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FOREWORD

Seccion 304(a)(1) of che Clean Warer Act of 1977 (P.L. 95-217) requires
the Adminiscractor of the Environmental Proctection Agency co publish criceria
for wacter qualicy accuracely refleccing the larest scientific knowledge on
the kind and extent of all identifiable effects on healcth and welfare which
may be expected from che presence of polluctants in any body of water,
including ground wacer. This document is a revision of proposed criceria
based upon a consideration of comments received from ocher Federal agencies,
State agencies, special interesc groups, and individual scientiscs. The
criceria contained in chis document replace any previously published EPA
aquacic life criceria.

The cerm ""wacer qualicy criceria”™ ig used in cwo secrions of the Clean
Wacer Acc, section 304(a)(l) and seccion 303(c)(2). The term has a different
program impact in each seccion. In seccion 304, the term represeancs a
non-regulatory, scientific assessmenc of ecological effeccs. The criceria
presenced in chis publication are such gcienctific assessments. Such water
qualicy criceria associacted wich specific scream uses when adopred as Scate
wacter qualicty scandards uader seccion 303 become eaforceable maximum
accepcable levels of a pollutant in ambienc wacers. The water qualicy
criceria adopted in che Scate wacer qualicy standards could have the same
numerical limics as che criceria developed under seccion 304. However, in
many situacions Staces may want co adjusc water qualicy criceria developed
under seccion 304 co reflecc local environmencal condictions and human
exposure paccerns before incorporation into wacter qualicy staadards. Ic is
not uncil cheir adoprion as parc of che Scace wacter qualicy scandards chac
the criceria become regulatory. ’

Guidelines co assist cthe States in che modificacion of criteria
nresenced in cthis document, in cthe developmenc of wacer quality scandards,
and in ocher wacter-related programs of chis Agency, have been developed by
EPA.

Edwin L. Johnson
Director
Office of Warer Regulations and Scandards
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Incroduction®

Mercury has long been recognized as one of the mosc ctoxic of che heavy
mecals, but only recently was it idenctified as a serious pollucant in che
aquaric environment (National Research Council, 1978; Narional Research
Council Canada, 1979; Nriagu, 1979). Elemental mercury is a heavy liquid ac
room cemperature and was considered relatively inerc, because ic was assumed
that it would quickly sectle ro the bortom of a body of water and remain
there in an ianocuous stace. However, elemental mercury is oxidized to
mercury(II) under nacural conditions (Wood, 1974). Furchermore, mercury(II),
whecther discharged direccly or produced from elemental wercury, can be
methylared by both aerobic and anaerobic baccteria (Akagi, 1979; Beijer and
Jernelov, 1979; Callahan, et al. 1979; Jernelov, 1971, 1972; Jernelov, ec al.
1975; Nacional Research Council, 1978; Summers and Silver, 1978; Thayer and
Brinckman, 1982; Wright and Hamilcon, 1982). Mercury(Il) can also be
mechylaced in che slime coac, liver, and intescines of fish (Jernelov, 1968;
Matsumura, ec al. 1975; Rudd, ec al. 1980b), bur mecthylarion apparencly does
not occur in other ctissues (Huckabee, et al. 1978; Matida, et al. 1971;
Pennacchioni, et al. 1976) or in plancs (Czuba and Morcimer, 1980). (The
cerm ""mechylmercury'” is used herein to refer only to monomethylmercury, aad
not to dimechylmercury or any other monoorganomercury salt or diorganomercury
compound. Inorganic mercury(II) will be referred to as "mercury(II)".)

The importance of mechylation may be reduced by demechylacion (Bisogni,

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

*An understanding of che "Guidelines for Deriving Numerical Nacional Wacer
Qualicy Criceria for the Proctection of Aquacic Organisms and Their Uses"
(Stephan, ec¢ al., 1985), hereafter referred co as che Guidelines, is

necessary in ovrder to undersrand che following cexc, ctables, and calculacious.



mechanism that controls che concencrarion of methylmercury in sediment and in
wacter. Jernelov, et al. (1975) ciced a case in which low levels of methyl-
mercury in fish from a highly concaminated area coincided with scrong
mechylmercury degrading accivity in cthe sediment. Demechylacion also occurs
in fish (Burrows and Krenkel, 1973; de Freictas, ec al. 1981; Gage, 1964;
Olson, ec al. 1978), probably as part of the depuraction mechanism.

Numerous factors such as alkalinity, ascorbic acid, chloride, dissolved
oxygen, hardness, organic complexing agenrs, pH, sediment, and cemperature
probably affect che acute and chronic coxicicy and biocaccumulacion of the
various forms of mercury (Amend, et al. 1969; Baker, ec al. 1983; Feich, et
al. 1972; Hahne and Krooncje, 1973; Jernelov, 1980; Ramamoorchy and
Blumhagen, 1984: Ribeyre and Boudou, 1982; Rogers and Beamish, 1981, 1983;
Rudd, ec al. 1980&;.Rudd and Turner, 1983a,b; Sharma, et al. 1982; Scokes, ec
al, 1983; Tsai, et al. 1975; Wren and MacCrimmon, 1983; Wright and ﬂamilcon,
1982).

A variecy of scudies have been conducted on the effect of selenium on
the acute coxicity of mercury (e.g., Birge, ec al. 1981; Bowers, ec al. 1980;
De Filippis, 1979; Heisinger, 198l; Heisinger, ec al. 1979; Klaverkamp, ec
al., 1983a; Lawrence and Holoka, 1983; Sharma and Davis, 1980c) and on che
accumulacion of mercury from food and water (e.g., Beijer and Jernelov, 1978;
Chang, er al. 1983; Heisinger, et al. 1979; Klaverkamp, ec al. 1983b; Rudd,
ec al. 1980a; Sharma and Davis, 1980c; Speyer, 1980; Turner and Swick, L983).
Available dara do not, however, show thatr quantictactive relacionships are
consiscent enough for a variecy of aquaric species to enable relating wacer
qualicy criceria to any of these variables.

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

lack of definicive informarion abouc ctheir relacive toxicities, no available
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analytical measurement is known cto be ideal for expressing aquacic life

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

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

probably be measured as tocal mercury (U.S. EPA, 1983a), but boch of chese

measuremencs are probably too rigorous in some situations. Acid-soluble

mercury (operactionally defined as che mercury thac passes through a 0.45 .m

membrane filter after the sample is acidified to pH = 1.5 fo 2.0 wich nicric

acid) is probably rhe besc measurement act the present for the following
reasons:

1. This measuremenc is comparible with all available daca concerning
toxicicy of mercury to, and bioaccumulacion of mercury by, aquaric
organisms. No test resulcs were rejecced jusc because it was likely chac
they would have been subscancially different if they had been reporced in
terms of acid-soluble mercury. For example, resulrs reported in terms of
dissolved mercury would not have been used if che concen:racien of
precipicated mercury was subscancial. :

2. On samples of ambienc wacer, measurement of acid-soluble mercury should
measure all forms of mercury chac are coxic to aquacic life or can be
readily coaverted to toxic forms under natural condictions. In addition,
this measuremenc should not measure several forms, such as mercury chac
is occluded in minerals, clays, and sand or is scrongly sorbed to
particulare maccter, that are not ctoxic and are noc likely to become toxic
un@er natural conditions. Alchough this measurement (and many ochers)
will measure soluble, complexed forms of mercury, such as che EDTA
complex of mercury(II), that probably have low toxicities to aquactic
life, concencrarions of these forms probably are negligible in most

ambient wacter.



10.

Although wacter quality cricteria apply co ambient warer, the measuremenc
used to express criteria is likely ro be used to measure mercury in
aqueous effluencts. Measurement of acid-soluble mercury should be
applicable to effluencs because it will measure precipirates, such as
carbonace and hvdroxide precipicaces of mercury(II), chat mighc exisct in
an effluent and dissolve when the effluent is diluted wich receiving
water. If desired, diluction of effluenc with receiving wacer before
measurement of acid-soluble mercury mighc be used co decermine whecher
the receiving water can decrease the concentracion of acid-soluble
mercury because of sorpcion.

The acid-soluble measurement should be useful for mosc mecrals, chus
minimizing the aumber of samples and procedures that are necessary.

The acid-soluble measurement does not require filtracion act che cime of
colleccion, as does che dissolved measuremenc.

The only treatrment required at the cimé of ;olieccion is preservacion by
acidificaction to pH = 1.5 to 2.0, similar to that required for the coral
measuremenc,

Duracions of 10 minuctes ro 24 hours becween acidificacion and filcracion
probably will not affect che result subscancially.

The carbonate system has a much higher buffer capacicy from pH = 1.5 co
2.0 than it does from pH = 4 to 9 (Weber and Stumm, 1953).

Differences in pH within che range of 1.5 to 2.0 probably will noc affect
the resulct subscancially.

Afrcer acidificacion and filcration of the sample to isolace che acid-
soluble mercury, the analysis for cocal acid-soluble mercury can bhe
performed using permanganace and persulfacte oxidacion and cold vapof

atomic absorpcion (U.S. EPA, 1983a), as wich che toral measuremeant.
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Acid-soluble inorganic mercury can be measured by noc breaking down che
organomercury compounds before using cold vapor atomic absorption.
Mechylmercury has been measured using gas chromacography (Cappon, 1984;
Hildebrand, et al, 1980; Paasivirca, ec al. 1981), chin layer chromaco-
graphy (Kudo, et al. 1982), and liquid chromatography (Gast and Kraak,
1979; MacCrehan and Dursc, 1978).
Thus, expressing aquacic life criceria for mercury in terms of che acid-
soluble measurement has bocth coxicological and praccical advantages. On the
ocher hand, because no measurement is known co be ideal for expressing
aquatic life criceria for mercury or for measuring mercury in ambient wacer
or aqueous effluents, measuremenc of boch cotal acid-soluble mercury and
tocal mercury in ambient wacer or efflueﬁc or boch might be useful. For
example, there might be cause for concern if tocral mercury is much above an
applicable limit, even though total acid-soluble mercury is below che limic.
Unless otherwise nocted, all concentractions reporcted herein are expeccted
to be essentially equivalent to acid-soluble mercury concentracions. All
concentrations are expressed as mercury, noct as cthe chemical cesced. The
criceria presenced herein supersede previous aquacic life wacer qualicy
cricteria for mercury (U.S. EPA, 1976, 1980) because these new cricteria were
derived using improved procedures and addictional informacion. Whenever
adequately juscified, a national criterion may be replaced by a sicte-specific
criterion (U.S. EPA, 1983b), which may include noc only site-specific
cricterion concentractions (U.S. EPA, 1983c), bucr also site~specific duracions
of averaging periods and site-gpecific frequencies of allowed exceedénces
(U.S. EPA, 1985). The latest literature search for information for chis

document was conducted in May, 1984; some newer informacion was also used.



Acute Toxicicy ro Aquatic Amimals

Table 1 contains the primary acute toxicicy daca for chree classes of
mercury compounds: mercury(Il), methylmercury, and ocher mercury compounds,
chiefly organic. The latcer informacion exiscs principally because many of
these compounds were considered for use in ctrearmenc of diseases and concrol
of parasices in fish culcture, although cheir source for enviroamencal concern
is from induscrial and agricultural uses for fungus control. Both phenyl-
mercuric acetace and pyridylmercuric acecace have been called PMA. Tescs
have been conducced on differenct formulactions which contain various
percencages of accive ingredienct and che percencages of acrive ingredient
given by the authors were used to calculace mercury concencracions. When the
percentage of accrive ingredient was not given for pyridylmercuric acecace, 80
percenc was assumed (Allison, 1957).

The freshwater acucre coxicity values indicate cthat cthe difference in
sensitivicy becween differentc species cto a parcticular mercury compound is far
greater chan che difference in seansitivicy of a particular species to various
mercury compounds. For example, the reporced acucte values for mercury(II)

range from 2.217 .g/L for Daphnia pulex co 2,000 .g/l. for che aquactic scages

of cercrain insects, with a continual gradacion in sensicivicty among
incermediacte species (Table 3). On the ocher hand, Joshi and Rege (1980),
Lock and van Overbeeke (1981) and Matida, et al. (1971) found chat various
species were 4 o 31 cimes more sensictive co various organic mercury
compounds chan to mercuric chloride (Table 1).

MacLeod and Pessah (1973) sctudied cthe effect of temperacure on fhe acuce
toxicity of mercuric chloride to rainbow trouc. Ar 5, 10, and 15 C, che
LC530s were 400, 280, and 220 ug/L, respectively (Tables 1 and 6). Clemens

and Sneed (1958b) found a similar effect of cemperature on roxicity to
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juvenile channel cacfish; ac 10, 16.5, and 24 C the acute values for phenyl-
mercuric acecacte were 1,960, 1,360, and 233 ug/L, respeccively (Table 6).

The 28 Genus Mean Acuce Values in Table 3 were calculacted as geomerric
means of the available Species Mean Acuce Values (Tables 1 and 3). Acuce
values are available for more chan one species in each of cwo genera, and che
range of Species Mean Acute Values wichin each genus is less than a factor of
l.6. On the ocher hand, a midge was among cthe mosc sensitive species,
whereas other insects were the most resiscant species. The most sensictive
genus, Dapbnia, is 756 times more sensicive than che most resiscant,
Acroneuria (Table 3). A freshwacer Final Acute Value of 4.857 J4g/L was
obtained for mercury(II) using che Genus Mean Acute Values in Table 3 and the
calculacion procedure described in cthe Guidelines. Not enough dara are
available to calculate a Final Acute Value for mecthylmercury, but che
available data indicate thac it is more acucrely toxic than mercury(II).

Salcwacter fishes and invercebrates both show wide ranges of sensicivi-
ries to mercury(Il). Acute values for fishes range from 36 .g/L for spor to
1,678 ug/L for winter flounder (Tables 1 and 3). Among invertebrates a aysid
has an acute value of 3.5 u.g/L, whereas the value for the sofc-ghell clam is
400 ug/L. Of the 29 salcwater genera for which acute values are available,
the wost sensicive, Mysidopsis, is 479 times more sensitive chan che mosc

resistant, Pseudopleuronecces. Acucte values are gvailable for more chan one

species in each of three genera and the range of Species Mean Acuce Values
within each genus is less chan a factor of 1.7. The salcwacer Final Acuce
Value of 4.125 ug/L was calculated for mercury(II) from the Genus Mean Acute

Values in Table 3.



Chronic Toxicicy to Aquartic Animals

Chronic ctoxicicy tescs with Daphnia maguona have been conduccted on chree

mercury compounds (Table 2). The renewal and flow-through ctechniques
produced similar results for mercury(II), buct the renewal technique produced
much higher resulcs for methylmercury, presumably because of volacilicy. In
addition, a chronic tesc with brook trout on mecthylmercuric chloride yielded
a chronic value of 0.5193 ug/L. Bocth an early life-scage cest and a
life=cycle tesct on mercuric chloride found adverse effects on the fachead
minnow at all concentracions tested including che lowesc of 0.23 ug/L. For
mercuric chloride che acute-chronic racio with Daphnia magna is less than 6,
whereas that with the fachead minnow is greacer chan 600. For mechylmercury
the acute-chronic ratio wich brook crout is 142.3.

A chronic value of 1,131 ug/L was obrained in a flow-chrough life-cycle
exposure of a mysid to mercuric chloride (Table 2). Groups of 30 juvenile
mysids were reared in each of 5 concencracions for 56 days at 21 C and a
salinicy of 30 g/kg. Effects examined included cime co firsc spawn and
produccivity (roral number of young/number of available female spawning days
and tocal number of spawns/number of available female spawning days). No
spawning occurred ac 2.5 J4g/L. Time co spawn and produccivicy ac 1.6 ug/L
were significancly differenc from the controls. The highesct concentracion ac
which no stactistically significanc effect on reproduccive processes was
decected was 0.8 ug/L. Therefore, che chronic limits are 0.8 and 1.6 ug/L
aad che chronic value is 1.131 ag/L. The 96-hr LC50 for chis species in che
s ame scudy was 3.5 ug/L, giving an acute-chronic racio of 3.095 (Table 2).

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

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

and salc water, respectively, and the four mosc sensicive species in each
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wacer are invertebraces. Thus, it seems reasonable ro use the geomecric mean
of these two values as che Final Acute-Chronmic Ra;io (Table 3). Division of
the Final Acute Values by 3.731 resulcs in freshwarer and saltwacter Final
Chronic Values of 1.302 and 1.106 .g/L, respectively. Even though che

fachead minnow was considerably less sensitive chan Daphnia magna in acuce

ctests, che acute-chroanic racio for che fathead minnow is so high rhac its
chronic value is below the Final Chronic Value and probably below the Final
Residue Value (see below). If the acuce-chroanic racio of greater chan 649
for che fathead minnow 1s representacive of racios for ocher freshwarer and
salcwacer fishes, cthen twelve of fourteen tested fish species, including che
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 acucte—chronic racios.

Toxiclty to Aquatic Plancs

Whereas some freshwacter planc values for mercury(II) are abour 1,000
ug/L (Table 4), effects of mercury(II) and mecthylmercury have been observed
at concenctrarions below 10 ug/L, respeccively (Table 6). Some organomercury
compounds have affected algae at concencracions less chan 1.0 ug/L (Table 6).
Although freshwater plancs are relatively insensicive to mercury(II) and
sensitive to methylmercury, chey do not appear to be more sensitive co
methylmercury chan freshwacer animals.

