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Reasons for Decline and Threatsto Survival: Threatsto the survival of the southern sea atter
include reduced population size, increased tanker traffic, oil Fills, drowningin commercial
fishing nets, municipal pollution, and increased harassment caused by increased use of near-shore
areas. Some evidence suggests that the decline in population growth rate is due to infecti ous
disease.

Elevated levels of heavy metals, chlorinated hydrocarbons, PCB’s, and petroleum hydrocarbons
were found i n sea ottersin the past. Chemical contamination may a so reduce suitabl e foragi ng
areas (USDI-FWS 1981).

Elevated levels of mercury are known to occur in Elkhorn S ough, atributary to Monterey Bay.
Elkhorn Slough is impacted by upstream discharges of mercury. Livers collected from sea otters
found dead at this location had a maximum mercury concentration of (60mg/kg) (Mark
Stephenson pers comm 1998). Wren, 1986 suggesed normal mercury concentrationsin river
otter livers were 4 mg/kg (pom). O'Conner and Nielsen (1981) found tha length of exposure was
a better predictor o tisaue resdue level than dose in otters but higher doses produced an earlier
onet of clinical signs. Acute mercury poisoning in mammalsisprimarily manifeded in Centrd
Nervous Sygem damege, nory and motor deficits and behavioral impairment. Animals
initial ly become anorexi c and lethargic. A dose of 0.09 mg/kg body weight (2 ppm in diet) for
181 days wasenough to produce anarexia and ataxia in two of three otters(L utra candersis.
Asociated liver resdueswere 32.6 mg/kg (O'Conner and Nielsen 1981). Muscle ataxia, motor
control deficits, and visual impai rment develop astoxicity progresses with convulsions precedi ng
death. River otters fed 8 ppmdied withina meantime of 54 days. Asxciated liver

concentrati ons were 32.3 mg/kg (ppm) (OConner and Niel sen 1981). Smaller carnivores are
more sensitive to methylmercury toxicity thanlarger eciesas reflected in shorter times of onset
of toxic signsand time to death.

DIRECT AND INDIRECT EFFECTS OF THE PROPOSED ACTION

For the purposes of this opini on the Services have conducted their effects analysis based on the
potertial for the numeric criteriatoresut in effectsto the aquatic ecos/stemand the geciesthat
are dependent on its function for their survival and recovery. While 126 pri ority pollutants are
addressed wi thin the CTR, the Servi ces have focused upon the numeric criteriafor sd enium,
mercury, pentachlorophend, cadmium and formua based criteria for metalson a dissdved basis
as the most problematicfor listed goeciesand critical habitat. The Services have prepared this
analysis of criteria for priority pollutants based on: (1) the adequacy of the proposed aquatic life
criterig including the necessity of wildlife criteria where aquatic life criteria are not sufficiently
protective of wildlife; (2) the toxic effectsto listed eciesor surrogateswhich may occur at
proposed criteria concentrations; (3) the bicaccumulative nature of the priority pollutants at issue;
and (4) the potential for interacti ve effects of poll utants at the proposed criteria concentrations. In
some cases, such as mercury, if the aquatic life criteriawere na pratective and the human health
criteriawere lower, the adequacy o the human health numeric criteria to protect aguatic life was
also considered.



Ms. FdiciaMarcus 121

Our analyss of criteria assessed whether there was the potertial for toxicity that would affect
listed speci es to occur at concentrations at or below the proposed criteria concentrations in water.
EPA has stipulated that the promulgation of the CTR is solely for the purpose of providi ng the
State of Californiawith criteria. Although the Servi ces recognize that criteria are someti mes not
met within some Californi awat erbodi es and that impl ementati on and enforcement i ssues also
determine the degree of protection, the ana ysis within this opinion assesses the degree of
pratectionlikely to be afforded tolisted eciesby the CTR if concentrations of toxic pollutants
alowable by the proposed CTR are achi eved. Whil e EPA has not speci fically proposed any
wildlife criteriaas part of the CTR, the Services are required to evaluate the degree of protecti on
afforded to listed wildlife species by the proposed criteria for all Californi awaterbodies.

The Services have evaluated the effeds of the proposed action based on the assumptions that: (1)
the proposed numeric criteria will goply throughout the geographic di stri buti on of the species,
and (2) the ambient concentrations o constituents coud rise to the concentrations allowed by the
numeric criteria proposed by EPA. Included in these findings are the Servi ces analysis of the
demondrated potential for adverse effeds to occur to eciesat or below the proposed criteria
concentrati ons, the | ikelihood of these probl emati ¢ concentrations being achieved within the
range of the species, and the degree to which these adverse eff ect swill impact the species
environmental baseline.

The Services in the devel opment of thisfinal bi ologica opinion have used the samerati onale for
eval uating effect thresholdsof criteria asprevioudy presented in our April 10, 1998, and Apxil 9,
1999, draft biologica opinions. That rationale is presented i n the “ Consultation Hi story” section
of this document. The Services based the following effects sctionon EPA’ s August 5, 1997,
proposed CTR. Snce that time EPA has modified the proposed action aspresented in EPA’s
December 16, 1999, letter tothe Services, and memorialized in the “ Description of the Proposed
Action” secti on of this document. The subsequent conclusions contained in this document are
contingent on EPA’simplementation of these modifications.

Sd enium

Assessment of Adequacy of Proposed Selenium Criteriato protect listed spedes

Chronic Aquatic Life Criterion for Selenium

The Servicesfind that the chronic aguatic life criterion for selenium propased in the CTR does
not protect listed fish and wildlife dependent on the aguatic ecosystem for development and/or
foraging The Federal Reg ster notice for the proposed rule (EPA 1997c¢) dates that the chronic
criterion of 5 pg/L for s enium (derived in 1987) continues to be scientifically valid and
pratective of aquatic life. However, nearly every mgjor review of experimental and field data
conducted over the pag decade hasconduded that a chronic criterion of 5 pg/L isnot fuly
protective of fishand wildlife resources. Thelist of sciertific reviews knownto the Service that
contradict the 5 pg/L chronic criterionincludes. Lemly and Smith (1987), Daviset al. 1988,
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Lill ebo et al. (1988), UC Committee (1988), DuBowy (1989), Johns 1989, Lemly 1989, U.S.
Dept. of Interior and Cdlifornia Resources Agency (1990), Sorensen (1991), Environment
Canada (1991), Peaz et al. (1992), Peterson and Nebeker (1992), CH2M HILL et al. (1993),
Emanset al. 1993, Lemly (19934), Lemly (1993b), CAST (1994), Gober (1994), Mai er and
Knight (1994), New Mexico (1994), California Regional Water Board (1995), Lemly (1995),
Seiler and Skorupa (1995), Cdifomia Regonal Water Baard (1996), Lemly (1996a), Lemly
(1996b), Ohlendorf (1996), Raux et al. (1996), Skorupaet al. (1996), Van Derveer and Canton
(1997), Engberg et al. (1998), Skorupa (1998), Naftz and Jarman (1998), Sephensand Waddd|
(1998), Adamseet al. (1 1998), Seiler and Skorupa (In Presg, and Hamilton and Lemly, 1999.
Each of thesereviews, incorparates the findings from numerousindividual gudies, for example
Skorupa et al. (1996) cite results from about 200 individual studies. In aggregate, the weight of
scientific evidence supporting a chronic criterion for selenium of <2 pg/L isnow overwhelming

Asearly as 1991, the evidence available inthe scientific literature was sufficient for Canada to
issue a national water quality guideline stipulating that the concentration of tatal selenium should
not exceed 1 pug/L (Environment Canada 1991). Based on data col lected by the U.S. Department
of Interiar’s National lrigation Water Quality Program (NIWQP) from 26 study areasin 14
wedern dates (including 5 Cdifomia gudy areas), a5 pg/L chronic ariterion for sdenium isonly
50-70 percent protective (Adamset al. 1998; Seiler and Skarupa, InPresy, asopposed to the 95
percent level of protection that EPA’s nati onal water qual ity criteria are intended to achieve
(Stephan et al. 1984). The Service beli evesthe NIWQP data suggest that on a dissolved bassa
criterion of 1 pug/L wauld be required to achieve 95 percent pratection, which isapproximetely
equivalent to a2 pg/L criterion on atotal recoverable basis (Peterson and Nebeker 1992).

Acute Aquatic Life Criterion for Selenium

The Services find that the speciation-weighted acute criterion for selenium proposed in the CTR
does not protect listed fish and wildl ife dependent on the aquatic ecosystem for development
and/or foraging. The EPA proposed changi ng the acute criterion for seleni um from 20 pg/L

(total recoverabl €) to a speciation-wei ghted criterion based on the relative concentrati ons of
selenite, selenate, and a | other forms of selenium found in a particular water body. Depending
on the specific water body in questi on, thi s proposed acut e cri teri on for seleni um could range
from 12.8 pug/L (if 100 percent selenate were present) to 185.9 pg/L (if 100 percent selenite were
present). A 20 pg/L (total recoverable) acute ste-specific criterion waspromulgated in the NTR
(and would nat be changed by the CTR) and appliesto the fdlowing water badies in California
San Francisco Bay upstream to and i ncluding Suisun Bay, Sacramento-San Joaqui n Delta, Mud
Slough, Salt Sl ough, San Joaquin River, and Sack Dam to the mouth of the Merced River. The
Services bdlieve that the promulgation of the proposed speci ati on weighted acute criterion for
selenium in the CTR would not afford adequate protection to listed speci es because: (1) selenium
bicaccumulates rapi dly in aquatic organisms and a singl e pul se of selenium (>10 pg/L) into
aguatic ecosystems could have | asting ramifications, i ncluding €l evated sel enium concentrations
in aquatic food webs (Maier et al. (in presy; Hanen's Bidogical Consuting et al. 19974,
1997b, 1998; Hanson et al. 1996; Tulare Lake Drai nage District 1996); (2) EPA’ s speciation-
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weighted criterion assumesthat selenate is more toxic than selenite, which is the reverse of wheat
hasbeen found in mog acute selenium toxicity studies; (3) and the site-specific criterionof 20
Mo/l promulgated in the NTR may fail to adequately protect aquatic-dependent fish and wildlife
(Lemly 1997; Maier et al. 1998; Hansen' s Bid ogical Consuting & al. 1997a, 1997b, 1998;
Hanson et al. 1996; Tulare Lake Drai nage Digtrict 1996). For example, in February 1995, the
Tulare Lake Drainage Didrict estaldished a flow-thru compensation wetland. Although the water
supplied to thewetland was generdly managed to keepits selenium content at or bel ow about 2-
3 ug/L, apulse of 23 pgll wasdocumented onMarch 29, 1995 (Tuare Lake Drainage District
1996; Hanson et al. 1996). Three months later (June 20, 1995), and without any additional
seleni um pulses, avian eggs sampled at the Site contained up to 6.2 pg/g Se which exceeds the
embryotoxic risk threshold reported in Skorupa (1998). In June 1995, 12% of sampled eggs
exceeded 6 pg/g Se which very pausbly may have been linked to the late March puls of 23
ug/L Se that passed through the system  Additional support for a“ pulse-effect” hypothesis is
provided by monitoring datafor 1996-1998. In each of those three years, water supplied to the
wetland was never documented to exceed 2.8 to 4.2 ug/L Se, and in dl three years, in the
absence of a> 10 pg/L Se pulse, none of the avian eggs col lected at the site exceeded the
embryotoxicity threshold of 6 ug/g Se (Hansen'sBiologica Consulting et al. 1997, 1997b,
1998).

The Services beli eve the acute toxicity data that were reviewed and compiled in M aier et al.
(1987), Lillebo et al. (1988), Moare et al. (1990), and Skorupa et al. (1996) should be
incorporated by EPA intothe database that is enployed for deriving a gpeci ation-weighted acute
criterion These sources, and field gudies (cf. Skorupa 1998), unanimoudy indicate that a lower
criterion i swarranted for seleni te-dominated waters than for sel enate-dominated waters (the
reverse of the curently proposed weightingformula). Canton (1996) suggested that EPA’ s
erroneous acute toxicity weighting of selenate versus seleniteisthe result of the influence of
unugual outlier data for one taxon, Gammarus, and the small data base for acute toxicity testing
of wlenate. Thisuggeststhat only strictly matched comperative data shoud be used to derive a
Speciati on-wel ghted acute criteri on for sd enium.

