloride 

CIercur Ic 
chloride 

Hercur Ic 
ch I or lde 

Hercur I c 
chloride 

Hercur Ic 
chloride 

Hercur Ic 
chlMld8 

Mercur Ic 
chloride 

Durat Ion 

24 hrr 

24 hrq 

I2 days 

48 hrs 

IQ days 

72 hrs 

96 hrs 

I4 days 

B-IO days 

42-48 hrs 

I68 hrs 

I68 hrs 

I68 hrs 

IO days 

IO days 

R-It 
Effwt JlMl/L.)~ 

Abnormal dwelopmnt 32 

Abnorma I 
development 

Lr.50 

lco 

Trace metal upset 

Reduced cal clua 
uptake 

LC50 (<I g/kg 
sallnlty) 

EEF=I,IJO 
(whole anhal) 

LCM 

LCO 

LCO 

lx50 

LCIOO 

90% d8Cr8aS8 ItI egg 
product Ion 

70% decrease In 
feC.31 pellet 

32 

I2 

1 

50 

26.5 

5,100 

I4 

2.5 

I 

4 

30 

IO 

IO 

Refw- 

Okutx~ & Okubo, 1962 

Okubo & Okubo, IQ62 

Cal abrese & Nelson, 1974; 
Calabress, et al. IQ77 

Cslatx-ese, et al. 
1973 

Kopfler, 1974 

Wing-Shan 4 Zubkof f, 
1982 

01 son 6 Harrel, 1973 

olllor, 6 Neff, 1978 

Calabrese A N8l son, 1974; 
Calabrese, et al. 1977 

tilabrese, et al. 
1973 

Elsler 4 H8nnekey, 1977 

Elsler 6 Hennekey, 1977 

Elsler 6 Hennekey, 
1977 

Reeve, et al. 1977 

Reeve, et al. 1977 
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Table 6. Eontl nued) 

SpUZles 

CopepodS f adul t) , 
(5 genera) 

Copepod (adult), 
Pseudocalanus mlnutus 

Ccpepod fadul t), 
Pseudoca lanus rl nutus 

Copepod (adult) , 
Acartla clausl 

Copeood (adult) , 
Acartla clausl 

Barnacle (adult), 
Ealanus balanoldes 

Barnacle (cyprld), 
Balanus balanoldes 

Barnacle (cyprld), 
Balanus balanoldes 

Barnacles lnaupllus), 
Ba I anus crenatus 

Barnacle (cyprld), 
Ba lanus I mprovl sus 

Whl te shrimp (adult), 
Penaeus set I f erus 

Grass shrimp (larva), 
Palaemonetes vulqarls 

Grass shrlmp (larva), 
Palatmnonetes vulqarls 

Grass shr Imp, 
Palaemonetes puqlo 

Chrlcal 

Mercuric 
chlwlde 

Hercur I c 
ChlWldO 

Merwr Ic 
chloride 

Hercur I c 
chloride 

Mercur I c 
chlorrde 

M-cur I c 
chloride 

Hercur 1 c 
chloride 

Hercurlc 
chloride 

M8r cur I c 
chloride 

Hercur Ic 
Chloride 

M8rcur I c 
Chloride 

Wercur Ic 
chloride 

Hercur I c 
chloride 

Hercurlc 
chloride 

Duratfom 

48 hrs 

70 days 

70 days 

1.9 hrs 

24 hrs 

48 hrs 

6 hrs 

6 hrs 

6 hrs 

40 hrs 

60 days 

<24 hrs 

48 hrs 

120 hrs 

I7 
ttlg In 
ml rture) 

No grwth of culture 5 

No growth lnhlbl tlon I 

LC50 50 

BcF=7,5~ 

Lc90 1,000 

About IOS reducl ton 10 
In substrate attach- 
ment over I9 days 

LC50 90 

LC50 60 

About 50s abnormal 16,600 
develop&t 

NO 8f f8Ct On 
resplratlon, growth, 
or moltlnq 

LCIOO 

1 

56 

Leo 

LC50 

(5.6 

I48 

Ref uemce 

Reeve, et al. 1977 

!ionntag 6 Greve, 1977 

Sonntag 6 Greve, 1977 

Corner 6 Sparrcu, 
1956 

Rellchlro, et al. 
1983 

Clarke, 1947 

Pyef Inch 6 Mott, 1948 

Py8finch & Lbtt, IQ48 

Pyeflnch 6 Mott, 1948 

Clarke, 1947 

Green, et al. 1976 

Shealy 6 Sandlfer, 
1975 

Shealy d Sandlfer, 
1975 

tlarthalmus, 1977 
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Tablo 6. Wxttlnued) 