Dacta concerning the roxicity of mercuric chloride to salcwacer plancs
are from four sctudies with eight species of algae. The EC50s (Table 4)
indicace reduction in growth at concentrations ranging from 10 co 160 pg/L.
Wo daca are available concerning the toxicities of orzanomercury compounds Co

salcwacer plancs.



Bioaccumulation

Bioconcencration is a funcction of che relacive races of uprake aand
depuracion. The bioconcencration Factor (BCF) of mercury is high for fish
because uptake is relatively fasc and depuracion is very slow. Thus, che
biological half-life of mercury in fish is approximacely 2 to 3 years (de
Freicas, et al. 1974, 1977; Jarvenpaa, ec al. 1970; Lockharc, ec al. 1972;
McKim, et al. 1976; Mellinger, 1973; Ruohtula and Miectinen, 1975; Sharpe, ec
al. 1977). Depuration of mercury is so slow thact, even in the absence of
exposure ro mercury, long-term reduction in the concencracion of mercury in
fish rissue is largely due to dilution by cissue addicion from growch,
Usually less chan 60 percenc of mercury in invercebraces is mechylated, but
in fish, excepc for young Eish, usually more cthan 70 percent is mechylaced
(Bache, ec al. 1971; Baluja, et al. 1983; Busch, 1983; Cappon, 1984; Cappon
and Smi;h, 1982a,b; Haccula, ec al. 19783; Hildebrand, ec al. 1980; Huckabee,
et al. 1979; Kudo, er al. 1982; Lucen, et al. 1980; Paasivirca, ec al.
1983).

The discribuction of mercury wichin a fish is cthe resulc of che movement
of mercury from che absorbing surfaces (gills, skin, and gascroincescinal
tracc), into the blood, then to the internal organs, and eventually eicher to
the kidney or bile for recycling or elimination or to muscle for long-cterm
srtorage. As cthe rissue concencracion approaches scteady-scace, nec
accumulacion racte is slowed eicther by a reduccion in uprake race, possibly
due to inhibicion of membrane ctransporc, or by an increase in depuracioa
race, possibly because of a sacuracion of storage sictes, or boch. |

High concentracions of mercury in che slime coac of cerctain freshwater
fishes, such as burbot, eels, and norcthern pike, and in che skin of acutely-

exposed fishes are believed to be due ctc the mechylating accivicy of haccreria
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prevalent in the mucous coat (Jernelov, 1968). In addiction, acutely coxic
concentraciona of mercury have been reported co scimulate secrecion 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 eliminacion of mercury(IL) and sloughing of che slime
coat (Burrows and Xrenkel, 1973; Burrows, ec al. 1974). The skin and mucous
coat are in direct contact wich mercury in wacer and can accumulace
proportionacely more mercurv during shorct exposure cthan muscle. During long
exposure there is sufficienc cime for mercury to reach more permanent storage
sites,

Because sorpction at the gill surface is a major pachway of mercury into
aquatic organisms (Fromm, 1977), increases in cemperature and accivicty cause
increases in mecrabolic rate and ventilacion rate and, cherefore, uprake race
(de Freitas and Hart, 1975; Rogers and Beamish, 1981). The relationship
bectween remperature and tissue residues seems ro apply primarily before
steady-sctate is reached (Reinerc, et al. 1974) but also to some exctent at
sceady-scate (Boudou, et al. 1979; Cember, ec al. 1978; Harcung, 1976). The
laccer is difficulct to underscand if sceady-stace resulcs from sacuracion of
available binding sices. Appareancly not only are upcake and depuracion
acceleraced by cemperature (Ruohtula and Miectinen, 1975), bur higher cissue
residues also occur ac higber cemperatures, posibly because the upcake race
increases proportionately more than che depuracion rarce.

Similarly, low concentracions of dissolved oxygen are likely ro increase
both respirarion rate and upcake race. Larson (1976) found thar che low
concentration of dissolved oxygen in a eucrophic lake forced fishes iaco
warmer surface waters to secure adequace oxygen. The warmer surface wacer

apparently scimulaced metabolic rate and increased mercury upcake.
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Increased merabolic rare increases not only vencilacion race bucr also
energy demand and chus increases food consumption and exposure ro mercury
through the food chain. Uptake chrough boch cthe gills and che digestive
cracc is significant for fish, and some daca suggest thac ctissue residues are
higher in organisms exposed via both rouces than via eicher separacely
(Boudou, ec al. 1979; Phillips and Buhler, 1978). The relacive imporcance of
uptake from food for various fish species depends on such chings as
assimilacion efficiency (Phillips and Gregory, 1979), body size, growch race,
and life span (Sharpe, ec al. 1977), and diet (Murray, 1978). Alchough
Murray (1978) did find different conceantrations of mercury in differenc fish
species, Huckabee (1972) and Huckabee, ec al. (1974) found similar coacentra-
cions in boch forage and game fish in cthe same enviroanment.

Haines (1981) reporced chac acid rain tends to scour more mercury from
che air. Acidificacion of a body of water might also iacrease mercury
residges in fish even if no new input of mercury occurs, possibly because
lower pH increases ventilation race and membrane permeabilicy, acceleractes
the races of mechylacion and uptake, affeccs particioning becween sedimenc
and water, or reduces growcth or reproducction 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; Scokes, ec al. 1983; Tsai, ec al. 1975; Wrenn and MacCrimmon,
1983). However, Heiskary and Helwig (1983) did not find a relation becween
pH and mercury in fish.

The available informacion (e.g., Boudou and Ribeyre, 198l; Boudou, et
al. 1977, 1980; de Freitas, et al. 1981; Hamdy and Prabhu, 1979; Hamelink, ec
al. 1977; Herrick, ec al. 1982; Huckabee, ec al. 1979; Jernelov and Lann,

1971; Klaverkamp, et al. 1983¢c; MacCrimmom, ec al. 1983; Norscrom, et al.
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1976; Phillips, er al. 1980; Ribeyre, ec al. 1980; Rogers and Beamish, 1982;
Rogers and Qadri, 1982) indicates thacr che importance of uptake from food
probably depends om the form and coucenctracion of mercury in che diec and on
the size and metabolic rate of che fish. Transfer of mercury from fish to
wildlife predacors has also been observed (Heinz, et al. 1980; Xucera, 1983;
Wren, er al. 1983).

The available freshwater BCFs are lisced in Tablesa 5 and 6. Table 5
contains BCFs only from those studies in which the exposure concentracions
were adequately measured and cthe crissue residues reached sceady-stace or che
test lasted longer than 27 days. Alchough cthe BCFs preseated in Table 6 do
not meect all chese condictions, chey do provide informacion on BCFs for plancs
and illustrace the very important influence of cemperacure on
bioconcentration. |

McKim, er al. (1976) studied the uprake of mechylmercury inco variou;
cissues of brook crout. At concentrations in wacer of 0.93, 0.29, 0.09 and
0.03 ug/L che resulcing concenctracions in muscle afcer 273 days were 10,000,
5,000, 1,900, and 1,000 ug/kg and che corresponding BCFs were 11,000, 17,000,
21,000, and 33,000, respeccively. Because the concencracion of mercury in
che muscle dAid not decrease as much as cthe concentration in wacer, che BCFs
increased as the concentration in water decreased. A possible explanacion
for an inverse relationship between concentraction in water and BCF is chac
steady-stace resulcs from sacturacion of available binding sices (Cember, et
al. 1978). The maximum concentracion in rissue would chen be dependent on
the number of available binding sites and would be independent of the concen-
tracion of mercury in water. If the concencration in Cissue were conscanc,
the BCF would be inversely proportional to the concentration in water.

However, neicher the concencracion in cissue nor Che BCF was constanc. The
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comparable BCFs for the whole body were 10,000, 12,000, 12,000, and 23,000
and are lower than those for muscle. The fish were adversely affecced ac
0.93 ug/L, buc for boch muscle and whole body, che BCF at this concencracion
is in line wich che ocher BCFs. Even chough concentracions up to 0.29 ug/L
did not cause scaciscically significanc adverse effects, the concencracion of
mercury in fish exposed to 0.03 ug/L were at che FDA action level.

Olson, ec al. (1975) obtained much higher BCFs for mechylmercury wich
the farhead minnow, and che BCF was also concentration-dependent. As che
concencracion in the water decreased from 0.247 ug/L co 0.018 ug/L, che
concentracion in che fish decreased from 10,900 ug/kg to 1,470 ug/kg, buc the
BCF decreased from 44,100 co 81,700. The contrasc becween cthe resulcs with
the fathead minnow at 25 C (Olson, et al. 1975) and brook ctrout act 9 co 15 C
(McKim, et al. 1976) is one of considerable interest and potencial
importance. The crout were fed pelleced feed, and so had lictle opporcunicy
for food chain input. In contrasc, the fathead minnow is a browser and
probably fed not only on che incroduced food but also on the Aufwuchs growing
in the test soluction to which mercury had been added. Thus cthe higher BCFs
for the farthead minnow mighc be more represencacive of field situacions in
which fish are exposed to mechylmercury via both che water and food (Phillips
and Buhler, 1978; Phillips and Gregory, 1979; Rogers and Beamish, 1982).
Also, because temperature affeccts bioconcentracion, the fachead minnow might
be more representative of commonly consumed warmwater fishes.

In a 75-day test, Niimi and Lowe-Jinde (1984) found 12 mg/kg in che
whole body of rainbow crouc exposed to 0.15 ug mechylmercury/L (0.14 g
mercury/L) in wacter and 18 ug mercury/kg in food. The BCF of 85,700 is
higher cthan the highest BCF obtained by Olson, ec al. (1975). However, at

0.012 pg/L and 18 ug/kg, chey found 0.053 mg/kg in the trout. This BCF of
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4,077 is lower than the lowesc BCF obtained by McKim, et al. (1976). Also,
although boch McKim, ec al. (1976) and Olson, et al. (1975) found higher BCFs
at lower concencrations in water, Niimi and Lowe-Jinde (1984) found just che
opposice.

The FDA action level for mercury in fish and shellfish is 1.0 mg/kg
(Table 5), and now only applies co the methylmercury in consumed cissues
(U.S. FDA, 1984a,b). In their tesc on mechylmercury, McKim, ec al. (1976)
found that brook trout exposed to 0.03 ug/L conrained- 1 mg/kg in muscle
tissue. However, in ctheir test on mechylmercury wich che facthead minnow,
Olson, ec al. (1975) found chac exposure cto 0.018 .g/L resulced in 1.47 ng/kg
in the fish and a BCF of 81,700. Use of this BCF with cthe FDA accion level
resulcrs in a Final Residue Value of 0.012 .g/L for mechylmercury (Table 5).
The concentration in che fachead minnow is for whole body, buc Heisinger, ec
al. (1979) found no significanct difference between various body comparcmencs.
Furcher, Huckabee, et al. (1974) found chat all fishes in a particular
environment acquired about the same concentracions of mercury in both che
whole body and muscle tissue when chey were chronically exposed co low
concencracions of mercury. On cthe other hand, Heiskary and Helwig (1983) and
McKim, et al. (1976) found hisher concencrarions of mercury in the edible
portion of fish chan in the whole body. Thus che conceuntracion of mercury in
che muscle of some edible species is likely co exceed the FDA action level
when exposed ro methylmercury at a concencracion of 0.012 ug/L.

Although cthe FDA action level only aoplies to mechylmercury in fish and
shellfish, it can be used to derive a wacer qualicy cricerion for mefcury(II)
because mosc of the mercury in fish is mecthylmercury even if the organisms
were exposed to inorganic mercury (de Freitas, et al. 1974; Jeruelov and
Lann, 1971). A BCF of 4,994 was obrained for mercuric chloride in a
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life-cycle tesc wich che fachead minnow (Snarski and Olson, 1982). This BCF
is based on the concencracion of mercuric chloride in che watcer and che total
concenctration of organic and inorganic mercury in che tissue. Even though
a}l concentrations tesced caused adverse effects and the higher concencra-
tions caused more severe effeccs, cthe BCFs were similar act all concencracions
and were lower cthan those obrained with mechylmercury by McKim, ec al. (1976)
and Olson, et al. (1975). Use of the BCF of 4,994 with rhe FDA accion level
of 1.0 mg/kg resulcs in a freshwater Final Residue Value of 0.20 ug/L for
mercury(II) (Table 5). This value of 0.20 pg/L derived for mercury(II)
would, however, be too low if field BCFs are higher than laboractory BCFs, if
warers conrain subsctancial concencracions of mechylmercury, or if mechylacion
processes are accelerared in sediment.

Informacion on the bioconcentraction of various mercury compounds by
salctwarer animals and plants is included in Tables 5 and 6 and by salcwacter
nlankton 1in Table 5. For mercuric chloride, BCFs ranged from 853 co 10,920
with algae. 1In rescs wich che eascern oyscer, 3CFs of 10,000, 40,000, and
40,000 were obtained for mercuric chloride, mecthylmercuric chloride and
phenylmercuric chloride, respectively (Kopfler, 1974). These are similar to
the BCFs obctained with freshwater fish, but the BCF of 129 obtained for
mercuric chloride in tail muscle of the American lobster is much lower.

To protect the marketability of salcwater shellfish for human
consumption, Final Residue Values can be calculated based on che BCFs for che
oyscer and the FDA accrion level of 1.0 mg/kg. Accordingly, cthe Final Residue
Values for mercuric chloride, methylmercuric chloride, and phenylmercuric
chloride are 0.10, 0.025, and 0.025 ug/L, respectively. However, ac these

concentrations fifcty 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 merhyl-

mercury.

Ocher Data

Most of the significanct freshwater and saltwater resulcs in Table 6 have
already been discussed in conneccion with data in Tables 1-5, but a few
addicional items deserve special mencion. Comparable tests with four species
showed that mercuric cyanide was 0.67 to 50 times as toxic as mercuric
chloride. Also,'Birge, et al. (1979) reporred chat flow-through tescts gave
EC50s nearly two orders of magnicude lower than scacic ctescs with rainbow
trout, catfish, goldfish, and largemourh bass {Table 6). Bouquegneau (1979)
found thac preexposure induced mecallochionein produccion, which chen
protected che fish,

Molybdenum (Yamane and Koizumi, 1982) and vitamin E (Gancher, 1978,
1980) affeccs the toxicity of mercury ro mammals, and probably many consumers
of aquatic organisms, as does selenium (e.g., Alexander, ec al. 1979; Berlin,
1978; Nacional Research Council, 1978; Nacional Research Council Canada,
1979; Stopford and Goldwacer, 1975; Scrom, et al. 1979). Wobeser, «r al,
(1976a,b) found methylmercury to be much less toxic to mink when chey were

fed freshwater drum, Aplodinolus grunniens, concaining high mercury cissue

residues than when they were fed a diet to which mechylmercury chloride had
been added. On the other hand, Albanus, et al. (1972) and Charbonneau, et
al. (1974) found similar toxicicy to cats when fed similar dietary
concentracions of mechylmercury, one as a tissue residue in pike and che
other wich mecthylmercury added co the racion.

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

ducks, respectively, food contaminaced wich methylmercuric dicyandiamide.
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These feeding studies extended over two and three generations, resPec:ively,'
and demonstrated reduced hacching success and juvenile survival ac mercury
concencrations chat were estimated to be equivalent to 0.5 and 0.] mg/kg,
respectively, in the natural succulenr food of cthe wild ducks. These resulcs
were not used to estimate a Final Residue Value based on food for wildlife
because cthe dicyandiamide compound mighr not represent che toxicicy of
mechylmercury alone. Nevertheless, these tests suggest cthat the Final
Residue Value might be an order of magnitude too high because at least one of
these authors believes chat the anion had licttle effect on cthe resulcs

(Heinz, 1979b).

Unused Data

Some daca on che effecrs of mercury on aquaric organisms were nor used
because the scudies were conducted with species cthac are nor resident in
Norch Amecrica (e.g., Ahsanullah, 1982; Akiyama, 1970; Dial, 1978a,b;
Heisinger and Green, 1975; Jones, 1939a, 1940, 1973, 1975; Khangarocr, ec al.
1982; Xihlscrom and Hulch, 1972; Krishnaja and Rege, 1982; Machur, ec al.
1981; McClurg, 1984; Murci and Shukla, 1984; Nagashima, ec al. 1983; Saxena
and Parashari, 1983; Shaffi, 1981; Srivascava, 1982; van den Broek and
Tracey, 1981; Verma, et al. 1984), or because cthe test species was not
obrained in Norch America and was not idencified well enough to decermine if
it is resident in North America (Hannerz, 1968). Brown and Ahsanullah (1971)
conducted cests wicth brine shrimp, which species is too atypical to be used
in deriving narional criceria. Reviews by Chapman, et al. (1968), Eisler
(1981), Eisler, et al. (1979), Phillips and Russo (1978), and Thompson, ec

al. (1972) only contain data cthat have been published elsewhere.
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The 96-hr values reported by Buikema, et al. (1974a,b) were subjecc to
error because of possible reproductive inceracciops (Buikema, et al. 1977).
Applegate, et al. (1957) exposed only one or cwo organisms. Dacta were not
used if che mode of exposure was inappropriace for deriving water qualicy
cricteria (Giblin and Massaro, 1973; Lucu and Skreblin, 1981; Schmidc-Nielson,
ec al. 1977; Weisbarc, 1973). 1In addition, data were noc used if mercury was
a component of an effluent (Wong, et al. 1982) or if the rest organisms were
cultured in one wacer and tesced in anocher (Bringmann and Kuhn, 1982),
Bills, ec al. (1977) and Passino and Cocranc (1979) did not report any usable
results. Jones (1935, 1938, 19395, 1947), Miller (19380, 1981), and Nuzzi
(1972) did noc report a clearly defined endpoint.

