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FOREWORD

Section 304(a)(1) of che Clean Wacer Acc of 1977 (P.L. 95-217) requires
the Adminiscractor of che Environmental Procecciom Agency cto publish criceria
for water qualicy accuracely reflecring che lacesc sciencific knowledge on
the kind and extent of all identifiable effeccs on healch and welfare which
may be expected from che presence of pollucants in any body of water,
including ground wacer. This documenc is a revision of proposed criceria
based upon a consideracion of commencts received from octher Federal agencies,
Sctace agencies, special incerest groups, and individual scientiscs. The
criceria conctained in chis document replace any previously published EPA
aquacic life criceria.

The cerm "wacer qualicy criceria" is used in cwo seccions of the Clean
Wacer Acct, section 304(a)(l) and seccion 303(c)(2). The cerm has a different
program impact in each seccion. In secction 304, che term represencs a
non-regulatory, sciencific assessment of ecological effects. The criceria
presenced in this publicacion are such sciencific assessments. Such wacer
qualicy criceria associaced wich specific scream uses when adopted as Scace
water qualicy scandards under section 303 become enforceable maximum
accepcable levels of a pollucanc in ambienc wacters. The water qualicy
criceria adopced in che Scace water qualicy scandards could have che same
numerical limics as che criteria developed under section 304. However, in
many sicuacions Scaces may wanc co adjust wacter qualicty criceria developed
under seccion 304 cto reflecc local environmenctal condicions and human
exposure patterns before incorporacion inco wacer qualicy scandards. Ic is
not uncil cheir adopcioan as parct of che Scare wacer qualicy scandards chac
cthe cricteria become regulacory.

Guidelines co assisc the Scactes in che modificacion of criceria
presenced in this document, in che development of wacer quality scandards,
and in ocher water—-relaced programs of this Agency, have been developed by
EPA.

Edwin L. Johnson
Director
Office of Wacer Regulacions and Scandards
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Incroduction*

Mercury has long been recognized as one of the mosc toxic of cthe heavy
mecals, but only recencly was it idencified as a serious pollucanc in che
aquatic environmenc (Nacional Research Council, 1978; Nacional Research
Council Canada, 1979; Nriagu, 1979). Elemencal mercury is a heavy liquid ac
room temperature and was considered relacively inerc, because it was assumed
chat it would quickly sectle to the boccom of a body of wacer and remain
chere in an innocuous scate. However, elemental mercury is oxidized co
mercury(II) under nacural conditions (Wood, 1974). Furchermore, mercury(Il),
whecher discharged direccly or produced from elemencal mercury, can be
methylaced by boch aerobic and anaerobic bacteria (Akagi, 1979; Beijer and
Jernelov, 1979; Callahaa, et al. 1979; Jermelov, 1971, 1972; Jernelov, ec al.
1975; Nacional Research Council, 1978; Summers and Silver, l978; Thayer and
Brinckman, 1982; Wright and Hamilcon, 1982). Mercury(II) can also be
mechylaced in che slime coat, liver, and intescines of fish (Jernelov, 1968;
Matsumura, ec al. 1975; Rudd, et al. 1980b), but mechylation apparencly does
not occur in ocher cissues (Huckabee, ec al. 1978; Macida, et al. 1971;
Pennacchioni, ec al. 1976) or in plancs (Czuba and Morcimer, 1980). (The
cerm "mechylmercury" is used herein to refer only to monomechylmercury, and
not to dimechylmercury or any ocher monoorganomercury salc or diorganomercury
compound. Inorganic mercury(Il) will be referred to as "mercury(II)".)

The imporctance of mechylacioa may be reduced by demechylacion (Bisogni,

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

*An underscanding of che "Guidelines for Deriving Numerical Nacional Wacer
Qualicy Criceria for the Procection of Aquacic Organisms and Their Uses"
(Stephan, et al., 1985), hereafter referred co as the Guidelines, is
necessary in order to underscand cthe following cext, cables, and calculacions.



mechanism that concrrols the councencracion of mechylmercury ia sediment and in
wacer. Jernelov, et al. (1975) ciced a case in which low levels of mechyl-
mercury in fish from a highly concaminaced area coincided with scrong
mechylmercury degrading accivicy in che sedimenc. Demechylacion also occurs
in fish (Burrows and Krenkel, 1973; de Freicas, et al. 198l; Gage, 1964;
Olson, ec al. 1978), probably as parc of che depuracion mechanism.

Numerous facctors such as alkalinity, ascorbic acid, chloride, dissolved
oxygen, hardness, organic complexing agencs, pH, sedimenc, and cemperacure
probably affecc che acucre and chromic coxicity and biocaccumulacion of the
various forms of mercury (Amend, ec al. 1969; Baker, ec al. 1983; Feich, et
al. 1972; Hahne and Krooacje, 1973; Jernelov, 1980; Ramamoorchy and
Blumhagen, 1984; Ribeyre and Boudou, 1982; Rogers and Beamish, 1981, 1983;
Rudd, ec al. 1980a; Rudd and Turner, 1983a,b; Sharma, ec al. 1982; Stokes, ec
al. 1983; Tsai, ec al. 1975; Wren and MacCrimmon, 1983; Wright and Hamilcon,
1982).

A variecy of scudies have been conducred on the effecc of selenium on
che acuce toxicicy of mercury (e.g., Birge, ec al. 1981; Bowers, et al. 1980;
De Filippis, 1979; Heisinger, 1981l; Heisinger, ec al. 1979; Klaverkamp, et
al., 1983a; Lawrence and Holoka, 1983; Sharma and Davis, 1980¢c) and on che
accumulacion of mercury from food and wacter (e.g., Beijer and Jernelov, 1978;
Chang, et al. 1983; Heisinger, er al. 1979; Klaverkamp, ec al. 1983b; Rudd,
ec al. 1980a; Sharma and Davis, 1980c; Speyer, 1980; Turner and Swick, 1983).
Available data do not, however, show that quancictacive relacionships are
consiscent enough for a variecy of aquatic species co enable relacing wacter
qualicy criceria to any of chese variables.

Because of the variecy of forms of inorganic and organic mercury and
lack of definicive information about cheir relacive coxicities, no available
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analytical measurement is known to be ideal for expressing aquacic life

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

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

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

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

mercury (operacionally defined as the mercury chat passes chrough a 0.45 um

membrane filcer after che sample is acidified co pH = 1.5 to 2.0 wich nicric

acid) is probably che besc measuremenc ac the present for the following

reasons:

1'

This measuremenc is compatible wicth all available daca concerning
toxicicy of mercury co, and bioaccumulacion of mercury by, aquacic
organisms. No tesc resulcs were rejected jusc because it was likely chac
they would have been subsctancially differenc if chey had been reporced in
terms of acid-soluble mercury. For example, resulcs reported in cerms of
dissolved mercury would noc have been used if che concencracion of
precipicaced mercury was subscancial.

On samples of ambient water, measurement of acid-soluble mercury should
measure all forms of mercury thar are ctoxic to aquatic life or can be
readily converced to toxic forms under nactural condicions. In addicion,
chis measuremenc should noc measure several forms, such as mercury thac
is occluded in minerals, clays, and gand or is scrongly sorbed co
particulace maccer, chat are not toxic and are noc likely to become coxic
under nacural condicions. Alchough this measuremenc (and many ochers)
will measure soluble, complexed forms of mercury, such as che EDTA
complex of mercury(II), thac probably have low coxicities to aquatic
life, concencrations of these forms probably are negligible in mostc

ambient wacer.



L\

10.

Alchough water qualicy criceria apply to ambienc wacer, the measurement
used CO express criteria is likely co be used to measure mercury in
aqueous effluencs. Measurement of acid-soluble mercury should be
applicable co effluencs because it will measure precipitates, such as
carbonate and hydroxide precipicaces of mercury(II), chat mighc exisc in
an effluenc and dissolve when the effluenc is diluced wich receiving
water. If desired, dilution of effluent wich receiving water before
measurement of acid-soluble mercury mighc be used to decermine whecher
the receiving water can decrease the concenctracion of acid-soluble
mercury because of sorpcion.

The acid-soluble measurement should be useful for most mecals, chus
minimizing the number of samples and procedures thac are necessary.

The acid-soluble measuremenc does not require filtrarion act che cime of
collection, as does che dissolved measuremenc.

The ounly creatment required ac che cime of colleccion is preservacion by
acidificacion to pH = 1.5 co 2.0, similar co chac required for che coral
measurement.

Duracions of 10 minuces to 24 hours becween acidificacrion and filcracion
probably will not affecc che resulr subscancially.

The carbonate system has a much higher buffer capacicy from pH = 1.5 co
2.0 chan it does from pH = 4 to 9 (Weber and Stumm, 1963).

Differences in pH wichin che range of 1.5 cto 2.0 probably will not affect
the result subscancially.

After acidificacion and filcracion of the sample to isolate che acid-
soluble mercury, che analysis for tocral acid-soluble mercury can be
performed using permanganacte and persulface oxidacion and cold vapor

atomic absorprion (U.S. EPA, 1983a), as wicth the toral measuremenc.
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Acid-soluble inorganic mercury can be measured by noc breaking down che
organomercury compounds before using cold vapor acomic absorpcion.
Mechylmercury has been measured using gas chromacography (Cappon, 1984;
Hildebrand, et al. 1980; Paasivirca, et al. 1981), chin layer chromato-
graphy (Kudo, ec al. 1982), and liquid chromacography (Gast and Kraak,
1979; MacCrehan and Dursc, 1978).
Thus, expressing aquacic life criceria for mercury in terms of che acid-
soluble measurement has boch roxicological and praccical advancages. On che
ocher hand, because no measurement is known co be ideal for expressing
aquacic life criceria for mercury or for measuring mercury in ambient wacer
or aqueous effluencs, measuremenc of boch coctal acid-soluble mercury and
total mercury in ambient wacer or effluenc or boch might be useful. For
example, there might be cause for concern if toctal mercury is much above an
applicable limic, even though tocal acid-soluble mercury is below che limic.
Unless otherwise noced, all concencracions reporced herein are expeccted
to be essentially egquivalenc co acid-soluble mercury concencracions. All
conceancracions are expressed as mercury, not as the chemical cesced. The
criceria presenced herein supersede previous aquacic life wacer qualicy
cricteria for mercury (U.S. EPA, 1976, 1980) because these new criceria were
derived using improved procedures and addicional information. Whenever
adequately juscified, a national cricerion may be replaced by a site-specific
cricerion (U.S. EPA, 1983b), which may include not only site-specific
cricterion concencracions (U.S. EPA, 1983¢c), bur also site-specific duracions
of averaging periods and sice-specific frequencies of allowed exceedences
(u.s. EPA, 1985). The latest literacure search for informacion for chis

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



Acucte Toxicicy to Aquactic Animals

Table ! concains che primary acuce toxicity daca for chree classes of
mercury compounds: mercury(Il), mechylmercury, and ocher mercury compounds,
chiefly organic. The laccer informacion exiscs principally because many of
chese compounds were considered for use in creatment of diseases and concrol
of parasices in fish culcture, alchough cheir source for environmencal concern
is from induscrial and agricultural uses for fungus concrol. Boch phenyl-
mercuric acecate and pyridylmercuric acecace have been called PMA. Tesrcs
have been conducted on different formulacions which contain various
percencages of active ingredienc and che percencages of accive ingredienc
given by che authors were used co calculace mercury conceacractions. When che
percencage of accive ingredienct was not given for pyridylmercuric acecace, 80
percent was assumed (Allisom, 1957).

The freshwacter acute ctoxicity values indicace chac che difference in
sensicivicy between differenc species co a particular mercury compound is far
greacer than cthe difference in sensicivicy of a parcticular species to various
mercury compounds. For example, che reported acuce values for mercury(LI)

range from 2.217 ug/L for Daphnia pulex co 2,000 .g/l. for che aquacic sctages

of cerctain insects, with a coatinual gradacion in sensicivity among
incermediace species (Table 3). On che other hand, Joshi and Rege (1980),
Lock and van Overbeeke (1981) and Macrida, er al. (1971) found chat various
species were 4 to 3l times more sensictive co various organic mercury
compounds chan to mercuric chloride (Table 1).

MacLeod and Pessah (1973) sctudied cthe effecc of cemperacure on the acute
toxicity of mercuric chloride to rainbow trouc. Ac 5, 10, and 15 C, che
LC50s were 400, 280, and 220 ug/L, respectively (Tables 1 and 6). Clemens

and Sneed (1958b) found a similar effect of temperacture on coxicity co
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juvenile channel cacfish; ac 10, 16.5, and 24 C che acute values for phenyl-
mercuric acetate were 1,960, 1,360, and 233 ug/L, respectively (Table 6).

The 28 Genus Mean Acute Values in Table 3 were calculaced as geomecric
means of the available Species Mean Acuce Values (Tables 1 and 3). Acuce
values are available for more chan one species in each of two genera, and che
range of Species Mean Acuce Values wichin each genus is less than a factor of
1.6. On che ocher hand, a midge was among cthe most sensitive species,
whereas ocher insects were cthe most resistant species. The most sensitive
genus, Daphnia, is 756 times more sensicive chan che mosc resiscanc,
Acroneuria (Table 3). A freshwacer Final Acute Value of 4.857 .g/L was
obtained for mercury(II) using che Genus Mean Acute Values in Table 3 and the
calculacion procedure described in the Guidelines. Not enough daca are
available to calculace a Final Acute Value for mechylmercury, buct che
available data indicace chat it is more acugely toxic chan mercury(II).

Salcwacer fishes and invercebraces both show wide ranges of sensicivi-
cies co mercury(II). Acuce values for fishes range from 36. .g/L for spoc rto
1,678 ug/L for wincer flounder (Tables 1 and 3). Among invertebrates a aysid
has an acucte value of 3.5 ug/L, whereas cthe value for the sofc-shell clam is
400 ug/L. Of cthe 29 salcwacer genera for which acute values are available,
the most sensicive, Mysidopsis, is 479 cimes more sensitive cthan che mosc

resiscanc, Pseudopleuronectes. Acute values are available for more chan one

species in each of three genera and che range of Species Mean Acuce Values
within each genus is less cthan a faccor of 1.7. The salcwacer Final Acuce
Value of 4.125 ug/L was calculaced for mercury(II) from che Genus Mean Acuce

Values in Table 3.



Chronic Toxicity to Aquatic Animals

Chronic ctoxicity cescs wich Daphnia magna have been conducted on three

mercury compounds (Table 2). The renewal and flow-chrough cechniques
produced similar resulcs for mercury(II), buc the renewal cechnique produced
much higher resulcs for mechylmercury, presumably because of volacilicy. In
addicion, a chronic tesc wich brook crout on mechylmercuric chloride yielded
a chronic value of 0.5193 ug/L. Both an early life-scage test and a
life-cycle ctesc on mercuric chloride found adverse effeccs on the fachead
mianow ac all concentracions cested including the lowesc of 0.23 ug/L. For

mercuric chloride che acuce-chronic racio wich Daphnia magna is less chan 6,

whereas cthac wich che fachead minnow is greacer chan 600. For mechylmercury
the acuce-chronic racio wich brook crouc is 142.3,

A chroaic value of 1.131 ug/L was obrained in a flow-chrough life-cycle
exposure of a mysid co mercuric chloride (Table 2). Groups of 30 juvenile
mysids were reared in each of 5 coaceacracions for 36 days at 21 C and a
salinicy of 30 g/kg. Effeccs examined included cime co first spawn and
produccivicy (cocal number of young/number of available female spawning days
and tocal number of spawns/number of available female spawning days). WNo
spawning occurred ac 2.5 ug/L. Time to spawn and produccivicy act 1.6 Jg/L
were significancly differenc from the concrols. The highest conceactracion at
which no scacisctically significanc effect on reproductive processes was
detecred was 0.8 ug/L. Therefore, the chronic limits are 0.8 and 1.6 ug/L
and che chronic value is 1.131 ag/L. The 96-hr LC50 for chis species in che
same sctudy was 3.5 ug/L, giving an acucte-chronic ratio of 3.095 (Table 2).

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

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

and salc water, respectrively, and che four mosc sensicive species in each
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wacer are invertebrates. Thus, it seems reasonable to use the geomecric mean
of these two values as che Final Acute-Chronic Racio (Table 3)}. Division of
the Final Acute Values by 3.731 resulcs in freshwacer and saltwacer Final
Chronic Values of 1.302 and 1.106 ug/L, respectively. Even cthough che

facthead minnow was considerably less sensitive chan Daphnia magna in acuce

tests, che acute-chronic ratio for che fachead minnow is so high chac ics
chronic value is below the Final Chronic Value and probably below the Final
Residue Value (see below). If the acute-chronic ratio of greater chan 649
for the fachead minnow is representacive of ratios for ocher freshwacer and
saltwacer fishes, then ctwelve of fourteen tesced fish species, including che
rainbow trout, coho salmon, bluegill, and haddock, would have chronic values
below the Final Chronic Value. Various values for verctebraces in Table 6 are

below the Final Chronic Value or are indicacive of large acute-chronic racios.