Hazards of Sdenium

Selenium Sources

Selenium, a sem-metallic trace element with biocchemical properties very smilarto sulfur, is
widely digributed inthe earth's crust, usually at trace concertrations(<1 pg/g, ppm; e.g., Wilber
1980; Eisler 1985). Some geologic farmations, however, are particularly seleniferous(e.g.,
Presser and OHendorf 1987; Presser 1994; Preser et a. 1994; Piper and Medrano 1994; Seiler
1997; Presser and Piper 1998) and when disturbed by anthropogeni ¢ activity provide pathways
for accelerated mobili zation of selenium into aquati ¢ ecosystems. Abnormally hi gh mass-loadi ng
of s enium into aguatic environmentsis most typica ly associ ated with the use of foss| fud's,
with intensive i rrigation and over-grazing of arid lands, and with mining of sulfide ores (Skorupa
1998). Intensive confined livestock production facilities and municipa wastewater treatment
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plants may also contribute to accel erated mass|oading of selenium into surface water bodies

The use of fossl fuelscan resut in accel erated mass|oading of selenuminto aquatic

envi ronments viathe l eaching of cod -mini ng spoi Is and/or overburden, via disposa of process
wadewater fromoil refireries, viadownwind drift and depostion from industrial-scale coal
combustion, and via aguatic digosal and/or leaching of fly ashfrom coal-fired electric power
plants (Lemly 1985; Skorupa 1998). Agriculturd irrigation over large areas of the western
United States causes accelerated leaching of sel enium from soilsinto groundwater. Natural and
anthropogenic discharge of subsurface agricultural drai nage water to surface watersis amagor
pathway for the mass|oading of seleniuminto aguatic ecosystens (Presser et al. 1994; Presser
1994; Seiler 1997; Presser and Piper 1998; Skorupa 1998). Overgrazing of high-gradi ent
watershedscan cause accelerated erasion of sleniferoussoilsand detrital litter into suface
waters, but no case studies of thi s pathway have been systematically documented. Mining of
aulfide ores (other than coal) such as uranium, copper, bentonite, and phosphoriaisalso a
common source of artificidly mobilized selenium  Selenium concentraionsas high as4,500
Hg/g (ppm) have been reported i n the overburden from urani um mining (USDI-
BOR/PWS/GS/BIA 1998). Leachates from phogphoria overburden drains have been documented
to cortain > 2,000 pug/L (ppb) selenum and to have caused selenium taxicodgs among livestock
in downgream pasureswhere creeks contained 300 pg/L waterborne selenium (Tal cott and
Moller 1997).

The recert rapid expansion of high-density confined livestock production fecilities pose yet
another potential pathway for accelerated mabilization of selenium into aquatic ecosysterms.
Most commercia livestock feeding operations (and dairi es) add supplemental selenium to the
feedsand Oldfield (1994) reported that liquid manure pitsbeneath feed barns contained 50-150
Mg/l of selenium. Unlike human wastes animal wades are dften discharged to surface water
bodies without any pri or waste treatment. The biochemistry of sal enium in liquid manure might
be unique compared to other artificial mobilization pathways (CAST 1994), but this has na been
confirmed. The environmental fate of “feed bam” selenium has not been sysematically
reseached todate. Solid manure is a0 a commoningredient in commercial fertilizers and can
reach surface waters viadrift during fertili zer applicati on , equipment cl eansing, and downdope
drainage of leachates. Although most municipa wastewater treat ment systems process

nonsd eni ferous wastewater (Westcot and Gonza ez 1988), onaregiond and locd bas s mass-
loading of selenium to surface water s from public wastewater treat ment facilities can be
ecologcally significant (Peaseet al. 1992; CRWQCB 1995). Thismay be of particular concern
where constructed wetlands, that attract use by wildlife, are acomponent of the water treatment
process.

Toxicity
For vertebrates, selenium is an essentia nutrient (Wilber 1980). Inadequate di etary uptak e (food

and water) of sel enium resultsin sal enium defici ency syndromes such as reproductive
impairment, poar body condition, and immune sygem dysunction (Oldfield 1990; CAST 1994).
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However, excessive dietary uptake of selenium results intoxidty syndromes that are smilar to
the deficiency syndromes (Kdler and Exon 1986). Thus, slenium isa“hormetic” chemical, i.e,,
achemical for which levelsof safe dietary uptake are bounded on both sdes by adverse effects
threholds Most esential nutrientsare harmetic; what distingui shes slenium from other
nutrientsis the very narrow range between the deficiency threshold and the toxicity threshold
(Wilber 1980; Sarensen 1991). Nutritionally adequate dietary uptake (from feed) isgenerally
reported as 0.1 to 0.3 ug/g (ppm) on adry feed bas's, wheress, the toxi city threshold for sensitive
vertebrate animals isgenerally reported as 2 pg/g (ppm). That dietary toxicity threshold isonly
one arder-of -magnitude above nutritionally adequate expodure levels (e review in Skorupaet
al. 1996; USDI-BOR/FWS/GS/BIA 1998).

Hormetic margin-of-safety data suggest that environmental regul atory standards for selenium
should generally be placed no higher than one order of magnitude above normal background
levels (unless there are species-specific and site-specific datato justify a vari ance from the
general rule). For freshwater ecosystems that are negligibly influenced by agricultural or
indudrial mabilization of selenium, normal background concentrations of selenium have been
estimated as 0.25 pg/L (ppb; Wilber 1980), 0.1-0.3 pg/L (ppb; Lemly 1985), 0.2 pug/L (ppb;
Lillebo et al. 1988), and 0.1-0.4 pg/L (ppb; average <0.2, Maier and Knight 1994). These
estimates uggest, based on a margin-of-safety line of reasoning, that the aquatic life chronic
criterionfor «lenium shauld be no higher than 4 pg/L (= 10-times the upper boundary for
normal background), and that a criterionof 2 pg/L would be mog congstent with the certral
tendency val ue (0.2 pg/L) for normal background | evels of waterborne selenium and a one order-
of-magnitude margi n of safety.

Direct Waterborne Contact Toxicity

Selenium occurs in natural waters primarily intwo oxidation gates, selenate (+6) and slenite
(+4). Waters associated with various fossil-fuel extraction, refini ng, and waste di sposal pathways
contan slenium predomnantly in the selenite (+4) oxidation state. Watersasociated with
irrigated agriculture in the wedern United States contain selenium predominantly in the sel enate
(+6) oxidation date. Based on traditional bioassay measures of toxicity (24- to 96-hour contact
exposure to contaminated water without concomitant dietary exposure), selenite ismore toxic
than slenate to most aguatic taxa (e.g., see reviewin Moare et al. 1990).

Mog aqudic organiams however, are relatively insengtive to waterbome contact exposure to
either di ssolved sdl enate or di ssolved sdl enite, with adverse-effects concentrations generaly above
1,000 pg/L (ppb). By contrad, waterborne contact taxicity far selenum inthe form o dissolved
seleno-amino-acids (uch asselenomethionine and sd enocysteine) has been reported at
concentrationsaslow as 3-4 pug/L for Sriped bass (Morone saxitilis) (ppb; Mooreet al. 1990). It
would be expected, however, that at a chronic standard of 5 pg/L (ppb) total seleniumthe
concentrati on of dissolved seleno-amino-acids would be substanti vely below 3-4 pg/L (ppb)
because seleno-amino-acids usually make up much less than 60-80 percent of total dissolved
sdlenium in natural waters. Far example, it wasestimated that organosel enium made up only 4.5
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percent of the tatal disolved sleniumin highly contaminated drainage water fromthe San
Joaquin Valley (Besser et al. 1989). Under mog circumdances a5 pg/L chronic aiterion shoud
be protective of aquatic life with regard to direct contact toxicity. Selenium, however, is
bioaccumulative and therefore direct contact exposure isonly aminor exposure pathway for
aguatic organisms (e.g., seereview by Lemly 1996a).

Bioaccumulative Dietary Toxicity

Althoughtypical concentrations of different chemical formsof slenium would be unlikely to
cause direct contact toxicity at an aguatic life chronic gandard of 5 pug/L (ppb), aslittleas 0.1
Mg/l o disolved selenomethionine hasbeen found sufficient, via bioaccumulation, to cause an
average concentration of 14.9 ug/g (ppm, dry weight) selenium in zooplankton (Besser et al.
1993), a concentration that would cause dietary toxicity to most gpecies of fish (Lemly 1996a).
Based on Besser et al. (1993) bioaccumulation factors (BA Fs) for low concentrations of
selenomethionine, as littleas 6 ng/L (ppt) of dissolved slenomethionine wauld be sufficient to
cause foodchai n bioaccumulation of selenium to concentrations exceeding toxi ¢ thresholds for
dietary expoaure of fish and wildlife. Thus, at a chronic aguatic life standard of 5 pg/L (ppb) as
total selenium, if more than 0.1 percent of the total dissolved seleni um were in the form of
selenomethionine, foodchai n accumulation of selenium to levels sufficient to cause dietary
toxidty in engtive eciesof fishand birds would occur. For higHy contaminated waer (100-
300 pg/L selenium) in the San Joagquin Valley about 4.5 percent of all dissolved slenium wasin
the form of organosslenium (Besser et al. 1989). Unfortunately, relative concentrati ons of seleno-
amino-acids have not been determined in the field in California for waterswhere tatal seleniumis
found in the criticd 1-5 pg/L range. Further research isrequired to characterize typical
proportions of ssleno-amino-acids in waters containing 1-5 pg/L (ppb) total selenium

Based on waters containing 1-5 pg/L (ppb) total selenium, composite bioaccumulati on factors
(defined as: the total bioaccumulation of selenium from exposure to a composite mi xture of
different sl eni um species measured only astotal selenium) for aquatic foodchain items(algae,
zooplankton, macroi nvertebrates) are typica ly between 1,000 and 10,000 (on dry weight bas's,
Lillebo et al. 1988; Lemly 1996a). T herefore, based on risk from bioaccumulati ve dietary
toxicity, ageneric aquati c life chronic criterion in the range of 0.2to 2 pug/L (ppb) would be
judified (where generic is defined as the alsence of ste-gecific and eciesspecific
toxicological data). Infact, based on an anal ysis of bioaccumulative dietary risk and a literature
database, Lill ebo et al. (1988) concluded that a chronic criterion of 0.9 pg/L (ppb) for total
seleniumis required to protect fish from adverse toxi c effects. Furthermore, Peterson and
Nebeker (1992) applied a bi oaccumul ati ve risk analysis to semi-aguatic wil dli fe taxa and
concluded that a chronic standard of 1 pug/L (ppb) for total seleniumwaswarranted. Most
recently, Skorupa (1998) has compiled asummary of fiel d data that i ncludes multi ple examples of
fish and wildlife toxicity in nature at waterborne selenium concentrations below 5 pg/L (ppb),
supporting the criteri a recommendati ons of Lill ebo et al. (1988) and Peterson and Nebeker
(1992). Furthermore, a recently concluded regiona survey of irri gati on related selenium
mobilizati on in the western United States, conducted jointly by severa agencies of the U.S.
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Department of the Interior over aten-year period, found that at 5 pg/L total Sein surface waters
abou 60% of asciated sts of avian eggs exceeded the toxic threshold for slenium, i.e, that 5
Hg/L Sewas only about 40% protective against excessive bi oaccumul ati on of seleni um into the
eggsof waterbirds (Seiler and Skorypa, InPress).

Interaction Effects Enhancing Selenium Toxidty

Toxic thresholdsfor fish and wildlife dietary exposure to selenium have beenidentified primerily
by meansof contrdled feeding experimentswith captive animals (e.g., see reviewsby NRC 1980,
1984, 1989; Heinz 1996; Lemly 1996a; Skorupa et al. 1996; USDI-BOR/FWS/GS/BIA 1998).
Such experimentsare carefully desgned toisolate the toxic effects of selenum asa solitary
stressor. Consequently, thetoxic thresholds i dentified by such studies are prone to overestimating
the level s of selenium exposure that can be tolerated, without adverse effects, in an environment
withmultiple stressors asistypicd of thered ecosysems(Cech et al. 1998). There are a least
three well-k nown multiple-stressor scenarios for selenium that dictate avery conservative
approach to setting water quality criteriafar aqudic life:

1. Winter Stress Syndrome - More than 60 yearsago it wasfird discovered in experimentswith
poutry housed in oudoor pensthat dietary toxicity thresholdswere lower for experimentsdonein
the winter than at other timesof theyear (Tully and Franke 1935). Mare recertly thiswas
confirmed for mad lard duck s (Anas platyrhynchos) by Heinz and Fitzgerald (1993). Lemly
(1993h), studying fish, conducted the first experi mental research taking into account the
interactive effects of winter stress syndrome and confirmed that such effects are highly relevant
even for waters containing <5 pg/L (ppb) sdenium. Consequently, Lemly (1996b) presentsa
general case for winter stress syndrome as a critical component of hazard assessments. It can be
further generalized that any metabolic gressor (cdd weather, migration, smoltification, pathogen
challenge, etc.) would interact milarly to lower the toxic thresholdsfor dietary exposure to
sedlenium. Based on acomparison of results from Heinz and Fitzgera d (1993) and Al bers et al.
(1996), the di etary toxicity threshold i n the presence of winter stress was only 0.5-timesthe
threshold level for ®leniumas a Dlitary dresor. Thus, it appears that criteria based on gngle-
stressor data should be reduced by at least afactor of two. The proposed chronic criterion for
selenium of 5 pg/L (ppb) isbased, in part, on field data from Belews Lake (EPA 1987a),
presumably including multiple stressorsas typically encountered in nature. However, as recently
noted in a presentation by Dr. Dennis Lemly to the EPA Peer Consultation Committee on
selenium (EPA 1998:3-5), EPA’s5 pg/L (ppb) criterion was based on the erroneous presumption
that the Hwy. 158-Arm o Belews Lakewas" unaffected.” Dr. Lemly arguesthat infact multiple
linesof evidenceindicate adverse effects of selenium onfish inthe Hwy. 158-Arm of Bd ews
Lake at concentrati ons of 0.2-4 pg/L (ppb). Dr. Lemly concludesthat the true (multipl e stressor)
“. .. threshold for detrimental impacts [at BdewsLake] iswell below 5 pg/L.”