Sp8Cl.S chadcal 

Grass shrlnp, Mercur Ic 
Palaemnetes pug10 chlor Ide 

Grass shr Imp ( I arva), M8rcur Ic 
PalaemoneteS vulqarls chloride 

Grass shr Imp ( larva), Mercuric 
Palaemonetes vulgarls chloride 

Hermlt crab (adult), 
lonqlcarpus Paqurus 

Hermlt crab (adult), 
Pagurus Ionqlcarpus 

tbrolt crab (adult), 
lmqlcarpus Paqurus 

Green crab (adult), 
Carclnus maenas 

Hercur I c 
chlcrlde 

Hercur I c 
chloride 

Mercuric 
chloride 

M8rcur lc 
chloride 

Green crab (adult), 
Carcl nus maenas 

Hercur Ic 
chloride 

Green crab ( larva), 
Carcl nus maenas 

Wfrcur I c 
chloride 

Green crab (larva), Mercur lc 
Carclnus maenas chloride 

Gr8tXI crab (larval, Hercur Ic 
Carclnus maenas chloride 

Green crab (larva), 
Cart I nus mamas 

Mercur Ic 
chloride 

Gr88n crab ( larva), 
Carcl nus maenas 

Wercur Ic 
chloride 

Gr88tI crab (larva), Hercur I c 
Carcl nus maenas chloride 

Duratlcm 

24 hrs 

48 hrs 

48 hrs 

I68 hrS 

I68 hrs 

168 hrs 

48 hrs 

48 hrs 

47 hrs 

20-30 hrs 

Effect 

ImpaIrad condl- 
tloned avoidance 
response 

Lcso 

RamIt 
w.l/L)' Reformcm 

37 Rurthalrus, 1977 

IO Shealy A Sandlfer, 
1975 

Abnoma I 
developrent 

La] 

LC50 

Lcloo 

LC50 

LC50 

LC50 

LCfio 

IO-18 T,“;;ly & Sandlfer, 

IO 

50 

125 

:;;;er & tkmnekey, 

Elsler it lienn8kEV, 
1977 

Portmann, 1968 

Connor, 1972 

Connor, 1972 

Connor, 1972 

4.3-13.5 hrs LC50 Connor, 1972 

2.7 hrs LC50 

0.5 hrs LC50 

COnnor, IQ72 

Connor, 1972 

0.22 hrs lE50 

\,a00 

1,200 

IO 

33 

100 

1,000 

3,300 

10,000 Connor, 1972 
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Tablo 6. Kontlnud 