Toxicity to Aquaric Plancs

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

Daca concerning che ctoxicicy of mercuric chloride to salcwater plantcs
are from four scudies wich eight species of algae. The EC50s (Table 4)
indicace reduction in growch ac concentracions ranging from 10 to 160 ug/L.
No dacta are available concerning cthe toxicities of organomercury compounds to

salcwacer plancs.



Bioaccumulaction

Bioconcencration is a funccion of the relative races of upctake and
depuraction. The bioconcenctracion faccor (BCF) of mercury is high for fish
because upcake is relacively 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, et al. 1970; Lockharc, ec al. 1972;
McKim, et al. 1976; Mellinger, 1973; Ruohcula and Mieccinen, 1975; Sharpe, ec
al. 1977). Depuracion of mercury is so slow thac, even in the absence of
exposure to mercury, long-term reduction in cthe concentracion of mercury in
fish cissue is largely due co dilucion by tissue addition from growch.
Usually less chan 60 percenc of mercury in invercebraces is mechylaced, buc
in fish, excepc for young fish, usually more chan 70 percent is mechylaced
(Bache, ec al. 1971; Baluja, et al. 1983; Busch, 1983; Cappon, 1984; Cappon
and Smich, 1982a,b; Haccula, ec al. 1978; Hildebrand, ec al. 1980; Huckabee,
ec al. 1979; Kudo, ec al. 1982; Lucen, ec al. 1980; Paasivirca, et al.
1983).

The discribucion of mercury wichin a fish is che resulct of the movement
of mercury from che absorbing surfaces (gills, skin, and gascroincescinal
tracc), inco che blood, then to the incternal organs, and evenctually eicher co
the kidney or bile for recycling or eliminaction or to muscle for long-term
storage. As the tissue concentration approaches sceady-scace, nec
accumulacion rate is slowed either by a reduccion in upcrake race, possibly
due to inhibicion of wmembrane traansporct, or by an increase in depuracion
race, possibly because of a saturacion of storage sices, or boch.

High concencracions of mercury in the slime coact of certain freshwacer
fishes, such as burboc, eels, and norchern pike, and in the skin of acucely-

exposed fishes are believed co be due to the mechylacing activicy of bacceria
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prevalent in che mucous coac (Jernelov, 1968). In addicion, acucely coxic
concentractions of mercury have been reporced to stimulace secrecion of mucus
(Baker, 1973; Lock, et al. 1981; McKone, et al. 1971). When acucely exposed
fish are placed in mercury-free wacer, cthe skin quickly loses mercury,
probably because of eliminacion of mercury(II) and sloughing of che slime
coat (Burrows and Krenkel, 1973; Burrows, ec al. 1974). The skin and mucous
coact are in direcc contact with mercury in water and can accumulace
proportionacely more mercury during shorc exposure chan muscle. During long
exposure chere is sufficienc time for mercury co reach more permanent scorage
sices.

Because sorpction act che gill surface is a major pathway of mercury iaco
aquacic organisms (Fromm, 1977), increases in cemperacture and accivicy cause
increases in mecabolic race and vencilaction rate and, therefore, upcake race
(de Freicas and Harc, 1975; Rogers and Beamish, 1981). The relacioaship
becween ctemperature and cissue residues seems to apply primarily before
steady-scate is reached (Reinerc, et al. 1974) buc also co some excear ac
sceady-scace (Boudou, er al. 1979; Cember, ec al. 1978; Harcung, 1976). The
laccer is difficulc to underscand if sceady-scare resulcs from sacuracion of
available binding sites. Apparencly noct only are uptake and depuracion
accelerated by temperacure (Ruohtula and Miectcinen, 1975), buct higher cissue
residues also occur ac higher temperactures, posibly because che uptake race
increases proportionactely more cthan che depuracion race.

Similarly, low concencracions of dissolved oxygen are likely cto increase
both respiracion rate and uptake race. Larson (1976) found cthat the low
concenctracion of dissolved oxygen in a eucrophic lake forced fishes inco
warmer surface waters co secure adequacte oxygen. The warmer surface wacer

apparencly stimulaced mecrabolic racte and increased mercury upcake.
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Increased mecabolic race increases not only vencilacion race but also
energy demand and thus increases food consumption and exposure to mercury
through the food chain. Upcake through both the gilla and the digescive
tracc is significant for fish, and some data suggesc cthac ctissue residues are
higher in organisms exposed via boch rouctes chan via eicher separacely
(Boudou, ec al. 1979; Phillips and Buhler, 1978). The relacive importance of
upcake from food for various fish species depends on such cthings as
assimilacion efficiency (Phillips and Gregory, 1979), body size, growth rate,
and life span (Sharpe, et al. 1977), and diec (Murray, 1978). Alchough
Murray (1978) did find differeac concentracions of mercury in differenc fish
species, Huckabee (1972) and Huckabee, et al. (1974) found similar concenctra-
tions in both forage and game fish in che same environmenc.

Haines (1981) reporcted chat acid rain tends to scour more mercury from
the air. Acidificacion of a body of wacer might also increase mercury
residues in fish even if no new inpuc of mercury occurs, possibly because
lower pH increases ventilation race and membrane permeability, acceleraces
che races of mecthyvlacion and upcake, affeccs parcticioning bectween sediment
and wacer, or reduces growcth or reproduccion of fish (Akielaszek and Haines,
1981; Fromm, 1980; Hahne and Kroontje, 1973; Jernelov, 1980; Miller and
Akagi, 1979; Ribeyre and Boudou, 1982; Rudd and Turner, 1983b; Scheider, et
al. 1979; Scokes, et al. 1983; Tsai, ec al. 1975; Wrenn and MacCrimmon,
1983). However, ﬁeiskary and Helwig (1983) did not find a relacion bectween
pH and mercury in fish.

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

1971; Klaverkamp, ec al. 1983c; MacCrimmon, et al. 1983; Norscrom, et al.
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1976; Phillips, et al. 1980; Ribeyre, ec al. 1980; Rogers and Beamish, 1982;
Rogers and Qadri, 1982) indicaces that che importance of upcake from food
probably depends on che form and concentracion of mercury in che diet and on
the size and mectabolic rate of che fish. Traansfer of mercury from fish to
wildlife predators has also been observed (Heinz, ec al. 1980; Kucera, 1983;
Wren, et al. 1983).

The available freshwater BCFs are lisced in Tables 5 and 6. Table 5
concains BCFs only from chose studies in which the exposure concentracions
were adequately measured and che tissue residues reached steady-scace or che
test lasced longer than 27 days. Alchough che BCFs presenced in Table 6 do
noc meec all chese condicions, cthey do provide information on BCFs for plancs
and illuscrace che very imporcant influence of temperacure on
bioconcencracion.

McKim, et al. (1976) scudied the upcrake of mechylmercury inco various
tissues of brook crout. At concentracions in wacer of 0.93, 0.29, 0.09 and
0.03 ug/L che resulring concenctracions in muscle afrer 273 days were 10,000,
5,000, 1,900, and 1,000 ug/kg and cthe corresponding BCFs were 11,000, 17,000,
21,000, and 33,000, respectively. Because cthe concenctracion of mercury in
the muscle did not decrease as much as the concentration in water, the BCFs
increased as che concentration in water decreased. A possible explanaction
for an inverse relacionship between concentracion in wacer and BCF is chac
steady-scacte resulcs from sacuracion of available binding sictes (Cember, ec
al. 1978). The maximum conceantracion in tissue would chen be dependenc on
the number of available binding sices and would be independent of the concen-
tration of mercury in water. 1If the concentration in tissue were conscantc,
the BCF would be inversely proportional to the concentration in water.

However, neither the concenctracion in tissue nor the BCF was conscant. The
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comparable BCFs for the whole body were 10,000, 12,000, 12,000, and 23,000
and are lower cthan cthose for muscle. The fish were adversely affeccted ac
0.93 ug/L, but for boch muscle and whole body, the BCF at chis concencracion
is in line wich che ocher BCFs. Even chough concenctracions up co 0.29 ug/L
did nocr cause staciscically significanc adverse effects, the concentracion of
mercury in fish exposed to 0.03 ug/L were act che FDA action level.

Olson, ec al. (1975) obtained much higher BCFs for mechylmercury wich
the fachead minnow, and che BCF was also concenctraction-dependent. As che
concencration in che water decreased from 0.247 ug/L to 0.018 ug/L, che
concencration in the fish decreased from 10,900 ug/kg to 1,470 ug/kg, buc che
BCF decreased from 44,100 to 81,700. The contrasc bectween the results with
che fachead miannow ac 25 C (Olson, et al. 1975) and brook crout ac 9 to 15 C
(McKim, ec al. 1976) is one of considerable interest and potencial
imporcance. The trout were fed pelleced feed, and so had licctle opporcunicy
for food chain inpur. In contrasc, the fachead minnow is a browser and
probably fed noct only on che incroduced food buc also on the Aufwuchs growing
in the tesc solucion to which mercury had been added. Thus che higher BCFs
for che fachead minnow might be more represencacive of field sicuactions in
which fish are exposed to mechylmercury via boch che wacer and food (Phillips
and Buhler, 1978; Phillips and Gregory, 1379; Rogers and Beamish, 1982),
Also, because temperacure affeccs bioconcentration, the fachead minrow might
be more representacive of commonly consumed warmwacer fishes.

In a 7S-day test, Niimi and Lowe-Jinde (1984) found 12 mg/kg in che
whole body of rainbow crour exposed co 0.15 ug mechylmercury/L (0.14 g
mercury/L) in wacer and 18 ug mercury/kg in food. The BCF of 85,700 is
higher than the highesc BCF obtained by Olson, et al. {1975). However, ac

0.012 ug/L and 18 ug/kg, cthey found 0.053 mg/kg in the crouc. This BCF of
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4,077 is lower than the lowest BCF obcained by McKim, et al. (1976). Also,
alchough both McKim, ec al. (1976) and Olson, et al. (1975) found higher BCFs
ac lower concentracions in wacer, Niimi and Lowe-Jinde (1984) found jusc che
opposirce.

The FDA action level for mercury in fish and shellfish is 1.0 mg/kg
(Table 5), and now only applies to the methylmercury in consumed cissues
(U.S. FDA, 1984a,b). In cheir tesct on mechylmercury, McKim, et al. (1976)
found thac brook trout exposed to 0.03 ug/L contained 1 mg/kg in muscle
tissue. However, in their cesc oan mechylmercury wich che fachead minnow,
Olson, ec al. (1975) found cthat exposure to 0.018 .g/L resulced in 1.47 mg/kg
in che fish and a BCF of 81,700. Use of this BCF wich cthe FDA accion level
results in a Final Residue Value of 0.012 ug/L for mechylmercury (Table 5).
The concencracion in che fachead minnow is for whole body, buc Heisinger, et
al. (1979) found no significanc difference between various body compartmencs.
Furcher, Huckabee, et al. (1974) tound chac alLl fishes in a parcicular
environmenc acquired about the same concentracions of mercury in boch che
whole body and muscle tissue when they were chronically exposed co low
concencracions of mercury. On the ocher hand, Heiskary and Helwig (1983) and
McKim, et al. (1976) found higher concentrations of mercury in the edible
portion of fish chan in the whole body. Thus the concencration of mercury in
the muscle of some edible species is likely to exceed the FDA action level
when exposed ro methylmercury ac a concencracion of 0.012 ug/L.

Although cthe FDA action level only applies to mechylmercury in fish and
shellfish, it can be used to derive a wacer qualicy cricerion for umercury(II)
because most of the mercury in fish is mecthylmercury even if the organisms
were exposed ro inorganic mercury (de Freitas, et al. 1974; Jernelov and
Lann, 1971). A BCF of 4,994 was obrained for mercuric chloride in a
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life-cycle tesc with the fathead minnow (Snarski and Olson, 1982). This BCF
is based on the concencracion of mercuric chloride in che wacer and che cocal
concencration of organic and inorganic mercury in che cissue. Even chough
all concentrations tescted caused adverse effects and che higher concencra-
tions caused more severe effects, the BCFs were similar ac all concencracions
and were lower than chose obcained wich mechylmercury by McKim, et al. (1976)
and Olson, et al. (1975). Use of che BCF of 4,994 with the FDA action level
of 1.0 mg/kg resulcs in a freshwacer Final Residue Value of 0.20 ug/L for
mercury(II) (Table 5). This value of 0.20 ug/L derived for mercury(II)
would, however, be too low if field BCFs are higher chan laboracory BCFs, if
wacers contain subscancial concentracions of mechylmercury, or if mechylacion
processes are acceleraced in sedimenc.

Informacion on che bioconcenctration of various mercury compouads by
saltwacter animals and plants is included in Tables 5 and 6 and by salcwacer
plankton in Table 5. For mercuric chloride, BCFs ranged from 853 to 10,920
with algae. In cests wich che eastern oyster, BCFs of 10,000, 40,000, and
40,000 were obtained for mercuric chloride, methvlmercuric chloride and
phenylmercuric chloride, respectively (Kopfler, 1974). These are similar co
cthe BCFs obcained with freshwater fish, buc che BCF of 129 obcained for
mercuric chloride in tail muscle of cthe American lobscer is much lower.

To protect the marketabilicy of salcwacer shellfish for human
consumpcion, Final Residue Values can be calculaced based on che BCFs for che
oyscter and che FDA accion level of 1.0 mg/kg. Accordingly, che Final Residue
Values for mercuric chloride, mechylmercuric chloride, and phenylmercuric
chloride are 0.10, 0.025, and 0.025 ug/L, respectively. However, ar cthese

concentrations fifry percenc of che exposed oysters would probably exceed the
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FDA action level if all the mercury in the body were présenc as mechyl-

mercury.

Ocher Data

Most of the significanc freshwater and salcwater resulcs in Table 6 have
already been discussed in connectrion wich data in Tables 1-3, bur a few
additional icems deserve special mencion. Comparable ctescs with four species
showed that mercuric cyanide was 0.67 to 50 cimes as coxic as mercuric
chloride. Also, Birge, er al. (1979) reporcted thac flow-chrough tescs gave
ECS50s nearly ctwo orders of magnicude lower than scacic cescs wich rainbow
trout, catfish, goldfish, and largemouth bass (Table 6). Bouquegneau (1979)
found that preexposure induced mectallochionein produccion, which chen
procected che fish,

Molybdenum (Yamane and Koizumi, 1982) and vicamin E (Ganther, 1978,
1980) affeccs the toxicity of mercury to mammals, and probably many consumers
of aquacic organisms, as does selenium (e.g., Alexander, ec al. 1979; Berlin,
1978; Nacional Research Council, 1978; National Research Council Canada,

1979; Scopford and Goldwarer, 1975; Scrom, ec al. 1979). Wobeser, ec al.

(1976a,b) found mechylmercury to be much less toxic to mink when chey were
fed freshwarer drum. Amnlodinolus erunniens, conraining high mercurv rissue
fed freshwater drum, Aplodlnolug grunnliensg, concaining nigh mercury cLissue
vraeiditaa rhan whan rhav wara fad a2 diar ra which marhulmoercury chlaride ad
LR —E= R A A 1= it Gl wWiiG A LAY A=) e AW LA ] oA LA g WAL kWb Ut W L AAUG L WL WwilbhVi bW (S 318 3
been added On rhe arher hamd., Albanus er al (128772) and Charbonneas se
USRIl SIUuWTU. Vil LT VULUTL lldliuy SLUVGSGLIUT, TL ale. \Nd 27 &) aild vilailuvvuilcau, <L

coucentracions of mechylmercury, one as a cissue residue in pike and che
other wich methyimercury added to the racion.
Finley and Scendell (1978) and Heinz {(1979a) fed black and mallard

ducks, respectively, food contaminated with mechylmercuric dicyandiamide.
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These feeding scudies extended over two and chree generacions, respeccively,
and demonscracted reduced hacching success and juvenile survival act mercury
concentrations chat were estimaced to be equivalent to 0.5 and 0.l mg/kg,
respectively, in cthe nactural succulenc food of the wild ducks. These resulcs
were not used to estimace a Final Residue Value based on food for wildlife
because che dicyandiamide compound might noc represent che toxicicy of
mechylmercury alone. Nevertheless, these cests suggesc that the Final
Residue Value mighc be an order of magnicude coo high because at leasc one of
these authors believes cthac che anion had liccle effecc on che resulcs

(Heinz, 1979b).