2. Immune Sysem Dysfunction - Also more than 60 years ago, it was first noted that chickens
expased to elevated levelsof dietary selenium were differentially susceptible to pathogen
chal lenges (Tully and Franke 1935). More recently thi s was confirmed for mallard ducks by
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Whiteley and Yuill (1989). Numerous other studies have confirmed the physiol ogical and
histgpathd ogical basisfor sleniuminduced immune systemdysfunctions inwildlife (Fairbrother
and Fowles 1990; Schamber et al. 1995; Alberset al. 1996). Based on Whiteley and Y ull’s
(1989) results in ovo exposure of md lard ducklingsto aslittleas 3.9 pg/g (ppm dry wel ght basi 9)
seleni um was sufficient to significantly i ncrease mortal ity when duckl ings were challenged with a
pathagen. The lowed confirmed in ovo toxidty threshold for sdenium asa sditary dressor is10
Hg/g (pom dry weight bads; Heinz 1996, reported as 3 pg/gwet weight bass and about 70%
maisture). In thiscase the multiple stressor toxicity threshold isonly 0.39-times the threshold
level for slenium asa sditary dressor. Based, in part, on the olitary stressor toxic threshold
reported by Heinz (1996) for mall ard eggs, Adams et a. (1998) concluded that 6.77 pg/L Se
woud be 90% protective against excessive bioaccumuation of selenium into avian eggs.
Therefore based on apathagen challenge multiple-stressor scenario a protective water quality
criterion would be (1 0.39) X ( 6.77 pg/L) =2.6ug/L (ppb). Again, the multiple-stressor threshold
would appear to be well bel ow the proposed chronic criterion of 5 pg/L (ppb).

3. Chemical Synergism - Multiple gresorscan al consig of other contaminarts. Far example,
Heinz and Hoffman (1998) recentl y reported very strong synergistic effects between di etary
organo-selenium and organo-mercury with regard to reproductive impairment of mallard ducks.
The experiment of Heinz and Hoffman (1998) di d not i nclude selenium treatments near or below
the threshold f or diet-medi ated reproducti ve toxi city and therefore no rati o of single-stressor
versus multipl e-stressor threshold level sisavail able. A field study involving 12 | akes in Sweden,
however, found that in the presence of threshol d levels of mercury contaminati on, the wat erborne
threshold for selenium taxicity was about 2.6 pg/L (ppb; see review in Skorupa 1998; and review
in USDI-BOR/FWSGSBIA 1998). The Swedish lakes resut isin agreement with multiple-
stressor derived criteria uggested above for winter gress and for pathogen challenge asmultiple
stressors. Based on the Swedish lakesstudy, which encompassed 98 different lakes, Lindgvist et
a. (1991) concluded, “ It isimportant not to dose so that Se concentrationsin water rise above
about 1to 2 ug SelL.” Likewise, Meili (1996) concluded that, “ The reaults [of the Swedish Lakes
sudieg| suggest that a sdl enium concentration of only 3 ug/L can serioudy damagefish
popuations.”

At lead one field study of birdsalso providescircumdantial evidence of lowered toxicity
thresholds for selenium-induced reproductive impairment in the presence of mercury
contamination (Henny and Herron 1989).

Environmental Partitioning and Waterborne Toxicity Thresholds

Risk management viawater concentration-based water quality criteriaisan inherently flawed
processfor slenium (Peaseet al. 1992; Taylor et al. 1992, 1993; Canton 1997). The processis
flawed because the potentia for toxic hazardsto fish and wildlife i s determined by the rate of
mass |oading of sleniuminto anaquatic ecosygem and the corresponding environmental

partiti oning of massloads between the water column, sediments, and biota (food chain). However,
awater column concentration of sd eni um can be an imperfect and uncertain measure of mass



Ms. FdiciaMarcus 129

loading and foodchain bioaccumulation. For example, alow concentration of waterborne

sel eni um can occur because mass | oading i nto the sysemislow ( = low potential for hazard to fish
and wil dlife) or because there has been rapid bioti c uptake and/or sedi ment deposition from
elevated mass loading (= high potentia for hazard to fish and wildlife). Toxicity to fish and
wildlifeis utimately determined by how much slenium ispartitioned into the food chain.
Therefore, water quality criteria are useful guides for rikk management only to the extent that they
protect aguatic food chains from excessive bioaccumulation of selenium. Asevidenced by the
literature cited above, a water quality chronic criterion of 2 pg/L will protect aquatic food chains
from excessve bioaccumu ation under most permutations of environmental and anthropogenic
factors(i.e., the probability of adverse effectsis sufficiently | ow). However, severa examples of
potentia ly hazardous foodchai n bioaccumulation of selenium at wat erborne sl enium
concertrations<2 pg/l are knowvnfromCaliforna (Maier and Knight 1991; Pease et al. 1992;
Luomaand Linville 1997; San Francisco Estuary Institute [SFEI] 1997a; Setmire et al. 1990,
1993; Bennett 1997) and elsewhere (Birkner 1978; Lemly 1997; Hamilton 1998). To
subgantively decrease the regulatory uncertainty of water quality criteriafor selenium, ultimately
a criterion-setting protocol will have to be formulated that link s risk management and regulatory
goals directly to aguatic food chain contamination (for example, see Taylor et al. 1992, 1993).

Sdlenium Summary

A variety of conceptual bases for deriving ageneraly appli cabl e chroni c water quality criterion
for selenium that i s protective of fi sh and wildlife have been presented above with the following
resul ts

Hormetic Maginof Safety Basis 1-4 pg/ll (ppb), with 2 pg/'L (ppb) being maost congstert with
central tendency data.

Waterborne Expoaure Only Basis(= Traditional Bioassay Testing): 3-4 pg/L (ppb) for sleniumin
the form of sa eno-amino-acids (e.g., selenomethionine); current EPA chronic criterion of 5 pg/L
(ppb) adequate for selenium as inorganic ions (e.g., sel enite and selenate).

Bioaccumul ative Dietary Exposure Basis(with Seleniumas litary stresor):
0.2-2.0 pg/L (pph), with 0.9-1.0 pg/ll (ppb) supported by the two maost detailed reviewsto date.

Winter Stress Syndrome Multipl e Stressor Basis: “. .. well below .. .” 5 pg/L (ppb).
Pathogen Chal lenge Multiple Stressor Basis: 2.6 pug/L (ppb).

Mercury Synergism Multiple Stressor Basis: 2-3 pg/L (ppb).

Overwhelmingy, the available bady of sientific evidence (the majority of which hasbeen

produced subsequently to EPA’ s 1987 criterion derivation for sl enium) consstently supportsa
chronic criterion of 2 pug/L (ppb) for the protecti on of sensitive taxa of fish and wildlife. Evena
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criterion of 2 pg/L, however, can fall to be protective in specific cases where water col umn
contami nation with selenium failsto accurately refl ect food chain contamination. There isa
strong need for developing a method to link criteria directly to food chain contamination. Inthe
absence of site-gecific and species-Pecific dataregarding the ensitivity of particular gecies
and/or popul ati ons, a genera criterion of at least 2 pg/L isrequired to assure adequate protection
of threatened and endangered spedes of fishand wildlife. Thisis egpecially warranted
considering the steep response curves for selenium (Hoffman et al. 1996; Lemly 1998; Skorupa
1998) and the well-demonstrated potertial for sleniumfacilitated pathogen susceptibility that
can rapi dly extirpate entire populati ons of fish and wildlife vi a epizooti c events.

Summary of Effects of Selenium to Listed Species

Birds

The Servicesconclude that selenium poisoning of hirds foraging in aquatic systems may occur at
or below concentrations permi ssible under the aquatic | ife criteriaproposed in the CTR. The

eff ect s of sd enium poi soning on avian speciesinclude gross embryo deformities, winter Stress
syndrome, depressed resstanceto disease due to depressed immune systemfundion, reduced
juvenile growth and survival rates, mass wasting, loss of feathers (al opeci @), embryo death, and
dtered hepatic enzyme function. In addition the interactive effects between mercury and
selenium produce super-toxic effectsgreater than effects of each compound individually that may
include embryo deformities, embryo deet h, reduced juvenil e survival, behaviora abnormalities,
depressed immunre response, mass wasting, and martality. It isthe aggregation of these effectsthat
the Service believesare likely to adversdy affect the bald eagle, California dapper rail,
Cdlifornia brown pdlican, Californi aleast tern, li ght-footed cl apper rail, marbled murrelet, and the
Yuma clapper rail, based on the potential for these speciesto be impacted by elevated levels of
selenium through their dietary halits, dependence on the aguatic ecosystem, and their limited
distribution.

A species which the Service bdieves will not be adversdy affected isthe snowy plover. The
coadal populations of the snrowy plover have a dgnificant terredrial component to their diet which
likely provi des di etary dil ution of aquati c system selenium exposures, and have been shown on a
speciesspecific basisto be very tolerant to seleniumexpoaure.

Aleutian Canada Goose: Asherbivorouswaterirds witha fairly unique ecdogical niche, all
forms of Canada geese can be expected to be extremely sengtive to dietary exposure to selenium.
The bas sfor this sensitivity was presented via energetic modeling by DuB owy (1989) for

Ameri can coots (Fulica americana), anather herbivorous speciesof waterbird. Herbivorous birds
consume such alarge bulk of vegetati on to meet cal oric requirements (compared to birds feedi ng
on high caloric dense animal matter) that their massdosing of seleniumcan be very high even
though the diet contains al ower concentration of selenium than normally considered toxi c for
other gecies.
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A field gudy of Canada geese (Branta canadensis in Wyoming (Seeet al. 1992) reported
widespread reproducti ve fai lure among geese with relatively low exposure to selenium (eggs
averaging 5-10 pg/g Se). If seleni um caused the observed reproductive fail urein Wyoming asthe
authars o the report believed, but which was not well established (Skorupa 1998), and if aslittle
as 5 ug/g Se in eggs of geeseis reproducti vely hazardous, then a 5 pg/L water qual ity criterion for
selenium would fail to protect geese (most avian species exhi bit water to egg bioaccumulation
factors of at least 1,000-fold; Ohlendorf et al. 1993, Skorupaet al. unpubl. data).

The Aleutian Canada goose would be most likely to encounter selenium-contaminated vegetation
in wetlands. In contrast to breeding geese, which would be expected tofeed in thewetlands used
for nesti ng, wintering Aleutian Canada geese in Californi afeed primarily in upland crops and
falow fields. Thus, it isexpected that exposure to wetland vegetati on would be rare for the
Aleutian Canada goose while winteringin Califomia and that selenium gandardsfor such

wetl ands are not an important i ssue for the survival and recovery of this subspecies.

Bald Eagle At lead two citations inthe selenium literature provide a basisfor doukting thet a
chronic selenium standard of 5 pg/L (ppb) would be sufficiently protective of bald eagles. Lillebo
et al. (1988) derived levels o selenium to protect various eciesof waterbirds Based on an
analysis of bioaccumulation dynamics and an estimated critical dietary threshold for toxicity of 3
Hg/g, they concluded that piscivorous birds would be at substantiall y greater risk of toxic exposure
than md lards (Anas platyrhynchos). The calculaed water criterionto protect piscivorousbirds
was 1.4 pg/L (ppb) as opposed to 6.5 pg/L (ppb) for mallards. The proposed CTR criterion of 5
Hg/L (ppb) is more than 3-times the cal culated criterion for pi scivorous birds. It should also be
noted that the 6.5 pg/L (ppb) ca culated criterion for mallards exceeds the actua threshold poi nt
for duck sin the wil d which i s somewhere below 4 pug/L (ppb) (Skorupa1998). Thus, the1.4 pg/L
(ppb) calculated criterionfor piscivorousbirdsmay be biased high compared to the wild as well.