SpecI.8 chedcal 

Fiddler crab (adult), Hercur Ic 
Uca pug I I ator chlcrlde 

Fiddler crab (adult), 
Uca pug I I ator 

Fiddler crab (adult), 
Uca puql latw 

Fiddler crab (adult), 
Uca pugllator 

Fiddler crab (zoea), 

Flddl8r crab (20841, 
Uca puql latw 

Fiddler crab (zoea), 
Uca puql later 

Starflsh (adult), 
Asterlas forbesl 

Starflsh (adult), 
Asterlas forbesi 

Starf Ish (adult), 
Asterlas forbesl 

Sea urchin (spermatazoa), 
Arbacla punctulata 

Sea urchin (spermatazoa), 
Arbacla punctulata 

Sea urchin (embryo), 
Arbacla punctulata 

Haddock (embryo) , 
Melanogrammus aeqleflnus 

nercvlc 
chlwlde 

Met-cur Ic 
chlcrlde 

Marcur Ic 
chlcrlde 

Mercur lc 
chlwlde 

Mercuric 
chloride 

Hercur Ic 
chloride 

Mercur Ic 
chloride 

Mefcur I c 
chloride 

Mercurlc 
chloride 

Hercur lc 
chloride 

Mercur I c 
chlwlde 

Mercur lc 
chlwlde 

Mer cur I c 
chlorlde 

Dwatlon 

28 days 

6 days 

6 days 

24 hrs 

8 days 

24 hrs 

5 days 

I68 hrs 

I68 hrs 

168 hrs 

8 mln 

24 mln 

I3 hrs 

96 hrs 

Effut 

Low survival, 
InhIbIted II& 
regenerat Ion 

20-251 reduct Ion 
In percent survival 

20-251 ,reductlon 
In percent wrvlval 

I acreased oxygen 
consmpt Ion 

Lc50 

20-1001 Increase In 
metabol Ic rate 
after stage I Zo8a 

About 40s Increase 

Result 
clldL,* 

1,000 

I80 

lea 

180 

I.8 

I.8 

1.8 
In swlmmlng actlvlty 
of stage V mea 

LCO IO 

LCM 20 

LCIOO 125 

About 150s Increase 20 
In wlmmlng spead 

About m% d8U8aS8 2,000 
In swlmmlng speed 

Abnormal development 92 

LC50 918 

Rofwonu 

Wels, 1976 

:er;knwg A Vernberg, 

M;;berg A Vernbeq, 

Vernberg A Vernberg, 
1972 

D8Caursey A Vernberg, 
1972 

ygysey A Vernberg, 

lIe$ursey A Vernberg, 

EIsler A Hennekey, 
1977 

E I sl er A Hennekey , 
1977 

Elsler A Hennekey, 
1977 

Young A Nelson, IQ74 

Young A Nelson, 1974 

Waterman, 1937 

Card1 n, 1982 
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Tablo 6. mntlnuedl 

Sp0Cl.S 

l4umlchog (adult), 
Fundulus heteroclltus 

ulmn1chog (adul t1, 
Fundulus heteroclltus 

Wuwnlchog (adult), 
Fundulus heteroclltus 

Munmlchog (edu I t) , 
Fundulus heteroclltus 

Mercur Ic 
chloride 

Mercw Ic 
chlor Ide 

Mercur I c 
chlwlde 

Mercuric 
chloride 

Hunmlchog (adult) , 
Fundulus heteroclltus 

Wunmlchog (adu I t) , Mercur I c 
Fundulus heteroclltus chloride 

Mwmnlchog (embryo), 
Fundulus heterocl ltus 

Murmlchq (embryo), 
Fundulus heterocl ltus 

Murmlchog (embryo), 
Fundulus heteroclltus 

Mtmnnlchog (embryo), 
Fundul us heteroc I I tus 

Hunmlchog (I arva) , 
Fundulus heteroclltus 

Mummlchog (adult) , 
Fundulus heteroclltus 

Mmlchog (adult), 
Fundulus heteroclltus 

Munmlchog (adult), 
Fundulus heteroclltus 

Mercur I c 
chloride 

Mercur Ic 
chloride 

Mercur lc 
chloride 

Met-cur I c 
chloride 

Mercur Ic 
chloride 

Mercur I c 
chloride 

Met-cur Ic 
chloride 

Mercur Ic 
chloride 

Dust Ior, 

I68 hrs 

168 hrs 

168 hrs 

24 hrS 

96 hrs 

28 days 

3 days 

3 days 

12 hrs 

32 days 

96 hrs 

40 hrs 

EfbCt 

l.co 

II30 

ICI00 

01 srupted osmoreg- 
ulat Ion 

Affected liver 
enzymes 

Up to 40$ reduction 
In enzyme actlvlty 
before recovery 

Many developmental 
abnormal ltles 

Some developmental 
abnomalltles 

Some developmental 
abnormal ltles 

EC50 

No et feet 

Rasult 
&ldLP 

100 

800 

1,000 

12s 

200 

12 

JO-40 

IO-20 

30-40 

67.4 

50 

Rofwonca 

Elsler & Hennekey, 
I977 

Elsler 6 Hennekey, 
1977 

U;;er a Hennekey , 

Renfro, et al. 1974 

Jackln, et al. 1970 

Jackla, 1973 

Wels 6 Wels, 1977 

Wels h Wels, 1977 

Wels b Wels, 1977 

Sharp 6 Nef f, 1980 

Wels 6 Wels, 1983 

Mercury red I s- 1,000 ug Hg/ Shellne 6 Sclrnldt- 
trlbutlon organs kg body ut Nielson, 1977 
fol loulng Se plus 400 ug 
pretreatment Se/M body wt 

Gel lular 250-5,000 Gardner, 1975 
degeneration 

LCIOO 2,000 Elsler, et al. 1972 
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lablo 6. Kodlnued~ 

Specl.8 

Mumlchog (adult), 
Fundulus heteroclltus 

chdcal 

Mercur lc 
chloride 

Sh lner perch, Mercurlc 
Cymatoqastar aqqreqata chlwlde 

Striped bass (adult), 
Horone saxatl I Is 

Winter flounder (adult), 
Pseudopleuronectes Merlcanus 

Alga, 
Dunallella tertlolecta 

Alga, 
Phaeodactylum trlcornutwn 

Red alga (sporllng), 
Plumarla eleqans 

Alga, 
Tetraselmls succlca 

Alga, 
Chaetoceros sp. 