Unused Daca

Some daca on che effects of mercury on aquacic organisms were not used
because the scudies were conducced wich species cthac are not resident in
Norch America (e.g., Ahsanullah, 1982; Akiyama, 1970; Dial, 1978a,b;
Heisinger and Green, 1975; Jones, 1939a, 1940, 1973, 1975; Khangaroc, ec al.
1982; Kihlscrom 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; Srivastava, 1982; van den Broek and
Tracey, 1981; Verma, et al. 1984), or because the cest species was not
obcained in Norcth America and was not idencified well enough to decermine if
ic is resident in North America (Hannerz, 1968). Brown and Ahsanullah (1971)
conduccted cests wich brine shrimp, which species is too acypical co be used
in deriving national criceria. Reviews by Chapman, ec al. (1968), Eisler
(1981), Eisler, ec al. (1979), Phillips and Russo (1978), and Thompson, ec

al. (1972) only conctain data thac 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 inceraccions (Buikema, et al. 1977).
Applegate, ec al. (1957) exposed only one or two organisms. Data were not
used if the mode of exposure was inappropriace for deriving wacer qualicy
criceria (Giblin and Massaro, 1973; Lucu and Skreblin, 1981; Schmidc~-Nielson,
ec al. 1977; Weisbarc, 1973). 1In addicion, data were noc used if mercury was
a component of an effluenc (Wong, et al. 1982) or if the tesc organisms were
cultured in one wacter and tesced in anocher (Bringmann and Kuhn, 1982).
Bills, ec al. (1977) and Passino and Coctanc (1979) did noc report any usable
resulcs. Jones (1935, 1938, 1939b, 1947), Miller (1980, 1981), and Nuzzi
(1972) did noc report a clearly defined endpoinc.

Resulcs of some laboracory cescs were not used because che tesc was
conducced in discilled water {(McKone, er al. 1971), che qualicy of che
diluction water or medium was quescionable (Brkovic-Popovic and Popovic,
1977a,b; Carcer and Cameron, 1973; Kim, er al. 1977a,b; Scary and Kraczer,
1982; Scary, et al. 1982, 1983), or because che cesc solucion or culcure
medium concained too amuch EDTA which would probably complex mercury
(Gutierrez-Galindo, 1981; Knowles and Zingmark, 1978; Scraccon and Corke,
1979; Scracton, ec al. 1979).

Data concerning concenctracions of mercury in wild organisms (e.g.,
Abernacthy and Cumbie, 1977; Armscrong and Scort, 1979; Bodaly, ec al. 1984;
Copeland and Ayers, 1972; DiNardi, ec al. 1974; Flegal, et al. 1981; Helwig
and Hora, 1983; Hildebrand, et al. 1980; Jensen, et al. 1981l; Leonzio, ec al.
1982; Marctin, ec al. 1984; May and McKinney, 1981; Mitchell, ec al. 1982;
Moore and Sutherland, 1980; Murray, 1978; Pennington, et al. 1982; Phillips
and Buhler, 1980; Price and Knighc, 1978; Ray, et al. 1984; sSheffy, 1978;
Tsui and McCarc, 1981; Wachs, 1982; Wacling, et al. 1981) were not used to
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calculate bioaccumulation faccors if cthe concentrations of mercury in che
ambient water during the period of exposure was not adequately measured.
Studies using isotopic mercury (e.g., Cunningham and Tripp, 1975;
Glooschenko, 1969) were not used because of the possibilicy of isoccopic
discriminacion.

Resulcs of bioconcencracion cescs were not used if cthe cestcs were
conducted in distilled water, were noc long enough, were not flow-chrough, or
if che concencration of mercury in the cest solution was not adequacely
measured (e.g., Cunningham and Tripp, 1973; Kim, ec al. 1977a,b; McKone, et
al. 1971; Medeiros, ec al. 1980; Middaugh and Rose, 1974; Phillips and
Gregory, 1980; Ribeyre, er al. 1980; Sharma and Davis, 1980a; Scary and
Kraczer, 1980, 1982; Scary, et al. 1980, 1981, 1982, 1983; Vernberg and

0'Hara, 1972).

Summar
Daca are available on the acuce ctoxicity of mercury(Il) co 28 genera of
freshwacter animals. Acute values for invercebrate species range from 2.2

4g/L for Daphnia pulex to 2,000 ug/L for chree insects. Acute values for

fishes range from 30 ug/L for che guppy to 1,000 ,g/L for the Mozambique
tilapia. Few data are available for various organomercury compounds and
mercurous nitrace, and they all appear co be 4 to 31 times more acucely toxic
than mercury(Il).

Available chronic daca indicate chat methylmercury is the most
chronically toxic of che tested mercury compounds. Tests on methylmercury

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

ug/L. For mercury(II) the chronic value obtained wich Daphnia magna was

about 1.1 ug/L and che acucte-chronic ractio was 4.5. 1In both a life-cycle
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tesc and an early life-scage cesct on mercuric chloride wich the fachead
minnow, the chronic value was less cthan 0.26 ug/L and the acute-chronic racio
was over 600.

Freshwater plancs show a wide range of sensitivicies to mercury, buc che
mosc sensicive plancs appear co be less sensicive chan che most sensicive
freshwater animals co boch mercury(II) and mechylmercury. A bioconcencracion
factor of 4,994 is available for mercury(II), buc che bioconcencracion
factors for mechylwercury range from 4,000 co 85,000.

Daca on cthe acure toxicity of mercuric chloride are available for 29
genera of salcwacer animals including amnelids, molluscs, cruscaceans,
echinoderms, and fishes. Acucte values range from 3.5 .g/L for a mysid co
1,678 ug/L for wincer flounder. Fishes tend to be more resiscanc and
molluscs and crustaceans cend to be more sensicive to che acuce coxic effeccs
of mercury(Il). Resulcs of a life-cycle tesc wich the mysid show that
mercury(II) ac a concencration of 1.6 .g/L significancly affecced cime of
firsct spawn and producctivicy; che resulring acuce-chronic racio was 3.1.

Concencracions of mercury thac affecced growch and phocosynchecic
accivicy of one salcwacer diacom and six species of brown algae range from 10
to 160 ug/L. Bioconcencration factors of 10,000 and 40,000 have been

obtained for mercuric chloride and mechylmercury wich an oyscer.

National Criteria

Derivation of a wacer qualicy cricerion for mercury is more complex chan
for most mecals because of mechylacion of mercury in sediment, in fish, and
in che food chain of fish. Apparently almosc all mercury currencly being

discharged is mercury(II). Thus mercury(II) should be che only important
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possible cause of acute toxicity and the Cricterion Maximum Concentracions cam
be based on the acute values for mercury(II).

The best available data concerning long-cterm exposure of fish co
mercury(II) indicates that concencrations above 0.23 ug/L caused scacisci-
cally significanct effects on cthe fathead minnow and caused che concencracion
of total mercury in che whole body to exceed 1.0 mg/kg. Alchough it is noc
known what percent of the mercury in the fish was mechylmercury, it is also
not known whether uptake from food would increase cthe concentration in the
fish in natural sicuacions. Species such as rainbow trout, coho salmon, and
especially the bluegill, mighc suffer chronic effects and accumulate high
residues of mercury about the same as che fachead minnow.

Wich regard to long-term exposure to mechylmercury, McKim, ec al. (1976)
found cthat brook trout can exceed the FDA accion level wichout suffering
scacistically significant adverse effects on survival, growth, or reproduc-
tion. Thus for mecthylmercury the Final Residue Value would be subscantially
lower than 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 mechylmercury wich the
fathead minnow (Olson, et al. 1975) essentially assumes chac all discharged
mercury is mechylmercury. On the ocher hand, chere is cthe possibilicy thac
in field situations uptake from food mighc add to the uptake from wacer.
Similar considerations apply to the derivation of the saltwacer cricerion of
0.025 ug/L using the BCF of 40,000 obtained for methylmercury with the
Ea§tern oyster (Kopfler, 1974)}. Because the Final Residue Values for mechyl-
mercury are substantially below the Final Chronic Values for mercury(II), ic

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

In contrasc to all the complexicies of deriving numerical criceria for
mercury, monitoring for unacceptable environmental effeccts should be

relacively scraighcforward. The mosc sensicive adverse effecc will probably

o
(1]

exceedence of cthe FDA action level. Therefore, existing discharges should

be accepcable if the concentrarion of mechylmercury in the edible porcion of
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of consumed species should be analyzed to decermine whecher cthe concencracion
of mechyimercury exceeds the FDA acrion level.

The procedures described in the *Guidelines for Deriving Numerical
National Water Quality Criteria for che Protection of Aquatic Organisms and
Their Uses' indicate chat, except possibly where a locally important species
is very sensitive, saltwater aquatic organisms and their uses should not be
affected unacceprably if the four-day average concentration of mercury does
not exceed 0.025 ug/L more than once every three years on che average and if

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

every three years on the average. If the four-day average concencraction
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exceeds 0.025 ug/L more chan once in a chree-year period, the edible porrion
of consumed species should be analyzed co decermine whecher che concentracion
of mechylmercury exceeds che FDA action level.

EPA believes chat a measurement such as "acid-soluble'" would provide a
more sciencifically correcc basis upon which co escablish criceria for
mecals. The criceria were developed on this basis. However, at chis cime,
no EPA approved mechods for such a measurement are available to implemenc che
criceria chrough che regulatory programs of che Agency and che Scates. The
Agency is considering development and approval of mechods for a measurement
such as "acid-soluble". Uncil available, however, EPA recommends applying
the criceria using che toctal recoverable mechod. This has cwo impaccs: (1)
certain species of some mecals cannoc be analyzed direccly because che tocal
recoverable mechod does not discinguish becween individual oxidacion sctaces,
and (2) chese criteria may be overly protective when based on the cocal
recoverable method.

The recommended exceedence frequency of chree years is cthe Agency's besc
sciencific judgmenc of che average amounc of ctime it will cake an unscressed
system to recover from a pollution event in which exposure to mercury exceeds
the cricerion. Scressed systems, for example, one in which several outfalls
occur in a limited area, would be expecced to require more time for recovery.
The resilience of ecosyscems and their ability co recover differ greacly,
however, and site-specific criceria may be escablished if adequarte jusctifica-
tion is provided.

The use of criteria in designing waste treatmenc facilities requires che
selection of an appropriate wasceload allocacion model. Dynamic models are
preferred for che apolicacion of chese criteria. Limiced data or ocher
factors may make their use impracrical, in which case one should rely on a
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steady-scate model., The Agency recommends che incerim use of 1Q5 or 1Ql0 for
Cricerion Maximum Concentracion (CMC) design flow and 7Q5 or 7Ql0 for che
Cricerion Continuous Concentrarion (CCC) design flow in steady-state models
for unstressed and stressed syscems respectively. These maccers are
discussed in more decail in the Technical Support Document for Wacer Qualicy-

Based Toxics Concrol (U.S. EPA, 1985).
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Specles

Tubiticld worm,
Branchiura sowerbyl

Tubl ficld worm,
Limnodrilus hotfmelster)

Tublflicid worm,
Quistadriius multisetosus

Tublticld worm,
Rhyacodrilus montana

Tublficld worm,
Spirosperma ferox

Tubl ticld worm,
Spirosperma nlkolskyl

Tubl ticld worm,
Stylodrllus heringlanus

Tubl ticld worm,
Tubl fex Tublifex

Tublticld worm,
Varlchaeta paclfica

Worm,
Nals sp.

Snall (embryo),
Amnicola sp.

Snall (adult),
Amnlcola sp.

Snall,
Aplexa hypnorum

Table 1.

Method®

Acute Toxicity of Mercury to Aquatic Anlamals
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LC50 Speclas Mean
ar EC50 Acute Value
Chemlical Alug/L)®® (ug/L)%®
FRESHWATER SPECIES
Mercury(il)
Marcuric 80 a0
chloride
Morcuric 180 180
chlorlde
Mercurlc 250 250
chlorlde
Mercurlc 240 240
chloride
Mercurlc 330 330
chloride
Mercuric 500 500
chloride
Mercuric 140 140
chlorlde
Mercurlc 140 140
chloride
Mercurlc 100 100
chtoride
Mercurlc 1,000 1,000
nitrate
Mercuric 2,100% %+ -
nitrate
Meraurlc 80 80
nitrate
Marcur lc 370 370
chioride

Chapman,

Chapman,

Chapman ,

Chapman,

Chapman,

Chapman,

Chapman,

Chapman,

Chapman,

Retersnce

et al.

ot al.

et al.

et al,

et al.

at al.

at al.

ot al.

ot al,

1982a

1982a,b

1982a

1982a

1982a

1982a

1982a

1982a,b

1982a

Rehwoldt, at al. 1973

Rehwoldt, ot al. 1973

Rehwoldt, et al. 1973

Holcambe, et al. 1983



Table 1. (Continued)

LC50 Specles Mean

or £C50 Acute Value
Specles Mothod® Chemical (pg/L)es (pgsL)4% Reference
Cladoceran, s, U Mercurlc <4 4nRun - Anderson, 1948
Daphnia magna chloride
Ciadoceran, S, VU Mercuric 5 - Blesinger &
Daphnla magna chlorlde Christeasen, 1972
Cladoceran, S, U Mercur ic 3.177 - Canton & Adema, 1978
Daphnia magna chlor lde
Cladoceran, S, u Mercurlc 1.478 - Canton & Adema, 1978
Daphnla magna chloride
Cladoceran, S, U Mercurlic 2,180 - Canton & Adema, 1978
Daphnla magna chloride
Cladoceran (<6 hr old), S, U Mercuric 4.4 - Barera & Adams, 1983
Daphnia magna chloride
Cladoceran (<24 hr old), S, U Mercurlc 4.4 - Barera & Adams, 1983
Daphnla magna chiorlde
Cladoceran (1-9 day oid), S, U Mercuric 5.2~14, B0 3.1517 Barera & Adams, 1983
Daphnla magna chlorlde
Cladoceran, S, U Mercurlic 2.217 2.2V7 Canton & Adema, 1978
Daphnia pulex chloride
Amphlipod, S, M Mercurlc 10 10 Rehwoldt, et al. 1973
Gammarus 5p. nitrate
Crayfish (male, R, M Mercuric 20 20 Halt & Flngerman,
mixed ages), chlorida 1977; veit, 1981
Faxonella clypeatus
Crayfish, S, M Mercuric 50 50 Boutet &
Orconectes |{imosus chlorlide Chalsemartin, 1973
Mayfly, S, VU Mercurlc 2,000 2,000 Waralck & Belli, 1969
Ephemerella subvarla chlorlde
Damsel tly, S, M Mercurlc 1,200 1,200 Rehwoldt, et al. 1973
(Unidentifled) nltrate
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Table 1. (Continued)
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Table 1. (Continued)

Specles

Guppy (362-621 mg),
Poecl|la retlculata

Blueglll (juvenlle),
Lepomis macrochlrus

Mozamblque tllapla,
Tilapla mossamblca

Rainbow trout (juvenile),
Salmo galrdner|

Ralnbow trout (larva),
Salmo galrdner|

Ralnbow trout (juvenile),
Salimo galrdnerl

Ralnbow frout (juvenlle),
Salmo galrdnerl

Brook trout (juvenile),
Salvellnus fontinalls

Brook trout (yearling),
Salvel inus fontlnalis

Rainbow trout (juvenile),
Saimo gairdneri

Ralnbow trout (2 mos),
Salmo galrdnerl

Goldfish,
Carasslus auratus

Method*

R, U

Chemical

Mercuric
chioride

Mercuric
chiorlde

Mercurlc
chloride

Methy lmercur

Mathyimercuric
chlorlde

Methyimercurlc
chlorlde

Mathylmercurlc
chlorlide

Mathylmercuric
chioride

Met hy Imercuric
chloride

Mathylmercuric
chioride

Other Mercury Campounds

Phenylmercurlc
acetate

Mercurous
nitrate

Pheny imercurlc
lactate

29

LC50 Specles Meaa
or EC50 Acute Value
Apg/L)es (pg/L)ee

53,5444 30
160 160
1,000 1,000
25 -
24 -
42 -
24 24
B84 -

65 73.89
5 5
33.0 33,0
82 82

Referance

Deshmukh & Marathe,
1980

Holcombe, et al, 1983
Qureshi & Saksena,

1980

Matida, et al. 1971
Wobeser, 1973

Wobeser, 1973

Lock & van Overbeeke,
1981; Lock, et al. 1981

McKim, et al. 1976

McKim, ot al. 1976

Matida, et al. 1971

Hale, 1977

Ellls, 1947



Table 1. (Contlnued)
Specles
Common carp,

Cyprinus carplo

Fathead mlnnow,
Pimephales promelas

Fathead minnow,
PImephales promelas

Channel catflsh (juvenlle),
Ictalurus punctatus

Channel cattish (juvenile},
I¢talurus punctatus

Channel catfish (juvenile),
ictalurus punctatus

Channel cattish (juvenlile),
Ictalurus punctatus

Channel catfish (juvenlle),
{ctalurus punctatus

Channel| catfish (juvenlle),
Ictalurus punctatus

Channel catfish (juvenlile),
Ictalurus punctatus

Mosqultofish ( femalse),
Gambus la aftinis

Mosqul tofIsh (female),
Gambusla affinis

Mosqultofish (female),
Gambusia affinls

Method®

Rl

S,

u

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

Curtls, et al. 1979;
Curtis & wWard, 1981

Clemens & Sneed, 1959
Clemens & Sneed, 1959
Clemoens & Sneed,
Clemens & Sneed,
Clemens & Sneed,
Clemens & Sneed,
Clemens & Sneed,
Joshl & Rege, 1980