Applying an energetics nodeling approach, modified from the Wisconsin Department of Natural
Resources Peterson and Nebeker (1992) cal culated a chranic criterion specifically for Bald
eagles. Peterson and Nebeker’'s estimate of a protective criterionis 1.9 pg/L (ppb). Again, the
estimate is bdow the CTR propased criterion of 5 pug/L (ppb). However, Peterson and Nebeker
cal culated amall ard criterion (2.1 pg/L; ppb) that was much closer to their Bal d eagle criterion
than Lillebo et al .’ s results would suggest. Peterson and Nebeker’ s mallard criteri on is consistent
with real-world data (cf. Skorupa1998) and therefore their bald eagl e criteri on may also be
reliable.

Consequently, bes availal e evidence suggeds that widespread expanson o aquetic hahitats
containing > 1.9 pg/L (ppb) selenium, as coul d occur with acriterion of 5 pg/L (ppb), coul d put
substantia numbers of California sbad eaglesat risk of toxic effects of sd enium.

CaliforniaBrown Pelican: As alarge-bodied pi<civoroushird, much of the discusson provided
above for the bald eagle regarding the inadequacy of the CTR-proposed seleniumcriteria may
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also goply to the Californiabrown pelican. Consequertly, urtil speciesspecific data are cdlected
or species-specific mode ing is conducted for the California brown pelican, a selenium criterion on
the order of 1.4 pg/L (ppb) (generi c pisci vorous bird model; Lillebo et al. 1988) to 1.9 pug/L (ppb)
(bald eagle model ; Peterson and Nebeker 1992) must be viewed as the applicable guidance for
protection of California brown pel icans from selenium poi soning. The CTR-proposed criterion of

5 pg/L (ppb) mug therefore be viewed as unprotective of Cdifomia brown pelicansforagingin
the Salton Sea and enclosed baysand estuaries inthe State of Califomia.

In the 1990's there have been at lead 4 major avian epizootic events & California’ s Salton Sea,
includi ng sugpected algal toxin poisoning of more than 175,000 eared grebes (in two episodes),
botuli sm poisoning of about 15,000 pi scivorous birds (including more than 1,400 Brown Pelicans)
and aNewecad € s di sease outbreak in acormorant col ony (Bennett 1994; USGS 1996; USDI-
FWS 1997¢). Normal selenium nutritionis a well-documented requirement for the proper

functi oning of avian and fish immune systems (e.g., Larsen et al. 1997; Wang and Lovell 1997).
Deficient and toxic level s of selenium equally cause i mmune system dysfuncti ons (e.g., Larsen et
al. 1997) and for 60 yearsit has repeatedly been demondrated clinica ly that birdsand fish
suffering from selenium-induced immune dysfunctions are hypersersitive to pathogen challenges
(e.g., Tully and Franke 1935; Whiteley and Yuill 1989; Larsen et al. 1997; Wang et al. 1997).

In addi tion to weakening the immune def enses of |i sted species such as the brown peli can,
excessive environmenta sel enium can aso tri gger pathogen and toxin chall enges that would not
otherwise have accurred. For example ared tide flagdlate (Chattonella verrucul osa) which has
caused the mortality of fish such as yellowtail, amberjack, red and black sea bream, has recently
been discovered to require above-narmd expasure to Elenium (Imai et al. 1996). Only when
seleni um extracted from contami nated sedi ments is added to growth mediacan C. verruculosa
sustainrapid growth (i.e, toxic blooms). The level of contamnation required to sustainrapid
growth isonly about 2-times normal background. Cleerly, the potentid eff ects of sd enium-
mediated algal toxinsmust be considered when eval uating patential hazardsassociated with
selenumcriteria The two epidesinvdving massive eared-grebe die-offsillugrate how quickly
algal toxinscan remove 10 percent or more of the ertire continental popuation of a gecies.
Selenium-medi ated a ga toxins should probably be vi ewed as a serious potential threat to any
endangered species that could have major portions of its extart populationexposed. The CTR-
proposed cri terion of 5 pg/L, which is more than 10-times the normal background concentrati on of
waterborne selenium (e.g., Ma er and Knight 1994), would a most always be asociated with more
than 2-times norma sediment selenium and therefore coul d faci litate toxi c d gd blooms.

The case of botulism that kil led more than 1,400 brown pelicansat Californid s Sdton Seawas a
very unusual case of botulism that was mediated by a bacterial epizootic among fish (USDI-FWS
1997c). Thisbacterially-mediated pathway for an avian batulism epizoatic had never been
encourtered before. Fish inthe Salton Sea contain subgantially elevated tissue selenium (e.g,
Saiki 1990) which very plausibly leavesthem inmune impared and hypersensitive to the Vibrio
bacterial attacksthat fecilitated the botuism outbreak.
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CaliforniaClapper Rail: The extant range of the Cd ifornia clapper rail isrestricted to marshes of
the San Franci sco Bay Estuary, an aquatic system already receivi ng substantia sel enium input
fromagricutural and indudrial sources(Peaseet al. 1992). Californi acl gpper rail sfeed almost
excl usively on benthic invertebrates, awel I-documented pathway for bi caccumul ati on of selenium
(seereview by Pea et al. 1992). Total inflows of water to the San Francisco Bay Estuary
average lessthan 5 pug/L (ppb) selenium (e.g., inflows diverted to the Centra Valley Project and
State Water Prgect canalsusually average about 1 pug/L (ppb) slenium). The Regonal
Monitoring Program for 1997 (SFEI, 1999) reported tota sel enium concentrations ranged from
0.03 ng/L (ppb) to 2.20 pg/ll (ppb) with highest concertrationsfound in the south bay. Laonzarich
et al. (1992) reported that eggsof Califomia clapper rails cdlected fromthe narth bay in 1987
contained up to 7.4 pug/g sd enium. Water data from thistime and | ocation are not available. The
in ovo threshold far selenium expoaure that causes toxic effectson embryos of California clapper
railsisunknown. For ancther benthicforagng marshbird, the dack-necked dilt, thein ovo
threshold for embryotoxi city is 6 pg/g sel enium (Skorupa 1998). More recent investi gati ons of
fail to hatch California clapper rail eggsin the south bay in 1992 and the north bay in 1998 have
not dupl icated the hi gher selenium results of Lonzari ch et al. and maxi mum egg selenium
concentrationshave not exceeded 3.2 pg/g (dw)(FWS unpublished data).

It has recently been demonstrated for mal lard duck s that i nteracti ve effects of sel enium and
mercury can be super-toxic with regard to embryatoxic effects(Heinz and Hoffrman 1998).
Lonzarich et al. (1992) also reported potenti aly embryotoxic concentrati ons of mercury in eggs of
California clapper rails. Abnormally high numbers of nonviable eggs, 13.7-22.9 percent, have
also been reported for the California clapper rail (Schwarzbach 1994). Since the main avenue of
impacts from selenium and mercury a one, and interactively, would be manifested as reproductive
impairment (especially inviable eggs), it strongy appearsthat popuations of the Cdifomia
clapper rail could not tolerate the i ncreased seleni um loading to the San Franci sco Bay Estuary
that would be allowabl e under a CTR-proposed criterion of 5 pg/L (ppb). Based, in part, on the
datafor Californiaclapper rails, gaff technical reportsprepared for the San Franciso Bay

Regi onal Water Quality Control Board recommend decreasing current sel enium loading to the
estuary by 50 percent or more (Taylor et al. 1992, 1993). By comparison, the CTR-propased
selenium criteriawould possbly accommodate increasesin selenium loading to the bay or locally
elevated =lenium in effluent dominated tributaries |f selenium concentrationsor slenium loads
were increased in San Francisco Bay, clapper rail egg slenium would be expected to increase.
Therail isparticuarly vudneralde to any locally elevated effluert concentrationsof sleniumas
the rail generally occupies amall hame ranges of only afew acres

Californial eag Tern: Asa piscivorousbird, much of the discussion provided above for the bad
eagl e regarding the inadequacy of the CTR-proposed selenium criteria may aso apply to the
Californialeast tem. Consequently, until oecies specific data are collected or species-specific
modeling is conducted for the Californial east tern, a selenium criterion on the order of 1.4 pg/L
(ppb) (generi ¢ piscivorous bird model; Lillebo et al. 1988) to 1.9 ug/L (ppb) (Bald eagle model;
Peterson and Nebeker 1992) must be vi ewed as the appl icable gui dance for protecti on of
Californialeast ternsfrom seenium poisoning. The CTR-proposed criterion of 5 pg/L (ppb) must
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theref ore be vi ewed as unprotective of Californialeast terns.

Selenium analyses of least tern eggs collected from San Francisco Bay and San Diego Bay are
reported by Hothem and Zador (1995). In San Francisco Bay the eggs contained up to 3.1 pg/g
sdlenium and in San Diego Bay the eggs contained up to 2.9 pg/g sd enium. Neither of those
maximum valuesexceed currently recognized thresholdsfor avian embryaoxicity (for selenium as
asolitary stressor). However, both sets of eggsalso exhibited elevated concentrations of mercury
which rai ses the possibil ity of super-toxic interaction effects as demonstrated for mal lards by
Heinz and Hoffman (1998). Waterborne concertrationsof sleniumin the Sen Francisco Bay
Estuary are currently well below 5 pg/L (ppb) (e.g., <1 pg/lL (ppb); Pease et al. 1992).

Eggs of the Interior least tern (Sterna antillarumathal assos) collected from the Missouri River
systemin thecentral United Stateshave contaned asmuch as11-12 ug/g slenium (Ruelle 1993;
Allen and Blackford 1997). Allenand Blackford (1997) reported that Least Tern nesting success
from 1992-1994 at most locati ons in the study area was not sufficient to ensure survival of the
studied populations. They a so concluded that although fl coding and predati on likely are the
major cause of the low recruitment, the results of their study “indicate that selenium and mercury
may contributeto low reproduction.” Neithe Ruelle (1993) nor Allen and Blackford (1997)
reported what the water borne selenium levels were at their study sites. Other authors have
reported selenium concentrations averaging about 2-4 pg/L (ppb) for major tributaries of the
Missouri River system (North Platte River, See et al. 1992; James River, USDI-FWS 1989).

Resuts fromstudies of the Interiar lead tern suggest that seleniumconcentraionsin Californa
least tern eggs would substanti vely exceed the 6 ng/g threshold for embryotoxici ty established for
black-necked stilts (Skorupa 1998) if sel enium concentrations were permitted toriseto a 5 pg/L
(ppb) concentration In combination with elevated mercury concentrations a ready noted for eggs
of Cdifornia least terns (Hothem and Zador 1995), significant reproducti ve impai rment would be
the expected outcome.

Light-footed Clapper Rail: The Service is not aware of any existing data for selenium
concentrations i n eggs of li ght-footed cl gpper rail s, or for any other tissues. The Serviceisdso
not aware of any studi es characterizi ng the sel enium profile of marshes currently supporting
populations of li ght-footed cl apper rails. Insufficient information is available to determinethe
likelihood o the CTR-proposed slenium criterionof 5 pg/L (ppb) being fully met within marshes
crucial to survival and recovery of the light-footed clapper rail.

Becaus light-footed clapper rails have declined to just a few remnant popul ationsvulnerable to
rapid extirpation (Baron and Jorgensen 1994), are relaively sedentary nonmgratary residents
prone to maximum expaosure to lacalized contamination of a marsh, and are linked to a benthic
foodchain that would be very efficient at bioaccumulating selenium, a worst-case scenario for
potential impacts asociated with a proposed 5 pg/L (ppb) seleniumcriterion must be assumed.
Based on data for the Califarnia clapper ral and the Yuma dapper rail (summarized in this final
biolagical gpinion) aword-case scerario of environrmental sel enium contamination up tothe limits
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allowed by the proposed CTR criteriawould indude in ovo exposure to selenium subdantially
above best estimat es of the embryotoxic threshold. Particul arly if elevated levels of

envi ronmental selenium were edabli shed in the presence of € evated | evels of mercury, selenium-
induced or €lenium/mercury interactively-induced reproductive failure could occur.

Marbled Murrelet: During the breedi ng season marbled murrelets forage in nearshore

envi ronments i ncl udi ng bays and estuari es on small fish and euphasid shrimp. They have also
been known to forage to aminor degree on salmoni d fry in freshwater environments. Asa
piscivorous bird, much of the di scussion provided above for the bald eagle regarding the
inadequacy o the CTR-proposed selenium criterion may also apply tothe marbled murrelet.

Adverse i mpacts from increased permissble concentrati ons of contami nants as proposed in the
CTR to prey speci es such asthe Pacific sardine, herring, topsmelt, and northern anchovi es, has the
potential to significantly reduce long-term reproductive success of marbled murrelets (USDI-FWS,
1997b). Adverse effeds to prey speciesspawning and nursery halitats have the potential to
impair popul ati on size and reduce recruitment throughout their rangein Cdifornia. The
vulrerability of marbled murrelet populationsin corservation zones 5 and 6, coupled with
elevated concentrations o contaminarts in awning and nursery areasfor murrelet prey ecies
increase the ri k of bioaccumulati on of mercury and selenium. The synergi i ¢ ef fects of these
contaminants pose a signifi cant threat to marbl ed murrel et reproduction throughout conservation
zones5 and 6 and to aleser degree in conservation zone 4.