Resulcts of some laboratory tests were not used because the resc was
conducced in discilled water (McKone, er al. 1971), cthe quality of che
dilucion water or medium was quescionable (Brkovic-Popovic and Popovic,
1977a,b; Carcer and Cameron, 1973; Kim, ec al. 1977a,b; Scary and Kraczer,
1982; Stary, et al. 1982, 1983), or because cthe test solution or culcure
medium concained too much ENTA which would probably complex mercury
(Gutierrez-Galindo, 1981; Knowles and Zingmark, 1978; Scraccon and Corke,
1979; Stratton, et al. 1979),

Data concerning concentracions of mercury in wild organisms (e.g.,
Abernacthy and Cumbie, 1977; Armstrong and Scoct, 1979; Bodaly, ec al. 1984;
Copeland and Ayers, 1972; DiNardi, et al. 1974; Flegal, et al. 1981; Helwig
and Hora, 1983;vHi1debrand, ec al. 1980; Jensen, et al. 1981; Leonzio, ec al.
1982; Marctin, et al. 1984; May and McKinney, 1981; Micchell, ec al. 1982;
Moore and Sutherland, 1980; Murray, 1978; Penningcon, et al. 1982; Phillips
and Buhler, 1980; Price and Knighct, 1978; Ray, et al. 1984; Sheffy, 1978;
Tsui and McCarc, 1981; Wachs, 1982; Warling, et al. 1981) were noc used co

19



calculate bicaccumulacion facctors if cthe concencrations of mercury in che
ambient water during the period of exposure was nor adequately measured.
Studies using isotopic mercury (e.g., Cunningham and Tripp, 1975;
Glooschenko, 1969) were not used because of cthe possibility of isoropic
discrimination.

Results of bioconcentracrion tescs were noct used if cthe tests were
conduccted in distilled warer, were noc long enough, were not flow-through, or
if cthe concentration of mercury in the ctest solucion was not adequacely
measured (e.g., Cunningham and Tripp, 1973; Kim, ec al. 1977a,b; McKone, er
al. 1971; Medeiros, er al. 1980; Middaugh and Rose, 1974; Phillips and
Gregory, 1980; Ribeyre, ec al. 1980; Sharma and Davis, 1980a; Scary and
Kratzer, 1980, 1982; Scary, et al. 1980, 1981, 1982, 1983; Vernberg and

0'Hara, 1972).

Summar
Data are available on the acure roxicity of mercury(II) to 28 genera of
freshwater animals. Acute values for invertebrare species range from 2.2

4g/L for Daphnia pulex to 2,000 ug/L for rhree insects. Acucte values for

fishes range from 30 ug/L for the guppy to 1,000 y2/L for cthe Mozambique
tilapia. Few daca are available for various organomercury compounds and
mercurous nitrate, and they all appear to be 4 to 31 times more acutely toxic
than mercury(Il).

Available chronic data indicate chac mechylmercury is che mosct
chronically toxic of the tested mercury compounds. Tests on methylmercury

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

ug/L. For mercury(II) che chronic value obtained with Daphnia magna was

aboutr 1.1 ug/L and cthe acucte-chronic ratio was 4.5. 1In both a life-cycle
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test and an early life-scage test on mercuric chloride with the fathead
minnow, the chronic value was less éhan'O.Zﬁ ug/L and the acute-chronic racrio
was over 600.

Freshwater plancs show a wide range of sensicivicies to mercury, but che
most sensicive plancts appear to be less sensicive than the mosr sensicive
freshwarer animals to both mercury(ll) and mechylmercury. A biaoconcencrarion
faccor of 4,994 is available for mercury(IL), bur the bioconcentracion
factors for mechylmercury range from 4,000 co 85,000.

Dacta on the acuce ctoxicicy of mercuric chloride are available for 29
genera of saltwacer animals including annelids, molluscs, crustaceans,
echinoderms, and fishes. Acute values range from 3.5 .g/L for a mysid co
1,678 ug/L for wincer flouader. Fishes tend ro be more resistant and
molluscs and crustaceans tend to be more sensitive to the acuce coxic effeccs
of mercury(II). Resulcs of a life-cycle resc wich che mysid show chart
mercury(Ll) ar a concencraction of 1.6 ug/L significancly affecred time of
firsr spawn and productivicty; che resulting acuce-chronic rario was 3.1.

Concentracions of mercury cthac affecred growth and photosynchecic
accivicy of one salctwater diactom and six §pecies of brown algae range frow 10
to 160 ug/L. Bioconcenctration facctors of 10,000 and 40,000 have been

obrained for mercuric chloride and mechylmercury with an oysrer.

National Criceria

Derivacion of a wacer quality cricerion for mercury is more complex chan
for most merals because of mecthylacion of mercury in sediment, in fish, and
in che food chain of fish. Apparently almost all mercury currencly beilng

discharged is mercury(II). Thus mercury(II) should be che only imporcranc
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possible cause of acute toxicity and the Criterion Maximum Concentracions can
be based on the acute values for mercury(IIl).

The best available data concerning long-cterm exposure of fish to
mercury(II) indicates that concentrations above 0.23 ug/L caused statisci-
cally significant effeccs on the fathead minnow and caused the concencracion
of cotal mercury in the whole body to exceed 1.0 mg/kg. Although it is noc
known what percent of the mercury in the fish was mecthylmercury, ic is also
not known whether uptake from food would increase the concencracion in the
fish in nacural situacions. Species such as rainbow trouc, coho salmon, and
especially the bluegill, mighc suffer chronic effects and accumulace high
residues of mercury about the same as the facthead minnow.

With regard to long-term exposure to methylmercury, McKim, ecr al. (1976)
found that brook trout can exceed the FDA accion level without suffering
statistically significant adverse effects on survival, growch, or reproduc-
tion. Thus for methylmercury the Final Residue Value would be substantially
lower cthan the Final Chronic Value.

Basing a freshwater criterion on the Final Residue Value of 0.012 ug/L
derived from che bioconcentration factor of 81,700 for mecthylmercury with che
fachead minnow (Olson, et al. 1975) essentially assumes cthac all discharged
mercury is mechylmercury. On the other hand, there is the possibilicy thac
in field sicuations uptake from food might add to the uptake from water.
Similar considerations apply to the derivation of the saltwater criterion of
0.025 pg/L using the BCF of 40,000 obtained for methylmercury with the
Eastern oyscer (Kopfler, 1974). Because the Final Residue Values for methyl-
mercury are substancially below the Final Chronic Values for mercury(Il), ic

is probably not too important that many fishes, including the rainbow trouc,
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coho salmon, bluegill, and haddock might not be adequately protected by the
freshwater and saltwater Final Chronic Values for mercury(II).

In contrasc to all the complexities of deriving numerical criceria for
mercury, monicoring for unacceptable environmencal effects should be

relacively straightforward. The mosct sensicive adverse effecc will probably

"~

be exceedence of cthe FDA action level. Therefore, exiscing discharges should
be acceptable if the concentracion of mechylmercury in che edible porcion of
exposed consumed species does not exceed the FDA action level.

The procedures described in the "Guidelines for Deriving Numerical
Nacional Water Quality Criteria for the Protection of Aquacic Organiswms and
Their Uses" indicate that, except possibly where a locally imporcanc species
is very sensitive, freshwater aquatic organisms and their uses should not be
affected unacceptably if the four-day‘average concentration of mercury does
not exceed 0.012 ug/L more than once every three years on the average and if
the one-hour average concentracion does not exceed 2.4 ug/L‘more than once
every three years on the average. If the four-day average concentration
exceeds 0.012 yg/L more than once in a cthree-year period, the edible porction
of consumed species should be analyzed to decermine whether the coucentracion
of mechylmercury exceeds the FDA action level.

The procedures described in the "Guidelines for Deriving Numerical
National Water Quality Criteria for the Prorection of Aquatic Organisms and
Their Uses" indicate cthat, except possibly where a locally imporcant species
is very sensitive, saltwater aquactic organisms and their uses should noct be
affected unaccepctably if the four—~day average concenctraction of mercury does
not exceed 0.025 ug/L more than once every three years on the average and if
cthe one—~hour average concentracion does not exceed 2.1 ug/L more than once

every three years on the average. If the four-day average concentration
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exceeds 0.025 ug/L more than once in a chree~year period, the edible porcion
of consumed species should be analyzed cto decermine whether che concentrarion
of mechylmercury exceeds the FDA acction level.

EPA believes thac a measurement such as "acid-soluble" would provide a
more sciencifically correcc basis upon which cto escablish criceria <or
metals. The criteria were developed on chis basis. However, at chis cime,
no EPA approved methods for such a measurement are available to implement che
criteria through cthe regulatory orograms of the Agency and che Staces. The
Agency is considering developmenc and approval of mechods for a measuremenc
such as "acid-soluble". Uncil available, however, EPA recommends applying
the criceria using cthe toral recoverable method. This has two impaccs: (1)
cercain species of some mecrals cannot be analyzed direccly because the tocal
recoverable mecthod does not discinguish bectween individual oxidacion scates,
and (2) cthese criteria may be overly protecctive when based on the tocal
recoverable mechod.

The recommended exceedence frequency of cthree years is che Agency's besc
sciencific judgment of che average amounc of time ir will cake an unscressed
system to recover from a pollurion event in which exposure to mercury exceeds
che cricerion. Stressed syscems, for example, one in which several oucfalls
pccur in a limiced area, would be expecred to require more cime for recovery.
The resilience of ecosystems and cheir abilicy co recovér differ greacly,
however, and site-specific cricteria may be escablished if adequace juscifica-
tion is provided.

The use of crirteria in designing waste treacment facilicies requires che
seleccion of an appropriate wasteload allocacion model. Dynamic models are
preferred for the applicacion of these cricteria. Limited data or ocher
factors may make their use impraccical, in which case one should rely on a
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sceady-scacte model. The Agency recommends che incerim use of 1Q5 or 1Q10 for
Cricerion Maximum Concen:racion (CMC) design flow and 7Q5 or 7Q10 for the
Cricerion Conctinuous Concentracion (CCC) design flow in steady-scace models
for unscressed and scressed systems respectively. These matcters are
discussed in more decrail in cthe Technical Support Document for Wacer Quality-

Based Toxics Control (U.S. EPA, 1985),
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Table 1.
Specles Method®
Tublficid worm, R, U
Branchliura sowerby i
Tublticld worm, R, U
Limnodrilus hofftmelsterl
Tubliticid worm, R, U
Quistadrilus multisetosus
Tubl ficlid worm, R, U
Rhyacodr llus montana
Tubificlid worm, R, U
Splrosperma ferox
Tublflicld worm, R, U
Spirosperma nlkolskyl
Tubl ficid worm, R, U
Stylodrilus heringianus
Tublficld worm, R, U
Tubi fex tubifex
Tublficlid worm, R, U
varichaeta paclfica
Worm, S, M
Nals sp.
Snal!l (embryo}, S, M
Amnlcola sp.
Snall (adult), S, M
Amnlcola sp.
Snall, S, U

Aplexa hypnorum

Acute Toxiclity of Mercury to Aquatic Animals

Chemical

Mercuric
chloride

Mercuric
chloride

Mercuric
chlorlde

Mercuric
chloritde

Mercuric
chloride

Mercuric
chioride

Mercuric
chloride

Mercuric
chioride

Mercuric
chloride

Mercuric
nitrate

Mercuric
nitrate

Mercuric
nltrate

et al. 1982a

et al. 1982a,b

LC50 Specles Mean
or EC50 Acute Value
Apg/L)ns (ug/L)o% Retference
FRESHWATER SPECIES
Mercury(ll)
80 80 Chapman,
180 180 Chapman,
)
250 250 Chapman, et
240 240 Chapman, et
330 330 Chapman, et
500 500 Chapman, et
140 140 Chapman, et
140 140 Chapman, et
100 100 Chapman, et
1,000 1,000 Rehwoidt, et
2,100% % - Rehwo | dt, ot
80 80 Rehwo Idt, et
370 370 Hol combe, et

Mercur ic
chloride

al. 1982a
al. 1982a
al., 1982a
al, 1982a
al. 1982a
al. 1982a,b
al, 1982a
al, 1973
al. 1973
al. 1973

al. 1983
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Table 1. (ContlInued)

Specles

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia magna

Cladoceran (<6 hr old),

Daphnia magna

Cladoceran (<24 hr old),

Daphnia magna

Cladoceran (1-9 day old),

Daphnla magna

Cladoceran,

Daphnia pulex

Amphlpod,
Gammarus sp.

Crayfish (male,
mixed ages),
Faxonella clypeatus

Crayfish,
Orconectes |imosus

Mayfly,
Ephemerelia subvaria

Damsel fly,
(Unidentlfied)

Method®

S, U

Chemical

Mercuric
chloride

Mercuric
chlor lde

Mercuric
chloride

Mercurlc
chloride

Mercurlc
chloride

Mercuric
chloride

Mercuric
chioride

Mercurlc
chlorlde

Mercuric
chioride

Mercurlc
nitrate

Mercuric
chtoride
Mercurlc

chlorlde

Mercuric
chlorlide

Mercuric
nitrate

LC50
or EC50

tug/Ly

Specles Mean
Acute Value

(ugsL)®

Reference

<4, 4nnan

3.177

1,478

2,180

4.4

4.4

S5e2-14,.8%#"

2.217

10

20

3.157

2,217

10

50

2,000

1,200

Anderson, 1948

Blesinger &

Christensen, 1972

Canton & Adema, 1978

Canton & Adema, 1978

Canton & Adema, 1978

Barera & Adams, 1983

Barera & Adams, 1983

Barera & Adams, 1983

Canton & Adema, 1978

Rehwoldt, et al. 1973

Helt & Flngerman,
1977; Heit, 1981

Boutet &
Chaisemartin, 1973

Warnick & Bell, 1969

Rehwoldt, et al. 1973
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Table 1. (Contlnued)

Specles

Stonefly,
Acroneurla |ycorlas

Caddlsfly,
Hydropsyche bettenl

Caddisfly,
(Unldent]fled)

Mldge,
Chironomus sp.

Coho salmon (juvenlle),

Oncorhynchus klsutch

Ralnbow trout (juvenlle),

Salmo galirdner|

Ralnbow trout (juvenile),

Saimo galrdner}

Ralnbow trout (juveniie),

Salmo qalrdner])

Ralabow trout,
Salmo galrdner|

Rainbow trout (juvenile),

Salmo galrdner|

Fathead mlnnow,
Pimephales promelas

Fathead minnow,
Pimophales promelas

Mosquitofish (female),
Gambusla affinls

Guppy (116-157 mg),
Poeclila reticulata

Method® Chemical
S, Mercuric
chlorlde

S, Mercurlc

chlorlide

S, Mercurlic
nitrate

S, Mercurlc
nltrate

R, Mercurlc
chlorlde

R, Mercurlic

chilorlde

FT, Mercurlc
chiorlde

FT, Mercuric
chlorlde

T, Mercurlc
chlorlde

FT, Mercuric
chlorlde

FT, Mercurlc
chlor lde

T, Mercuric
chioride

S, Mercuric
chlorlde

R, Mercuric
chioride

warnick & Bell, 1969
Warnick & Bell, 1969
Rehwoldt, et al. 1973
Rehwoldt, et al, 1973
Lorz, et al. 1978
Matlda,.et al., 1971
MacLeod & Pessah,

MacLeod & Pessah,

Lock & van Overbeeke,
Snarski & Olson, 1982
Cali, et al. 1983

Joshi & Rege, 1980

LC50 Specles Mean
or EC50 Acute Value
Ang/L)ne (ug/L) ** Reference
2,000 2,000
2,000 2,000
1,200 1,200
20 20
240 240
155, 1 -
280 -
. 1973
220 -
1973
420 - Daoust, 1981
275 2715
1981
168 -
150 158.7
180 180
30 -

Deshmukh & Marathe,
1980



6¢

Table 1. (Continued)

LC50 Speclies Mean

or EC50 Acute Value
Specles Method® Chemical Apg/L)s (ug/L)* Reterence
Guppy (362-621 mg), R, U Mercur lc 53,548 30 Deshmukh & Marathe,
Poecl!ia reticulata chlorlde 1980
Blueglil (juvenile), S, u Mercuric 160 160 Holcombe, et al. 1983
Lepomls macrochlrus chloride
Mozambique tilapla, S, U Mercurlc 1,000 1,000 Qureshl & Saksena,
Tilapia mossamblica chloride 1980

Mathyimercury

Rainbow trout (juvenile), R, U Methyimercurlc 25 - Matida, et al. 1971
Saimo galrdnerl chloride

Rainbow trout (larva), R, U MethyImercur ic 24 - Wobeser, 1973

Salmo gairdner| chloride

Rainbow trout (juvenile), R, U Methylmercurlc 42 - Wobeser, 1973

Salmo galrdner| chloride

Ralnbow trout (juvenile), FT, M Methylmercuric 24 24 Lock & van Overbeeke,
Salmo gairdneri chloride . 1981; Lock, et at. 1981
Brook trout (juvenlie), FT, M Methyimercurlc 84 - McKim, et al. 1976
Salvelinus fontinalls chloride