Joshi & Rege, 1980

LC50 Specles Mean
or ECS0 Acute Valuet®
Chemlcal (pg/L)%® (pg/L) Referance
2-Mathoxy ethyl 139 139
mercurlc chlorlde
Mercurlc 40 40
acetate
Mercurlc 15 115
thlocyanate
Ethylmercurlc 51 51
p-toluene
sul fonanl| ide
Ethylmercuric 49 49
phosphate
Pheny Imercuric 1,966 1,966
acotate 1959
Pheny Imercuric 28 28
acetate 1958a, 1959
Pyridyimercuric <176 -
acetate 1958b
Pyridyimercuric 224 -
acatate 1958b
Pyridylmercurlc <153 <182
acetate 1958b
Methoxy ethyl 910 910
mercurlc chloride
Phenylmarcurlc 37 37
acetate
Phenyimercur ic 44 44

acetate (Ceresan)

30

Joshi & Rege, 1980



Table 1. (Contlnued)

Specles

Polychaete worm (adult),
Neanthes arenaceodentata

-Paolychaete worm ( juvenlle),
Neanthes arenaceodentata

Sand worm (adult),
Nereils virens

Polychaete worm (larva),
Capitelia capltata

Ol lgochaete worm,
Limnodrlloldes verrucosus

Ollgochaete worm,
Monopy lephorus cuticulatus

Ollgochaete worm,
Tubl flcoldes gabrlellae

Northern horse mussel,
Modiolus modlolus

Blue mussel,
Mytilus edulls

Bay scallop (juvenlle),
Argopecten lrradlans

Paclfic oyster,
Crassostrea glgas

Pacitlc oyster,
Crassostrea glgas

Pacitlc oyster,
Crassostrea glqas

Method®

Chemlical

Mercur ic
chloride

Mercurlc
chloride

Mercurlc
chloride

Mercuric
chloride

Mercuric
chloride

Mercuric
chlorlde

Mercuric
chloride

Mercurlc
chloride

Mercurlc
chloride

Mercurlc
chlorlde

Mercuric
chloride

Mercurlc
chloride

Mercurlc
niltrate

LC50 Specles Mean
or EC50 Acute Value¥®
lpg/L)®e {pg/L)

SALTWATER SPECIES
Morcury(il)
96
100 97.98
70 10
14 14
120 120
230 230
98 98
230 230
5.8 5.8
89 89
6.7 -
5.7 -
5.5 5.944

31

Reference

Reish, et al. 1976
Reilsh, ot al, 1976
Elslaor & Hennekay,
1977

Raish, ot al. 1976
Chapman, et al. 1982a
Chapman, et al. 1982a
Chapman, et al..|9826
Hllmy, ot al. 1981
Martin, et al, 1981
Nelson, et al, 1976
Martin, et ail. 1981

Glickstein, 1978

Glicksteln, 1978



Table 1. (Continued)

Specles

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Common rangla (adult),
Rangla cuneata

Common rangla (adult),
Rangla cuneata

Common rangla (adult),
Rangla cuneata

Common rangla (adult),
Rangla cuneata

Quahog ciam,
Marcenarla mercenaria

Sott-shell clam (aduit),
Mya arenaria

Copepod,
Pseudodlaptomus coronatus

Copepod,
Eurytemora affinis

Copepod,
Acartia clausl

Copepod (adult),
Acartlia tonsa

Copepod (adult),

Acartia tonsa

Copepod (aduit),
Acartia tonsa

Mothod®

s, U

S, U

Chemical

Mercurlc
chilorlde

Mercurlc
chilorlde

Mercuric
chloride

Mercurlc
chlorlde

Mercuric
chlorlde

Marcuric
chtor lde

Mercuric
chlorlde

Mercurlc
chiloride

Mercurlc
chlorlde

Mercur lc
chlorlde

Marcurlc
chlorlde

Mercuric
chlorlde

Mercur Ic
chioride

Mercuric
chloride

Lcso
or EC50

(pg/L)®®
5.6
10,2
10,000
8,700
58
122
4.8
400
19
158
10
10

13

15

32

Specles Mean
Acute Value

(pg/L)%®

7,558

4.8
400
79

158

Reterence

Cal abrase & Nelson, 1974;
Calabruese, et al. 1977

Macinnes & Calabrese,
1978

Olson & Harrel, 1973

Olson & Harrel, 1973

Ditlon, 1977

Dillon, 1977

Calabrese & Nelson, 1974;
Calabrese, et al, 1917

Eisler & Hennekaey,
1971

Gentile, 1982

Gentlle, 1982

Gentlle, 1982

Sosnowskl & Gentile,
1978

Sosnowski & Gentile,
1978

Sosnowskl & Gentile,
1978



Table 1. (Contlinued)

Specles

Copepod (adult),
Acartia tonsa

Copepod,
Nitocra spinlpes

Mysid,
Mysidopsis bahla

White shrimp (adult),
Penaeus setiferus

Amerlcan lobster (larva),
Homarus amer|canus

Hermlt crab (adult),
Paqurus longlcarpus

Dungeness crab (larval,
Cancer maqlster

Dungeness crab (larva),
Cancer magister

Green crab (larva),
Carclnus maenas

Starfish (adult),
Asterias torbes|

Haddock (larva),
Melanogrammus aeqleflinus

Mummlchog,
Fundulus heteroci|tus

Mumm |chog,
Fundulus heteroclitus

Mummichog,
Fundulus heterocllitus

Method®

S, U

Chemical

Mercurlc
chiorlde

Mercuric
chlorlide

Mercurlc
chloride
Mercuric

chloride

Mercurlc
chlor lde

Moercurlc
chlorlde

Mercurlc
chloride

Mercuric
chloride

Mercurlc
chiorlde

Mercurlc
chlorlde

Mercurlc
chlorlde

Mercuric
chloride

Mercurlc
chlor ide

Mercur Ic
chloride

33

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

Green, et al, 1976

Johnson & Gentlle,

Eisler & Hennekey,

Martin, et al. 1981

Gllickstelin, 1978

Elster & Hennekey,

LC50 Specles Mean
or ECS0 Acute Value
ApgsLree (ug/L)*e Reference
20 14,32 Gentlilae, 1982
230 230 Bengtsson, 1978
3.5 3.5
Manuscrilpt
17 17
20 20
1979
50 50
1977
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 tman, 1977



Table 1. (Coatlinued)

Specles

Mummichog,
fundulus heteroctltus

Mummichog (adult),
Fundulus heterocl itus

Mummichog (adult),
Fundulus heterocl|tus

Mummichog (embryo),
Fundulus heterociitus

Atlantlc sliverside
(tarva),
Monldia menidla

Atlantlic silverslde
(larva),
Menidla menidla

Attantlc slilverside
(juvenlile),
Monidia menidlia

Tidewater silverside
(juvenlle),
Menidla penlnsulae

Fourspine stickleback
(adult),
Apeltes quadracus

Spot (juvenile),
Lelostomus xanthurus

Winter flounder (larva),
Pseudopleuronectes
amer [ canus

Winter flounder (larva),
Pseudop leuronectes
amer | canus

Mathod*
S, U

Chemical

Mercuric
chioride

Mercurlc
chloride

Mercurlc
chlorlde

Mercur ic
chiorlde

Mercuric
chloride

Mercur lic
chlorlda

Mercur lc
chloride

Mercurlc
chlorlde

Marcur lc
chlorlde

Mercur Ic
chioride
Marcurlc

chlorlide

Mercurlc
chloride

LC50 Specles Mean
or EC50 Acute Yalue
{pg/L)ee {pgsL)®

300 -
800 -
2,000 BRENN
67.4 67.4
144 -
125 -
86 V115.7
n n
315 315
36 36
1,820 -
1,560 -

34

Retference

Dortman, 1977

Eisler & Hennekey,

1977

Klaunig, et al. 1975

Sharp & Nett, 1982

Cardla,

Cardlin,

Cardin,

Hansen,

Cardln,

Hansen,

Cardin,

Cardlin,

1982

1982

1982

1983

1982

1983

1982

1982



Tabte 1. (Continued)

#**  Rasults are expressed as mercury, not as the chemlcal,

LC50 Specles Mean
or EC50 Acute Value
Species Method® Chemical Lpg/L)e _(pg/L)ee Reference
Winter flounder (larva), 5, U Mercurlc 1,810 - Cardin, 1982
Pseudop | euronectes chloride
amer § canuys
Winter flounder (larva), S, U Mercuric 1,320 - Cardin, 1982
Pseudop | euronectes chlor lde
amer | canus
Winter flounder (larva), 5, U Mercurlc 1,960 1,678 Cardin, 1982
Pseudop leuronectes chiorlde
amer I canus
Methy imercury
Amphlpod (adult), S, U Mathylmercurlc 150 150 Lockwood & Inman,
Gammarus dueben| chioride 1975
Mummichog (embryo), S, M Mathylmarcurlc 511 51.1 Sharp & Netf, 1982
Fundulus heterocl|tus chloride
Other Mercury Compounds
Grass shrimp (adult), S, M Mercuric 47 417 Curtls, et al. 1979;
Palaemonetes pugio acetate Curtls & ward, 1981
Grass shrimp (adult), S, M Mercurlc 16 76 Curtls, et al, 1979;
Palaemonetes puglo thlocyanate Curtls & ward, 1981
Mummichog, S, U Marcurous 6,800 - Dortman, 1977
Fundulus heterociltus sulfate
Mummlchog, S, U Mercurous 300 Huda Dortman, 19717
Fundulus heteroclitus sul fate
* S = statlc, R = renewal, FT = flow-through, U = unmeasured, M = measured.

®¥%  Not used In calculation ot Specles Mean Acute Value because data are avallable for a more sensitive |lfe stage.

#%8%% w| a5 than" values were not used In calculations.

x4 ¥%¥No Spacles Mean Acute Value calculated because acute values are too dlvergent for this specles.
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Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Fathead mlnnow,
Plmephales promelas

Fathead minnow,
Pimephales promelas

Cladoceran,
Daphnla magna

Ctadoceran,

Daphnia magna
Brook trouft,

Salvaelinus fontinalls

Cladoceran,
Daphnla magna

Mys id,
Mysldopsls bahla

Table 2.

Test®

LCIII

LCIlIl

ELS

ALl

LCI!II

Lc

LCIIII

Lc

Chronlc Toxicity of Mercury to Aquatic Animals

Limits Chronic Value
Chemical jgg{L)" (ng(L)"
FRESHWATER SPECIES
Marcurylii}
Marcuric 0.72-1,28 0.96
chiorlde
Mercurlc 0.91-1,82 1.287
chlorlde
Mercurlc <0.26%nuER <0,26
chiorlde
Mercurlc <Q,234Rune <0.23
chlor lde
Methy I mercury

Methylimercurlc <0,048uune <0,04
chlorlde
Methy imercurlc 0.52-0.817 0.6726
chlorlde
Mathylmercurilc 0.29-0.93 0.5193
chloride
Other Mercury Compounds
Phenyimercurlc 1.12-1.90 1.459
acetate

SALTWATER SPECIES

Mercury(ii)

Marcur lc 0.8-1.6 1.131
chlorlde

36

Reference

Blesinger, ot al.
1982

Blesinger, et al.
1982

Snarskl] & Olson,
1982

Cali, ot al. 1983

.Bleslinger, et al.

1982

Blesinger, eof al.
1982

McKXim, ot al,
1976.

Bleslnger, et al.
1982

Gentlile, et al.
1982, 1983;
Lussler, ot al.
Manuscript



Yable 2. (Contlnued)

* LC = t)fe cycla or partlal llite cycle, ELS = early llfe stage.
*%  Results are expressed as mercury, not as the chemlcal.

ua%  Flow-through

Lex% RQenewal

#asu*advorse effects occurred at thls conceatratlon, whlch was the lowest concentratlon tested.

Acute~Chronlc Ratlo

Acute Value Chronlic Value
Specles {ug/L) ApgsL) Ratlo
Mercury(il)
Cladoceran, 5 0.96 5.208
Daphnla magna
Cladoceran, 5 1.287 3.885
Daphnla magna
Fathead mlnnow, 168 <0, 26 >646.2
Pimephales promelas
Fathead mlnnow, 150 <0.23 >652.2
Plmephales promelas
Mysld, 3.5 1.131 3.095

Mysldopsls bahla

Methy Imercury

Brook trout 73.891 0.5193 142,53
Salvellnus fontlinalls

T Geometrlc mean of 2 values from McKim, of al. (1976) In Table 1.
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Table 3. Ranked Genus Mesaa Acute Yalues with Species Mean Acute-Chroalc Ratlos

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

FRESHWATER SPECIES

Mercurytil)

28 2,000 Stonefly, 2,000 -
Acronewrla lycorlas

27 2,000 Mayfly, 2,000 -
Ephemerella subvaria

26 2,000 Caddlstly, 2,000 -
Hydropsyche betten)

25 1,200 Caddlstly, 1,200 -
(Unidentitled) .

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

23 1,000 Worm, 1,000 -

' Nals sp.

22 1,000 Mozamblique tilapla, 1,000 -
Tilapla mossambica

21 406,2 Tubl ticld worm, 330 -

Splrosperma ferax

Tublticid worm, 500 -
Spirosperma nlkolsky!

20 370 Snall, 370 -
Ap lexa hypnorum

19 2715 Ralnbow trout, 2715 -
Saimo qalrdner)

18 250 Tub} ticld worm, 250 -
Qulstadrilus multlsetosus

17 240 Tublitlcld worm, 240 -
Rhyacodrl lus montana
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Table 3.

Rank®

16

15

14

13

12

10

(Contlinued)
Genus Nean
Acute Yalue
{ng/L) Specles
240 Coho salmon,
Oncorhynchus kisutch
180 Tublticld worm,
LImnodrllus hoffmelster]
180 Mosqultotfish,
Gambusia afflinis
160 Bluegl i,
Lepomls macrochlirus
158.7 Fathead mlnnow,
Plmephales promelas
140 Tublflcid worm,
Tublfex tublfex
140 Tublticld worm,
Stylodrllus heringlanus
100 Tublflicld worm,
Var lchaeta paclfica
80 Tublflcld worm,
Branchlura sowerbyl
80 Snall,
Amnlcola sp.
50 Crayflish,
Orconectes | imosus
30 Guppy,
Poeclila raeticulata
20 Crayfish,
Faxonella clypeatus
20 Midge,

Specles Mean
Acute Yalue

tug/t)

Specles Mean
Acute-Chronlc
Ratlo

Chlronomus sp.

39

240

180

180

160

158.7

140

140

100

80

50

20

>649,2%%



Table 3, {(Continued)

Genus Mean Specles Mean Speclies Mean
Acute Yalue Acute Value Acute~Chronilc
Rank® (pg/L) Specles {pg/L) Ratlo
2 10 Amphipod, 10 -
Gammarus sp.
) 2,646 Cladoceran, 3,157 4.,498%
Daphnla magna
Cladoceran, 2,217 -

Daphnia pulex

SALTWATER SPECIES

Mercury(11)

29 1,678 winter flounder, 1,678 -
Pseudop lauronectes
amer canus

28 400 Soft-shell clam, 400 -
Mya arenaria

27 315 Fourspline stickleback, 315 -
Apeltes guadracus

26 230 Northern horse mussel, 230 -
Modliolus modliolus

25 230 Copepod, 230 -
Nitocra splinipes

24 230 Oligochaete worm, 230 -
Monophy l ephorus
cuticulatus

23 158 Copepod, 158 -
Eurytemora attlols

22 120 Oligochaete worm, 120 -
Limnodri loldes
verrucosus
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Table 3., {(Continued)

Genus Mean
Acute Yalue
Rank® {ug/L)
8 14
7 14
6 11.97
5 71.3517
4 6.703
3 5.8
2 4.8
1 3.5

Myslidopsls bahla

Specles Mean Specles Mean
Acute VYalue Acute-Chroalc
Specles {pg/L) _Ratlo
Green crab, 14 -
Carclinus maenas
Polychaete worm, 14 -
Capltelia capltata
Copepod, 10 -
Acartla claus!
Copepod, 14,32
Acartla tonsa
Dungeness crab, 7. 357 -
Cancer maql ster
Paclflc oyster, 5.944 -
Crassostrea glgas
Eastern oyster, 7.558 -
Crassostrea virglnica
Blue mussel, 5.8 -
Mytilus edulls
Quahog clam, 4.8 -
Mercenarla mercenarla
Mysid, 3.5 3.095

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

*#Geometric mean of two values In Table 2.
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Table 3,

Rank®

21
20
19

18

17

15

14

13

10

{Contlnued)

Specles Mean
Acute~Chronic
Ratlo

Coenus Mean Specles Mean
Acute Value Acute Value
(pg/L) Specles (pg/L)

98 0ligochaete worm, 98
Tubl ficoldes qabriellae

98 Haddock, 98
Molanoqrammus aeqlefinus

97.98 Polychaete worm, 97.98
Neanthes arenaceodentata

90,63 Atlantic sliverslde, 115.7
Menidia menidia
Tidewater sliverside, "
Menidia peninsulae

89 Bay scallop, 89
Arqopecten irradlans

9 Copepod, 19
Pseudodliaptomus coronatus

170 Sand worm, 70
Nerels virens

67.4 Mummichog, 67,4
fundulus heterocitlitus

60 Startish, 60
Arterias torbesl

50 Herml t crab, 50
Paqurus longlcarpus

36 Spot, 36
Lelostomus xanthurus

20 American lobster, 20
Homarus amer | canus

17 white shrimp, 17

Penaeus setitferus

41



Table 3., (Continued)

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

fresh water
Final Acute Value » 4,857 ,g/L
Criterion maximum concentration = (4,857 ug/L) / 2 = 2,428 ug/L
Final Chronic Value = (4,857 ug/L) / 3,731 = 1,302 ug/L

Salt water
Final Acute Vatue = 4,123 ug/L
Criterion maximum concentration = (4,125 wg/L) / 2 = 2,062 ug/L
Final Chronic Value = (4,125 ug/L) / 3.73% = 1,106 ug/L
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Specles

Algas,

Chlorella vuigarls
Alga,

Chiorelta vulgarlis
Alga,

Chiorella vulgarls

Alga,
Chiorella vulgarls

Alga,
Anabaena flos-aquaae

Blue alga,
Mlcrocystls aeruglinosa

Green alga,
Scenedesmus quadricauda

Alga,
Selenastrum capricornutum

Eurasian wateraml ltoll,
Myrlophylium splcatum

Alga,
Anabaena flos-aquae

Alga,
Chlorella vulgarls

Table 4.