Alga, 
Cyclotel la sp. 

Alga. 
Phaeodacty I urn sp. 

Red alga (sporllng), 
Plumarla eleqans 

Dlatom, 
Nltzchla actcularis 

Ma-cur Ic 
chloride 

M4rcuc Ic 
chlorlde 

MethylmercurIc 
chloride 

Methy I mercur lc 
chloride 

Methylmercur Ic 
chloride 

Met hy I mercur I c 
chloride 

Dlmethy ltnercury 

Dlmethylmercury 

Dlmethy lmercury 

Hethylmercur 1c 
chlctrlde 

Methylmercur lc 
chlwlde 

Durat Ion Effut 
Result 
bl/L)~ Rof uanco 

96 IN-S Sluggish, UICOOP 1,150 Klaunlg, et al. 1975 
dlnated swlmlng 

4% reduction of 33,900 Abou-Donla 6 Menzel , 
braln chollnester- 
as8 actlvlty 

30 days Decreased resplra- 
tlon 30 days post 
exposure 

60 days Decreased resplra- 
tlon 

Methy Imercury 

IO q ln 

25 days 

18 hrs 

3 days 

3 days 

3 days 

3 days 

25 mln 

3 days 

EC50 
(photosynthesls) 

EC50 
tphotosynthesls) 

IX50 after 7 days 

lnhlblted growth 

About 75% reduct Ion 
In growth 

About ISS reduct Ion 
In growth 

About 45% reduction 
In growth 

EC50 (grouth over 
21 days 

Inh lbl ted growth 

5 

IO 

1967 

Dauson, et al. 1977 

Calabrese, et al. 
1975 

about 170 Overnel I, 1975 

about I90 Overnel I, 1975 

44 

25 

100 

500 

500 

40 Boney, 1971 

25 kwa 6 Fabregas, 1980 

Boney, et al. 1959 

kra 6 Fabregas, 1960 

Hannan 6 Patoull let, 
1972 

Hannan 6 Patoul I let, 
1972 

Hannan 6 Patoulllet, 
1972 
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Table 6. mwltlnuad~ 

Slmcln 

Dlnoflagel late, 
Scrlppslella faaroensa 

Alga, 
Chlorel la sp. 

Alga, 
Chlorel la sp. 

Alga, 
Dunal lel la euchlora 

Alga, 
Dunallella euchlora 

Alga. 
Monochrysls lutherl 

Alga. 
Monochrysls Iutherl 

Alga, 
Phaeodactylum trlcornutum 

Alga, 
Phaeodactylum trlcornutum 

Alga, 
Protococcus sp. 

Alga, 
Protococcus sp. 