Brook trout (yearling), FT, M Mothylmercuric 65 13.89 McKim, ot al, 1976
Salvelinus fontlnalis chloride

Other Mercury Compounds

Ralnbow trout (juvenile), R, U Phenylmercuric 5 5 Matlda, et al., 1971
Salmo galrdneri acetate

Ralnbow frout (2 mos), FT, M Mercurous 33.0 33,0 Hale, 1977

Salmo gairdnerl nitrate

Goldfish, S, U Pheny Imercurlc 82 82 Etlls, 1947

Carasslus auratus lactate
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Table 1. (Continued)

Specles

Common carp,
Cyprlanus carplo

Fathead mlnnow,
Pimephales promelas

Fathead milnnow,
Pimephales promelas

Channel cattlsh (juvenlile),
lctalurus punctatus

Channel catflsh (juvenlle),
|ctalurus punctatus

Channel catflish (juvenile),
ictalurus punctatus

Channel catflish (juvenile),
Ictalurus punctatus

Channel catfish (juvenile),
Ictalurus punctatus

Channel catfish (juvenile),
fctalurus punctafus

Channel catfish (juvenile),
Ictalurus punctatus

Mosqul toflsh ( female),
Gambusla affinls

Mosqul toflsh ( female),
Gambusla affinls

Mosquitofish (female),
Gambusia affinls

Das & Misra, 1982
Curtls, ot al. 1979;
Curtls & Ward, 1981

Curtis, ef al. 1979;
Curtls & Ward, 1981

Clemens & Sneed, 1959
Clemens & Sneed, 1959
Clemens & Sneed,
Clemens & Sneed,
Clemens & Sneed,
Clemens & Sneed,
Clemens & Sneed,
Joshi & Rege, 1980

Joshi & Rege, 1980

LC50 Species Mean
or EC50 Acute Value®®
Mothod® Chemical lug/L)ee (ug/L) Retference

R, U 2-Methoxy ethyl 139 139

mercuric chlorlde
S, M Mercurlc 40 40

acetate
S, M Mercurlic 115 115

thliocyanate
S, U Ethylmercurlic 51 51

p-toluene

sui fonanil ide
S, u Ethyimercuric 49 49

phosphate
S, U Pheny Imercuric 1,966 1,966

acetate 1959
S, U Pheny Imercur lc 28 28

acetate 1958a, 1959
S, VU Pyridylmercuric <176 -

acetate 1958b
S, U Pyridylmercuric 224 -

acetate 1958b
S, U Pyridylmercuric <153 <182

acetate 1958b
S, U Methoxy ethyl 910 910

mercurlc chlorlde
S, U Phenylmercuric 37 317

acetate
S, U Pheny imercurlc 44 44

acetate (Ceresan)

Joshi & Rege, 1980
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Table 1. (Contlnued)

LC50 Specles Msan
or EC50 Acute Value*®
Specles Method* Chemlcal (pg/L)*# (ug/L) Reference

SALTWATER SPECIES

Mercury(ii)

Polychaete worm (adult), S, U Mercuric 96 - Reish, et al, 1976
Neanthes arenaceodentata chloride

-Polychaete worm (juvenile), S, U Mercurlc 100 97.98 Relsh, et al. 1976
Neanthes arenaceodentata chloride

Sand worm (adult), S, U Mercur lc 70 70 Elster & Hennekey,
Nerels virens chloride 1977

Polychaete worm (larva), S, VU Mercuric 14 14 Relsh, ot al. 1976
Capitelia capitata chloride

Ol igochaete worm, R, U Mercuric 120 120 Chapman, et al, 1982a
Limnodriloldes verrucosus chilorlide

Oligochaete worm, R, U Mercurilc 230 230 Chapman, et al. 1982a
Monopy lephorus cuticulatus chloride

Olligochaete worm, R, U Mercur lic 98 98 Chapman, et al. 1982a
Tublflcoldes gabriellae chloride

Northern horse mussel, S, M Mercuric . 230 230 Hilmy, et al. 1981
Modlolus modiolus chloride

Blue mussel, S, U Mercuric 5.8 5.8 Martin, et al. 1981
Mytilus edulls chloride

Bay scallop (juvenile), S, U Mercur lc 89 89 Nelson, et al. 1976
Argopecten lIrradlans chloride

Pacific oyster, S, U Mercuric 6.7 - Martin, et al. 198]
Crassostrea glgas chioride

Paclfic oyster, S, M Mercuric 5.7 - Glickstein, 1978
Crassostrea gigas chlorlde

Paclflc oyster, S, M Mercuric 5¢5 5.944 Glickstein, 1978

Crassostrea glgas nitrate
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Table 1. (Continued)

Specles

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Common rangia (adult),
Rangia cuneata

Common rangla (adult),
Rangia cuneata

Common rangla (adult),
Rangla cuneata

Common rangla (adult),
Rangla cuneata

Quahog clam,

Mercenarla mercenarla

Soft-shell clan (adult),
Mya arenaria

Copepod,
Pseudodlaptomus coronatus

Copepod,
Eurytemora affinis

Copepod,
Acartia clausi

Copepod (adult),
Acartla tonsa

Copepod (adult),

Acartla tonsa

Copepod (adult),
Acartlia tonsa

Mothod®
s, u

s, u

Chemical

Mercurlc
chloride

Mercurlic
chloride

Mercurlc
chlorlde

Mercuric
chlorlde

Mercuric
chloride

Mercurlc
chloride

Mercuric
chioride

Mercuric
chloride

Mercuri&
chlorlde

Mercurlc
chloride

Mercurilc
chlorlde

Mercurlc
chloride

Mercur ic
chiorlde

Mercuric
chloride

Cal abrase & Nelson, 1974;
Calabrese, et al., 1977
Maclnnes & Calabrese,

Olson & Harrel, 1973

Oison & Harrel, 1973

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

Elsler & Hennekey,

Sosnowskl & Gentile,

Sosnowski & Gentlle,

LC50 Specles Mean
or EC50 Acute Value
Ang/L)ne (pg/L)e Reference
506 -
10,2 7.558
1978
10,000 -
8,700 -
58 - Ditlon, 1977
122 naany Ditlon, 1977
4.8 4.8
400 400
1977
79 79 Gentile, 1982
158 158 Gentile, 1982
10 10 Gentile, 1982
10 -
1978
14 -
1978
15 -

Sosnowskl & Gentile,
1978
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Table 1. {(Continued)

Specles

Copepod (adult),
Acartia tonsa

Copepaod,
Nitocra spinipes

Mysid,
Myslidopsls bahia

White shrimp (adult),
Penaeus setlterus

American lobster (larva),
Homarus amer |canus

Hermit crab (adult),
Pagurus longlcarpus

Dungeness crab (larva),

Cancer maglster

Dungeness crab (larva),

Cancer maglster

Green crab (larva),
Carclnus maenas

Starfish (adult),
Asterlas torbesl

Haddock (larva),
Melanogrammus aeqletinus

Mummichog,
Fundulus heterocl|tus

Mummichog,
Fundulus heterocilitus

Mummichog,
Fundulus heteroclltus

Method*

S, u

Chemical

Mercuric
chlorlde

Mercuric
chlorlde

Mercuric
chloride
Mercuric

chloride

Mercuric
chioride

Mercur ic
chloride

Mercuric
chloride

Mercurlic
chloride

Mercuric
chloride

Mercuric
chlor lde

Mercurlc
chlorlde

Mercurlc
chlorlde

Mercurilc
chlor lde

Mercur ic
chloride

Gentile, et al. 1982,
1983; Lussler, et al,

Green, et al. 1976
Johnson & Gentlle,
Elsler & Hennekey,
Martin, et al. 1981

Gllckstein, 1978

Elsler & Hennekey,

LC50 Specles Mean
or EC50 Acute Value
Apg/L)®e (ng/L)%# Reference
20 14.32 Gentlle, 1982
230 230 Bengtsson, 1978
3.9 3.5
Manuscript
17 17
20 20
1979
50 50
19717
8.2 -
6.6 7.3517
14 14 Connor, 1972
60 60
1977
98 98 Cardin, 1982
300 ° - Dortman, 1977
200 - Dortman, 1977
300 - Dor fman, 1977
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Yable 1. (Continued)

Specles

Mummichog,
Funduljus heteroclltus

Mummichog (adult),
Fundulus heterocl itus

Mummichog (adult),
Fundulus heteroclitus

Mummichog (embryo),
Fundulus heterocl|itus

Atlantic sllverslide
(larva),
Manidia menidla

Atlantic silverside
(larva),
Menidla menidla

Atlantic sllverside
(juvenile),
Menldia menidia

Tldewater sllverside
(juvenile),
Menldla peninsulae

Fourspline stickleback
(adult),
Apeltes quadracus

Spot (juvenile),
Lelostomus xanthurus

Winter flounder (larva),
Pseudopleuronectes
amer | canus

Winter flounder (larva),
Pseudop leuronectes
amer [ canus

Method® Chemical
S, U Mercurlic
chloride

S, U Mercuric
chlorlide

S, U Mercurlic
chioride

S, M Mercuric
chlorlde

S, U Mercuric
chloride

S, U Mercur ic
chloride

S, U Mercuric
chloride

S, U Mercurilc
chloride

S, U Mercurlc
chlorlde

S, U Mercur ic
chloride

S, U Mercurlc
chioride

S, U Mercuric
chloride

Eisler & Hennekey,

Klaunlg, et al. 1975

Sharp & Neff, 1982

LC50 Specles Mean
or EC50 Acute Value
(ug/L) R (pgsL)*® Reference
300 - Dorfman, 1977
800 -
1977
2,000 CRRARR
67.4 67.4
144 - Cardin, 1982
125 - Cardln, 1982
86 115.7 Cardin, 1982
n n Hansen, 1983
315 315 Cardln, 1982
36 36 Hansen, 1983
1,820 - Cardin, 1982
1,560 - Cardln, 1982
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Table 1. (Continued)

LC50 Specles Mean
or EC50 Acute Value
Specles Method* Chemlcal Apg/L)es {ng/L) Reference
Winter flounder (larva), S, U Mercuric 1,810 - Cardin, 1982
Pseudop leuronectes chloride
amer | canus
Winter flounder (larva), S, Mercuric 1,320 - Cardin, 1982
Pseudop | euronectes chlor lde
amer | canus
Winter flounder (larva), S, Mercur lc 1,960 1,678 Cardin, 1982
Pseudop leuronectes chlorlide
amer lcanus
Methy Imercury
Amphlpod (adult), S, Methylimercurlc 150 150 Lockwood & (nman,
Gammarus dueben | chiorlide 1975
Mummichog (embryo), S, Methylmercurlic 51,1t 51.1 Sharp & Neff, 1982
Fundulus heteroctltus chloride
Other Mercury Compounds
Grass shrimp (adulft), S, Mercuric 47 47 Curtls, et al. 1979;
Pal aemonetes puglo acetate Curtls & wWard, 1981
Grass shrimp (adult), S, Mercurlic 76 76 Curtis, et ail. 1979;
Palaemonetes puglio thiocyanate Curtlis & Ward, 1981
Mummichog, S, Mercurous 6,800 - Dorfman, 1977
Fundulus heterocl!tus sulfate
Mumm ichog, S, Mercurous 300 LA LA Dorfman, 1977
Fundulus heterocl ltus sul fate
. S = static, R = renewal, FT = flow-through, U = unmeasured, M = measured.

bl Results are expressed as mercury, not as the chemical.

= AR

*aa% vl gss than" values were not used In calculations,

Not used In calculation of Specles Mean Acute Value because data are avallable for a more sensitive |ife stage.

®&#%¥No Species Mean Acute Value calculated because acute values are too divergeant for this specles.



9t

Cladoceran,

Daphnla magna

Cladoceran,
Daphnlia magna

Fathead minnow,
Plmephales promelas

Fathead mlnnow,
Pimephales promelas

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia magna
Brook trout,

Salvellnus fontinalils

Cladoceran,
Daphnla magna

Mysid,
Mysldopsis bahla

Table 2. Chronlc Toxicity of Mercury to Aquatic Animals

Tost®

Lclll

LChunn

Lc

ELS

LCH#%

LCH#ux

Lc

LCHuun

Lc

Bleslnger, et al.

Bleslnger, et al.

Snarskl & Olson,

Call, et al, 1983

Bleslinger, et al.

Blesinger, et al,

Limits Chronic Value
Chemical {pg/L) ** (ug/L)** Reterence
FRESHWATER SPECIES
Mercury(ii)
Mercuric 0.72-1.28 0.96
chloride 1982
Mercuric 0.91-1.82 1.287
chloride 1982
Mercurlc <0, 26%"%4R <0, 26
chloride 1982
Mercuric <0 23u%nuxR <0.23
chioride
Methy Imercury
MethylImercuric <0,0q%nunnn <0,04
chlorlde 1982
Methylmercurlc 0.52-0.817 0.6726
chiorlde 1982
Methylmercuric 0.29-0.93 0.5193 McKim, et al.
chlorlde 1976.
Other Mercury Compounds
Phenylmercurlc 1.12-1.90 1.459

acetate

SALTWATER SPECIES

Mercury(ll)
Mercur ic
chiorlde

0.8-1.6

1. 131

Biesinger, et al.
1982

Gentlle, et al.,
1982, 1983;
Lussler, et al.
Manuscript


http:1.12-1.90
http:0.29-0.93
http:0.52-0.67
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Table 2. (Continued)

® LC = llfe cycle or partlal {ife cycle, ELS = early llfe stage.

%%  Results are expressed as mercury, not as the chemlcal.

%% Fow-through

#%8&% Rgnewal

sannsprdverse effects occurred at thls concentration, which was the lowest concentration tested.

Specles

Cladoceran,

Daphnla magna

Cladoceran,

Daphnlia magna

Fathead m!nnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Mysld,
Mysldopsls bahla

Brook trout
Saivellnus fontinalls

Acute-Chronlc Ratlo

Acute VYalue

Chronlc Value

(ug/L) (ug/t) Ratlo
Mercury(lii)
5 0.96 5,208
5 1.287 3.885
168 <0,26 >646.2
150 <0.23 3652, 2
3,5 1,131 3,095
Mefhxlmercurx
73,897 0.5193 142,3

t Geometric mean of 2 values from McKlm, et al. (1976) In Table 1.
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Table 3. Ranked Genus Mean Acute Yalues with Speclaes Mean Acute-Chronic Ratlos

Gonus Mean Specles Mean Specles Mean
Acute Value Acute Value Acute~Chronic
Rank® (pg/L) Specles (pg/L) Ratlo

FRESHWATER SPECIES

Mercury (1)

28 2,000 Stonetly, 2,000 -
Acroneuria lycorlas

27 2,000 Mayfly, 2,000 -
Ephemereila subvarla

26 2,000 Caddisfly, 2,000 -
Hydropsyche bettenl

25 1,200 Caddistly, 1,200 -
(Unidentitled)

24 1,200 Damselfly, 1,200 -
(Unldentitjed)

23 1,000 Worm, 1,000 -
Nals sp.

22 1,000 Mozamblque tilapla, 1,000 -
Tllapla mossambica

21 406,2 Tubl ticld worm, 330 -
Spirosperma ferox
Tubltlcld worm, 500 -
Spirosperma nlkolskyl

20 370 Snall, 3710 -
Aplexa hypnorum

19 215 Rainbow trout, 215 -
Salmo galrdner!

18 250 Tubiticld worm, 250 -

Qulistadrilus multisetosus

17 240 Tubitlcld worm, 240 -
Rhyacodrlius montana
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Table 3. (Continued)

Genus Mean Specles Mean Specles Mean
Acute Value Acute Value Acute~Chronlc
Rank* {pg/L) Specles {ng/L) Ratlo

16 240 Coho salmon, 240 ) -
Oncorhynchus klisutch

15 180 Tublficld worm, 180 -
Limnodrilus hotfmelster}

14 180 Mosquitotish, 180 -
Gambusia affinls

13 160 Blueglil, 160 -
Lepomis macrochlrus

12 158.7 Fathead m!nnow, 158.7 >649,2% %
Plmephales promalas

" 140 Tublticld worm, 140 -
Tublifex tublfex

10 140 Tubificld worm, 140 -
Stylodrilus heringlanus

9 100 Tublfliclid worm, 100 -
Varichaeta paclfica :

8 80 Tublficid worm, 80 -
Branchiura sowerby!

7 80 Snall, 80 -
Amnlcola sp.

6 50 Craytish, 50 -

Orconectes |Imosus

5 30 Guppy, 30 -
Poeclila retlculata

4 20 Crayflish, 20 -
Faxonella clypeatus

3 20 Midge, 20 -
Chironomus spe
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Table 3.

Rank®

2

29

28
217
26
25

24

23

22

(Contlnued)

Genus Mean
Acute Value

(pg/L)

Specles

10

2,646

1,678

400

315

230

230

230

158

120

Amphipod,
Gammarus Sp.