Chemical

Marcurlc
chiorlde

Mercurlc
chiorlde

Mercuric
chloride

Morcuwric
chlorlde

Mercuric
chlorlde

Mercuric
chlorlde

Marcurlc
chlorlde
Mercurlc

chloride

Mercurlc
chloride

Methylmercurlc

chioride

Methylmercurlc

chiorlde

Eftact
FRESHWATER SPECIES

Mercury(li}

33-day EC50
(cell division
inhibltion)

LC50

LC50

15-day EC50
(growth)

EC50 (growth)
8-day Inciplent
Inhibltlon
8-day lnclplent
inhlbltlon
Inhiblted
growth

32-day EC50
(root walght)

Mathyimercury
EC50 (growth)

15-day EC50
(growth)

44

Toxiclty of Mercury fo Aquatic Plants

Result
(pg/L)®

1,030

100-1,000
148-296
443-592

53

70

59

3,400

6.0

0.8-4.0

Reference

Rosko & Rachila,
1977

Glpps & Blro, 1978

Ral, 1979; Ral, et al.

1961

Raj, et at. 1981

Thomas & Montes, 1978
Bringmann, 1975; Bringmann &

Kuhn, 1976, 1978a,b

Bringmann, 1975; Bringmann &
Kuhn, 1976, 1978a,b, 1979,
1980b

Slooff, et al. 1983

Stanley, 1974

Thomas & Montes, 1978

Ral, et al. 1981



Tabte 4. (Contlinued)

Specles

Alga,
Anabaena flos~aquae

Alga,
Thalassloslra aestevalls

Seaweed,
Ascophy | lum nodosum

Olatom,
Ditylum brightwellll

Seaweed,
Fucus serratus

Seaweed,
Fucus spiralls

Seaweed,
Fucus vesliculosus

Glant kelp,
Macrocystis pyrifera

Seaweed,
Pelvetla canalliculata

Chemlcal

Pheny Imercurlc

acetate

Mercurlc
chlor lde

Mercurlc
chiorlde

Mercurlc
chiorlde

Marcurlc
chloride

Maerauric
chiorlde

Mercur lc
chior ide

Mercurlc
chlorlde

Mercuric
chiorlde

Etfect

Other Mercury Compounds

EC5Q (growth)

SALTWATER SPECIES

Mercury(il)

Reduced
chiorophyit a

10-day EC50
{growih)

5~day EC50
{growth)

10-day EC50
{growth)

10~day €CS50
{growth)

10~-day ECS50
(growth)

4-day EC50
(growth)

10-day ECS0
(growth)

Thomas & MoiAftes, 1978

Hol llbaugh, et al.

Cantertord, 1980

Clendenning & North,

Result
Ang/L)® Reference
2,8
10
1980
100 Stramgren, 1980
10 Canterford &
160 Stromgrea, 1980
80 Stromgren, 19680
45 Stromgren, 1960
50
1959
130

Stromgren, 1980

* Results are expressed as mercury, not as the chemical.
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Rajnbow trout,
Satmo galirdner]

Fathead minnow,
Plmephales promelas

Rainbow trout,
Salmo galrdner!

Ralnbow trout,
Salmo galrdner!)

8rook frout,
Salvel inus fontinalls

Brook trout,
Salvelinus fontinalls

B8rook ftrout,
Salvelinus fontinalls

Fathead mlnnow,
Pimephales promelas

Eastern oyster (adult),
Crassostrea virginica

American lobster (adult),
Homarus amer lcanus

Table 5.

Tigeua
2 S

s ~
————

Whole body

whole body

Whoie body
Whole body
Muscle

Whole body
Muscle and

whole body
whole body

Soft parts

Tall muscle

Bloaccumulation of Mercury by Aquatic Organlisms

Boudou & Ribeyre, 1984

Snarsk! & Oison, 19682

Baudou & Rlbeyre, 1984

Nl im! & Lowe-lJinde,

McKim, ot al,

MKim, ot al.

Ml.. ot al.

Olsan, et al.

Kopfler, 1974

Ouration Bloconcentratioa
Chamlcal {davs) Factor® Referance
FRESHWATER SPECIES

Mercuryl(il)
Mercurlc chiorlde 60 1,800
Morcuric chloride 287 4,994

Mot hy lmercucy
Mathylmercur lc 60 11,000
chtorlde
Methylmercur ic 75 85,700
chiorlde 1984
Methylmercuric 213 11,000~
chiorlde 33,000
Mathy Imercurlc 2713 10,000~
chioride 25,000
Methylmercuric 7156 12,000
chiorlde
Mathylmercuric 336 44,130~
chlorlde 81,670

SALTWATER SPECIES

Mercury(ll)
Mercuric chlorlde 74 10,000
Mercur lc chlorlde 30 129

46

1976

1976

1976

1975

Thurbery, et al, 1977



Table 5. (Contlnued)

Duratlion Bloconceatration

Specles Tissue Chemical {days) Factor® Reference
Methyimercury

Eastern oyster (adult), Soft parts Methylmercuric 74 40,000 Koptler, 1974

Crassostrea virginica chlorlde

Other Mercury Compounds

Eastern oyster (adult), Soft parts Phenylmercuric 74 40,000 Kopfler, 1974
Crassostrea virginica chlor lde

* Rosults are based on mercury, not the chemical.

**From concentrations that caused adverse effects In a |lfe-cycle test.

Maximum Permlssible Tissue Concentration

Concentration
Consumer Action Level or Etfect _(mq/kg) Reference
Man Actlon level for edlble 1.0 U.S. FDA, 1984a,b
fish or shelltlish
Mink, Histologlcal evidence A Wobeser, 1976a,b
Mustela vison of Injury
Brook trout, Death (700 days) 5-1 McKim, et al. 1976

Salvelinus fontinalls

Methy Imercury
freshwater Final Resldue Vatue = (1,0 mg/kg) / 81,700 = 0.000012 mg/kg = 0.012 pug/L (see text)

Saltwater Flnal Resldue Value = (1.0 mg/kg) / 40,000 = 0,000025 mg/kqg = 0.025 ug/L
Mercury(i1)

Freshwater Flnal Residue Value = (1.0 mg/kg) / 4,994 = 0,00020 mg/kg = 0.20 ug/L (see text)

Saltwater Flnal Resldue Value = (1.0 mg/kg) / 10,000 = 0,00010 mg/kg = 0.10 ug/L (see text)
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Specles

Alga,
{Spring assemblages,
predominantely diatoms)

Alga,
Anklstrodesmus braunii

Alga,
Anklstrodesmus braunil

Alga,
Ankistrodesmus sp.

Alga,
Synedra ulna

Green alga,
Scenadesmus

quadr i cauda

Green alga,
Scenedesmus

quadricauda

Bacteria,
Escherichia

coll

Bacteria,
Escherichla

colli

Bacterla,
Pseudomonas

putlida

Protozoan,
Entoslphon

sulcatum

Protozoan,
Chl lomonas

paramecium

Protozoan,

Uronema parduczi

Table 6.

Chemical

Mercurilc
chioride

Mercuric
chloride

Mercurlc
chloride

Mercuric
chloride

Mercurilc
chiorlide

Mercurlic
chloride

Mercuric
cyanlde

Mercuric
chlorlde

Mercuric
cyanide

Mercurlc
chloride

Mercuric
chloride

Mercuric
chioride

Moercuric
chloride

Duration

Etfect

FRESHWATER SPECIES

2 hrs

168-240 hrs

24 days Inhibl ted growth

10 days More toxic at pH =
S than pH = 7

0.29 days BCF=29,000

96 hrs Inciplent
Iinhibltion

96 hrs inclpl ent
inhibition

- Inciplent
inhibitlion

- Inciplent
inhlbltion

16 hrs Inciplent
Innhibition

72 hrs Incipient
Inhibition

48 nhrs Inclplent
inhibition

20 hrs Inclplent
inhibition

Mercury( i)

EC50 (reduced
photosynthesis)

EC50 (Inhiblted
lipid blosynthesls)

48

Other Data on Effects of Mercury on Aquatic Organisas

Result

Lpg/L)®

Reference

2,590

4

Jpus

1504

200

200

10

18

15

67

Biinn, ot al. 1977

Matson, et al, 1972

Trevors, 1982

Baker, et al, 1983

Fujita & Hashlzuma,
1972

Bringmann & Kuhn, 1959a,b

Bringmann & Kuhn, 1959a,b

Bringmann & Kuhn, 1959a

Bringmann & Kuhn, 1959a

6ringmann & Kuhn,
1976, 1977a, 1979, 1980b

Bringmann, 1978; Bringmann
& Kuhn, 1979, 1980b, 1981

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

Bringmann & Kuhn, 1980a,
1981



Table 6, (Contlinued)

Result
Specles Cheslcal Quration Effect (pg/L)® Reference
Protozoan, Mercurlic 28 hrs Incliplent 150 Bringmann & Kuhn, 1959D
Microregma heterostoma chioride inhibl tion
Protozoan, Mercurlc 28 hrs inciplent 160 Bringmann & Kuhn, 195%b
Microregma heterostoma cyanide Inhibitlon
Hydra, Mercuric 48 hrs LC50 56 Sloott, 1983; Sloott,
Hydra oligactis chioride ot ail, 1983
Planarian, Mercuric 48 hrs LCS0 55 Sloott, 19683
Dugesia luqubris chloride
Tubl ticld worm, Marcuric 48 bhrs LC50 3,200 Qureshl, et al, 1980
Tubl fex tubl tex chloride
Snalt, Mercurlc 48 hrs LCS0 443 Stooff, 1963; Slootf,
Lymnaea stagnalla chlorlde ot al, 1983
Mussel, Marcurlc 39 days BCF=302 - Mol linger, 1973
Marqgaritlifera margarititera nitrate
Cladoceran, Mercuric 3 wks Reduced population 2,8 Marshall, et al,
Dlaphanosoma sp. chloride dens ity 1981
Cladoceran, Marcurlc 3 wks Reduced population 2.2 Marshall, et al,
Daphnia galeata mendotae chloride density 1981
Cladoceran, Mercuric 3 wks Reproductive 3.4 Blesinger &
Daphnia magna chloride impalrment Christensen, 1972
Cladoceran, Mercuric 48 nrs EC50 30n# Bringmann & Kuhn, 1959a,b
Daphnla magna chioride
Cladoceran, Mercurlc 48 hrs ECS0 0% Bringmann & Kuhn, 1959a,b
Daphnla magna cyanide
Cladoceran, Marcuric 24 brs LCS0 13 Bringmann & Kuhn, 1977b
Daphnia magna chloride
Cladoceran, Mercuric 3 wks Reduced populatlion 2.8 Marshall, et al,
Bosmina longlrostris chloride densli ty 1981
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Yable 6. (Continued)

Specles

Natural copepod
assembiages

Amph lpod,
Gammarus Spe

Amphlpod,
Gammarus Sp.

Crayflsh (mate, mixed ages),
Faxonella clypeatus

Craytish (0.2 g),
Faxonella ¢clypeatus

Craytish (1.2 g},
Faxonella ciypeatus

Crayfish (aduit),
Orconectes {lmosus

Crayfish { juvenlle),
Orconectes §imosus

Crayflsh (juvenlie),
Orconectes |imosus

Crayflsh {(male, mlxed ages),
Procambarus clark]

Freshwater community
(primary producers,
herblvores and
carn)vorous mldges)

Mosqul to,
Aedes aeqypt)

Mosqulto,
Aedes aeqypt!

Chealcal

Mercurlc
chioride

Mercurlc
chiorlde

Mercurlc
nitrate

Mercurlc
chlorlde

Mercuric
chiorlde

Mercurlc
chlorlde

Mercurlc
chiorlde

Mercuric
chiorlde

Mercurlc
chlorlde

Mercurlc
chlorlde

Mercuric
chlor)de

Mercur ic
chloride

Moercurlc
chlorlde

Ouration

7

7

24

672

12

48

48

days

days

days

hrs

hrs

days

days

hrs

yr

hrs

hrs

50

Ett

Reduced growth
rate

BCF=2,500
BCF=2,500

ic50

LCS0

Lcs50

LC60

LC50 (unted)

LC50 (fed)

LC50

Reduced algal standing

stock and dlverslity;

no evidence of eftects

on midges

LC50

LC50

1,000

1,000

140

<2

0.1

4,100

776

Refereacs

Borgmana, 1980
Zubarik & O!'Connor,
1978

Zubarjik & O'Connor,
1978

Helt & Flngerman,
1977

Helt & flngerman,
1977

Helt & Flngerman,
1977

Doyle, et al. 1976
Boutet &
Chalsemartin, 1973

Boutet &
Chajlsemartin, 1973

Helt & Fingerwman,
1977

Sigmon, et al. 1977

Slooft, et al. 1983

Slooft, et al. 1983



Table 6. (Continued)

Specles

Plnk saimon (embryo),
Oncorhynchus gorbuscha

Pink saimon (pre-eyed aembryol,

Oncorhynchus gorbuscha

Pink salmon (larva),
Oncorhynchus gorbuscha

Sockeye salmon (embryo),
Oncorhynchus nerka

Sockeye salimon
{pre~eyed embryo),
Oncorhynchus nerka

Sockeye salmon (larva),
Oncorhynchus nerka

.Sockeya saimon (juvenile),
Oncorhynchus nerka

Ralanbow trout ( juvenlie),
Saimo galrdner]

Ralnbow trout (juvenlle),
Salmo qalrdner!

Rainbow trout (juvenlle),
Salmo galrdner]

Ralnbow trout,
Saimo galrdner!

Ralnbow trout,
Saimo galrdner!