Red alga (sporllng), 
Plumarla eleqans 

Red alga (sporl Ing), 
Plumarla eleqans 

Red alga tsporllngl, 
Plumarla eleqans 

chrlcal 

Mercuric 
acetate 

Ethylmercur Ic 
phosphate 

Ethylmercur lc 
phosphate 

Ethy lmarcur Ic 
phosphate 

Ethy liercur Ic 
phosphate 

Ethy lmercur Ic 
phosphate 

Ethy lmercur Ic 
phosphate 

Ethylnercur Ic 
phosphate 

Ethyllnercur Ic 
phosphate 

Ethy lmercur Ic 
phosphate 

EthylmercurIc 
phosphate 

Mercur Ic 
lod Ide 

Ethylmercur Ic 
chloride 

Phenylmercur Ic 
chloride 

Duration 

I4 days 

10 days 

IO days 

10 days 

IO days 

IO days 

IO days 

IO days 

IO days 

IO days 

10 days 

I8 hrs 

It3 hrS 

I8 hrs 

Effact 

No grawth of 
cu I ture 

22% reduction In 
growth 

IOM lethal to 
cu I ture 

MS reduction In 
grouth 

ID0 
f 

lethal to 
cul ure 

pb reduction In 
growth 

IOOS lethal to 
cu I ture 

4% reduction In 
grouth 

100s lethal to 
culture 

14s reduct Ion In 
grawth 

IOO$ I ethal to 
culture 

LCSO after 7 days 

LCSO after 7 days 

LC50 after 7 days 

6 

0.6 

60 

0.6 

6 

0.6 

6 

0.6 

6 

IS6 

26 

54 

Rot u-0 

Kayser, 1976 

Ukelos, 1962 

Ukeles, I962 

Ukeles, 1962 

Ukel es, 1962 

Ukeles, 1962 

Ukeles, 1962 

Ukeles, 1962 

Ukeles, 1962 

Ukeles, 1962 

Ukeles, 1962 

Boney, et al. 1959 

Boney, et al. 1959 

Boney, et al. 1959 
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Tsblo 6. Wmti nued) 

Specl es Chrlcal Ouratlon 

01 atoa, 
Nltrchla dellcatlsslma 

Methy lrercur l c 
dlcyandlarlde 

Blue mussel (adult), 
Mytl lus edulls 

Methylaercurlc 
chloride 

Eastern oyster (adult), 
Crassostrea vlrglnlca 

Methylmercuric 
chloride 

Copepod fadu I t) , 
Acartla clausl 

Methylmercuric 
chloride 

Amphlpod (adult), 
Gammarus dueben I 

Methylmercuric 
chloride 

Fiddler crab (adult), 
Uca sp. 

Methylmercuric 
chloride 

Fiddler crab (adult), 
Uca sp. 

Methylmercuric 
chloride 

Hunrnlchog (adult), 
Fundulus heterocl I tus 

Methylmercuric 
chloride 

Hum1 chog (embryo), 
Fundulus heteroclltus 

Methy lmercur I c 
chloride 

Hummlchog (larva), 
Fundulus heteroclltus 

MethylmercurIc 
chloride 

Hummi chog (embryo), 
Fundulus heteroclltus 

Rethylmercur ic 
chloride 

Striped mullet, 
Mug1 I cephalus 

Methylmercuric 
chloride 

Dlnot lagel late, 
Gymnodlnlum spendens 

Dlnof lagel late, 
Scrl ppsl el la faeroense 

24 hrs 

24 hrs 

I9 days 

24 hrs 

3 days 

32 days 

32 days 

24 hrs 

7 days 

I3 days 

Result 
Effect (rQ/L)fi 

EC50 0.4 
4 photosynthesl s) 

About 901 reduced 400 
feedlng rate 

Trace netal upset 50 

BCF=56,OOD-350,000 - 

Induced dl uresl s 56 

No lllrb 3Dw500 
regeneration 

Melanin absent In 
regerated I inbs 

Disrupted 
osmoregulatlon 

Teratologl cal 
et fects 

Reduced LT50s 

Developed resl stance 
In a pond 

lnhlbl ted fln 
regenerat i on 

Other Mercury Canpounds 

Mercuric 
acetate 

Mercuric 
acetate 

II days 55s reduction In 
govth 

25 days 45s reduction In 
growth, morphologlcal 
variation 

100 

125 

50 

50 

50 

I 

10 

IO 

R~fwonco 

ftarrlss, et al. 1970 

Ckxn, 1976 

Kopt ler, 1974 

Rellchlro, et al. 
1983 

Lockwood 4 Inman, 
1975 

Wels, 1977 

weis, 1977 

Renfro, et al. I974 

Weis, et al. 1961 

Wel s 6 Wels, 1983 

Weis 6 wels, 1984 

Wels 6 Wels, 1978 

Kayser, 1976 

Kayser, 1976 
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Table 6. Icontlnued) 