Cladoceran,

Daphnia magna

Cladoceran,
Daphnia pulex

SALTWATER SPECIES

Specles Mean
Acute Value
(pg/L)

Specles Mean
Acute-Chronic
Ratio

Mercury(1l)

Winter flounder,
Pseudop leuronectes
amer Icanus

Soft-shell clam,
Mya arenaria

fourspine stickleback,
Apel tes quadracus

Northern horse mussel,
Modiolus modiolus

Copepod,
Nitocra spinipes

Oligochaete worm,
Monophy lephorus
cutlcu‘a?us
Copepod,
Eurytemora affinils

Oligochaete worm,
Limnodri loides
verrucosus

10
3.157

2,217

1,678

400
315
230
230

230

158

120

4,498%*
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Table 3,

Rank®

21

20

19

18

Specles Mean
Acute~Chronic
Ratio

(Contlnued)

Genus Mean Speclies Mean
Acute Value Acute Value
(ug/L) Specles (pg/L)
98 Oligochaete worm, 98
Tubi ficoides gabriel lae

98 Haddock, 98
Melanogrammus aeglefinus

97.98 Polychaete worm, 97.98
Neanthes arenaceodentata

90,63 Atlantic silverside, 115,7
Menidia menidia
Tldewater siiverside, 1
Menldia penlinsulae

89 Bay scallop, 89
Argopecten irradians

79 Copepod, 79
Pseudodiaptomus coronatus

70 Sand worm, 70
Nerels virens

67.4 Mummichog, 67.4
Fundulus heteroclltus

60 Starfish, 60
Arterias forbesi

50 Hermi t crab, 50
Pagurus longlcarpus

36 Spot, 36
Lelostomus xanthurus

20 American lobster, 20
Homarus amer | canus

17 white shrimp, 17

Penaeus setiferus
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Table 3. (Continued)

Specles Mean
Acute Value

(pg/L)

Specles Mean
Acute~Chronic
Ratio

Genus Mean
Acute Value
Rank® (ug/L) Specles

8 14 Green crab,
Carclnus maenas

7 14 Polychaete worm,
Capltella capitata

6 11.97 Copepod,
Acartla clausl
Copepod,
Acartia tonsa

5 1.357 Dungeness crab,
Cancer maglster

4 6.703 Paclflc oyster,
Crassostrea glgas
Eastern oyster,
Crassostrea virginica

3 5.8 Blue mussel,
Mytllus edulls

2 4,8 Quahog clam,
Mercenaria mercenaria

| 3.5 Mysld,

Mysldopsis bahla

4

14

10

14,32

1.357

5.944

7.558

5.6

4.8

3.5

3,095

* Ranked from most reslstant to most sensitive based on Genus Mean Acute Valuse.

*%Gaometr)c mean of two values In Table 2,
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Table 3. (Continued)

Mercury(il)

Final Acute-Chronic Ratio = 3,731 (see text)

Fresh water
Final Acute Value = 4,857 ug/L
Criterion maximum concentration = (4.857 u.g/L) / 2
Final Chronic Value = (4,857 wg/L) / 3,731 = 1,302
Final Acute Value = 4,125 ,q/L
Criterion maximum concentration = (4,125 ug/L) / 2

Final Chronic Value = (4,125 ug/L) / 3.731 = 1,106

= 2.428 ug/L

wg/L

= 2,062 ug/L

ug/L
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Table 4. Toxiclity of Mercury to Aquatic Plants

Result
Specles Chemical Effect (ug/L)* Reference
FRESHWATER SPECIES
Mercury(ll)
Alga, Mercurlc 33-day EC50 1,030 Rosko & Rachlin,
Chioreiia vulgarls chlorlde (call dlvislon 1977
Iahlbltlon).
Alga, Mercurlc LC50 IOO-i,OOO Glpps & Blro, 1978
Chlorella vulgarls chlorlde
Alga, Mercurlc LCS0 148-296 Ral, 1979; Ral, et al.
Chloretla vuigarls chlorlde 1981
Alga, Mercurlc 15-day EC50 443-592 Ral, et al., 1981
Chlorella vulgarls chiorlde (growth)
Alga, Mercuric EC50 (growth) 53 . Thomas & Montes, 1978
Anabaena flos-aquae chlorlde
Blue alga, Mercurlc 8-day Inclplent 5 Bringmann, 1975; Bringmann &
Microcystls aeruglnosa chlorlde inhibitlon Kuhn, 1976, 1978a,b
Green alga, Mercurlc 8-day Inclplent 70 Bringmann, 1975; Bringmann &
Scanadaesmus quadrlcauda chlorlde Inhibitlon Kuhn, 1976, 1978a,b, 1979,
1980b
Alga, Mercurlc inhlblited 59 Slootf, et al. 1983
Selenastrum capr lcornutum chloride growth
Eurasian watermi ifoll, Mercurlc 32-day ECS0 3,400 Stanley, 1974
Myrlophyl lum splcatum chliorlde (root welght)
Methylmercury
Alga, Methylmercuric EC50 (growth) 6.0 Thomas & Montes, 1978
Anabaena flos-aquae chlor lde
Alga, Methyimercurlc I15-day ECS50 0.8-4.0 Ral, et al, 1981

Chiorella vulgaris chlorlde (growth)
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Table 4. (Contlinued)

Specles

Alga,
Anabaena flos-aquae

Alga,
Thalassloslra aestevalls

Seaweed,
Ascophy | lum nodosum

Dlatom,
Ditylum brightwellll

Seaweed,
Fucus serratus

Seaweed,
Fucus spiralls

Seaweed,
fucus vesiculosus

Giant kelp,
Macrocystls pyrlfera

Seaweed,
Pelvetia canallculata

Chemjcal

Phenyimercuric

acetate

Mercurlc
chlorlde

Mercuric
chlor lde

Mercurlc
chloride

Mercurlc
chloride

Mercurlc
chiorlde

Mercur ic
chloride

Mercur lc
chlorlde

Mercuric
chloride

Etfect

Other Mercury Caompounds

EC50 (growth)

SALTWATER SPECIES

Morcury(l1)

Reduced
chlorophyll a

10-day EC50
(growth)

5-day EC50
(growth)

10-day EC50
(growth)

10-day EC50
(growth)

10-day EC50
(growth)

4-day EC50
(growth)

10-day EC50
(growth)

Result
(ug/L)*

2.8

160
80
45
50

130

Reference

Thomas & Montes, 1978

Hol libaugh, et al.
1980

Stromgren, 1980
Canterford &
Cantertord, 1980
Stromgren, 1980
Stromgren, 1980
Stramgren, 1980
Clendennling & North,

1959

Stromgren, 1980

* Results are expressed as mercury, not as the chemlcal.
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Specles

Ralinbow trout,
Salmo galrdnerl

Fathead minnow,
Pimephales promelas

Ralnbow trout,
Salmo galirdner}

Ralnbow trout,
Salmo galrdner!

Brook frout,
Salvel Inus fontlnalls

Brook frout,
Salvel inus fontinalls

Brook trout,
Salvellnus fontinalls

Fathead mlanow,
Plmephales promelas

Eastern oyster (adult),
Crassostrea virglinica

American lobster (adult),
Homarus amer Jcanus

Table 5.

T issue

Whole body

Whole body

Whole body
wWhole body
Muscle

Whole body
Muscle and

whole body

Whole body

Soft parts

Tall muscle

Bloaccumulatlion of Mercury by Aquatic Organlsas

Boudou & Ribeyre, 1984

Snarsk! & Olson, 1982

Boudou & Ribeyre, 1984
Niim! & Lowe-Jinde,
McKim, et al, 1976
McKim, et al. 1976
McKim, et al. 1976

Oison, et al. 1975

Duration Bloconcentration
Chemical (days) Factor® Reterence
FRESHWATER SPECIES
Mercury(i1)
Mercurlc chloride 60 1,800
Morcurlc chloride 287 4,994n%
Methy Imercury
Methylmercur ic 60 11,000
chlorlde
Methylimercur ic 75 85,700
chiorlde 1984
Methylmercuric 273 11,000~
chlorlde 33,000
MethyImercurlc 273 10,000~
chlor ide 23,000
Methylmercuric 156 12,000
chlorlde
Mathy Imercuric 336 44,130~
chlorlde 81,670
SALTWATER SPECIES
Mercury(l 1)
Mercuric chlorlde 14 10,000 Koptler, 1974
Mercurlc chlorlde 30 129

Thurberyg, et al. 1977
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Table 5. (Continued)

Specles Tissue
Eastern oyster (adult), Soft parts

Crassostrea virginica

Eastern oyster (adult), Soft parts
Crassostrea virglinica

Duration Bloconcentratlon
Chemical (days) Factor® Reference

Methyimercury

Methylmercurlc 74 40,000 Kopfler, 1974
chlorlde

Other Mercury Compounds

Pheny Imercurlic 74 40,000 Kopfler, 1974
chlorlde

* Results are based on mercury, not the chemical,

**From concentrations that caused adverse effects ln a |!fe-cycle test.

Consumer

Man

Mink,

Mustela vison

Brook trout,
Salvelinus fontlnalls

Maximum Permissible Tissue Concentration

Concentratlon
Actlion Level or Effect (mg/kgq) Reterence
Actlon level for edlble 1.0 U.S. FDA, 1984a,b
flsh or shellfish
Hlstologlcal evidence <l Wobeser, 1976a,b
of Injury
Death (700 days) 5-7 McKIm, ot al. 1976

Methy Imercury

Freshwater Flnal Resldue Value = (1,0 mg/kg) / 81,700 = 0,000012 mg/kg = 0,012 ug/L (see text)

Saltwater Final Residue Value = (1.0 mg/kg) / 40,000 = 0.000025 mg/kg = 0,025 ug/L

Mercury(l1)

Freshwater Flnal Resldue Value = (1,0 mg/kg) / 4,994 = 0,00020 mg/kg = 0.20 ug/L (see text)

Saltwater Final Resldue Value = (1.0 my/kg) / 10,000

0.00010 mg/kg = 0,10 ug/L (see text)
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Species

Alga,
(Spring assemblages,
predominantely diatoms)

Alga,
Ankistrodesmus braunii

Alga,
Ankistrodesmus braunii

Alga,
Ankistrodesmus sp,.

Alga,
Synedra ulna

Green alga,
Scenedesmus quadricauda

Green alga,
Scenedesmus quadricauda

Bacteria,
Escherichia colli

Bacteria,
Escherichla coll

Bacteria,
Pseudomonas putida

Protozoan,
Entosiphon sulcatum

Protozoan,
Chi lomonas paramecium

Protozoan,
Uronema parduczi

Table 6., Other Data on Effects of Mercury on Aquatic Organisas

Chemical

Mercuric
chloride

Mercuric
chioride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chioride

Mercuric
cyanide

Mercuric
chloride

Mercuric
cyanide

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Reference

Result
Duration Effect (pg/L)*
FRESHWATER SPECIES
Mercury( 1)
2 hrs EC50 (reduced 80
photosynthesis)
168-240 hrs EC50 (inhiblted 2,590
Iipid biosynthesis)
24 days Inhibited growth 14
10 days More toxic at pH = 5
5 than pH = 17
0.29 days BCF=29,000 -
96 hrs Inciplent 304w
inhibition
96 hrs Inciplent 150%#
inhibition
- Inciplent 200
inhibition
- Incipient 200
inhiblition
16 hrs Inciplent 10
inhibition
72 nrs Incipient 18
Inhibition
48 brs Incipient 15
inhiblition
20 hrs Incipient 67
inhibition

Blinn, et al, 1977

Matson, et al, 1972

Trevors, 1982

Baker, et al, 1983

Fuji ta & Hashizume,
1972

Bringmann & Kuhn, 1959a,b

Bringmann & Kuhn, i959a,b

Bringmann & Kuhn, 1959a

Bringmann & Kuhn, 1959a

Bringmann & Kuhn,
1976, 1977a, 1979, 19800

Bringmann, 1978; B8ringmann
& Kuhn, 1979, 1980b, 198i

Bringmann, et al, 1980;
Bringmann & Kuhn, 1981

Bringmann & Kuhn, 1980a,
1981
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Table 6, {(Contlnued)

Specles

Protozoan,
Ml croregma heterostoma

Protozoan,
Ml croregma heterostoma

Hydra,
Hydra oligactls

Planarian,
Dugeslia lugubris

Tublticlid worm,
Tubl fex tublfex

Snall,
Lymnaea stagnaila

Mussel,

Marqarltitera margaritlfera

Cladoceran,

Diaphanosoma sp.

Cladoceran,
Daphnla galeata mendotae

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Bosmina longlrostris

Chemical

Mercuric
chioride

Mercuric
cyanlde

Mercuric
chioride

Mercuric
chloride

Marcuric
chloride

Mercurlc
chlorlde

Mercurlc
nitrate

Mercuric
chloride

Moercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
cyanlde

Mercuric
chloride

Mercurilc
chiorlide

28

28

48

48

48

48

39

48

48

24

Duratlion

hrs

hrs

hrs

hrs

hrs

hrs

days

wks

wks

wks

hrs

hrs

hrs

wks

Eftect

Incipient
inhibl tion

inclpient
Inhibitlion

LC50

LC50

LC50

LC50

BCF=302

Reduced population

density

Reduced population
densl ty

Reproductive
impalrment
EC50

EC50

LC50

Reduced popuiation
densi ty

Result
Lug/L)® Reference
150 Bringmann & Kuhn, 1959b
160 Bringmann & Kuhn, 1959b
56 Sloott, 1983; Sloott,
et al, 1983
55 Sloof t, 1983
3,200 Qureshl, et al, 1980
443 Sloott, 1983; Sioott,
et al, 1983
- Mol linger, 19173
2.8 Marshall, et al,
1981
2,2 Marshal l, et al,
1981
3.4 Blesinger &
Christensen, 1972
30%* Bringmann & Kuhn, 1959a,b
20%* Bringmann & Kuhn, 1959%a,b
13 Bringmann & Kuhn, 1977b
2,8 Marshail, et al,

1981
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Table 6. (Contlinued)

Specles

Natural copepod
assamblages

Amph jpod,
Gammarus Spe

Amphipod,
Gammarus sp.

Crayflsh (male, mixed ages),

Faxonella clypeatus

Craytish (0.2 g},
Faxonel la clypeatus

Crayflsh (1.2 g),
Faxonella clypeatus

Crayflsh (adult),
Orconectes |Imosus

Crayflsh (juvenlle),
Orconectes |]mosus

Crayflish (juvenllie),
Orconectes |imosus

Crayflsh (male, mixed ages),

Procambarus clark!

Freshwater commun]ty
{(primary producers,
herblvores and
carnlvorous mlidges)

Mosqulto,
Aedes aeqypt]
Mosqujto,

Aedes aegypt!

Chemical Duratlon
Mercurlc 1 days
chloride

Mercur lc 1 days
chioride

Mercur Ic 1 days
njtrate

Mercurlc 72 hrs
chloride

Mercurlc 24 brs
chlorlde

Mercuric 672 hrs
chlorlide

Mercurlc 9 hrs
chlorlde

Mercuric 30 days
chlorlde

Mercur ic 30 days
chlorlde

Mercurlc 72 hrs
chlorlde

Mercuric I yr
chiorlde

Mercur ic 48 hrs
chiorlde

Mercuric 48 hrs
chlorlde

Effect

Reduced growth
rate

8CF=2,500
BCF=2,500
LC50 ,

LC50

LC50

LC60

LC50 (unfed)
LC50 (fed)

LC50

Reduced algal standing
stock and dlversity;
no evidence of effects
on mldges

LC50

LC50

Result

(ug/L)*

28.3

200
1,000
1,000

740

<2
200

0.}

4,100

776

Reterence

Borgmann, 1980
Zubarlk & 0'Connor,
1978

Zubarlk & 0'Connor,
1978

Helt & Flngerman,
1977

Helt & Fingerman,
1977

Helt & Fingerman,
1977

Doyle, et al. 1976
Boutet &
Chalsemartin, 1973

Boutet &
Chalsemartln, 1973

Helt & Flngemman,
1977

Sigmon, et al, 1977

Slooft, et al. 1983

Slooft, et al. 1983
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Table 6. (Continued)

Specles

Plink salmon (embryo),
Oncorhynchus gorbuscha

Pink salmon (pre-eyed embryo),
Oncorhynchus gorbuscha

Pink salmon (larva),
Oncorhynchus gorbuscha

Sockeye salmon (embryo),
Oncorhynchus nerka

Sockeye salmon
(pre~eyed embryo),
Oncorhynchus nerka

Sockeye salmon (larva),
Oncorhynchus nerka

.Sockeye salmon (juvenlie),

Oncorhynchus nerka

Ralnbow trout ( juvenile),
Salmo galrdner]

Ralnbow trout (juvenlle),
Salmo galrdner|

Ralinbow trout (juvenlle),
Salmo galrdner!