Consequerntly, urtil speciesspecific data are cdlected or goecies specific madeling isconducted
for the marbled murrelet, a sel enium criterion on the order of 1.4 pg/L (ppb) (generi ¢ pisci vorous
bird model; Lill ebo et al. 1988) to 1.9 ug/L (ppb) (bald eage model; Peterson and Nebeker 1992)
must be viewed as the applicable guidance for pratection of marbled murrelets Foragingin
environmentswith between 2 and 5 pug/L (ppb) selenium during the breeding season would likdy
present areproductive hazard tothe murelet. The Services therefore conclude that the CTR-
proposed criterion of 5 pug/L (ppb) must be viewed as unprotecti ve of marbled murrel ets foragi ng
in enclosed bays and eduariesin the State of Califarnia.

Western Showy Plover: Interior pgoulations of the western snowy plover have been gudied at
breeding stes averaging about 5 pg/L (ppb) waterborne seleniumin California’ s Tuare Lake
Basin (Skorupaet al. unpubl. data). At those gtes, eggs averaged about 9 ug/g slenium That
exceedsthe 6 pug/g threshold for embryotoxicity among black-necked dilts, but gpeciesspecific
datafor snowy plover eggs contai ning awide range of seleni um concentrati ons (egg seleni um from
2-50 ng/g) sugged that snowy ploversare lesssenstive to selenium exposure than black-necked
stilts (Skorupaet al. unpubl. data; Pageet al. 1995; Washington Dept. of Fish and Wildlife
1995). Westem snowy ploversappear to be about astolerant of selenium exposure as American
avocets (Recurvirostra americana) (cf. Skorupa 1996; 1998) which suggests that they would not
be at risk of reproductive i mpairment when nesting at siteswith up to 5 pg/L (ppb) waterborne
selenium. The gudy stes producing thisdata for interior-nesing srowy ploverswere uniformly
uncontaminated with mercury (Skorupa et al. unpubol. data).
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Unless coastal popuations would be exposed to ggnificant slenium-mercury interaction effects
(cf. Heinz and Hoffman 1998), the resul tsdocumented for populati ons of interi or-nesting snowy
plovers are expected to apply to the listed Pacific Coad popuations of the snowy plover.
Therefore, the wegern snowy plover isconsdered not likely to be adversely affected by the CTR-
proposed s=lenium criterion of 5 pg/L (ppb).

Yuma Clapper Rail: With a biol ogica profile very smilar to the Californi acl apper rail, the Yuma
clapper rail issimilarly vulnerable to selenum bioaccumuation via a berthic foodchain pathway .
For back waters of the lower Colorado River system in Californi a, Lonzarich et al. (1992) reported
amean sel enium concentration of 12.5 ug/g selenium for eggs from two abandoned clutches of
Yuma clapper rails. They als stated that this level of exposure was “..believed to be associaed
with low hatching success and embryo deformities...” (Lonzarich et al. 1992:151). A mean of
12.5 pg/g in ovo selenium subgantively exceeds the 6 pg/g threshold for embryotoxicity
rigorously estaldished for another berthic-foragng geciesof marshbird, the black-necked stilt
(Skorupa 1998). The source water for the Colorado Rive backwaters where these Yuma d apper
rail eggswere sampled averages about 2 pg/L (ppb) selenium (e.g., Setmire and Schreder 1998).
Clearly, if sdenium in the source water increased to 5 pg/L (ppb) aswould be allowabl e under the
CTR-proposed slenium criterion, it could be expected that the sd enium content of Y uma clapper
rail eggswould very subgantially exceed the beg availal e estinate of the embryotoxic threshold
poirt.

Agricultura dra nage water in the Imperia V dley typica ly contains 2-10 pg/L (ppb) sdenium
(see review for Salton Seain Skorupa 1998). When marshes in the Imperial Valley were supplied
withagricultural drainwater in 1990, selenium concentrations ina sample of Y uma clapper rail
eggswere as high as7.8 pg/g (C. Roberts, pers. comm). When the dranage water was reg aced
with water containing 2 pg/L (ppb) selenium, the concentrations of sl eni um measured in Yuma
clapper rail foods (crayfish) were at safe levels (2.2 pg/g). The datafrom the Colorado River and
from the Imperia Valley, the mgjor extent of the Y uma clapper rail’ s geographic range, are
congstert in indicating that a slenium criterionof 5 pg/L (ppb) would nat be adequately
protective.

Amphibians and Reptiles

Selenium istoxic to developing frog embryos and tadpoles (Browne and Dumont, 1979), however,
testi ng of amphibians has been very limited. Browne and Dumont for example only tested sodium
selenite and only inshort term acute tests Modg field gudiesof slenium do not include
amphibiansand those that do generally report uninterpreted resduesin frog liver. The Serviceis
unaware of specific studies of amphibian egg resdues and associated impacts to reproduction,
however, itislikely that amphibian toxic responseis simil ar to fi sh and birds where reproducti ve
failure is associated with egg concentrations greater than 6 pg/gin birds and 10 pg/g infish. Itis
also likely that aguatic food chai n contaminati on by seleni um would be the most significant
pathway of exposure as would maternal transfer of organic selenium to the eggs. In the absence of
seleni um toxici ty information the Servi ce bel ieves a fish risk modd may be most appropriate for
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asesding «leniumhazard to amphibianssuch as thered-legged frog  Thisassesanent may
however be overly smplistic. Devel opment of amphi bians is uni que among vertebratesin the
occurrence of hormone mediated ortogenetic metamorphosiswithinthe water column (Duellman
and Trueb, 1986) and %leniumis a natorious develgomental toxinand growthinhibitor (Skorupa,
1998). Dietary selenium exposure of tadpoles may thus be another significant route of exposure
affecting develgpmert. Californared-legged frogs goend most o their lives in and near sheltered
backwaters of ponds, marshes, springs, streams, and reservoirs. These types of environments are
particuarly vunerade to selenium contamination of thefood chain at low to medium levd
selenium contamination in water, should a selenium source to water exist. Red legged frogs are
now reduced to about 30 percent of their historical range with most of the remaini ng population
limited tocoadal drainages The cretaceous shalesof the coad range of Cdifomia provide abulk
source of selenium whose release to water bodies isaccel erated by anthropogenic activities such as
cattle grazing, and irrigation drainage. The Service therefore concludes that a criterion of 5 pug/L
(ppb) may not be aufficiently protective for the red-legged frog.

Toxicity information on reptil es such as the gi ant garter snak e are even more scanty than the
amphibian literaure. The Service is unaware of any such information. Endemic towetlandsin
the Sacramento and San Joagquin Vall eys, the giant garter snak e i nhabits marshes, doughs, ponds,
small lakes, low gradient streams, and other waterways and agricultural wetlands, such as
irrigation and drai nage candsand ricefidds. Giant garter snakesfeed on smdl | fi shes, tadpol es,
and frogs (Fitch 1941, Hansen 1980, Hansen 1988). The<e foraging habitsand hahitat preference
put the giant garter snake at risk of seleni um exposure. The current day absence of the giant
garter sneke from extensve wetland areas (the GrasdandsWater District) of the San Joaguin
Valley, which for thelast twenty years have received seleniferous irrigation drainage water, may
be circumstantial evidence of a selenium effect on thi s top aquatic predator. In the absence of a
species specifi c selenium toxicity model for the giant garter snake the Servi ce would recommend
ugng anavianrik model for selenium based on the close phylogeretic relationship of birdsto
reptiles(e.g., Romer 1966; Porter 1972:216; Storer et al. 1972:312). The Service concludes that
aselenium criterion of 5 pg/L (ppb) would nat adequately protect the giant garter snake.

Fish

A tremendous amourt of research regarding toxic effectsof sleniumon fih hasbeen conducted
since the late 1970's  Recently, this body o resarchwasrevieved and summarized by Lemly
(1996b). Lemly reportsthat ssSimonidsare very ndtive to selenium contamination and exhibit
toxic symptoms even when tissue concentrati ons are quite low. Survival of juvenil e rai nbow trout
(Oncorhynchus mykiss) was reduced when whol e-body concentrationsof selenium exceeded 5
Mg/g (dry wt.). Snoltification and ssawater migration among juvenile chinook

salmon (Oncor hynchustshawytscha) were impaired when whole-body ti ssue concentrations
reached about 20 pg/g. However, mortality anong larvae, a more nsitive life stage, occurred
when concentrations exceeded 5 ug/g. Whae-body concentrations of selenium injuvenile striped
bass (Morone saxitilis) collected from areas in Californaimpacted by irrigation drainage ranged
from5to 8 ug/g.
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Summarizing studies of warm-water fih Lemly reportsthat growth was inhibited at whole-body

ti ssue concentrations of 5 to 8 pg/g sl enium or greater among j uvenil e and adult fathead minnows
(Pimephales promdas). Several speciesof centrarchids (sunfih) exhibited physidogically
important changes in blood parameters, tissue structure in mgjor organs (ovary, kidney, liver,
heart, gillg, and argan weight-body weight relationswhen kel etal muscle tissue contained 8 to 36
Hg/g slenium. Whole-body concentraionsof only 4 to6 ug/g were associated with mortality
when juvenile bluegill (Lepomismacrochirus) were fed selenomethionine-giked commercial
dietsin the laboratory. When bluegill eggs contai ned 12 to 55 pg/g sel enium, transfer of the
selenium to devel oping embryas during yolk-sac absorption resulted in edema, morphd ogical
deformities, and dest h prior to the swim-up stage. In a laboratory sudy of * winter stress
syndrome” juvenil e bluegill exposed to adiet contai ning 5.1 pg/g sel enium and water contai ning
4.8 pg/L (ppb) selenum exhibited hematological changes and gill damage that reduced
respiratory capecity while increasng repiratory demand and oxygen consumption. In
comhinationwith low water temperature (4 degreescentigrade) these effectscaused reduced
activity and feeding, depletion of 50 to 80 percent of body lipid, and ggnificant mortality within
60 days. Winter dresssyndrome resuted in the death of about one-third of exposed fish at whole-
body concentrations of 5to 8 ug/g sd enium.

Based on Lemly’ sreview of mare than 100 papers he recommended the following toxic effects
threshol dsfor the overd |l hea th and reproducti ve vi gor of freshwater and anadromous fi sh
exposed to elevated concentrationsof selenium: 4 pg/g whole body; 8 pg/g skinessfillets 12
pg/g liver; and 10 pg/g ovary and eggs. He also recommended 3 ug/g as the toxic threshold for
selenium inaquatic food-chain organiansconaumed by fish. Lemly reported that when
waterborne concentrations of inorganic sel enium (the predomi nant form in aguatic envi ronments)
arein the 7- to 10-pugL (ppb) range bioconcentration factorsin phytoplankton are about 3,000.
Consequently, he concluded that patterns and magni tudes of bioaccumulati on are smilar enough
among various aguatic systems that a common number, 2 pg/L (ppb) (for filtered sampl es of
water), could be gi ven as a threshold for conditi ons * highly hazardous to the heal th and long-term
survival of fish”.

Recently, Hamilton (1998) reviewed the demondrated and potertial effects of sdenium on 9x
species of endangered fish in the Colorado River basin, i ncluding the humpback chub (Gila
cypha), Col orado squawfi sh (Ptychochelus lucius), bonytail chub (Gila elegans), razorback
sucker (Xyrauchen texanus), flannelmouth sucker (Catostomus latipinnis), and roundtail chub
(Gilarobusta). Hamil ton presents historica data supporting a hypothesisthat long-term seleni um
contamination of the lower Colarado River basn may have been ore of the factors contributing to
the disappearance of endangered fishin the early 1930's. Contemporary issues of concern
included the unusually high incidence of abnormal lesions on fish in the San Juan River,
especially flamnelmouth sucker, attributed to pathogens requiring inducement by stressors such as
high contaminant concentrations or poor body condition; and concentrations of sdeniuminfish
eggs as high as 28 pg/g i n razorback sucker from the Green River and as high as 73 ug/g in eggs
of rainbow trout col lected from the mai nstem Colorado River between Gl en Canyon Dam and
Lee sFerry. Incontrolled studi es of larval razorback suckersfed food organisms coll ected from
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the wild, Hamilton found 2.3 ug/g or more of seenium inthe diet to be sufficient to cause

reduced survival. Inan encl osure sudy where razorback suckerswere held in selenium-
contaminated aquatic environments (Adobe Creek, 9-90 pg/L (ppb) slenium, and North Roadside
Pond of Ouray Nationa Wildlife Refuge, 40 pug/L (ppb) sel enium) for 9 months, muscle pl ugs
contained 17 and 12 pg/g seleniumrespectively and eggs contained 44 and 38 ug/g slenium.
Fina ly, Hamilton stressed that consideration of sel enium effects was an important component of
recovery planning for the Colorado River basn endangered endemics.