Rainbow trout (embryo, larva),

Salmo galrdner |

Chamical

Mercurlc
suilfate

Mercurlc
sulfate

Mercurlic
sultate

Mercur)c
sultate

Marcuric
sul fate

Marcur jc
sulfate

Mercurlc
sul tate:

Mercuric
chlorlde

Mercur ic
chlorlde

Mercurlc
chlorlide

Marcurjc
chlorlde

Mercurlc
chiorlde

Maercurlc
chlorlde

Duration
2 days <ftime
from fertillza-
tlon to hatch
2 days <time
from fartitlza-
tlon to stage

168 hrs
2 days <time
from fertlilza-
tlon to hatch
2 days <time
trom fertlllza-
tlon to stage

168 hrs
168 hrs
24 hrs

2 hrs

| wk

80 min

28 days

51

Eftect

EC32 to ECBI
{detorality)

Lc100

LC

EC45.6
(deformity)

LC100

LC50

Lcso

LC50

Depressed olfactory
bulber response
Growth Inhibition
Effected osmo—

regulatlion

Avoldance
threshoid

EC50 (death and
deformity)

Resuilt
Ang/uye

Referenca

5.2

8.5

140

4-3

9.3

190

903

"

2."2‘

100

Servizl & Martens,
1978

Servizl & Martens,
1978

Serviz! & Martens,
1978

Serviz} & Martens,
1978

Serviz) & Martens,
1978

Servizl & Martens,
1978

Servlz] & Martens,
1978

Wobaser, 1973
Hara, et al. 1976
Matida, et al. 1971
Lock, et al., 1981

Black & 8lrge, 1980

Blrge, et al, 1979,
1980



Table 6, (Continued)

Specles

Ralnbow trout (embryo, larva),
Salmo galrdner]

Ralnbow trout (embryo, larva),
Saimo galrdner]

Rajnbow trout,
Saimo galrdnerl

Ralnbow trout,
Salmo galrdner]

Goldfish (embryo, larva),
Carasslus auratus

Goldt1sh (embryo, larva),
Carasslus auratus

Common carp,
Cyprlnus carplo

Fathead minnow,
Pimephales promelas

White sucker (adult),
Catostomus commerson!

white sucker (adult),
Catostomus commerson |

Channel catfish (embryoa, larva),

Ictalurus punctatus

Channel catflsh (embryo, larva),

fctalurus punctatus

Channel catfish (embryo, larva),

Ictalurus punctatus

Channel catflish (embryo, larva),

{ctalurus punctatus

Chemical

Mercuric
chlorlide

Mercwr Ic
chlorlde

Mercurlc
chiorlde

Mercurlc
chlorlde

Morcurlc
chloride

Mercuric
chloride

Mercurlc
chiorlde

Marcurlc
chlorlde

Mercurlc
chlorlde

Mercurlc
chiorlde

Mercur Ic
chloride

Mercuric
chlorlde

Mercur lc
chloride

Mercurlc
chliorlide

Duration

28 days
28 days

5, 18 mo
48 hrs
7T days
71 days
60-172 hrs
48 rs

36 mln

46 mln
10 days

10 days

10 days

52

Eft

EC50 (death and
deformity)

€C10 (death and
deformlty)

Substantlal
mortality

Leso

EC50 (death and
deformity)

EC50 (death and
doformlty)

Reduced hatchlng
success

1c50
Blood enzyme (LDH)
Inhlbitlon 20%

Biood enzyme (GOT)
Inhibltion 20%

£C50 (death and
deforalty)

EC50 {(death and
datormity)

increased
albinlism

BCF=441-20T1

Rosult‘

<0.1

0.9

0.12-0.24

480

121,9

0.7
23,000
37
8,000
10,000
30

0.3

0.5

Retference

Birge, et al. 1979,
1980

Blrge, et al. 198}

Blirge, et al, 1919

Slootf, et al. 1983
Blrge, 1978; Blrge,

et al. 19719

Blrge, 1978; Birge,
et al. 1979

Huckabee & Grifflith,
1974

Siootf, et al. 1983
Chr lstensen, 1972
Christensen, 1972
Birge, et al., 1979
Blrge, et al. 1979
Westerman & Blrge,

1978

Blrge, et al. 1979



Table 6. (Continued)

Specles

Channel catflsh (embryo, larva),

lctalurus punctatus

Mosqultofish,
Gambusla afflanls

Guppy,
Poeclila reticulata

Guppy,
Poecllla reticulata

Bluegll! (embryo, tarva),
Lepomls macrochlrus

Redear suntlsh (embryc, larva),

Lepomls microiophus

Largemouth bass (embryo, larva),

Micropterus satmoldes

Largemouth bass (embryo, larva),

Mlicropterus salmoldes

Largemouth bass,
Micropterus saimoldes

Mozamblque tllapla,
Tilapla mossambica

Maozamblque tilapla,
Tilapla mossamblca

Plg trog lembryo, tarva),
Rana gryllo

River frog (embryo, larva),
Rana heckscher|

Laopard frog (embryo, larva),

Rana plplens

Chemlcal

Morcurlc
chlorlde

Mercuric
chlorlde

Mercurlc
chjoride

Mercur lc
chlorlde

Mercurlc
chlorlide

Mercur ic
chlorlde

Marcuric
chlorlde

Mercur ic
chloride

Mercurlc
nltrate

Marcurlc
chiorlde

Mercurlc
chlorlde

Mercur Ic
chiorlde

Marcurlc
chior lde

Duratlon

10 days

>10 days

24 hrs

48 hrs

7-8 days

7-8 days

8 days

8 days

24 hrs

35 days

48 hrs

7 days

7 days

7 days

53

Eftect
BCF-4,4-353

Leso
LC50
LC50
EC50 (death and

deform]ty)

EC50 (death and
deformlty)

EC50 (death and
deformlty)

EC50 (death and
detormlty)

Aftected opercular
rhythm

Ciinlical symptoms
LCs0

EC50 (death and
deform]ty)

EC50 (death and
deformi ty)

EC50 (death and
deformlty)

Result
{pg/L)"
500

13

303

137.2
130
140
5.3
10
310
1,000
67‘2

59.9

1.3

Retferance

Blrge, ot al. 19719
Boudou, et al. 1979
Hamdy, 1977

Siootf, ot al. 1983
Blrge, ot al. 1979
Birge, et al, 1979
Birge, ot al. 1978,
1979

Blrge, et ai. 1979
Moryan, 1979
Panlgrahl & Mlsra,
1980

Menezes & Qaslm, 1983
Birge, et al. 1979

Blrge, et al. 1979

Blrge, et al. 1979



Table 6. (Contlnued)

Result
Specles Chemlical Duration Ett (pg/L)® Reference
Narrow-mouthed toad Mercurlc 7 days £C50 (death and [ Blrge, ot al, 1978,
(embryo, larva), chlorlde deformity) 1.3 1979
Gastrophryne carollinensis
Green toad (embryo, larva), Mercurlc 7 days EC50 (death and 40,0 Birge, et al. 1979
Buto deblils chlorlde deformity)
Fowler's toad (embryo, larva), Mercurlic 7 days EC50 (death and 65.9 B8lrge, ot al. 1979
Bufo fowler! chioride deforalty)
Red-spotted toad Marcurlg 1 days €EC50 (death and 36.8 Blrge, ot al, 1979
(embryo, larva), chlor!lde dofora} ty)
Bufo punctatus
Northern cricket frog Mercurlc 7 days EC50 (death and 10.4 Blrge, ot al. 1979
(embryo, larva), chiorlde deforalty)
Acrls crepltans
Southern gray treefrog Marcurlc 7 days EC50 (death and 2.4 Blrge, et al. 1979
(embryo, larva), chlorlde deformity)
Hyla chrysoscells
Spring peeper (embryo, larva), Mercurlc 71 days ECS0 (death and 2.8 Birge, et al. 1979
Hyla cruclfer chlorlde detormlty)
Barking treefrog Moercur lc 1 days ECS50 (death and 2,5 Blrge, et al, 1979
(embryo, larva), chlorlde doformlty)
Hyla gratlosa
Squlrrel freafrog Mercurlc 7 days ECS0 (death and 2.4 B8irge, et al. 1979
(embryo, larva), chioride deformlty)
Hyla squirella
Gray treefrog (embryo, tarva), Mercurlc 7 days EC50 (death and 2,6 Birge, et al. 1979
Hyla verslcolor chlorlde deformlty)
Afrlcan clawed frog, Mercuric 1V mos Substantlal 0.16-0.2 Blrge, et al, 1978
Xenopus laevis chlor lde mortal ity
Afrlcan clawed frog, Mercuric 48 hrs LCS0 14 Slooff & Baerselman,
Xenopus laevls chiorlde 1980; Slooff, et al.

1983
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Table 6. {(Contlinued)

Species

Marbled salamander
(embryo, larva),
Ambystoma opacum

Alga,
Anklstrodesmus brauni)

Alga,
Coelastrum mlcroporum

Alga,
Scenedasmus obllquus

Alga,
Microcystis Incerta

Planarlan,
Dugesla dorotocephala

Mussel,
Margaritifera margaritlfera

Amphlpad,
Gammarus Ssp.

Ralnbow trout (juvenlle),
Salmo galrdner!

Ralnbow trout ( juvenile),
Salmo galrdner!

Ralnbow trout (juvenlie),
Salmo galrdner!

Ralnbow trout,
Salmo gqalrdner)

Ralnbow trout,
Salmo galrdner]

Chemlcal

Mercuric
chiorlde

Mathy lmercuric
chlorlde

Methylimercuric
chlorlde

Methy Imercurlc
chioride

Methy Imercurlc
chlorlde

Methylmercurlc
chlorlde

Methyimercurlc
chlorlde

Mathyimercurlc
chloride

Methylimercuric
chiorlde

Methyimercur ic
chlorlde

Methylmercur ic
chlorlde

Methyimercur ic
chloride

Methyimercur ic
chlorlde

84 days®*** BCF=4,530 (whole
tish, 5 C)

84 days®**** gCF=6,620 (whole
fish, 10 C)

B4 days**** BCF=8,049 (whole
fish, 15 C)

- Inhiblted growth

14 days approximate LC8O

35

Result
Duratlon Effect {pg/L)® Refarence
7-8 days EC50 (death and 108 Birge, et al. 1978,
deformity) 107.5 1979
Methy lmercury
168-240 hrs Lipld blosynthesis, 1,598 HMatson, et al. 1972
>EC50
- EC50 (growth >2,4-<4.8 Holderness, et al.
Inhlbltion) 1975
14 days BCF=2,100 (Max]~- - Havllk, et al. 1979
mum by third day)¥ss
14 days BCF=990 (Maximum - Havlik, et al. 1979
by third day)*a#
4 days LC50 200-500 Best, et al. 1981
57 days BCF=2,463 - Mol linger, 1973
7 days BCF=8,000 (approx.) - Zubarlk & 0'Connor,

1978

- Relnert, of al. 1974

Relnert, et at. 1974

Relnert, et al. 1974

0.0037-0.037 Matida, et al. 1971

8 Blanc, 1973



Table 6. (Contlnued)

Specles

Ralnbow trout,
Salmo galrdner|

Ralnbow trout,
Salmo galrdner!

Ralnbow trout
(embryo, larva),
Saimo Qqalcdner!

Rainbow trout,
Salmo galrdner)

Ralnbow tfrout,
Salmo qalrdner|

Brook trout (embryo),
Salvel Inus fontinalls

Brook trout (alevin),
Salvellnus fontinalls

Brook trout (alevins),
Salvellnus fontinalls

Brook trout (juvenile),
Salvel lnus fontlnalls

Brook trout,
Salvellnus fontlnalls

Common carp,
Cyprlnys carplo

Mosqultoflsh,
Gambusla aftinis

Chemlcal

Methy Imercurlc
chlorlde

Methyimercuric
chioride plus
Inorganic
mercury

Methy lmercurlc
chloride plus
Inorganic
mercury

Mothy imercurlc
chlorlde

Methy Imercuric
chloride

Mathylimercurlc
chlorlde
MethyImercuric

chlorlde

Methyimercurlc
chloride

Mathylmercurlc
chloride

Methy Imercurlc
chlorlde

Mathy Imercurlc
chloride

Duration

1 wk

120 days

24 days

269 days

30 min

16—-17 days

Incubat ion
perlod
+ 21 days
30 days
14 days
8 days

16 days

<24 hrs

56

Effect

Etfected osmo~
regulation

Loss of appetite

EC50 (death and
deformlty)

Loss of nervous
control

EC50 {(Reduced

viabillty of sperm)

Decreased enzyme
(GOT) activity

Reduced growth

Increased enzyme
(GOT) activity

Increased blood
plasma chlorlde

Increased cough
trequency

Reduced proteln
syntheslis

LC50

48 mg/kg
In food

1,000

0.88

0.7

0.79

2.93

0.05

500

Refereace

Lock, et al. 1981

Matida, et al. 1971

Birge & Black, 1977

Matida, et al. 1971

Mcintyre, 1973

Christensen, 1975

Chrlistensen, 1975

Christensen, 1975

Christensen, et al.
1977

Drummond, et al.
1974

Sharma & Davis, 1980b

Boudou, et al. 1979



Table 6. (Continued)

Specles

Mosqul fof Ish,
Gombuslia affinls

Mosquitafish,
Gambusla atfinls

Mosqultotish,
Gambusla afflnlis

Mosqul tof]sh,
Gambusia affinis

Bluegili (juvenlle),
Lepomls macrochlrus

Blueglll (juvenite),
Lepomis macrochirus

Biuegll{ (juvenile),
Lepomls macrochlirus

Leopard frog (tadpole),
Rana plplens

Leopard frog,
Rana plplens

Leopard frog
(blastula embryo),

Rana plplens

Chemical
Mothyimercurilc
chiorlde

Methyimercurlc
chlorlde

Mathylmercuric
chlorlde

Methylmercurlc
chiorlde

Mathylmercuric
chlorlde

Methylmarcurlc
chiorlide

Methy lmercurlc
chlorlde

Methylmercuric
chlorlde

Methyimercuric
chlorlde

Mathy Imercurlc
chiorlde

Ouration

30 days

30 days

30 days

30 days

28,5 days

28,5 days

28,5 days

48 hrs

5 days

57

Effect
BCF=2,%500
(whole flsh,
10 C)

BCF=4 ,300
(whole fish,
8 C

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

BCF=27 ,000
(whole flsh,

238 mg/kg la
tood, 26 C)

BCF=373AaRa8
{whole tlsh,
90

BCF=92|anuus
(whole flsh,
21 C)
BCF=2,400%4nun
{whole flsh,
330

LCi00

Fallure to
metamorphose

LC50

Result
LpgL)®

Reference

Boudou, ot

Boudou, et

Boudou, et

Boudou, et

Cember, et

Comber, et

Cember, et

1919

1979

1979

1979

1978

1978

1978

Chang, et al., 1974

Chang, et al. 1974

Dial, 1976



Table 6. (Continued)

Speclas
i ——

Leopard frog
(gastrula embryo),

Rana plplens

Leopard frog
(neural plate embryo),

Rana piplens

Leopard frog
(blastula embryo),

Rana plplens

Leopard frog
(gastrula embryo},

Rana plplens

Leopard frog
{neural plate embryo),

Rana Elglens

Newt,
Triturus virldescens

Newt,
Triturus virldescens

Newt,
Tritwus virldescens

Mink (adult),
Mustela vison

Mink (adult),
Mustola vison

Alga,

(Florida Lake assemblage)

Chemlical
Mathylmercurilc
chlorlde

Methy imercur Ic
chlioride

Methylmercurlc
chloride

MothyImercurlc
chlorlde

Mothy Imercurlc
chlorlide

Mathylmercurlc
chlorlde

Mathy Imercur Ic
chloride

MethylImercurlc
chlorlde

Methylmercurlc
chiorlde

Methylimercurlc
chlorlde

Methy Imercurlc
dlcyandlamlde

Duration

]

5

93

93

days

days

days

days

days

days

days

Lcso

EC50
(teratogenesls)

EC50
(teratogenes|s)

ECc50
(teratogenesis)

Delayed |imb
regeneration

Death

Death

Histologlc evldence

of Injury

LCS0 1n braln
tissue

Other Mercury Campounds

125

hrs

58

Reduced blomass

Result
{ua/L)*

8-12

12-16

0-4

812

12

300
1,000
1,100

11,000

0.8
(approx.)

Reference

Dlat, 1976

Dlal, 1976

Dlal, 1976

Dial, 1976

Dial, 1976

Chang, et al.

Chang, et al.

Chang, et al,

Wobeser, 1973

Wobeser, 1973

Harriss, ot al. 1970

1976

1976

1976



Yable 6, {(Contlnued)

Specles

Atga,
(Florida Lake assemblage)

Alga,
Cladophoraceae

Alga,
Ulothrichaceae

Alga,
(Florida Lake assemblage)

Alga,
(Flarida Lake assemblaqa)

Alga,
Scenedesmus obliquus

Alga,
Microcystls incerta

Sponge,
Ephydatia fluviatills

Sponge,
Ephydatia fluviatiiis

Amphipod,
Gammarus sp.