" Ralnbow trout,

Salmo galrdner|

Ralnbow trout,
Salmo galrdner}

Ralnbow trout (embryo, larva),
Salmo galrdner]

Chemical

Mercurlc
sulfate

Mercuric
sulfate

Mercuric
sulfate

Mercuric
sulfate

Mercuric
sul fate

Mercur ic
sulfate

Mercuric
sul fate-

Mercuric
chloride

Mercurlic
chloride

Mercurlc
chlor ide

Mercurlc
chioride

Mercuric
chlorlde

Mercurlic
chlorlde

Duration
2 days <time
fram fertlillza-
tion to hatch
2 days <time
from fertillza-
tlon to stage
168 hrs
2 days <time
fram fertilliza-
tlon to hatch
2 days <time
from fertlllza-
tion to stage

168 hrs
168 hrs
24 hrs

2 hrs

I wk
80 min

28 days

Reference

Result

Effect {pg/t)®
EC32 to ECBI 5.2
(deformlty)
LC100 8.5
LC50 140
EC45.6 4.3
(deformity)
LC100 ’ 9,3
LCS50 290
LCS50 190
LC50 903
Depressed olfactory 14
bul ber response
Growth Inhibitlon 2.1-21
Effected osmo- 100
reguiatlion
Avoldance 0.2
threshold
EC50 (death and 4,7

deformity) 5.0

Servizl & Martens,
1978

Servlz) & Martens,
1978

Servlz] & Martens,
1978

Servizj & Martens,
1978

Servlzl & Martens,
1978

Serviz] & Martens,
1978

Servizl & Martens,
1978

Wobeser, 1973
Hara, et al, 1976
Matlda, et al, 1971
Lock, et al. 1981

Black & Birge, 1980

Birge, et al, 1979,
1980
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Table 6. (Contlinued)

Specles

Ralnbow frout (embryo, larva),

Salmo galrdner}

Ralnbow trout (embryo, larva),

Salmo galrdner)

Ralnbow trout,
Salmo galrdner}

Ralnbow trout,
Salmo galrdner]

Goldtish (embryo, larva),
Carassjus auratus

Goldtish (embryo, larva),
Carassjus auratus

Common carp,
Cyprinus carplo

Fathead mlnnow,
Pimephales promelas

White sucker (adulft),
Catostomus commerson ]

wWhite sucker (adult),
Catostomus commerson }

Channe! catfish (embryo,
|ctalurus punctatus

Channel cattish (embryo,
Ictalurus punctatus

Channel cattlsh (embryo,
Ictalurus punctatus

Channel catfish (embryo,
|ctalurus punctatus

larva),

larva),

larva),

larva),

Chemical Duration
Mercurlc 28 days
chlorlde

Mercurlic 28 days
chlorlde

Mercurlc 5, 18 mo
chloride

Mercur lc 48 hrs
chlor ide

Mercurlc 1 days
chloride

Mercurlc 7 days
chlorlde

Mercurlc 60-72 hrs
chioride

Mercurlc 48 hrs
chlorlide

Mercurlc 36 min
chlorlde

Mercurlc 46 min
chloride

Mercur Ic 10 days
chlorlde

Mercurlc 10 days
chlorlde

Mercur ic -
chlorlde

Mercurlc 10 days
chlorlde

Effect

EC50 (death and
deformity)

EC10 (death and
deformity)

Subs tantiai
mortallty

LCS0

EC50 (death and
deformity)

EC50 (death and
deformity)

Reduced hatchling

SUCCOSsS

LC50

Blood enzyme (LDH)

Inhiblition 20%

Blood enzyme (GOT)

inhibition 208

EC50 (death and
deformlty)

EC50 (death and
deformity)

Increased
albinism

BCF=441-2071

Result

Lug/u)®

Reference

<0.1
0.9
0.12-0.24
480
121.9

0.7

>3,000

37

8,000

10,000

30

0.3

0.5

Birge, et al. 1979,
1980

Birge, et al. 1981
Birge, et al. 1979
Slooff, et al. 1983
Blrge, 1978; Blrge,

ot al. 1979

B8irge, 1978; Blrge,
et al. 1979

Huckabee & Griffith,
1974

Siooff, et al. 1983
Chr lstensen, 1972
Chr lstensen, 1972
Birge, et al. 1979
Birge, et al. 1979
Westerman & Blirge,

1978

Blrge, et al. 1979



139

Table 6. (Continued)

Specles

Channel catflsh (embryo, larva),
Ictalurus punctatus

Mosqul tofIsh,
Gambusia affinls

Guppy,
Poeclila reticulata

Guppy,
Poecllla retlculata

Blueglil (embryo, tarva),
Lepomis macrochlrus

Redear sunflsh (embryo, larva),
Lepomls microlophus

Largemouth bass (embryo, larva),
Micropterus salmoldes

Largemouth bass (embryo, larva),
Mlcropterus salmoldes

Largemouth bass,
Micropterus salmoldes

Mozamblque tllapla,
Tilapla mossamblica

Mozamblque tilapla,
Tliapla mossamb)ca

Plg trog (embryo, larva),
Rana gryllo

River frog (embryo, larva),
Rana heckscher|

Leopard frog (embryo, larva),

Rana piplens

Chemical

Mercurlc
chlorlde

Mercurlc
chloride

Mercuric
chloride

Mercur jc
chloride

Mercurlc
chloride

Mercurlc
chlorlde

Mercuric
chlor ide

Mercurlc
chlorlde

Mercurlc
nltrate

Mercuric
chlorlde

Mercuric
chloride

Mercur lic
chloride

Mercurlc
chlor lde

Duration

10 days

>10 days

24 hrs

48 hrs

7-8 days

7-8 days

8 days

8 days

24 bhrs

35 days

48 hrs

71 days

1 days

7 days

Effect

BCF-4.4-353
Lc50

LCs0

Lc50

EC50 (death and

deformlty)

EC50 (death and
deformity)

EC50 (death and
deformlty)

EC50 (death and
deformity)

Atfected opercular
rhythm

Clinlcal symptoms
LC50

EC50 (death and
deformity)

EC50 (death and
deform] ty)

EC50 (death and
deformity)

Result

fug/L)®

Reference

500

303

88,7

137,2

130

140

5.3

10

59.9

7.3

Blrge, et al. 1979
Boudou, et al. 1979
Hamdy, 1977

Slooff, et al, 1983
Birge, et al. 1979
Birge, et al. 1979
Blrge, et al. 1978,
1979

Blrge, et al. 1979
Morgan, 1979
Panlgrahl & Misra,
1980

Menezes & Qaslm, 1983
Birge, et al. 1979

Birge, et al. 1979

Birge, et al. 1979
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Table 6. (Contlinued)

Result
Specles Chemical Duratlon Effect (ng/L)* Reference
Narrow-mouthed toad Mercurlc 7 days EC50 (death and | Birge, et al. 1978,
(embryo, larva), chlorlde deformity) 1.3 1979
Gastrophryne carollinensis
Green toad (embryo, larva), Mercur lic 71 days EC50 (death and 40.0 Birge, et al. 1979
Bufo debills chlorjde deformity)
Fowler's toad (embryo, larva), Mercuric 1 days EC50 (death and 65.9 Birge, et al. 1979
Bufo fowlerl chloride deformlty)
Red-spotted foad Mercurlg 71 days EC50 (death and 36.8 Birge, et al. 1979
(embryo, larva), chloride deformity)
Bufo punctatus
Northern cricket frog Mercuric 7 days EC50 (death and 10.4 8lrge, et al. 1979
(embryo, larva), chloride deformlty)
Acrls crepltans
Southern gray treefrog Mercuric 71 days EC50 (death and 2,4 Birge, et al. 1979
(embryo, larva), chloride deformity)
Hyla chrysoscells
Spring peeper (embryo, larva), Mercurlc 7 days EC50 (death and 2,8 Birge, et al. 1979
Hyla cruclfer chlorlde deformity)
Barkling tfreefrog Mercur ic 7 days EC50 (death and 2,5 B8lrge, ot al. 1979
(embryo, larva), chioride deformlty)
Hyla gratlosa
Squirre! freefrog Mercuric 7 days EC50 (death and 2.4 Birge, et al. 1979
(embryo, larva), chloride deformity)
Hyla squirella
Gray treefrog (embryo, larva), Mercuric 7 days EC50 (death and 2,6 Birge, et al. 1979
Hyla verslcolor chlorlde deformity)
African clawed frog, Mercuric 11 mos Substantial 0,16-0.2 Blrge, et al. 1978
Xenopus laevls chlorlde mortal ity
African clawed frog, Mercuric 48 hrs LCS0 74 Slootf & Baerselman,
Xenopus laevls chlorlde 1980; Slooff, et al.

1983
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Table 6. (Continued)

Specles

Marbled salamander
(embryo, larva),
Ambystoma opacum

Alga,
Ankistrodesmus braunl!

Alga,
Coelastrum mlcroporum

Alga,
Scenedesmus obl jquus

Alga,
Microcystls Incerta

Planarlan,
Dugesla dorotocephaia

Mussel,
Marqgarltltfera margarltitera

Amphipod,
Gammarus spe

Ralnbow trout (juvenlle),
Salmo galrdner]

Ralnbow trout (juveniie),
Salmo gajrdner]

Ralnbow trout (juvenlle),
Salmo galrdner |

Ralnbow trout,
Salmo galrdner!

Ralnbow trout,
Salmo galrdner|

Chemlcal

Mercurlc
chloride

Methy imercurlic
chlorlide

MethylImercuric
chlorlde

Methy Imercuric
chlorlde

Methy Imercurlc
chlorlde

Methylmercurlc
chlorlde

Methylmercuric
chlorlde

Methylmercuric
chlorlde

Methylmercurlc
chlorlde

Methyimercur ic
chlorlde

Methyimercuric
chlorlde

Methyimercurlc
chlorlde

Methylimercuric
chlorlde

57 days BCF=2,463

7 days
84 days**** 8CF=4,530 (whole

fish, 5 C)

84 days**** BCF=6,620 (whole
tish, 10 C)

84 days%®*** BCF=8,049 (whole
fish, 15 C)

- Inhiblted growth

14 days approximate LC80

BCF=8,000 (approx.)

: Result
Duratlion Effect (ug/L)*
7-8 days EC50 (death and 108
deformlty) 107.5
Methy Imercury
168-240 hrs Lipld blosynthesls, 1,598
>EC50
- EC50 (growth >2.4-<4.8
Inhlbitlon)
14 days 8CF=2,100 (Max|- -
mum by third day)¥*®
14 days BCF=990 (Maxlmum -
by third day)**#
4 days LCS0 200-500

0.0037-0.037

Reference

Blrge, et al. 1978,
1979

Matson, et al. 1972
Holderness, et al.
1975

Havl ik, et al. 1979
Havllik, et al. 1979
Best, et al. 1981
Mel | Inger, 1973
Zubarik & O!'Connor,
1978

Relnert, et al. 1974
Relnert, et ai., 1974
Relnert, et al. 1974

Matida, et al. 1971

Blanc, 1973
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Table 6. (Contlnued)

Specles

Ralnbow trout,
Salmo galrdner}

Ralnbow trout,
Salmo galrdner]

Ralnbow trout
(embryo, larva),
Salmo galrdner]

Ralnbow trout,
Saimo galrdner]

Ralnbow trout,
Salmo galrdner]

Brook trout (embryo),
Salvellnus fontinalls

Brook trout (alevin),
Salvelinus fontlnalls

Brook trout (alevins),
Salvellnus fontinalls

B8rook trout (juvenlle),
Salvellnus fontlnalls

Brook trout,
Salvellnus fontlnalls

Common carp,
Cyprinus carplo

Mosquitofish,
Gambusla afflnls

Chealcal Duratlion
Mathyimercurlc 1 wk
chlorlde
Methylmercuric 120 days
chloride plus
Inorganic
mercury

- 24 days
Methy Imercurlc 269 days
chlorlide plus
Inorganic
mercury
Methy Imercurlc 30 mln
chiorlde
Methyimercurlc 16-17 days
chloride
Methylmercurlc Incubatlon
chlorlde perlod

+ 21 days
Methylmercuric 30 days
chloride
Methy Imercurlc 14 days
chloride
Methylmercurlc 8 days
chloride
Methy Imercurlc 16 days
chlorlde
Methy Imercuric <24 hrs

chlorlde

Effect

Eftaected osmo-
regulation

Loss of appetite

EC50 (death and
deformlty)

Loss of nervous
control

EC50 (Reduced
viabl ity of sperm)

Decreased enzyme
(GOT) activity

Reduced growth

Increased enzyme
(GOT) activity

Increased blood
plasma chiorlde

Increased cough
trequency

Reduced proteln
synthesls

LC50

Result
Lug/L)®

Reference

48 mg/kg
In tood

1,000

0.88

0.7

0.79

2,93

0.05

500

Lock, et al. 1981

Matlida, et al. 1971

Birge & Black, 1977

Matjida, et al. 1971

Mcintyre, 1973

Christensen, 1975

Christensen, 1975

Christensen, 1975

Christensen, et al.
1977

Orummond, et al.
1974

Sharma & Davis, 1980b

Boudou, et al, 1979
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Table 6. (Contlnued)

Specles
Mosqul totf ish,

Gambusla attinls

Mosqulitofish,

Gambus!a aftfinls

Mosqulitof ish,

Gambusla affinls

Mosqultoflsh,

Gambusla atflinls

Blueglil (juvenile),
Lepomis macrochirus

Bluegliil (juvenile),
Lepomis macrochirus

Bluegl!l (juvenile),
Lepom!s macrochlrus

Leopard frog (tadpole),

Rana piplens

Leopard frog,
Rana plplens

Leopard frog

(blastula embryo),

Rana plplens

Chemlcal Duration
Methylmercuric 30 days
chlorlde
Methyimercurlc 30 days
chlorlde
Methylmercuric 30 days
chlorlide
Methylmercurlc 30 days
chloride
Methylmercuric 28.5 days
chlorlde
Methylmercurlic 28,5 days
chloride
Methylmercurlc 28.5 days
chlorlide
Methylmercurlc 48 hrs
chiorlde
Methylmercuric 4 mos
chiorlide
Methy Imercuric 5 days

chiorlde

Effect

B8CF=2,500
(whole tish,
10 C)

BCF=4,300
(whole. tish,
18 C)

BCF=3,000
(whole flsh,
164 mg/kg In
food, 10 C)

BCF=27,000
(whole flsh,

238 mg/kg In
tood, 26 C)

BCF=373ukuan
(whole tish,
9 C)

BCF=92j#sans
(whole fish,
21 C)

BCF=2,400% k&8
(whole tish,
33 C)

LC100

fallure to

metamor phose

LC50

Result

(ug/L)*

Boudou,
Boudou,

Boudou,

Boudou,

Cember,
Cember,

Cember,

Reference

ot

of

ot

ot

of

ot

ot

al. 1979

al. 1979

al. 1979

als 1979

al. 1978

al. 1978

al. 1978

Chang, et al, 1974

Chang, et al. 1974

Dial, 1976
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Table 6. (Continued)

Specles

Leopard frog
(gastrula embryo),

Rana plplens
Leopard frog
(neural plate embryo),

Rana piplens

Leopard frog
(blastula embryo),

Rana pilplens

Leopard frog
(gastruta embryo),

Rana piplens

Leopard frog
(neural plate embryo),

Rana pliplens

Newt,
Trlturus virldescens

Newt,
Triturus virldescens

Newt,
Trlturus virldescens

MInk (aduit),
Mustela vison

Mink (adult),
Mustola vison

Alga,

(Florida Lake assemblage)

Chemical
Methylmercur ic
chlorlde

Mathy Imercur ic
chloride

Methylmercuric
chlorlde

MethyImercurlc
chloride

Methy Imercurlc
chloride

Mathylmercuric
chlorlde

Methylmercuric
chlorlde

Methy Imercurlc
chlorlde

Methyimercuric
chlor lde

Methy Imercuric
chlorlde

Methy lmercuric
dicyandlamide

Duration

5 days

5 days

96 hrs .

96 hrs

22 days
17 days
8 days
93 days

93 days

Effect
LC50

LC50

EC50
(teratogenesis)

EC50
(teratogenes|is)

EC50
(teratogenes!s)

Delayed Ilmb
regeneratlon

Death

Death

Hlistologlc evidence

of Injury

LC50 In braln
tissue

Other Mercury Compounds

125 hrs

Reduced blomass

Result

(pg/L)*
8-12

12-16

0-4

8-12

12

300
1,000
1,100

11,000

0.8
(approx.)

Reference

Dial, 1976

Dlal, 1976

Dlal, 1976

Dial, 1976

Dial, 1976

Chang, et al. 1976

Chang, et al. 1976

Chang, et al. 1976

Wobeser, 1973

wWobeser, 1973

Harriss, et al, 1970
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Table 6., (Continued)

Specles

Alga,
(Florida Lake assemblage)

Alga,
Cladophoraceae

Alga,
Ulothrichaceae

Alga,
(Florida Lake assemblage)

Alga,
(Florida Lake assemblaqe)

Alga,
Scenedesmus obllquus

Alga,
Microcystis incerta

Sponge,
Ephydatia fluviatills

Sponge,
Ephydatia fluviatilis

Amphipod,
Gammarus sp.