Selenium effects on Delta Fishes In November of 1996 the Service issued an approved Recovery
Plan for the Sacramento/San Joaquin Delta Native Fshes(USDI-FWS 1996c). The plan
addressed recovery requirementsfor eight species of fish native to the Deltaincluding one species
currently listed asthreaened, the Delta Smelt (Hypomesus transpacificus), and the proposed
threatened Secramento Jlittail (Spirinchus thaleichthys). Other species addressed by the plan
are Longfin Smelt (Spirinchus thaleichthys), Green Sturgeon (Acipenser medirostris), the
Sacramento Spri ng-run chinook salmon (Oncor hynchustshawytscha), which has been petitioned
for listing as endangered, the Sacramento L ate Fall -run chinook salmon (Oncorhynchus
tshawytscha), the San Joaqui n Fall -run chinook salmon (Oncor hynchustshawytscha), and the
exti rpated Sacramento Perch (Archoplites interruptus). The Sacramento-San JoaquinRiver Delta
and San Franci sco Bay estuary are subject to el evated | evel s of environmenta sel enium, and the
introduction of highlevels o contaminarts (including selenium) is cited in the Recovery Plan as
one of the more recent potentid factors affecting Deta fishes.

Lill ebo et al. (1988) caculated that a seleni um criterion of 0.9 pg/L (ppb) waterborne selenium
was hecessary to adequately protect fi sh associated with the San Joaquin River system, incl uding
the southern Delta. The CTR-proposed seleniumcriterion of 5 pug/L (ppb) subdantially exceeds
the criterion calcul ated by Lillebo et al. (1988). The Recovery Plan statesthat Delta Smelt are
ecologi ca ly amilar to larvd and juvenil e Striped Bass (Morone saxitilis). Saiki and Palawski
(1990) sampled juvenile striped bass in the San Joagui n River system incl uding three Stesin the
San Francisco Bay eduary. Striped Bassfrom the estuary contained up to 3.3 pg/g whole-body
selenium, aval ue just below Lemly’ s 4 pg/g toxi city threshold, even though waterborne selenium
typicaly averages <1 pg/L (ppb) and has been measured no higher than 2.7 pg/L (ppb) within the
estuary (Peas et al. 1992). Striped Basscollected fran Mud Sough in 1986, when the annual
median seleni um concentrati on in water was 8 pug/L (ppb) (Steensen et al. 1997), contained up to
7.9 ug/g whole-body selenium and averaged 6.9 ug/g whole-body selenium. Saiki and Palawski’ s
resultssugged that water fuly meetingthe CTR-proposed 5 pg/L (ppb) criterioncould resut in
Delta Smelt with whole-body selenium concentrationsexceeding the toxic threshold of 4 pg/g.
Delta Smelt spawning sitesare almast entirely redricted to the north-Delta chamnel s asociated
withthe slenium-normal Sacramento River and are nearly absent from the south-Deltachannels
associated with the selenium-contaminated San Joaquin River (USDI-FWS 1996c¢).

White Sturgeon (Acipenser transmontanus), a represertative surrogate species far the Green
sturgeon, have been the aubject of detailed studies within the San Francisco Bay estuary (e.g.,
Kohhorst et al. 1991). White Sturgeon are long-lived, large-bodied, and demersal (bottom-
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dwelling) fish. For most species of sturgeon, females require several years for eggs to mature
between gpawnings (Conte et al. 1988). White Sturgeon in the San Francisco Bay estuary
congregate in Susun and San Pablo Bayswhere they remain year-round except for a sl
fraction of the populationthat moves yp the Secramento River, and to alesser extent the Sen
Joaguin River, to spawnin late winter and early spring (Kohlhorg et al. 1991). Thus, many
individualsof thisspedes remain year-round in San Pablo Bay, the part of the San Francisco Bay
estuary with the hi ghest selenium concentrations (up to 2.7 pg/L (ppb)). Kroll and Doroshov
(1991) repart that devd oping ovaries o White Sturgeon from San Francisco Bay contained as
muchas 71.8 ug/g selenium, or 7-times over the threshold for reproductive toxicity (Lemly 1996a,
1996b) of 10 pg/g. Sampling of Palid Sturgeon (Scaphirhynchus albus) in the Missouri River
system suggests that normal sel enium levelsin sturgeon eggs are 2-3 ug/g (Ruel le and Keenlyne
1993) as has been found for many other fish species (e reviewin Skorupaet al. 1996 and in
USDI-BOR/FWS/GS/BIA 1998). Thus, White Sturgeon in the San Francisco Bay estuary are
produci ng eggs with as much as 35-times normal sal enium content. B ased on studies regarding
toxicity response functionsfor avian and fish eggs (e.g., Lemly 1996a,b; Skorupaet al. 1996;
USDI-BOR/FWSIGS/BIA 1998) it ishighly proball e that these fish are severdy reproductively
impaired due to seleniumexpasure. For exampe, bluegll embryosresuting from ovaries
containing 38.6 ug/g slenium exhibited 65 percent mortality (Gillegie and Bauman 1986).

It isquite plausibe that a waterborne concentration of 5 pug/L (ppb) seleniumin the San Francisco
Bay eduary, as would beallowable far effluent-dominated waters under the CTR-propased
selenium criterion, would resut in compl ete reproductive cdlapse of gurgeon popu ations aswell
as elevated tissue concentrations in Delta Smelt above the 4 ug/g whole-body toxiaty threshol d.

Sdlenium effectsto Salmonids Sa monid speci es considered i n this opini on are coho salmon,
including Centra CaliforniaCoast and Southern Oregor/Northern CaliforniaCoast ESUS,
chinook salmon, includi ng the Central Valey Spring-Run, the Cd ifornia Coastal, and the
Sacramento River Wi nter-Run ESUs;, steelhead trout, incl uding the Central Vall ey, the Southern
Cadlifornia, the South-Central California Coast, the Central California Coast, and Northern
California ESUs Lahontan cutthroat traut; Paiute cutthroat trout, and Little Kern golden trout.
Salmonids are corsidered sensitive to slenium contamination (see review in Lemly 1996a,b).
Depending on the form of selenium and the life-stage of fish considered, waterborne
concertrationsof sleniumlessthan the CTR-propaosed 5 pug/l (ppb) concentration can have direct
toxic impacts on salmonids (Hodson et al. 1980; Mooreet al. 1990). Hodson et al. reported that
rainbow trout (O. mykiss) eggs regpond physiologically (reduced median time to hatch) at
selenium (as selenite) concentrations above 4.3 pg/L (ppb).

However, the most dangerous expoaure pathway for salmonids, as with other fish, isviadietary
bioaccumulation of selenium. Aslittle as3.2 pg/g slenium inthe diet was aufficient to adversely
affect early life stages of chinook salmon under controll ed conditions (Hamilton et al. 1989;
1990). Based on abioaccumulation factor for dry weight concentrationsof slenium inagudic
invertebrates (compared to water) of 1,800 (Peaseet al. 1992), a concentration of aslittle as 1.8
Mg/L (ppb) selenium cauld reault in sailmonid foodsaveragng more than 3.2 pug/g selenium. That
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water concertration isalready exceeded at timesin San Pablo Bay (Pease et al. 1992), in the San
Joaquin River (Steensen et a. 1997), in the Santa Y nez River (Westcot et a. 1990), in the Pgjaro
River (Westcat et al. 1990), and in the SalinasRiver (Westcat et al. 1990). If California’s water
bodiesthat currently support saimonid popu ationswere allowed to have concertrationswhich
meet the CTR-proposed sal enium cri teri on of 5 pug/L (ppb), salmoni d food or ganisms would be
expected to contain an average of about 9 pg/g selenium (based on a bioaccumulation factor of
1,800). That value exceeds even the 6.5 pg/g dietary toxicity threshold for older life stages of
chinook salmon in bracki sh-water (Hamilton et d. 1989; 1990). Hamilton et al. (1990) d 0
found that dietary exposure of swim-up chinook sailmonto 9.6 pg/g seleniumresuted in reduced
survival after 90 days The Services thuscondude that currently availalde data for sdmonidsdo
not support the CTR-proposed sd enium criterion of 5 pg/L (ppb) as adequately protecti ve of
salmaonids.

Desert Pupfish: Specific data exi st to support a conclusion that the desert pupfi sh would be
unprotected by achranic selenium criterionof 5 pg/L (ppb). Setmire and Schroeder (1998)
report on afield study of sailfin molliesin the Salton Sea area of Caifornia. The mollies were
chosen assurrogate species in arder to assess cortaminart threatsto the co-occurring endangered
desert pupfish. Mdlies and pupfish were smutaneoudy collected from one ste and found to
contain virtually identical whole-body selenium concentrations (Bennett 1997), which verified the
utility of mollies as a surrogate indicator of pupfish exposure. During 1994, mollies were

coll ected from 13 agri cultural drains. For 10 of the 13 drai ns, whole-body selenium

concentrati ons were in the range of 3 to 6 pg/g, alevel designated by a pand of selenium
researchers as “of concern” for warmwater fishes (USDI-BOR 1993; a so see Gober 1994; CAST
1994; Ohlendorf 1996). Two of the other three drains that were sampled yielded mollies
averaging>6 g/g, alevel designated by the panel of researchersas exceeding the toxic threshold
for warmwater fi shes. Unfortunatel y, contemporaneous measures of waterborne sel enium in the
sampled drains were not dbtained for comparisonto the mdlie tissue data.

Aninquiry with Caifornia’ s Colorado River Basin Regional Water Quality Control Board
yielded file data on waterbome selenium far one of the 13 drains sampled for maliesin 1994,
however the filedata is for water ssmples cdlected in 1996 (R. Lukens, Regonal Water Board,
pers. comm.). Ten monthly (March to December, 1996) measures of waterborne selenium in the
Trifdium 12 drain averaged 4.96 pg/L (ppb). Sailfin molliescollected from Trifdium 12 drain
in 1994 averaged 3.6 g/g whole-body seenium, with a maximum of 3.8 pg/g (n=3). If the
concertrationsof sleniumin the drainwere roughly the same in 1994 asin 1996, then the CTR-
proposed sal enium cri teri on of 5 ug/L (ppb) would be associated with expected pupfi sh tissue
concentrati ons of selenium at the “leve of concern”. Asdiscussed in the speci es effect account
for brown pelicans, borderline exposures far direct toxic effectsmay be particuarly hazardous at
the Salton Sea because of the recent record of diverse and freguent epizootic events documented
for fish and birdsat the Sea. Itiswell established for birds that sel enium-induced immune
dysunction occurs & exposure level s below those required for direct selenium-poisoning. Until
comparabl e studi es are completed for fi sh, the safest default assumption isthat the results for
selenium-induced imnmune dy<unction documerted for birdsmay also apply to fish
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The CTR-propased slenium criterionof 5 ug/L (ppb) doesnot provide the margin of safety
necessary to confidently concl ude that the criteri on would adequately safeguard surviva and
recovery of desert pupfish. Itisalso clear that selenium routes of exposure exist for the desert
pupfish which put them at ri k. The Servicestherefore conclude that the CTR-proposed selenium
chronic criterion for selenium of 5 pug/L (ppb) does not adequately protect the desert pupfi sh.

Giventhe above efectsanalysis the Searvices, inour draft opinion dated April 10, 1998
concluded that the selenium criteria as described by EPA in their August 1997 proposed CTR
would be insufficiently protective. Implementati on of these selenium criteria without future
modification coud jeopardize the continued exigence o the following ecies marbled murrelet,
California clapper rail, Californialeast tern, light-footed clapper rail, Y uma clapper rail,
bonytail chub, cohosalmon (California ESU9, delta amelt, desert pupfish, deelhead (California
ESU9 Razorback sucker, Chinook sailmon (Califomia ESUs), Sacramento littail, Giant garter
snake, and Cdifomiared-legged frag. It wasthe Services opinion that a criterion of 2 pg/L or
lesswould be necessary for protection of these species that the proposed speciation based acute
criterion should not be promulgated and that a seleni um criteriarevison which considered the
bioaccumulative nature and long term persistence of sal enium in aquati ¢ sedi ments and food
chains was necessary inthe devel opment of new criteriaand a Ste specific guidance for criteria
modifi cation.

EPA modificationsaddressng the Services April 9, 1999 draft Reasonable and Prudent
Alternativesfor sdenium:

The above effect analyds considersthe draft CTR as ariginally proposed in Augud of 1997.

EPA hasagreed by letter dated December 16, 1999 to madify itsaction for seleniumcriteria per
the following to avoid jeopardizing listed species

A EPA will reserve (not pronulgate) the proposed acute aquatic life criterion for selenium
inthefinal CTR.