Craytish (juvenile),
Procambarus clarki

Sockaye salmon (juvenile),

Oncorhynchus nerka

Sockeye salmon ( juvenile),

Oncorhynchus nerka

Chemical Duration
N-Methyimercurlc- 125 nhrs

1,2,3,6~tetrahydro-
3,6-methano-3,4.,5,6,
7,7 ,~hexachloro~

phthalimlde

Ethylmercuric 1 hr
phosphate

Ethylmercurlc 1 hr
phosphate

Phenylmercuric 125 nrs
acetate

Diphenyl 125 nrs
morcury

Phany Imarcuric 14 days
chloride

Phenylmercuric 14 days
chioride

Mercury 30 days
Mercury 30 days
Phenylmercuric 7 days
acetate

MethyImercuric 120 hrs
dicyandimide

Pyridyimercuric 1.5 hrs
acetate

Pyridyimercuric 1 hr
acetate

39

Result
Etfect (pg/L)®
Reduced biomass 0.3
(approx.)
Nul sance control 38.6
Nul sance control 38.6
Reduced blomass 0,5
(approx,)
Reduced biomass 2.8
(approx,)
BCF=13,000 (Max]- -
oum 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
Safe for disease <954

control

Reterence

Harriss, ot al. 1970

Burrows & Cambs, 1958

Burrows & Combs, 1958

Harriss, et al. 1970

Harrlss, et al, 1970

Haviik, et al, 1979

Haviik, et at, 1979

Mysing-Gubala 38

Poirrier, 1981

Mysing-Gubala &
Polrrier, 198\

Zubarik & O'Connor,
1978

Hendrick & Everett,
1965

Burrows & Palmer,
1949

Rucker, 1948



Tabte 6. (Coatinued)

Specles

Sockeye saimon (juvenile),
Oncorhynchus nerka

Chinook salmon (fingerling),

Oncorhynchus tshawytscha

Chinook salmon,
Oncorhynchus tshawytscha

Ralnbow trout { juvenile),
Saimo gairdnerl

Ralnbow trout { juvenile),
Saimo galrdneri

Ralnbow trout ( juvenlle},
Satmo galrdneri

Rainbow trout (alevin),
Salmo galrdnerl

Rainbow trout ( juvenile),
Salmo galrdnerl|

Ralnbow frout,
Salmo galrdneri

Ralnbow trout { juvenile),
Salmo galrdnerl

Rainbow trout ( juvenilie),
Salmo galrdnerl

Rainbow trout (juvenlie),
Salmo galrdnecrl

Ralnbow trout (juvenlile),
Salmo galrdnerli

Chesical

Pyrldylimercuric
acetate

Ethylmercuric
phosphate

Ethylimercuric
phopshate

Pyridylimercuric
acetate

Pyridylmercuric
acetate

Pyridylmercuric
acetate

Pyridylmercuric
acetate

Pyridylmercuric
acetate

Pheny imercuric
acetate

Ethyimearcuric
phosphate

Ethyimercuric
p-toluene
sul fonaniiide

Pyridylmercuric
acetate

Phenylmercuric
acetate

20

12

48

24

48

Duration

hr

hr

hrs

hr

hr

hr

hr

hr

wks

hrs

hrs

hrs

60

Ettect

Sate for disease
control

Distress

Sate for dlsoasor

control

LC100

Loo

tC33 ( 8.3 C)
(13.3 C)

Sate for disease
contral

LGB0

Growth inhibltion

LC50

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

MaclLeod & Pessah,

Result
{pg/L)®  Reference
<4,152
1951
77
3
1,030 Al tlson, 1957
967 Allison, 1957
4,750
4,750
<4,750
1951
517 Allison, 1957
0.11-1,)
43
5 ug/g in Hartman, 1978
teed dally
or 10 ug/g
teed every
fifth day
25
1973
1,780 Witlford, 1966



Table 6. (Contlnued)

Specles

Ralnbow trout (juvenile),

Saimo galrdner)

Brown trout { juvenlte),
Salmo trutta

Brown frout ( juvenlie),
Saimo trutta

Brown trout (juvenlle),
Saimo trutta

Brook trout ( juvenlle),
Salvellnus fontinalls

Brook trout ( juvenile),
Salvellinus fontinalis

Brook trout ( juveniie),
Salvellnus tontinalls

Brook trout ( juvenliae),
Salvelinus fontinalls

Lake trout ( juvenlle),
Salvelinus namaycush

Lake trout ( juvenile),
Salvelinus namaycush

Channel cattish (juvenile),

ictalurus punctatus

Channal cattish (juvenite),

Ictalurus punctatus

Channel catfish (yolk sac try),

lctalurus punctatus

Channel cattish (1 wk-old),

lctalurus punctatus

Chemlcal

Merthlolate
Pyridylmercuric
acetate

Pyridyimercuric
acetate

Merthlotlate
Pyrldyimercuric
acetate

Pyridylmercuric
acetate

Pyridylmercuric
acetate

Merthiolate
Pyridyimercuric
acetate
Merthlolate
Pyridyimercuric
acetate
Pyridyimercuric
acetate
Pyridytmarcuric
acaetate

Pyridyimercuric
acetate

48

48

48

48

48

48

48

12

48

48

48

Duration

hrs

hr

hrs

hrs

hr

hr

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

61

Etfect

Lcso

Sate for disease
control

LCs0

LCS50

Safe for disease

control

Safte for disease
control

LC50

LCS0

LCS0

LC50

LCcs50

LC50 (10 C)
(16,5 C)
(24 C)

LC50 (23 O

LC50 (23 C)

Resuit

(ug/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

whibtord, 1966

Rodgars, et al, 195}

Wil itord, 1966

wii ltord, 1966

Allison, 1957

Rodgers, et al. 195}

wWititord, 1966

williftord, 1966

Wil ltord, 1966

wiiltord, 1966

Clemens & Sneed,
1958a, 1959

Clemeas & Sneed,
1958b
Clemens & Sneed,
1958b

Clemens & Sneed,
1958b



Tabie 6, (Contlnued)

Specles

Channel catflish,
Ictalurus punctatus

Channel catfish,
Ictalurus punctatus

Bluegl il (juvenlle),
Lepomis macrochlrus

Bluegl it (juveniie),
Lepomls macrochlrus

Largemouth bass,
Micropterus salmoldes

Red alga,
Antithamnion plumula

Alga,

Chaetoceros glavestonensis

Alga,

Chaetoceros galvestonensis

Alga,

Chaetoceros galvestonensis

Alga,
Chroomonas sallna

Alga,
Cyctotella sp.

Alga,
Dunallella sp,

Chemicat

Pyridylmarcuric
acetate

Mer thiolate
Pyridylmorcuric
acefate

Morthlolate

Mercury

Mercuric
chloride

Morcuric
chioride

Mercuric
chlorlide

Mercuric
chloride

Mercuric
chloride

Mercuric
chioride

Mercurlc
chioride

Duration

48 hrs

48 nhrs

48 hrs

48 nhrs

21 days

Etfect

LC50
LC50
LC50

Threstoid ot
eftect opercu-
lar rhytha

SALTWATER SPECIES

Morcury( i}

30 ain

4 days

4 days

4 days

2 days

3 days

62

LCS50 after 7 days

About 308 reduction

in growth

No growth of
culture

BCF=10,920
BCF=853

No growth of
cul ture

758 reduction in
00,

Resuit

Lyg/L)®

Reference

1,370

2,800

1,600

32,000

10

5,000

10

100

100

2,500

wWitiford, 1966

witiford, 1966

wWilltord, 1966

williford, 1966

Morgan, 1979

Boney & Corner, 1959
Hannan, et al, 1973b
Hannan, et al. 1973b
Hannan, et al, 1973b
Parrish & Carr, 1976
Hannan & Patoulllet,

1972

Mills & Colwall, 1977



Table 6, (Contlnued)

Species

Alga,
Dunalielia tertiolecta

Alga,
Dunalielia tertiolecta

Diatom,
Nitzchia aclcularis

Diatom,
Skeletonema costatum

Alga,
Dunaliella tertiolecta

Alqa,
Dunallella tertiolecta

Alga,
Isochrysis galbana

Alga,
Isochrysls gqalbana

Alga,
|sochrysis galbana

Kelp (zoospores, gametophytes,
sporophytes),
Laminarla hyperborea

Kelp (zoospores, gametophytes,
sporophytes),
Laminaria hyperborea

Kalp (zoospores, gametophytes,
sporophytes),
Laminaria hyperborea

Chealcal

Mercuric
chloride

Mercuric
chloride

Mercurlic
chloride

Mercurlc
chloride

Mercuric
chlorlde

Mercuric
chloride

Mercuric
chloride

Mercuric
chloride

Marcuric
chloride

Mercuric
chloride

Mercuric
chioride

Mercuric
chlorlide

5

15

15

28

28

22

28

Duration

days

days

days

days

days

days

days

days

days

days

hrs

hrs

63

Result

Ettect Lpg/L)® Reference
About 10% Increase 100 Betz, 1977
in maximum chioro-
phyll a concentra-
Tlon
About 45f lIncrease 220 Betz, 1977
In maximum chloro-
phyil a concentra-
tion
Prevented growth. 150-200 Mora & Fabregas, 1980
Reduced cell 0.08 Cioutier-Mantha &
density Harrison, 1980
About 158 reduction 10 Davias, 1976
in growth
No et tect on growth 2 Davies, 1976
Aboyt 10% 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
atter day 5
Lowest concentration 10 Hopkins & Kain, 1971
causing growth
inhibitlon
EC50 respiratiaon about 450 Hopkins & Kailn, 197}
About 80% reduc- 10,000 Hopkins & Kailn, 1971

tion In
raspiration



Table 6. (Contlnued)

Specles

Alga,
Phaeodacty lum tricornutum

Alga,
Phasodactylum tricornutum

Alga,
Phaeodactylum trlcornutum

Red alga (sporling),
Plumaria elegans

Red alga (sporilng),
Plumaria elegans

Red alga (sporiing),
Plumarla eleqans

Red alga,
Plumarla elegans

Red alga,
Polysiphonla lanosa

Alga (mixed),
Asterionella japonica plus

Dlogenes sp.

5 seawead specles,
Ascophy | lum nodosum,
Fucus splralls,

F. verslculosus,

F. sercatus
Palvetla canallculata

Algae,
(elghteen speclas)

Chemlcal

Mercur lc
chiorlde

Mercurlc
chioride

Metrcur Ic
chlioride

Mercuric
chloride

Mercurlc
chlorlde

Mercuric
chlorlde

Mercurlc
chlorlide

Mercurlc
chloride

Mercurlc
chloride

Mercur Jc
chlorlde

Mercurlc
chlorlde

Duratjon

4 days
4 days
4 days
24 hrs
1 hr
18 hrs
30 min
30 mln

8 days

10 days

17 days

64

Reference

Result

Eftfect {ug/L)®
About 50% reduction 50
In growth
No growth of 120
culture
BCF=7,120 -
40% reduction In 120
growth over 21 days
40f reduction In 1,000

growth over 21 days

LC50 after 7 days 3,170

LC50 after 7 days 6,700

LC50 atter 7 days 8,000

BCF=3,467 -

10-30% reduction In 10
growth

Growth Inhibltlion <515

Hannan, et al. 1973b

Hannan, et af. 1973a

Hannan, et al. 1973b

Boney, 1971

Bonay, 1971

Boney, et al. 1959

Boney & Corner, 1959

Boney & Corner, 1959

Laumond, et al. 1973

Stromgren, 1980

Berland, et al. 1976



Table 6. {(Contlinuad)

Specles

Algae,
(elghteen spacles)

Algae,
(thres specles)

Algae,
(three specles)

Algae,
(three specles)

Natural phytoplankton
populatjons

Natural phytoplankton
populations

Phytoplankton,
(Natural assemblages)

Protozoan,

Cristigera sp.

Protozoan,
Euplotes vannus

Sand worm (adult),
Nerels virens

Sand worm (adult),
Nerels virens

Polychaete worm (adult),
Ophryotrocha dladema

Paolychaete worm (adult),
Ophryotrocha dladema

Polychaete worm (adult),
Ophryotrocha dladema

Polychaete worm,
Ophryotrocha dladema

Chamical

Mercuric
chlorlide

Marcuric
chlorlde

Marcurlc
chlorlde

Mercurlic
chlorlde

Mercurlc
chlorlde

Mercur Ic
chloride

Morcurlc
chlorjde

Mercurlc
chiorjide

Mercuric
chlorlde

Mercurlc
chlorlde

Mercuric
chioride

Mercurlc
chlor|de

Morcur ic
chlorlde

Mercurlc
chlorlde

Marcurlc
chlorlde

Duration

17 days

168

168

168

120

21

12

48

168

168

96

48

hrs

hrs

hrs

hrs

days

hrs

hrs

hrs

hrs

hrs

hrs

hrs

65

Reference

Result

Effect Spg/1)®
Death 10-50
Depressed growth 30-350
No further 40
bloaccumutatjon
Changes In cell 30-350
chemlstry
Reduced chlorophyll 6
Reduced blcmass 2
Inhlbjted growth 1
Reduced growth 2,5~5
inhibltion of 1,000
reproduction
LC50 60
LC100 125
Lci3 50
LCH0 100
LC100 500
LC50 30~100

Bariand, et al. 1976
Slck & Windom, 1975
Slck & Wlndom, 1975
Sick & Windom, 1975

Hol l1baugh, et al.
19680

Hol Iibaugh, et al,
1980

Thomas, et al, 1977
Gray & ventllla, 1973

Persoone &
Uyttersprot, 1975

Elsler & Hennekey,
1977

Elsler & Hennekay,
1977

Relsh & Carr, 1978
Relsh & Carr, 1978

Relsh & Carr, 1978

Parker, 1984



Yable 6. (Continued)

Specles

Blue mussel (larva),
Mytilus edulls

Paclflc oyster (larva),
Crassostrea glgas

€Eastern oyster (embryo),
Crassostrea virqginica

tastern oyster (embryo),
Crassostrea virginica

Eastern oyster (embryo),
Crassostrea virqinica

Clam,
Mullna lateralls

Common rangla,
Rangla cuneata

Cammon rangla,
Ranqgla cuneata

Quahog clam (larva),
Mercenaria mercenarla

Quahog clam (larva),
Mercenarla mercenarla

Soft-shell clam (adult),
Mya arenarla

Soft-shell clam (adult),
Mya arenarla

Sof t-shell clam (adult),
Mya arenarla

Copepods (adul?t),
(5 genera)

Copepods (adult),
{5 genera)

Chemical

Marcurlic
chlorlde

Mercurlc
chlorlde

Mercurlc
chiarlde

Mercurlc
chiorlde

Mercuric
chiorlde

Mercuric
chioride

Mercur ic
chioride

Mercuric
chloride

Mercurlc
chlorlide

Mercurlc
chlorlide

Marcurlc
chlorlde

Mercurlc
chlorlde

Mercurlc
chlorlde

Marcurlc
chloride

Mercur lc
chlorlde

24

24

12

48

19

12

96

14

8-10 days

Duration

hrs

hrs

days

hrs

days

hrs

hrs

days

42-48 bhrs

168

168

168

10

10

hrs

hrs

hrs

days

days

Result

Eftect Afpg/L)®

Reference

Abnormal development 32

Abnoraal 32
development

LCso 12
LCO 1
Trece metal upset 50
Raduced calclum 26.5
uptake

LtCS0 (<1 g/kg 5,100
sallalty)

ecF=1,130 -
(whole anlmal)

LC50 14
Lco 2,5
Lco 1
LC50 4
LC100 30
90% decrease In egg 10
productjon

70% decrease In 10

tfecal pellet

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

Calabrese, et al. 1977

Calatraesa, et al.
1973

Kopfler, 1974

Mlng-Shan & Zubkof f,
1982

Olson & Harrel, 1973

Olllon & Neff, 1978

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

Calabrese, et al.
1973

Elsler & Hennekey, 1977
Eisler & Hennekey, 1977
Elsier & Hennekay,

1977

Reeve, at al. 1917

Reeve, ot al. 1977



Table 6., (Continued)

Specles

Copepods (adult),
(5 genera)

Copepod (adult),
Pseudocalanus mlnutus

Copepod (adult),
Pseudocalanus mlnutus

Copepod (adult),
Acartia clausli

Copepod (adult),
Acartla clausl

Barnacle (adult),
Balanus batanolides

Barnacle (cyprid),
Balanus balanoldes

Barnaclie (cyprid),
Balanus balanoides

Barnacles (nauplius),
Balanus crenatus

Barnacle (cyprid),
Balanus Improvlsus

wWhite shrimp (adult),
Panaeus setl|ferus

Grass shrimp (larva),
Palaemonetas vulgarls

Grass shrimp (larva),
Palaemonetes vulqgaris

Grass shrimp,
Pataemonaetes puglo

Chemical

Mercuric
chloride

Mercurlc
chioride

Morcurlc
chloride

Marcuric
chloride

Mercurlc
chloride

Mercurlc
chloride

Mercuric
chloride
Mercurlc

chlorlde

Mercurlc
chloride

Mercurlc
chloride

Mercuric
chloride
Marcuric

chioride

Mercurilc
chloride

Mercuric
chloride

48

70

10

1.9

24

48

48

60

<24

48

120

Duration

hrs

days

days

hrs

nhrs

hrs

hrs

hrs

hrs

hrs

days

hrs

hrs

hrs

67

Result
Eftect (pg/L)®
Hg-Cu Interactions 17
on LC50 (Hg In
alxture)
No growth of culture 5
No growth Inhibltion 1
Leso 50
BCF=7,500 -
LC90 1,000
About 10f reducl ton 10

In substrate attach-
ment over 19 days

LC50 90

LC50 60

About 508 abnormal 16,600
davaelopment

No effect on 1
resplration, growth,

or molting

LC100 56
LCo <5,6
LC50 148

Reference

Reove, ot al, 1977

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

1956

Relichliro, et al,
1983
Clacka, 1947

Pyefinch & Mott, 1948

Pyafinch & Mott, 1948

Pyefinch & Mott, 1948

Clarke, 1947

Green, ot al, 1976

Shealy & Saandl fer,
1975

Shealy & Sandl fer,
1975

Barthalmus, 1977



Table 6. (Contlnued)

Specles

Grass shrimp,
Pafaemonetes puglo

Grass shrimp (larva),
falaemonetes vulqarls

Grass shrimp (larva),
Palaemonates vulgaris

Hermit crab (adult),
Paqurus longlcarpus

Harmlt crab (adult),
Paqurus lonqglcarpus

Hormit crab (adult),
Paqurus longlcarpus

Green crab (adult),
Carcinus maenas

Graen crab (adulft),
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),
Carclinus maenas

Chealcal

Mercurlc
chlorlde

Mercurjc
chloride

Mercuric
chlorlde

Mercurlc
chioride

Mercurlc
chlorlde

Mercurlc
chlorlde

Mercurlc
chlorlde

Mercuric
chlorlde

Mercur Ic
chloride

Marcur Ic
chlorlide

Maercuric
chlorlde

Mercurlc
chlorlde

Mercurlc
chloride

Mercur lc
chlorlde

Duration
24 hrs
48 hrs
48 hrs

168 hrs
168 hrs
168 hrs
48 hrs
48 trs
47 trs
20-30 hrs
4.,3-13,5 Irs
2,7 brs
0.5 hrs

0.22 hrs

68

Ettect

impalired condi-
tloned avoldance
response

LC50

Abnormal
davelopment

LCO

LCSO

LC100

LC50

LC50

LCS50

LCS50

LCS0

LC50

LC50

LC50

Result
(1,748 I

37

10
10-18
10

50
125
1,000
1,200
10

33
100
1,000
3,300

10,000

Retference

Barthalmus, 1977

Shealy & Sandltfer,
1975

Shealy & Sandlfer,
1975

Els)ler & Hennekey,
91

Elster & Hennekey,
197

Elsier & Hennekey,
1977

Portmann, 1968
Connor, 1972
Connor, 1972
Connor, 19172
Connor, 1972
Connor, 1972

Connor, 1972

Connor, 1972



Tabje 6. (Contlinued)

Specles

Flddler crab (adult),
Uca pugllator

Flddler crab (adult),
Uca pugllator

Flddler crab (adult),
Uca pugl lator

Fiddler crab (adult),
Uca pugllator

Fiddler crab {(zoea),
Uca pugliator

Fiddler crab {z0ea),
Uca pugllator

Flddier crab (zoea),

Uca Eugllafor

Starfish (aduit),
Asterlias forbes)

Starfish (adult),
Asterlas forbes!