Speclos ChdaI 

Red alga (sporllng), Pheny Iaefcw Ic 
PlumrIo elegons lodlds 

Red alga (sporllng), 
Plumirla elessns 

Red alga (sporllng~, 
Plumarlo eleqans 

Red alga (sporllng), 
PlumarIa eleqans 

IsomyImercurlc 
chloride 

n-my laercur Ic 
chloride 

I sopropy lrercur Ic I8 hrs 
chlwlde 

Red alga (sporllng), n-propylrercur Ic 
Plumarla eleqans chloride 

Red alga (sporllng), 
Plumarla eleqans 

n-butylnarcurlc 
chlwlde 

Dlatan, 
Nltzchla deflcatlsslma 

Diatom, Phenylmercur Ic 
Nltzchla dellcatlsslma acetate 

Diatom, 
Nltzchla dellcatlsslma 

Dl pheny Imercury 24 hrs 

Diatom, Pheny lmercur Ic 
Nltzchla aclcularls acetate 

Eastern oyster (adult) , 
Crassostrea vlrqlnlca 

Eastern oyster (adult), 
Crassostrea vlrqlnlca 

Mercur Ic 
acetate 

Hercur Ic 
acetate 

12 hrs dally 33$ reduct Ion In 
for 15 days she1 I growth 

60 days l.Css 

Eastern oyster (adult), Phenylmercur Ic 
Crassostrea vlrqinlca chlwlde 

Durstlm 

18 In-s 

I8 hrs 

18 hrup 

LC40 after 7 days 2a Boney, et al. 1959 

I8 hrs LCSO after 7 days I3 Eloney, et al. 1959 

I8 hrs US0 after 7 dsys 13 Eoney, et al. 1959 

N-methy Imercur lc- 24 hri 
I,2,3,6-tetrohydro- 
3,6-methane-3,4,5,6, 
7,7-hexachloro- 
phthal lml ne 

EC50 
(photosynthesIs 

0.3 tbrrlss, et al. 1970 

24 hrs EC50 
(photosynthesls) 

EC50 
( photosynthes I s) 

Inhlbltad gforrth 

1.5 tiarrlss, et al. l9M 

18 Harrlss, et al. 1970 

7 days 

19 days Trace metal upset 

Effwt 

LC50 after 7 days 

LC50 after 7 days 

lCW after 7 days 

ll&su1t 
&l/L)‘ 

IO4 

Rofwmca 

lhnuy, et al. 1959 

I9 Boney, et al. 1959 

I3 Boney, et al. 1959 

25 t&w@ A Fabregas, 1980 

10 

100 

50 

CunnInghan, I976 

Cunninghun, 1976 

Kopf ler-, 1974 
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Tablo 6. KontInuad) 

sPecles 

Copepod (adult), 
Acartla clausl 

Copepod (adu I t) , 
Acartla clausl 

Coho salmon (adult), 
Oncorhynchus klsutch 

Sockeye salmon (Juvenl Id, 
Oncorhynchus nerka 

Sockeye salmon (adult), 
Oncorhynchus nerka 

Sockeye salmon (adult), 
Oncorhynchus nerka 

Chlnook salmon (adult), 
Oncorhynchus tshauytscha 

Thraasplne stlckleback, 
Gasterosteus aculeatus 

chedcal 

Mercur Ic 
acetate 

Ethy Imercur Ic 
chloride 

PyrldylmeraWlc 
acetate 

Pyr ldy lmercur Ic 
acetate 

Pyrldylaercurlc 
acetate 

Pyrldylmercurlc 
acetate 

Pyr Idylmercurlc 
acetate 

Pheny I mercur Ic 
acetate 

* Results are expressed OS mercury, not as the chemical. 

,I In river water. 

l ** Static, contlnual loss over time. 

*#** Not at steady-state. 

t****BCF Independent of concentrat Ion In water over range tested. 

thirst Ion 

1.9 hrs 

1.9 hrs 

12-15 uks, 
1 hr wkly 
8s juven- 
lies 

12-15 wks, 
I hr ukly 

12-15 wks, 
I hr wkly 
8s Juven- 
lies 

12 I-hr 
6BqosIIres~ 
as Juven- 
lies 

35 wks, I 
hr wkly OS 
Juvenl les 

370 mlo 

Effect 

LCSO 

LCSO 

0.03 l g fig/kg we? 
wt muscle 2 yrs 
post-exposure 

1.2 mg Hg/kg wet 
wt muscle I2 reeks 
post-exposure 

0.24 mg Hg/kg wet 
wt muscle 3 yrs 
post-exposure 

0.04 lag Hg/kg wet 
wt auscle 4 yrs 
post-exposure 

up to 0.12 mg fig/kg 
muscle 4 yrs later 

LCIOO 

Result 
(rs/LP 

50 

50 

1,000 

1,000 

l,CQO 

l,ooo 

1,000 

100 

datwnco 

Corner d, Sparrow, 
1956 

Corner & Sparrcno, 
1956 

Amend, 1970 

herd, 1970 

Amend, 1970 

Amend, 1970 

Amend, 1970 

Eloetlus, 1960 
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