B. EPA will revise itsrecommended 304(a) acute and chronic aquatic life criteria for
selenium by January 2002. EPA will propose revised acute and chronic aquatic life
criteria for seleniumin California by January of 2003. EPA will work in close
cooperation with the Services to evaluate the degree of protection afforded to listed
species by therevisions to these criteria. EPAwill solicit public comnent on the
proposed criteria as part of itsrulemaking process, and will take into account all
available information, including the information contained in the Services' opinion, to
ensure that the revised criteria will adequately protect federally listed species. If the
revised criteria are less stringent than those proposed by the Services in the opinion,
EPA will provide the Serviceswith a biological evaluation/assessment on the revised
criteria by thetime of the proposal to allow the Servicesto complete a biological
opinion on the proposed selenium criteria before promulgating final criteria. EPA will
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provide the Services with updates regarding the status of EPA’ s revision of the criterion
and any draft biological evaluation/assessment assodated with the revision. EPA will
promulgate final criteria as soon as possible, but no later than 18 months, after
proposal. EPA will continue to consult, under section 7 of ESA with the Serviceson
revisions to water quality standards contained in Basin Plans, submitted to EPA under
CWA section 303, and affecting waters of California containing federally listed species
and/or their habitats EPAwill annually submit to the Services a list of NPDES permits
due for reviewto allow the Servicesto identify any potential for adverse effects on listed
species and/or their habitats. EPA will coordinate with the Serviceson any permitsthat
the Servicesidentify as having potential for adver se effects on listed species and/or their
habitat in accordance with proceduresdescribed in the draft MOA published in the
Federal Register at 64 Fed. Reg. 2755 (January 15, 1999) or any modifications to
those procedures agreed to in a finalized MOA.

C. EPA will utilize exiging information to identify water bodies impaired by seleniumin the
State of California. Impaired isdefined aswater bodies for which fish or waterfowl
consumption advisories exist or where water quality criteria necessary to protect
federally listed species are not met. Pursuant to Section 303(d) of the CWA, EPA will
work, in cooperation with the Services and the State of California to promote and
devel op strategies to identify sources of selenium contamination to the impaired water
bodies where federally listed species exist, and use existing authorities and resources to
identify, promote, and implement measures to reduce slenium loading into their
habitat.

Services' assumptions regar ding EPA’s modifications for removing jeopardy.
The Services assume the foll owing:

Contaminant threatsto liged speciescan be reduced through application of appropriatdy
protective water quality criteria tothe water bodies occupied by liged species

The presumpti ve adverse effect threshol d for identifying effectsto listed species, isether the
exceedance o the criteria proposed in thisopinion to protect listed gecies or demondrated
effectsbel ow those proposed criteria concentrations for the priority pdlutant under
condderation.

The adjugmentsof criteria as proposed in the CTR by EPA for water bodiesoccupied by ecies
considered i n this opini on will be consistent with the effects and ysisin this biologica opinion
unless new informetion is developed by EPA.

EPA adjusments of criteriawil | occur within agreed upon time frames.

The future adjustment of the sel enium criteriawill consider the bi caccumul ati ve nature of
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sdlenium in aguatic systems, not just the waterborne toxicity and will result in alowering of the
criteria. Thusliged fishand wildlife specieswhich are aquatic /stem foragers will be pratected
by the future criteria and the procedures far site goecific adjustments.

The reservati on of the acute aguatic | ife criterion for sel enium will result inthe criterion bei ng
withhel d from use for regulati on by the State and Regiond boards.

Mercury

Assessment of Adequacy of Proposed Mercury Criteriato protect listed spedes

Aquatic Life Criteria for Mercury

The EPA has propaosed an acute aquatic life criterion (criterion maximum concentration or CMC)
for mercury of 1,400 ng/L and a chroni c aguatic | ife criterion (cri teri on conti nuous concentrati on
or CCC) o 770 nglL. Thes criteria are based upon disolved concentrations EPA’s proposed
mercury criteriafor aguatic life are based on the assumed waterborne toxicity of dissol ved forms
of mercury to aguatic organignsthat exclusively live within thewater colurm. The Services
believe the proposed CTR aquatic life criteriafar mercury will na protect listed fish from either
dietary toxicity or meternal transfer of methylmercury to young. Pronulgation of adisolved
mercury criteriaa so failsto consider the effects upon biota of particulate methyl mercury and
particulate inorganic mercury. Regulation of mercury on a dissolved basis only for aquatic life
ignoresthe role of particulate mercury in the cycling of mercury in aguatic ecosystems and the
need to condgder the dietary pathway for mercury accumulation in aguatic life.

The aguatic life mercury criteriaof 770 ng/L(chronic) and 1,400 ng/L (acute) are o high asto
effectively be without value for controlling mercury in eventhe most severely mercury-inmpaired
Californiawater bodies Concertrationsabove the chronic criterion concertration inthe disolved
form are virtually unmeasured in the California environment, even though those environrmerts
contan numerouswater bodieswithdirect mercury discharges. In abroad survey of mercuryin
freshwater systemsin California and other areas, Gill and Bruland (1990) fail ed to locate any
water bodies containi ng levels of mercury above or gpproaching these di ssolved criteria although
many of these same water bodies were mercury impai red due to elevated mercury concentrations
infish

Two California examples il lustrate why the chronic and acute criteriafor mercury are
unreasonably highwith no potential to impact or control mercury concentrations. Walker Creek is
potertial hahitat for both steelhead and the California red-legged frog and dischargesinto
TomaesBay. The Gambonini mine, an abandoned mercury mine, produces concentrations of

total mercury in unfiltered water from Walker Creek as great as 100,000 ng/L, yet dissolved
concentrati onsin the creek only range from 20 to 100 ng/L (Whyte 1998). T hese concentrations
are of great concern as evidenced by Regional Board activity to cleanup and restare the mine site,
but dovioudy well below EPA’s proposed chranic aquatic life criterion of 770 ng/L. The aquatic
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life criteria of EPA would likely be control ling for Waker Creek as fish consumption from the
creek is not a bereficial use and Walker Creek lacks aMUN desigration (use far municipal
drinking water purposes). Long et al. (1990) unexpectedly found toxidty to three goeciesin
sediments of Tomales Bay (their control site) and found the sedi ments of Tomal es Bay devoid of
the mare sensitive crustaceans corraooraing toxicity ted resuts. Thistoxicity was best exgained
by themercury asit wasthe only toxicant present at elevated concentrations.

DavisCreek Resrvar in the Cache Creek watershed isanother example. Thissite ishighly
contaminated by mercury. Thisreservoir isaso potentia foraging habitat for the bald eagle as up
to 60 eagles winter in this drainage. Davis Creek Reservoir has dissolved organo-mercury
concentrati ons of 60 pi comoles (12 ng/L) associated with a total di ssolved mercury concentration
of 16 ng/L and total unfiltered mercury concentrations of 26 to 32 ng/L. T hese concentrations of
mercury in wat er were associated with fi sh tissue concentrations of 2.5 pg/g (ppm) wet weight

(Gill and Bruland 1990). T he fish mercury concentrations present signifi cant risk to any foragi ng
eagles The proposed chranic aguatic life criterion for mercury at this reservoir, which probally is
not covered by human health criteriaasit isawater supply far procesing gold ores are an order
of magnitude above all concentrations doserved at this Ste.

Human Health Mercury Criterion (for Protection of Fish and Wi dlife)

Since the aquati c life criteria clearly are not protective of fish and wildlife, the Services have
evaluated whether the lower human health criterion of 50 ng/L would be protective. The Services
find that the human health criterion for mercury will not protect listed fish or wildlife species.
The EPA’shiologcal evaluation (BE) (EPA 1997a) dates that the human health criterionof 50
ng/L (total mercury), will offer protection of aquatic life inthe water cadumn and to nonaquatic
piscivorous birds and mammals. Footnate a, page 42204 of the Augug 5, 1997, Federal Regider
(EPA 1997c) notesthat far mercury "The fish tissue bioconcentration factor (BCF) fromthe 1980
documentswasretained..." Unfortunately these bioconcentration factors were derived prior to
modern devel opments in analyti cal chemistry that permit more accurate determination of
concentrationsof mercury in water. The resulting 1980 biocaoncentration factor of 7,342.6 used to
derivethe propased mercury criterionis neither appropriate, accurate, or reflective of real world
environmental mercury concertrationsin water. Asaresut of improvements after 1988 in water
chemistry for mercury, it isnow clear that mercury concentrations are far lower than was thought
in 1980, and consequently bioconcentration factors and bioaccumulation factors have beenrevised
and arenow known to be far higher than those used by EPA inthe CTR. This sientific
information iswell known and has been available for a decade (EPA 1997b; Bloom 1989; Bloom
and Fitzgerald 1988). T he Servi cestherefore fi nd the statement withi n the biologica evauation
for the CTR that "the human heal th criteriafor mercury will protect listed wildlife" is not
supported by the best sci entifi cal ly and commercially avail aoledata. In addition the Servicesalso
anti cipate the criteri on will not be suffici ently protective of the potentia for maternal transfer of
harmful concentrationsof mercury to vertebrate eggsand embryos

EPA indicated duri ng informal consultation that the human health criterion for mercury may be
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changed in the near future. Should an appropriae bioaccumulation factor for mercury beapplied
at some future date to develop a human health criterion either in water or infishtissue, it is not
necessarily clear that such acriteri on designed for protection of human health ad onewould d so
afford adequat e protecti on to listed species. Because fish and wildlife typicaly have more
restricted diets than humans, they are more susceptible tolocal contamination. Wildlife,

parti cularly pisci vorous wildlife, are often at greatest risk from mercury exposure within any
ecogystem (EPA 1997b). Even with appropriate bioaccumulation factors for eval uating human
fish consumption, the use of humans as the surrogat e speci es to represent the bioaccumulation
hazards presented to wildlife i s not scientifical ly supported. "Fish-eating wildlife are more
vulnerabl e to the adverse effects of mercury than are humans for two reasons (1) fish compos a
higher proportion o their diet: and (2) wildlife are more dependent on their reflexesto survive."
(A. Kuzmack, EPA, perscomm, February 17, 1998).

Hazardsto Species Toxicity and Bioaccumulation

Toxicity

Mercury isatrace element with no known essertial bidogical function. Mercury in
environmental waters can exi st in many forms includi ng eemental form (Hg°), di ssolved and
particulate ionic fooms and dissdved and particulate methylmercury (Gill and Bruland 1990;
Vandal et a 1991; Mason and Fitzgerald 1993). Methylmercury may be formed either in the
water cdumn or in sediment.

Methylmercury is the mog toxic and the mast bicaccumulated form of mercury. Intestinal
absorption of inorganic mercury is limited to a few percent while absorption of methyl mercury is
nearly complete (Scheuhammer 1987). Inorganic mercury appearsto have the greatest effect upon
the kidneys, while methylmercury is a potent emhbryo and nervous systemtoxicant.

Methylmercury readily penetrat es the blood brain barrier, produces brain lesions, spinal cord
degeneration, and central nervous sysem dysfunctions The proportion of total mercury which is
found as methylmercury in biotaincreases with trophi ¢ | evel approaching 100% at trophic levels 3
and 4. Methylmercury isbiomagnified between trophic levelsin agquatic systems and in
proportion to its supply i n water (Wattras and Bloom, 1992). It is appropriate therefore to focus
attention onthe toxicity of methylmercury, particularly in higher trophic level organiamns(Nichols
et al., 1999).

Fish: In the 1995 update to Water Quality Criteria Documents for M ercury, EPA stated that the
estimated chronic value for effects to coho salmon was 370 ng/L and 420 ng/L for rainbow trout.
EPA further explicitly acknowledged that the CCC of 908 ng/l (the CCC in favor as of 1995)
might not adequately protect these goecies (EPA 1995b). In the subsequent CTR, EPA has
reduced the proposed CCC for mercury to 770 ng/L. However, this revi sed number a so remains
unprotective for federdly listed sdmonid species. For example, in flow through bi cassays,
fertilized eggs of rainbow trout suffered 100 percent mortal ity after 8 day exposuresto 100 ng/L
concertrationsof inarganic mercuy (Birgeet al. 1979). In areview of mercury toxicity to fish,
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Wiener and Spry (1996) noted direct adverse effectsin avariety of fish species on behavior,
growth, histol ogy, reproducti on, development and survival of fish at concentrations well below the
proposed chroni ¢ criterion. Fish speci es tested with adverse effects below criteria concentrati ons
include trout and fathead mimows.

Amphibians and Reptiles Reptil es and amphibians remain the least studi ed vertebrates for
mercury toxi city. Amphibian eggs and embryos may be the most vul nerabl e to direct waterborne
concentrations. A dose of 50 pg/L applied to the embryos of the frog (Xenopis laevis) reduced
survival by 50 percent after 4 days of treatment, and to O percent after 7 days. Survivi ng embryos
showed disruption of morphogenesis neurophysology, and neuroi mmune regulation (Ide et al,
1995). Rao and Madhyastha (1987) reported that the LC,, (the lethal concertration inwater that
kill s 50 percent of the test organisms) of mercuric chloride to the tadpoles of (Microhyla ornata)
ranged from 2.04 mg/L (24 hour) to 1.12 mg/L (96 hour). Inleopard frog (Rana pipiens) embryos
methylmercury concentrations of 40 pg/L and above were lethal (Did 1976). Adverse affeds
were seen at concentrations as low as 10 ug/L. Whil e these concentrations are wel | above the
current criteria, they are also acute exposures of four to five days exposure and reflect no maternal
transfer of methylmercury. Chronic studies in frogs of the effects of mercury contaminati on are
generally lacking. The Service was not abl e to | ocate any published acute or chronic studies of
mercury in nakes.