Starfish (adult),
Asterlas forbes)

Sea urchln (spermatazoa),
Arbacia punctulata

Sea urchin (spermatazoa),
Arbacla punctulata

Sea urchln {(embryo),
Arbacla punctulata

Haddock (embryo),
Melanogrammus aeqleflinus

Chealcal

Mercur lc
chloride

Mercurlc
chloride

Mercurlc
chiorlde

Mercuric
chlorlde

Mercurlc
chloride

Mercurlc
chlorlde

Mercuric
chlorlde

Mercurlc
chloride

Mercuric
chtorlide

Mercurlc
chloride

Mercurlc
chlorlde

Mercurlc
chlorlde

Marcurlc
chloride

Mercur lc
chlorlde

Duratlion

28 days

6 days

6 days

24 hrs

8 days

24 hrs

5 days

168 hrs

168 hrs

168 hrs

24 mln

13 hrs

96 hrs

69

Result

Effect (pgsL)*
Low survival, 1,000
Inhibited {imb
regenaration
20-25% reductlon 1680
In pecrcent survival
20-25% ‘reductlon 180
In percent survival
lacreased oxygen 180
consumptlon
LCS0 1.8
20-100% Increase In 1.8
motabol lc rate
after stage | zoea
About 40% Increase 1.8
In swimming activity
of stage V zoea
Lco 10
LC50 20
LC100 125

About 150% lncrease 20
In swimmlng speed

About B0X decrease 2,000
in swimmlng speed

Abnormal development 92

LC50 918

Reterence

Wels, 1976

Veranberg & Vernberg,
9wn

Vernberg & Vernberg,
1972

Vernberg & Yernberg,
1972

peCoursey & Yeranberg,
1972

DeCoursey & Vernberg,
1972

DeCoursey & Verabery,
1972

Elsler & Hennekey,
“wn

Elstar & Heanekay,
1977

Eisler & Hennekey,
197

Young & Nelson, 1974
Young & Nelsan, 1974

Waterman, 1937

Cardln, 1982



Table 6. (Contlnued)

Specles

Mummichog (adult),
Funduius heteroc!ltus

Mummichog (adult),
Fundujus heterocllitus

Mummichog (aduit),
Fundulus heteroc!}tus

Mummichog (adult),
Fundulus heteroclitus

Mummichoqg (adult),
Fundulus heteroctltus

Mummichog (adult),
Fundulus heteroclltus

Mummichog (embryo),
Fundulus heteroclltus

Mumm ichog (embryo),
Fundulus heteroclitus

Mummlchog (embryo),
Fundulus heterocl]tus

Mummichog (embryo),
Fundulus heteroclltus

Mummichog (larva),
Fundulus heterocl!tus

Mummichog (adult),
Fundulus heteroclltus

Mummichog (aduit),
Fundulus heterocl!tus

Mummichog (adult),
Fundulus heteroclltus

Chemical

Mercurlic
chlorlde

Mercurlc
chlorlde

Mercuric
chlorlde

Mercurlc
chlorlde

Mercuric
chlorlide

Mercuric
chioride

Mercurlc
chloride

Mercurlc
chilorlde

Mercuric
chiorlide

Mercur Ic
chlorlde

Mercur lc
chloride

Mercurlc
chloride

Mercurlc
chioride

Duratlon

168 hrs

168 hrs

168 hrs

24 nrs

96 hrs

28 days

3 days

3 days

12 hrs

32 days

96 hrs

48 hrs

70

Reference

Result
Etfect Apg/L)®
Lco 100
Lcs50 800
LC100 1,000
Disrupted osmoreg- 125
ulation
Attected |lver 200
enzymes
Up to 40% reduction 12

In enzyme activity
before recovery

Many developmental 30-40
abnormal ltles

Some developmental 10-20
abnormallties

Some developmental 30-40
abnormal It)es

EC50 67.4

No ef fect 50
Mercury redls- 1,000 ug Hg/
tribution organs kg body wt
followlng Se plus 400 ug
pretreatment Se/kd body wt
Cellular 250-5,000
degeneration

LC100 2,000

Elsler 4 Hennekey,
1977

Elsler & Hennekey,
1977

Elsler & Hennekey,
1977

Renfro, af al. 1974
Jackim, et al. 1970

Jackim, 1973

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

Shellne & Schmldt-
Nlaison, 1977

Gardner, 1975

Elsler, et al, 1972



Table 6. (Continued)

Specles

Mummlichog (adult),
Fundulus heteroclitus

Shlner perch,
Cymatogaster aggreqata

Striped bass (adult),
Morone saxatills

Winter flounder (adult),
Pseudopleuronectes amer!icanus

Alga,
Dunallella tertlolecta

Alga,
Phaeodactylum $rlcornutum

Red aiga (sporiing),
Plumaria elegans

Alga,
Tetraselmls succlca

Alga,
Chaetoceros sp.

Alga,
Cyclotella sp.

Alga,
Phaeodactylum sp.

Red alga (sporling),
Pliumarlia eleqans

Dlatom,
Nitzchla aclcularls

Chenmlcal

Mercurlc
chiorlde

Mercurlc
chlorlde

Mercurlc
chloride

Mercurlc
chlorlde

Methyimercurlc
chlorlde

Methylmercur ic
chioride

Methylmercurlc
chloride

Methyimercurlc
chlorlde

Dlinethy linercury
Dimethylmercury
Dimethy Imercury
Methylmercurlc

chiorlide

Mathy Imercurlc
chiorlde

71

Result
Duration Effact (pg/L)®
96 hrs Slugglish, uncoor- 1,150
dinated swimmlng
- 45% reductlon of 33,900
braln chollnester-
ase actlivity
30 days Decreased resplra- 5
tlon 30 days post
exposure
60 days Decreased resplra~ 10
tlon
Methyimercury
10 mln EC50 about 170
(photasynthesls)
25 days EC50 about 190
(photosynthesls)
18 hrs LCS0 atter 7 days 44
3 days  Inhiblted growth 25
3 days About 75% reduct lon 100
in growth
3 days About 15% reductlon 500
1n growth
3 days About 45% reductlon 500
In growth
25 min EC50 (growth over 40
21 days
3 days inhiblted growth 25

Reference

Klaunlg, et at, 1975

Abou-Donla & Menzel,
1967

Dawson, et al. 1977

Calabrese, et al.
1975

Overnall, 1975

Overnel i, 1975

Boney, et al., 1959

Mora & Fabregas, 1980

Hannan & Patoulllet,
1972

Hannan & Patoullleft,
1972

Hannan & Patoull let,
1972

Boney, 1971

Mora & fabregas, 1980



Table 6. (Contlinued)

Specles

Olnoflagel late,
Scrippslel la faeroense

Alga,
Chioreila sp.

Alga,
Chlorella sp.

Alga,
Dunallelia euchliora

Alga,
Dunaljella euchlora

Alga,
Monochrysls luther)

Alga,
Monochrysls juther)

Alga,
Phaeodactylum trlcornutum

Alga,
Phaeodactylum tricornutum

Alga,
Protococcus spe

Alga,
Protococcus spe.

Red alga (sporling),
Plumarla elegans

Red atga (sporiing),
Plumarla eleqans

Red alga (sporling),
Plumarla elegans

Chemical

Mercurlc
acetate

Ethylimercuric
phosphate

Ethylmercurlc
phosphate

Ethy lmercurlc
phosphate

Ethyldercurlc
phosphate

Ethylmercuric
phosphate

Ethy Imercurlc
phosphate

Ethylmercuric
phasphate

Ethylmercurlc
phosphate

Ethyimercurlc
phosphate

Ethylmercurlc
phosphate

Mercur jc
lodlde

Ethylmercurlc
chioride

Phanylmercur Ic
chlorlide

14

10

10

10

10

10

10

10

18

18

Duration

days

days

days

days

days

days

days

days

days

days

days

hrs

hrs

hrs

72

Ett

No growth of
culture

22% reductlon In
growth

1008 lethal to
culture

36% reductlion In
growth

100% tethal to
culture

No reductlon In
growth

1008 tethal to
culture

45% reduction In
growth

1008 lethal to
culture

14% roductlion In
growth

100f tethal to
culture

LCS0 after 7 days
LC50 after 7 days

LC50 after 7 days

Result

{pg/L)®
1,000

0.6

0.6

0.6

0.6

0.6

156

54

Reference

Kayser, 1976
Ukeles, 1962
Ukeles, 1962
Ukeles, 1962
Ukeles, 1962
Ukeles, 1962
Ukales, 1962
Ukeles, 1962
Ukeles, 1962
Ukeles, 1962
Ukeles, 1962
Boney, et al. 1959
Boney, et al. 1959

Boney, et al. 1959



Table 6. (Continued)

Specles

Diatom,
Nitzchla dellcatissima

Blue mussel (adult),
Mytilus edulis

Eastern oyster (adult),
Crassostrea virginica

Copepod (aduit),
Acartia clausi

Amphipod (adult),
Gammarus duebenl

Fiddler crab (adult),
Uca sp.

Fiddler crab (adult),
Uca sp,

Mummichog (adult),
Fundulus heterocllitus

Mummichog (embryo),
Fundulus heterocl|tus

Mummichog (tarva),
Fundulus heterociltus

Mummichog (embryo),
fundulus heterocllitus

Striped mullet,
Mugl| cephalus

Dinotlagel late,
Gymnodinium spendens

Dinotlagel late,
Scrippsiel la taeroense

73

variatrion

Reference

Result
Chemical Duratlion Ettect (pg/L)®
Methylmercuric 24 hrs €C50 0.4
dlcyandiamide (photosynthesls)
Methyimercuric 24 hrs About 90% reduced 400
chloride teading rate
Methylmercuric 19 days Trace metal upset S0
chloride
Methy Imercuric 24 hrs BCF=56,000-350,000 -
chloride
Methyimercuric 3 days Induced diuresis 56
chloride
Methyimercuric 32 days No limb 300-500
chloride regeneration
Methylmercuric 32 days Melanin absent in 100
chloride regerated (imbs
Methylmercuric 24 ihrs Disrupted 125
chloride osmoregulation
Methylmercuric 7 days Teratological 50
chloride ot fects
Methylmercuric - Reduced LT50s 50
chloride
Methyimercuric - Developed resistance 50
chloride la a pond
Mathylmercuric 13 days Inhiblited fin 1
chlorlde regeneration

Other Mercury Compounds

Mercuric 11 days 558 reduction In 10
acetate growth
Mercuric 25 days 45% reduction in 10
acetate growth, morphologlcal

Harriss, et al. 1970
Dora, 1976

Koptler, 1974
Rellchiro, et al.

19683

Lockwood & Inman,
1975

Wels, 1977

Weis, 1977

Renfro, et al. 1974
wels, et al, 198)
Wols & wels, ‘983

wois & wels, 1984

Wels & wels, 1978

Kayser, 1976

Kayser, 1976



Table 6. (Contlaued)

Species

Red alga (sporling),
Plumaria elagans

Red alga (sporiing),
Plumarla elegans

Red alga (sporiing),
Plumarla elegans

Red alga (sporiing),
Plumarla eleqans

Red alga (sporiling),
Plumarla eleqans

Red alga (sporiling),
Plumarla eleqans

Dlatom,
Nitzchla def icatissima

Diatom,
Nltzchla delicatissima

Dlatom,
Nitzchla dellcatissima

Diatom,
Nitzchia aclcularls

Eastern oyster (adult),

Crassostrea virginlca

Eastern oyster (adult),

Crassostrea virglnlca

Eastern oyster (adult),

Crassostrea virglinlca

Chemjcal Duration
Pheny lmercur ic 18 hrs
lodide
Isoamylmercurlic 18 hrs
chiorlde
n~amy lmercur ic 18 trs
chloride
Isopropylmercurlic 18 hrs
chlorlde
n~propyimercuric 18 hrs
chlorlde
n~butylmercuric 18 brs
chiorlde
N-methyimercurlc- 24 hrs
1,2,3,6-tetrahydro-
3,6~-mathano-3,4,5,6,
7,7~hexachloro-
phthallimlne
Phenylmercurlc 24 hrs
acetate
Dlphenylmercury 24 hrs
Pheny Imercurlc 71 days
acetate
Marcurlc 12 hrs dally
acetate tor 15 days
Mercuric 60 days
acetate
PhenylImercurlc 19 days

chlorlde

74

Effect

ETE—

LC50 after 7 days
LC50 after 7 days
LSO aftaer 7 days
LCS0 after 7 days
LC50 after 7 days
LC50 after 7 days
£C50

{photosynthesls)

EC90
(photosynthesls)

EC50
(photosynthesls)

inhibjted growth
33% reductliaon in
shell growth

LS5

Trace metal upset

Result

Aug/ye

Reference

104

19

B

13

13

0.3

‘.5

18

25

10

100

50

Boney, et al, 1959

Boney, et al. 1959

tdoney, et al, 1959

Boney, et al. 1959

Boney, et al, 1959

Boney, et al. 1959

Harrlss, ot al. 1970

Harrliss, et al. 19720

Harrlss, et al. 1970

Mora 4 Fabregas, 1980

Cunningham, 1976

Cunningham, 1976

Kopfler, 1974



Table 6. (Continued)

Result .

Specles Chemical Duratlon Etfect {pg/L)® Reference
Copepod (adult), Morcur Ic 1.9 hrs LC50 50 Corner & Sparrow,
Acartla claus! acetate 1956
Copepod (adult), Ethylmercuric 1.9 hrs LC50 50 Corner & Sparrow,
Acartla claus) chloride 1956
Coho salmon (adult), Pyridylmerauric 12-15 wks, 0.03 mg Hg/kg wet 1,000 Amend, 1970
Oncorhynchus kisutch acetate 1 hr wkly wt muscle 2 yrs

as juven-  post-exposure

iles
Sockeye salmon ( juvenlle), Pyridyimercurlc 12-15 wks, 1.2 mg Hg/kg wet 1,000 Mend, 1970
Oncorhynchus nerka acatate I hr wkily ot muscle 12 weaks

post-exposure

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

as juven~  post-exposure

Jles
Sockeye salmon (adult), Pyrldyimercurlc 12 \-tw  0.04 mg Hg/kg wet 1,000 Amend, 1970
Oncorhynchus nerka acetate exposures wt muscle 4 yrs

as juven— post-exposure

lles
Chlinook salmon (adult), Pyr ldyimercurlc 35 wks, ' up to 0,12 m3 Hg/kg 1,000 Amend, 1970
Oncorhynchus tshawytscha acetate h wkly as muscle 4 yrs later

Juveniles
Threesplne stickleback, Pheny imercur Ic 370 mln Lc1oo 100 Boetlus, 1960
Gasterosteus aculeatus acetate
* Results are oxprassed as mercury, not as the chemlcal.
e In rlver water,

L%  Staric, continual toss over fime.
xE2® Not at steady-state.

BRRRERCF |ndependent of concentratlon In water over range tested.
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