Craytish (juvenile),
Procambarus clarki

Sockeye salmon (juvenile),
Oncorhynchus nerka

Sockeye salmon ( juvenile),
Oncorhynchus nerka

Chemical Duration

N-Methy Imercuric- 125 nhrs
1,2,3,6-tetrahydro-
3,6-methano~3,4,5,6,

71,7,-hexachloro-

phthalimide

Ethylmercuric 1 hr
phosphate

Ethyimercuric 1 hr
phosphate

Phenylmercuric 125 hrs
acetate

Diphenyl 125 hrs
mercury

Pheny Imercuric 14 days
chloride

Phenylmercuric 14 days
chloride i

Mercury 30 days
Mercury 30 days
Phenylmercuric 7 days
acetate

Methy Imercuric 120 brs

dicyandimide

Pyridyimercuric 1.5 hrs
acetate

Pyridylmercuric 1 hr
acetate

Reference

Result
Effect (ug/L)®
Reduced blomass 0.3
(approx.)
Nui sance control 38 ,6
Nul sance control 38,6
Reduced biomass 0.5
(approx,)
Reduced biomass 2.8
(approx,)
BCF=13,000 (Maxi- -
mum by third day)
BCF=4,000 (Maximum -
by third day)
Mal formed gemmo- !
scleres
LC50 100-500
BCF=8,000 (approx,) -
LC50 56
LC50 10,500~
15,700
Sate tor disease <954

control

Harriss, et al, 1970

Burrows & Combs, 1958

Burrows & Combs, 1958

Harriss, et al. 1970

Harriss, ot al, 1970

Havlik, et al, 1979

Haviik, et al, 1979

Mysing-Gubala &

Poirrier, 1981

Mysing-Gubala &
Poirrler, 1981

Zubarik & O'Connor,
1978

Hendrick & Everett,
1965

Burrows & Palmer,
1949

Rucker, 1948
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Table 6, (Contlnued)

Specles

Sockeye salmon (juvenlte),
Oncorhynchus nerka

Chinook salmon (tingerling),

Oncorhynchus tshawytscha

Chinook satlmon,
Oncorhynchus tshawytscha

Ralinbow trout (juvenile),
Salmo gairdnerl

Ralinbow trout ( juvenile),
Salmo galrdaerl

Rainbow trout ( juvenile),
Salmo galrdneri

Rainbow trout (alevin),
Salmo galrdneri

Rainbow trout (juvenile),
Salmo galrdneri

Rainbow trouft,
Salmo galrdner}

Ralnbow trout ( juvenile),
Salmo galrdneri

Rainbow trout ( juvenile),
Salmo gairdnerl

Ralnbow trout (juvenile),
Salmo galrdneri

Ralnbow trout (juvenile),
Salmo galrdneri

Chemical Duration
Pyridylmercuric 1 hr
acetate

Ethylmercuric 1 hr
phosphate

Ethylmercuric 20 hrs
phopshate
Pyridylmercuric 1 hr
acetate

Pyridylmercuric I hr
acetate

Pyridylmercuric I hr
acetate

Pyridylmercuric 1 hr
acetate

Pyridylmercuric I hr
acetate

PhenyImercuric 12 wks
acetate

Ethyimercuric 48 hrs
phosphate

Ethylmercuric -
p-toluene

sul tonani lide
Pyridyimercuric 24 hrs
acetate

Phenyimercuric 48 hrs
acetate

Etfect

Sate tor disease
control

Distress

Sate for dlsease

control

LC100

LCco

LC33 ( 8,3 C)
(13,3 O

Sate for disease
control

LC60

Growth Inhibition

LCS0

Retarded learning

LC50

LCS0

Rucker & whipple,
Burrows & Combs, 1958

Burrows & Combs, 1958

Rodgers, et al. 1951
Rucker & whipple,
Matida, et al, 1971

Matida, et al. 1971

Macl.eod & Pessah,

Result
Lug/L)* Reterence
<4,752
1951
77
39
1,030 Al lison, 1957
967 Allison, 1957
4,750
4,750
<4,750
1951
517 Al lison, 1957
0.11-1,1
43
5 ug/q in Hartman, 1978
teed dally
or 10 wg/g
feed every
titth day
25
1973
1,780 wiltford, 1966
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Table 6. (Contlnued)

Specles

Ralnbow trout (juvenile),

Saimo galrdnerl

Brown frout (juvenile),

Salmo trutta

Brown trout ( juvenile),

Salmo trutta

Brown frout (juvenile),

Salmo trutta

Brook trout (juvenile),
Salvellnus fontinalls

Brook trout (juvenile),
Salvelinus tontlnalls

Brook trout (juvenile),
Salvelinus fontinalls

Brook trout (juvenile),
Salvelinus fontinalls

Lake trout ( juvenile),
Salvelinus namaycush

Lake trout ( juvenile),
Salvelinus namaycush

Channel cattish (juvenile),
Ictalurus punctatus

Channel catfish (juvenile),
Ictalurus punctatus

Channel cattish (yolk sac fry),

Ictalurus punctatus

Channel cattish (1 wk-old),
Ictalurus punctatus

Chemical Duration
Merthiolate 48 hrs
Pyridylmercuric 1 hr
acetate

Pyridyimercuric 48 hrs
acefate

Merthiolate 48 hrs
Pyridylmercuric 1 hr
acetate

Pyridyimercuric | hr
acetate

Pyridyimoercuric 48 hrs
acetate

Merthliolate 48 hrs
Pyridylmercuric 48 hrs
acetate

Merthlolate 48 hrs
Pyridylmercuric 72 hrs
acetate

Pyridylmercuric 48 hrs
acetate

Pyridylmercuric 48 hrs
acetate

Pyridylmorcuric 48 hrs

acetate

Etfect

LC50

Sate for disease
control

LCS0

LCS0

Sate for disease

control

Safe for disease
control

LC50

LCS0

LC50

LC50

LCs0

LCS0 (10 C)
(16.5 C)
(24 C)

LC50 (23 C)

LC50 (23 C)

Result
(!g/L)'

Reference

10,500

4,750

2,950

26,800

2,070

4,750

5,080

1,060

232

1,960
1,340
234

178

<148

willford, 1966
Rodgers, et al. 1951
willitord, 1966

Wil iford, 1966
Allison, 1957
Rodgers, et al, 1951
wititord, 1966
willtord, 1966

Wit ltord, 1966
willtord, 1966
Clemens & Snead,
1958a, 1959

Clemens & Sneed,
1958b

Clemens & Sneed,

19586

Clemens & Sneed,
1958b
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29

Result
Specles Chemical Duration Etfect (ug/L)* Reference
Channel cattish, Pyridylmercuric 48 hrs LCS0 1,370 Wiliford, 1966
lctalurus punctatus acetate
Channel cattish, Merthiolate 48 hrs LC50 2,800 Wil ltord, 1966
Ictalurus punctatus
Bluegl |l (juvenlle), Pyridylmercuric 48 hrs LCS0 1,600 Wil ltord, 1966
Lepomls macrochirus acetate
Bluegl i (juvenile), Merthiolate 48 hrs LCS0 32,000 Wil ltord, 1966
Lepomis macrochirus
targemouth bass, Mercury 21 days Threshold ot 10 Morgan, 1979
Mlcropterus saimoides effect opercu-
lar rhythm
Tt
SALTWATER SPECIES :
Mercury(il)
Red alga, Mercuric 30 min LC50 after 7 days 5,000 Boney & Corner, 1959
Antlthamnion plumula chloride
Alga, Marcuric 4 days About 308 reduction 10 Hannan, et al, 1973b
Chaetoceros glavestonensis chloride in growth
Alga, Mercuric 4 days No growth of 100 Hannan, et al, 1973b
Chaetoceros galvestonensls chloride culture
Alga, Mercuric 4 days BCF=10,920 - Hannan, et al. 1973b
Chaetoceros galvestonensls chloride
Alga, Mercuric 2 days BCF=853 - Parrish & Carr, 1976
Chroomonas sallna chiorlde
Alga, Mercuric 3 days No growth of 100 Hannan & Patouillet,
Cyclotella sp. chloride culture 1972
Alga, Mercuric - 75% reduction in 2,500 Mills & Colwell, 1977

Dunaliella sp, chloride d)z
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Table 6. (Continued)

Specles

Alga,
Dunallella tertiolecta

Alga, :
Dunaliella tertiolecta

Dtatom,
Nitzchia aclcularis

Diatom,
Skeletonema costatum

Alga,
Dunaliella tertiolecta

Alga,
Dunallella tertiolecta

Alga,
|sochrysis galbana

Alga,
Isochrysis galbana

Alga,
lsochrysis galbana

Kelp (zoosporas, gametophytes,

sporophytes),
Laminaria hyperborea

Kelp (zoospores, gametophytes,

sporophytes),
Laminarla hyperborea

Kelp (zoospores, gametophytes,

sporophytes),
Laminaria hyperborea

Chemical

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

’MerCurlc

chloride

Mercuric
chloride

Mercuric
chloride

8

15

15

15

28

28

22

Duration

days

days

days

days

days

days

days

days

days

days

hrs

hrs

Result

Ettect Lug/)® Reterence
About 10% Increase 100 Betz, 1977
in maximum chloro-
phyll a concentra-
tion
About 45% increase 220 Betz, 1977
in maximum chloro-
phyll a concentra-
tion
Prevented growth 150-200 Mora & Fabregas, 1980
Reduced cel | 0.08 Cloutier-Mantha &
density Harrison, 1980
About 158 reduction 10 Davies, 1976
in growth
No ef fect on growth 2 Davies, 1976
About 108 reduction 5.1 Davies, 1974
In growth
About 60% reduction 10.5 Davies, 1974
in growth
Growth rate recovery 10,5 Davies, 1974
to near normal
after day 5
Lowest concentration 10 Hopkins & Kain, 1971
causing growth
tnhibition
EC50 respiration about 450 Hopkins & Kala, 1971
About 80% reduc- 10,000 Hopkins & Kain, 1971

tion in
respiration
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Table 6. (Contlinued)

Specles

Al ga,
Phaeodacty lum trlcornutum

Alga,
Phaeodacty lum trlcornutum

Alga,
Phaeodactylum tricornutum

Red alga (sporllng),
Plumarja elegans

Red alga (sporlling},
Plumaria elegans

Red aiga (sporling),
Plumarla eleqans

Red alga,
Plumar!a elegans

Red alga,
Polyslphonla lanosa

Alga (mlxed),
Asterlonella japonlca plus

Diogenes sp.

5 seaweed specles,
Ascophyilum nodosum,
Fucus s?lralls,

F. versiculosus,

TF. serratus,

Pelvetla canallculata

Algae,
(elghteen spacles)

Chenmlcal Duratlon
Mercurlc 4 days
chloride

Mercuric 4 days
chlorlde

Mercur Ic 4 days
chlorlde

Mercurlc 24 hrs
chlorlde

Mercur ic ! hr
chiorlde

Mercurlc 18 hrs
chlorlde

Mercurlc 30 min
chlorlde

Mercurlic 30 min
chlorlde

Mercurlc 8 days
chloride

Mercur Ic 10 days
chlorlde

Mercurlic 17 days
chlorlide

Reference

Result

Effect lug/L)®
About 50% reductlon 50
in growth
No growth of 120
culture
BCF=7,120 -
40% reduction in 120
growth over 21 days
408 reduction In 1,000

growth over 21 days

LC50 after 7 days 3,170

LC50 after 7 days 6,700

LC50 after 7 days 8,000

BCF=3,467 -

10-30% reductlon In 10
growth

Growth Inhlbitjon <5-15

Hannan, et al. 1973b

Hannan, et al, 1973a

Hannan, et al. 1973b

Boney, 1971

Boney, 1971

Boney, et al. 1959

Boney & Corner, 1959

Boney & Corner, 1959

Laumond, et al. 1973

Stramgren, 1980

Berland, et al. 1976
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Table 6. (Contlnued)

Specles

Algae,
(elghteen specles)

Algae,
(three specles)

Algae,
(threa specles)

Algae,
(three specles)

Natural phytoplankton
populations

Natural phytoplankton
populations

Phytoplankton,
(Natural assemblages)

Profozoan,
Cristligera sp.

Protozoan,
Euplotes vannus

Sand worm (adult),
Nerels virens

Sand worm (aduit),
Nerels virens

Polychaete worm (adult),
Ophryotrocha diadema

Polychaete worm (aduit),
Ophryotrocha dliadema

Polychaete worm (adult),
Ophryotrocha dladema

Polychaete worm,
Ophryotrocha diadema

Chealcal

Mercurlc
chloride

Mercurlc
chloride

Mercuric
chloride

Mercurlc
chliorlide

Mercuric
chiorlde

Mercur Ic
chloride

Mercuric
chloride

Mercuric
chloride

Mercurlc
chloride

Mercur Ic
chiorlde

Mercuric
chloride

Mercurlc
chlor Ide

Mercurlc
chlorlide

Mercurlc
chloride

Mercuric
chloride

17

168

168

168

120

96

21

12

48

168

168

96

48

Duration

days

hrs

hrs

hrs

hrs

hrs

days

hrs

hrs

hrs

hrs

hrs

hrs

hrs

Result
Effect (ug/)*
Death 10-50

Depressed growth 30-350

No further . 40
bioaccumuiatlon

Changes In cell 30-350
chemistry

Reduced chlorophyl | 6
a

Reduced blamass 2
Inhiblted growth 1
Reduced growth 2,5-5
Inhiblition of 1,000
reproduction

LC50 60
LC100 125
LC13 50
LC60 100
LC100 500
LC50 30-100

Reference

Berland, et al. 1976
Sick & Wlndom, 1975
Slck & Wladom, 1975
Sick & Windom, 1975

Hollibaugh, et al.
1980

tol llbaugh, et al,
1980

Thomas, et al. 1977
Gray & Ventlilla, 1973

Persoone &
Uyttersprot, 1975

Elsler & Hennekey,
1977

Eisier & Hennekey,
1977

Relsh & Carr, 1978
Relsh & Carr, 1978

Relsh & Carr, 1978

Parker, 1984
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Table 6. (Contlinued)

Specias

Blue mussel (larva),
Mytllus edulls

Paclflc oyster (larva),
Crassostrea glqas

Eastern oyster (embryo),
Crassostrea virginlca

tastern oyster (embryo),
Crassostrea virginica

Eastern oyster (embryo),
Crassostrea virglinica

Clam,
Mullna lateralis

Common rangla,
Rangla cuneata

Common rangla,
Rangla cuneata

Quahog clam (larva),
Mercenarla mercenarla

Quahog clam (larva),
Mercenarla mercenar]a

Soft-shell clam (aduit),
Mya arenarla

Sof t-shel | clam (adult),
Mya arenarla

Sott-shell clam (adult),
Mya arenarla

Copepods (adult),
(5 genera)

Copepods (adult),
(5 genera)

Chemical Duratlon
Mercurlc 24 hrs
chloride .
Mercuric 24 bhrs
chlorlide

Mercur Ic 12 days
chiorlde

Mercurlc 48 hrs
chlorlde

Mercurlc 19 days
chloride

Mercurlc 72 hrs
chlorlde

Mercur lc 96 hrs
chlorlde

Mercuric 14 days
chlorlde

Mercur ic 8-10 days
chlorlde .
Mercurlc 42-48 hrs
chloride

Mercur lc 168 hrs
chlorlde

Mercurlc 168 hrs
chlorlde

Mercur ic 168 hrs
chlorlde

Mercurlc 10 days
chlorlde

Mercur Ic 10 days
chlorlde

Reference

Result

Effect lug/L)*
Abnormal development 32
Abnormal 32
development
LCS0 12
Lco |
Trace metal upset 50
Reduced calclum 26,95
uptake
LCS0 (<1 g/kg 5,100
sallnity)
BCF=1,130 -
(whole anlimal)
LC50 14
LCO 2,5
LCO 1
LC50 4
LC100 30
90% decrease in egg 10
productlon
70% decrease In 10

fecal pellet

Okubo & Okubo, 1962
Okubo & Okubo, 1962
Calabrese & Nelson, 1974;

Calabrese, et al. 1977

Calabrese, et al.
1973

Kopfler, 1974

Ming-Shan & Zubkoff,
1982

Olson & Harrel, 1973

Dilion & Neff, 1978

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

Calabrese, et al.
1973

Elsler & Hennekey, 1977

Elsler & Hennekey, 1977

Elsler & Hennekey,
1977

" Reeve, et al. 1977

Reeve, et al. 1977
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Table 6. (Contlnued)

Specles

Copepods (adult),
(5 genera)

Copepod (adulit),
Pseudocalanus mlnutus

Copepod (adult),
Pseudocalanus mlnutus

Copepod (adult),
Acartia clausi

Copepod (aduit),
Acartia clausli

Barnacle (adult),
Balanus balanoldes

Barnacle (cyprid),
Balanus balanoldes

Barnacle (cyprld),
Balanus balanoldes

Barnacles (naupiius),
Balanus crenatus

Barnacle (cyprid),
Balanus improvlsus

white shrimp (adult),
Penaeus setltferus

Grass shrimp (larva),
Palaemonetes vulgarls

Grass shrimp (larva),
Palaemonetes vulgaris

Grass shrimp,
Palaemonetes puglo

Reference

Result
Chemical Duration Ettect {ug/L)*
Mercuric 48 brs Hg-Cu Interactlons 17
chloride on LC50 (Hg In

mixture)
Mercuric 70 days No growth of culture 5
chloride
Mercurlc 70 days No growth Inhibltlion |
chloride
Marcuric 1.9 hrs LC50 50
chloride
Mercuric 24 nrs BCF=7,500 -
chloride
Mercuric 48 hrs LC90 1,000
chloride
Mercurlc 6 hrs About 108 reduci ton 10
chloride In substrate attach-

ment over 19 days
Mercuric 6 hrs LC50 90
chlorlide
Mercuric 6 hrs LC50 60
chioride
Mercuric 48 nrs About 50% abnormal 16,600
chloride development
Mercuric 60 days No ef fect on |
chloride respiration, growth,
or molting

Mercuric <24 hrs LC100 - 56
chloride
Mercuric 48 brs LCO <5,6
chloride
Mercuric 120 hrs LC50 148
chloride

Reeve, ot al, 1977

Sonntag & Greve, 1977
Sonntag & Greve, 1977
Corner & Sparrow,

1956

Relichiro, et al,
1983
Clarke, 1947

Pyefinch & Mott, 1948

Pyetinch & Mott, 1948
Pyetinch & Mott, 1948
Ciarke, 1947

Green, et al. 1976

Shealy & Sandl fer,
1975

Shealy & Sandi fer,
1975

Barthaimus, 1977



89

Table 6. (Continued)

Specles

Grass shrimp,
Palaemonetes puglo

Grass shrimp (larva),
Palaemonetes vulgarls

Grass shrimp (larva),
Palaemonetes vulgarls

Hermit crab (adult),
Pagurus longlicarpus

Hermlt crab (adult),
Paqurus {onglcarpus

Hermit crab (adult),
Pagurus longlcarpus

Green crab (adult),
Carclinus maenas

Green crab (adult),
Carclnus maenas

Green crab (larva),
Carclinus maenas

Green crab (larva),
Carclnus maenas

Green crab (larva),
Carclnus maenas

Green crab (larva),
Carclinus maenas

Green crab (larva),
Carclnus maenas

Green crab (larva),
Carcinus maenas

Chemlcal Duratlon
Mercurlc 24 hrs
chloride

Mercurlc 48 hrs
chloride

Mercuric 48 hrs
chlorlde

Mercurlc 168 hrs
chioride

Mercurlc 168 hrs
chlorlde

Mercurlc 168 hrs
chiorlde

Mercurlc 48 hrs
chloride

Mercurlc 48 hrs
chloride

Mercur lc 47 rs
chlorlde

Mercur lc 20-30 hrs
chiorlde

Mercur lc 4,3-13,5 hrs
chloride

Mercurlc 2.7 hrs
chiorlde

Mercuric 0.5 hrs
chlorlide

Mercurlc 0.22 hrs
chlorlde

Etfect

Impalired condl-
tloned avoldance
response

LC50

Abnormal
development

LCO

LC50

LC100

LC50

LC50

LC50

LCS0

LC50

LC50

LC50

LC50

Result
(pg/L)*

Reference

37

10

10-18

10

50

125

1,000

1,200

33

100

1,000

3,300

10,000

Barthalmus, 1977

Shealy & Sandlfer,
1975

Shealy & Sandifer,
1975

Elsler & Hennekey,
1977

Elsler & Hennekey,
1977

Elsler & Hennekey,
1977

Portmann, 1968
Connor, 1972
Connor, 1972
Connor, 1972
Connor, 1972
Connor, 1972

Connor, 1972

Connor, 1972
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Table 6. (Cont!nued)

Specles

Flddler crab (adult),
Uca pugllator

Flddler crab (aduit),
Uca pugllator

Fiddler crab (adult),
Uca puql lator

Flddler crab (adult),
Uca pugllator

Fiddler crab (zoea),

Uca pugllator

Fiddler crab (zoea),

Uca pugliator

Fiddler crab (zoea),
Uca pugllator

Starflsh (aduit),
Asterlas forbes!

Startish (adult),
Asterlas torbesi

Startlsh (adult),
Asterlias forbesl

Sea urchin (spermatazoa),
Arbacla punctulata

Sea urchin (spermatazoa),
Arbacla punctulata

Sea urchin (embryo),
Arbacla punctulata

Haddock (embryo),
Melanogrammus aeglefinus

Chemlcal Duration

Mercur lc 28 days
chiorlde

Mercurlc 6 days
chlorlide

Mercurlc 6 days
chlorlde

Mercurlc 24 hrs

chlorlde

Mercurlc 8 days
chlorlde

Mercurlc 24 hrs

chtoride

Mercuric 5 days
chloride

Mercurlc 168 hrs

chloride

Mercurlic 168 hrs

chloride

Mercurlc 168 hrs

chloride

Mercurlc 8 min

chiorlde

Mercurlc 24 min

chloride

Mercurlc 13 hrs

chlorlde

Mercur ic 96 hrs

chloride

Result
Effect (pgs/L)® Reference

Low survival, 1,000 wWels, 1976

Inhibited 1Iimb

regeneratlon

20-25% reduction 180 Vernberg & Vernberg,

In percent survlval 1972

20-25% reduction 180 Vernberg & Vernbery,

in percent survival 1972

Increased oxygen 180 Vernberg & Vernberg,

consumpt lon 1972

LCS0 1.8 DeCoursey & Vernberg,
1972

20-100% lIncrease In 1.8 DeCoursey & Vernberg,

metabol ic rate 1972

after stage | zoea

About 40% Increase 1.8 DeCoursey & Vernbery,

In swimmlng activlty 1972 i

of stage V zoea

LCO 10 Elsler & Hennekey,
1977

LC50 20 Elsler & Hennekey,
1977

LC100 125 Eisler & Hennekey,
1977

About 150% Increase 20 Young & Neison, 1974

In swlmmling speed

About 80% decrease 2,000
In swimming speed

Abnormal development 92

LC50 918

Young & Nelson, 1974

Waterman, 1937

Cardin, 1982
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Table 6. (Contlinued)

Specles

Mummichog (adult),
Fundulus heteroclitus

Mummichog (adult),
Fundulus heteroc!ltus

Mummichog (adult),
Fundulus heterocl]tus

Mummichog (adult),
Fundulus heterocljtus

Mummlchog (adult),
Fundulus heterocllitus

Mummichog (adutt),
Fundulus heteroclltus

Mummlchog (embryo),
Fundulus heterocl|ltus

Mumm!chog (embryo),
Fundulus heteroc!ltus

Mumm}chog (embryo),
Fundulus heterocl]tus

Mummlchog (embryo),
Fundulus heterocl!tus

Mummichog (larva),
Fundutus heteroclltus

Mummichog (adult),
Fundulus heterocl!tus

Mummichog (aduit),
Fundutus heterocl]tus

Mummichog (adulft),
Fundulus heterociltus

Chemlcal

Mercurlc
chlorlde

Mercurlc
chloride

Mercurlc
chloride

Mercurlc
chlorlde

Mercuric
chlorlde

Mercuric
chioride

Mercurlc
chlorlde

Mercurlc
chlorlde

Mercurlc
chloride

Mercur Ic
chlorlde

Mercuric
chloride

Mercurlc
chiorlde

Mercuric
chloride

168

168

168

24

28

12

32

96

48

Durat lon

hrs

hrs

hrs

hrs

hrs

days

days

days

hrs

days

hrs

hrs

Result

Effect (pg/L)*
Lco 100
LC50 800
LC100 1,000
Disrupted osmoreg- 125
ulatlon
Affected |lver 200
enzymes
Up to 40% reductlon 12
In enzyme activity
before recovery
Many developmental 30-40
abnormal It]es
Some developmental 10-20
abnormalitles
Some developmental 30-40
abnormal itles
EC50 67.4
No ef fect 50
Mercury red}s- 1,000 ug Hg/

Reference

tributlon organs kg body wt

following Se plus 400 ug
pretreatment Sa/kd body wt
Cellular 250-5,000
degeneration

LC100 2,000

Elsler & Hennekey,
1977

Elsler & Hennekey,
1977

Elsler & Hennekey,
1977
Renfro, et al, 1974

Jacklm, et al. 1970

Jackim, 1973

Wels & Wels, 1977
Wels & Wels, 1977
wels & Wels, 1977
Sharp & Neff, 1980
wWels & Wels, 1983

Shellne & Schmidt-
Nlelson, 1977

Gardner, 1975

Eisler, ot al, 1972



Table 6. (Contlinued)

1L

Result
Specles Chemical Duration Effect AugsL)® Reference
Mummlichog (adult), Mercurlc 96 hrs Slugglsh, uncoor- 1,150 Klaunig, et al. 1975
Fundulus heteroclitus chlorlde dinated swimmlng
Shlner perch, Mercurlc - 45% reductlon of 33,900 Abou-Donla & Menzel,
Cymatogaster aggregata chlorlde braln chollinester- 1967
ase actlvity :
Striped bass (adult), Mercurlc 30 days Decreased resplra- 5 Dawson, et al., 1977
Morone saxatllls chlorlde tlon 30 days post
exposure
Winter flounder (adult), Mercurlc 60 days Decreased resplra— 10 Calabrese, ot al.
Pseudopleuronectes americanus chiorlde tion 1975
Methy lmercury
Alga, Methylmercuric 10 min EC50 about 170 Overnell, 1975
Dunallella tertlolecta chloride (photosynthesls)
Alga, Methylmercurlc 25 days EC50 about 190 Overnell, 1975
Phaeodactylum tricornutum chlorlde (photosynthesls)
Red alga (sporiing), Mathy Imercuric 18 brs LC50 atter 7 days 44 Boney, et al., 1959
Plumaria elegans chlorlde
Alga, MethyImercuric 3 days Inhibited growth 25 Mora & Fabregas, 1980
Tetraselmls succlca chlorlde
Alga, Dlmethy linercury 3 days About 75% reduct lon 100 Hannan & Patoulllet,
Chaetoceras sp. In growth 1972
Alga, Dimethylmercury 3 days About 15% reductlon 500 Hannan & Patoull let,
Cyclotella sp. In growth 1972
Alga, Dimethy Imercury 3 days About 45% reduction 500 Hannan & Patoull let,
Phaeodactylum sp. In growth 1972
Red alga (sporling), Methy Imercurlc 25 mln EC50 (growth over 40 Boney, 1971
Plumarlia elegans chloride 21 days
Diatom, Mathy Imercuric 3 days Inhlblted growth 25 Mora & Fabregas, 1980

Nitzchla aclcularls

chlorlde
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Table 6. (Contlnued)

Specles

Dinoflagel late,
Scrippslella faeroense

Alga,
Chlorella sp.

Alga,
Chlorella sp.

Alga,
Dunallella euchlora

Alga,
Dunallella euchlora

Alga,
Monochrysls lutherl

Alga,
Monochrysls luther]

Alga,
Phaeodactylum trjcornutum

Alga,
Phaeodactylum trlcornutum

Alga,
Protococcus spe

Alga,
Protococcus sp.

Red alga (sporlling),
Plumarla eleqans

Red alga (sporlling),
Plumarla elegans

Red alga (sporling),
Plumarla elegans

Chemical

Mercurlc
acetate

Ethylmercurlc
phosphate

Ethylimercur ic
phosphate

Ethyimercuric
phosphate

Ethy lmercur ic
phosphate

Ethylmercuric
phosphate

Ethy lmercurlc
phosphate

Ethylmercurlc
phosphate

Ethylmercurlc
phosphate

Ethylmercuric
phosphate

Ethylmercuric
phosphate

Mercurlc
lodlde

Ethylmercurlc
chlorlde

Phenylimercur Ic
chloride

14

10

10

10

10

10

10

10

10

18

18

Duratlon

days
days
days
days
days
days
days
days
days
déys
days
hrs

hrs

hrs

Effect

No growth of
culture

224 reductlon In
growth

100§ lethal to
culture

36% reduction in
growth

100§ tethal fo
culture

No reductlon In
growth

100% tethal to
culture

45% reductlon In
growth

1005 lethal to
cul ture

14% reductlon In
growth

100 lethal to
culture

LC50 after 7 days
LC50 after 7 days

LC50 after 7 days

Result

tug/L)®

Reference

1,000

0.6

0.6

0.6

0.6

0.6

156

54

Kayser, 1976

Ukeles, 1962

Ukeles, 1962

Ukeles, 1962

Ukeles, 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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Table 6. (Continued)

Specles

Diatom,
Nitzchla delicatissima

Blue mussel (adult),
Mytilus edulis

Eastern oyster (aduit),
Crassostrea virglnica

Copepod (aduit),
Acartia clausi

Amphipod (adult),
Gammarus duebenl]

Fliddler crab (aduit),
Uca sp.

Fiddler crab (adult),
Uca sp.

Mummichoq (adult),
Fundulus heteroci| tus

Mummichog (embryo),
Fundulus heteroclitus

Mummichog (larva),
Fundulus heteroclitus

Mummichog (embryo),
Fundulus heterocllitus

Striped mullet,
Mugi |l cephalus

Dinotlagellate,
Gymnodinium spendens

Dinot lagel late,
Scrippsiella taerocense

Result
Chemical Duration Ettect (ug/L)®
Methy Imercuric 24 hrs EC50 0.4
dicyandiamide (photosynthesis)
Methyimercuric 24 hrs About 90% reduced 400
chloride teeding rate
Methylmercuric 19 days Trace metal upset 50
chloride
Methyimercuric 24 bhrs BCF=56,000~350,000 -
chloride
Methy Imercuric 3 days Induced diuresis 56
chloride
Methylmercuric 32 days No limb 300-500
chloride regeneration
Methylmercuric 32 days Melanin absent in 100
chloride regerated |imbs
Methylmercuric 24 hrs Disrupted 125
chloride osmorequlation
Methylmercuric 1 days Teratologi cal 50
chioride eftects
Methylmercuric - Reduced LT50s 50
chloride
Methyimercuric - Developed resistance 50
chloride in a pond
Methyimercuric 13 days Inhibited tin 1
chloride regeneration

Other Mercury Compounds

Mercuric 11 days 55% reduction in 10
acetate growth
Mercuric 25 days 45% reduction In 10
acetate growth, morphological

variation

Reference

Harriss, et al. 1970
Dorn, 1976

Koptler, 1974
Reiichiro, et al,

1983

Lockwood & inman,
1975

Weis, 1977

Weis, 1977

Rentro, et al. 1974
weis, et al, 1981
Weis & weis, ‘983

Weis & weis, 1984

Wais & weis, 1978

Kayser, 1976

Kayser, 1976
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Table 6. (Continued)

Specles

Red alga (sporliling),
Plumarla elegans

Red alga (sporling),
Plumarlia elegans

Red alga (sporlling),
Plumarlia elegans

Red algja (sporling),
Plumaria elegans

Red alga (sporling),
Plumarla elegans

Red alga (sporiing),
Plumaria elegans

Dlatom,
Nitzchla deljcatissima

Diatom,
Nitzchja dellcatlissima

Dlatom,
Nltzchla dellcatlssima

Dlatom,
Nitzchla aclcularls

Eastern oyster (adulft),
Crassostrea virginica

tastern oyster (adult),
Crassostrea virglnlca

tastern oyster (adult),
Crassostrea virglinlca

Chemlcal Duratlon
Pheny lmercur lc 18 brs
lodide
Isoamyimercurlc 18 hrs
chloride
n—amy Imercur Ic 18 hrs
chlorlde
Isopropy lmercur ic 18 hrs
chlorlde
n-propyimercurlc 18 hrs
chloride
n-butylmercuric 18 hrs
chlorlde
N-methy lmercurlc- 24 hrs
1,2,3,6-tetrahydro~
3,6-methano-3,4,5,6,
7,7~hexachloro-
phthallimine
Phenylmercurlic 24 hrs
acetate
Diphenyimercury 24 brs
Pheny Imercurlc 71 days

acetate

Mercurlc
acetate

Mercur ic
acetate

Phenyimercuric
chloride

12 hrs dally
for 15 days

60 days

19

days

Effect

LC50 after 7 days
LC50 after 7 days
tC50 atter 7 days
LC50 after 7 days
LC50 after 7 days
LC50 atter 7 days
EC50

(photosynthesls)

EC50
(photosynthesls)

EC50
{photosynthesls)

Inhibited growth
33% reductlon in
shell growth

Les5

Trace metal upseft

Reference

13

13

13

0.3

18

25

10

100

Boney, et al. 1959

Boney, et al. 1959

Boney, et al. 1959

Boney, et al. 1959

Boney, et al. 1959

Boney, et al, 1959

Harrlss, et al. 1970

Harrlss, ef al. 1970

Harrlss, et al., 1970

Mora & fFabregas, 1980

Cunningham, 1976

Cunnlngham, 1976

Koptier, 1974
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Table 6. (Contlnued)

okl in river water.

#x®  Static, contlnual loss over time.

kkE¥% Not at steady-state.

%##X¥aCF |ndependent of concentratlion In water over range tested.

Result

Specles Chemical Duration Effect Aug/L)* Reference
Copepod (adult), Mercur ic 1.9 hrs LC50 50 Corner & Sparrow,
Acartia clausl acetate 1956
Capepod (adult), Ethylmercurlc 1.9 hrs LC50 50 Corner & Sparrow,
Acartla clausl chlorlde 1956
Coho salmon (adult), Pyridylmercuric 12-15 wks, 0.03 mg Hg/kg wet 1,000 Amend, 1970
Oncorhynchus kjsutch acetate 1 hr wkly wt muscie 2 yrs

as juven-  post-exposure

Iles
Sockeye salmon ( juvenlle), Pyridylmercurlic 12-15 wks, 1.2 mg Hg/kg wet 1,000 Amend, 1970
Oncorhynchus nerka acetate 1 hr wkly wt muscle 12 weeks

post-aexposure

Sockeye salmon (adult), Pyridylmercuric 12-15 wks, 0.24 mg Hg/kg wet 1,000 Amend, 1970
Oncorhynchus nerka acetate 1 hr wkly wt muscle 3 yrs

as juven- post-exposure

Iles
Sockeye salmon (adult), Pyrldylmercurlc 12 1-br 0.04 mg Hg/kg wet 1,000 Amend, 1970
Oncorhynchus nerka acetate axposures wt muscle 4 yrs

as juven—  post-exposure

Iles
Chinook salmon (adult), Pyr Idylmercuric 35 wks, 1 up fo 0.12 mg Hg/kg 1,000 Amend, 1970
Oncorhynchus tshawytscha acetate hr wkly as muscle 4 yrs later

Juveniles
Threesplne stickieback, Phenyimercur ic 370 min LC100 100 Boetlus, 1960
Gasterosteus aculeatus acetate
* Results are expressed as mercury, not as the chemical.
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