Birds Symptoms of acute methyl mercury poisoning in birds include reduced food intake leading
to weight loss, progressive weakness in wings and legs, difficulty flying, wal king, and standing,
and aninability to coordinate muscle movements (Scheuhammer 1987). In addition to well-
identified acute effectsof mercury at high concentratiors, there are also significant adverse effects
at lower tissue-mercury concentrati ons representing chronic mercury exposures. Embrydogical
exposure may possibly | ead to impai red hearing, or dtered behavior (Heinz 1979). Impaired or
tunnd vis on has been demondrated in other adult vertebrat e speci es (humans, and monkeys)
(Wolfe et al. 1998). These sensory deficitscould lead toreduced ahility to locae and catch prey
for the bald eagle or least tern, to impai red ability to find a mat e through auditory cluesin the
clapper rail and an inpaired ability to detect and escape predaorsin all pecies Ingreat white
herons liver-mercury contamination > 6 pug/g carrelated with martality from chronic diseases
(Sundloff et al. 1994).

Reproducti on is one of the most sensitive toxicological responses, with effects occurring at very
low dietary concentrations. Concentrationsin the egg are typi cally most predictive of mercury
risk to avian reproduction, but concentrationsin liver have al so been evaluated for predicting
reproductive risk. The documented effects of mercury on reproduction range from embryo
lethality to subletha behaviora changesinjuvenilesat |ow dietary exposure. Reproductive
effectsin birdstypically occur at only twenty percent of the dietary concentrationswhich produce
lethal effectsin adult birds(Scheuhammer 1991). Effectsof mercury onreproduction are likely
occurring in San Francisco Bay populationsof birdsdue to concentrationsof mercury observed in
eggs including the | east tern and the California clapper rail (Schwarzbach, et al, 1997).
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Embryos of birds are extremely sensitive and vul nerabl e to relativel y minute concentrati ons of
mercury in the egg. Almost all of the mercury in bird eggsis thought to be methylmercury (Wolfe
et a, 1998). Toxic effects of mercury in bird eggs have been documented by many investigators
in bath laboratory and field gudies (Barr 1986; Birgeet al. 1976; Finreite 1971; Fimrete 1974;
Heinz 1974; Heinz, 1975; Heinz 1979; Hoffman and Moore 1979; Finley and Stendell 1978;
Tgning 1967; etc.). Fimreite estimated the threshold leve in eggsfor toxic ef fectsto nest success
in afidd study of common terrs to be beween 1.0 and 3.6 ug/g. Heinz (1979) was able to
examine more aubtlebehavioral effectsinmallard ducklingsfed methylmercury. Heinz fed ducks
0.5 pg/g mercury over 3 generations and found decreased reproductive success and altered
behavior of ducklings. The Hel nz study, remains the benchmark study which establishesthe
lowest dbserved adverse effed concentraion inaviandiet of 0.064 mg mercury/kg (body
weight)/day (Sanpleet al. 1996). The mean mercury concentration i n eggs associated with these
observationswas0.86 pg/g freshwet weight (fww). Finreiteina 1971 mercury feeding sudy
with ring-necked pheasants found significant reduction in hatchabil ity associated with mercury
levels between 0.5 and 1.5 pg/g. The Fimreite study establi shes the lowest adverse concentration
observed i n avian eggs. Hoffman and Moore (1979) externaly applied mercury to mall ard eggs
and found adoserelated effects on survivd, growth and abnormal development. The lowest dose
applied which effected survival was 27 micrograms. Given an average mellard egg weight of 55
grams thisdose correspondsto about 0.5 pg/g.

Reproductive effects may extend beyond the embryoto adversely efect thejuvenile survival
rates. Mercury in the eggs of mallards caused brain lesions in hatched ducklings. Malards were
fed 3.0 pg/g methylmercury dicyandiamide over two successve years. Meraury was accumulated
in the eggsto anaverage of 7.18 and 5.46 pg/g onawet weight bassin 2 successve years
Lesions included demyelination, neuron shrinkage, necrasisand hemorrhage in the meninges
overlyi ng the cerebellum (Heinz 1975). Bouton et al. (1999) reported sgnificant behavioral
effects on juvenile egrets in capti ve feeding studies at both high (5,000 pug/g) and low (500 pg/g)
dose concentrations of mercury in the diet. Effectsin thelow dose group incl uded lethargy,
reduced motor sKill s, reduced packed cell vol ume, decreased appetite and changesin time spent
standing vs. stting. Low dose birds were also less likely to hunt and mare likely to seek shade.
An observation of sgnificancein the Everglades gppearsto betha once feather growth ceases,
mercury may pose a greater threat to fledgling birds as circulating | evel s of mercury in the blood
are nolonger sequestered in the growing feathers Thismay be a critical gage for birdsas they
mug learn to hunt and survive on their own at thistime.

Mammals Methylmercury toxicity in mammalsisprimarily manifeded as central nervoussysem
damage, nsary and motor deficits and behavioral impairment (Wren et al, 1988; Wren et al.,
1986). Animalsinitially become anorexic and lethargic. M uscle ataxia, motor control deficits,
and visual impairment devel op as toxicity progresses with conwuldonspreceding deah

(O’ Conner and Nidsen, 1981; Wobeser et al., 1976). Smnaller carnivores are more sengtive to
methylmer cury toxi city than | arger species, asreflected in the shorter time to onset of toxic signs
and time to death. Dietary concentrations of 4,000 to 5,000 pg/g methylmercury were lethal to
mink and ferretswithin 26 to 58 days whereasottersreceiving the same concentration survived an
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average of 117 days(Wrenet al., 1988; Wren, 1986). Mehylmercury isreadily transferred
across the pl acentaand concentrates selectively in the fetal brain. Mercury concentrationsin the
fetal brain were twice ashigh asin the matemal brain for rodents fed methylmercury (Yang et al.,
1972). Reproductive effects of methyl mercury in mammals range from devel opmenta aterations
in the fetus, which produce physical or behaviora deficits after birth, to fetal death (Ecclesand
Annau,1987; Chang and Annau, 1984).

The behaviora deficits produced by prenatal exposure to methylmercury are known mostly from
work withrodentsand monkeys Rats and mice exposed via the diet or by gavage at varioustimes
during gestati on period showed retarded righti ng reflex, impai red or retarded swimming abi lity,
decrease i n spontaneous activities, impaired maze and avoidance | earning, and defi citsin operant
learning (Shimai and Satoh, 1985). The use of primates to study the behaviord teratology of
methylmercury has pemitted more extensive invegigations. Infant crab-eating macaques
(Macaca nemedrina) born to females exposed to 50 or 70 pg/g/day of methylmercury had blood
methylmercury levels of 1,690 pg/L at birth and 1,040 ug/L at the time of teding. The exposed
macaques had signi ficant deficits of visual recognition memory compared to control s (Gunderson
et d., 1988). Cynomolgus monkeys (Macaca fascicularis) bom to femalesgiven 50 pg/kg/day
methylmercury showed more non-social passive behavior and less social play than non-exposed
morkeys (Burbacher et al., 1990). Adult macaquesdosed with 0.24 to 1.0 pug/g methylmercury at
twice-weekly intervds for up to 73 weeksfirg experienced constriction of visual field, as has
been reported by methylmercury-intaxicated humans an effect that was reverside if exposure was
discontinued. At higher or more prol onged doses, visua fiel d congtri ction became permanent, and
visual thresholds were altered, reflecting damage to newronsin the visual cortex (Merigan et al.,
1983).

Bioaccumulation of mercury

Both arganic and inarganic mercury bicaccumulate, but methylmercury accumulatesat greater
rates than inorganic mercury. Most mercury in fish or wildlife organismsisin the form of
methylmer cury (Bl oom, 1995) asthi s form is more efficiently absorbed (Scheuhammer, 1987) and
pref erenti dly retained (Weiner, 1995). Much of theinorganic mercury found i n some organi sms
such as procellariifam birds (al batrosses, shearwaters, and petrds) may have actually been
originally accunulated as methylmercury and then demethylated by the organism. The bacterial
rates of production of methyl mercury in water and sediment matrices ulti matel y determines the
potertial of an aquatic systemto devdop a mercury biocaccumulation problem Food chain
transfer is the most important exposure pathway in all ecosystems (EPA, 1997b). Methylmercury
Is one of the rare compoundswhich na only bioaccumulatesbut also biomagnifies across trophic
levels such that fiel d measured BAFs for methyl mercury are commonly in the millions for top
trophic level fish (Nicholset al., 1999).

Table 5. Median bioaccumul ation factors for fish presented inthe Mercury Study Report to
Congress (EPA, 1997b).
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Hg form BAF trophic BAF tragphic
level 3 fish* level 4 fish*
Total mercury 124,800 530,400
Methyl mercury 1,600,000 6,800,000

Aquatic ecogygemstend to have higher rates of bicaccumulation and biomagnificationthan do
terredtriad ecosystems (EPA, 1997hb). Explanationsfor this phenomenon i ncl ude the fact that fish
store mog mercury as methylmercury in thar muscle while mammal sand birds gore much o their
methylmercury burdenin feathersand fur, items poorly digested or rardly eaten. Aquatic sysems
have more complex food websand more trophic levels and the primary producersin aquatic
sygemsmay themselvesaccumulate mare mercury fromwater and sediment than do sal based
primary producers in terrestrial systems(EPA, 1997b). Top predators in aguatic systems therefore
are at greatest rik frommercury bicaccumulation. Mercury concentrations inblood greater than
1,000 pg/L and in eggs greater than 0.5 pg/g are considered harmful. In liver 5 pg/gis considered
a congervative threshold for potential adverse effects to waterbirds(Wolfe et al., 1998).

Listed wildlife specieswhich are hightrophic level predatorsin aguatic systems of Califarnia
include one mammal, six birds and two reptiles. These are the southern sea otter, bald eagle,
California least tem, California brown pelican, California dapper rail, light-foated clapper rail,
Y uma clapper rail, gant garter nake, and San Francisco garter nake.

Bioaccumulation Hazards of Mercury to Fish: Diet isthe primary route of methylmercury uptake
by fish in natural waters contributing mare than 90 percert of the methylmercury accumulated.
The assimilation efficiency for uptake of dietary methylmercury in fishis probably 65 to 80
percent or greater. To alesser extent, fish may obtain mercury from weater passed over thegills,
and fi sh may aso methyl ate inorgani c mercury in the gut (Wiener and Spry, 1996). Devel oping
embryos are the most vulnerable life stage to mercury exposure. Inal vertebrates, including fi sh,
the transfer of methylmercury to the embryo represents the greatest hazard. In additi on to the
hazard totop avian reptilian and mammalian predatorsin aquatic sygems fishand amphibian
species, parti cularly long lived species, may be at risk from mercury bioaccumulation and
biomagnification. Even in fish, “methylmercury derived fromthe adult female probably poses
greater rik than waterborne mercury for embryos in natural waters' (Wiener, 1995). Thisislikely
true for amphibians, i ncluding the federally listed Californi ared-legged frog. For thisreason
alone mercury criteria needed to praect aquatic life mug consder matemal bicaccumulation rates
in adult fish. Sublethal and lethal effects on fish embryosare associated with mercury resduesin
eggsthat are perhgps 1 percent to 10 percent of the res dues associated with toxicity inadult fish
(Weiner, 1995). Mercury intoxicated rai nbow trout have between 4 and 30 pg/g in whole bodi es,
while i ntoxicated embryos contain 0.07 to 0.1 pg/g (Weiner, 1995). Listed fish speci eswith long
life spans are patentially at rik frommercury bicaccumulation. Listed fish species potentially at
risk of mercury bicaccumulation at concertrations permissble under the CTR criteriaindude
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listed sailmonids, aswell asthe bonytail chub, razorback sudker, shortnose sucker, Lost River
sucker and the Sacramento Plittail.

While the Mercury Study Report to Congress(EPA, 1997b) generated data on a range of national
bioaccumul ation factors that report emphaszed the value of developing Ste specific and field
derived bicaccumulation factorswhen devel oping criteria for specific regons Factors which
affect the gte specific bicaccumu ation factorswithin a gven ecos/stem are many and varied.
Factors proposed to effect bioaccumulation rates incl ude the number of trophic | evel s present and
food web structure of the aguatic ecosystem, the abundance of sulfur reducing bacteriaand the
concentration of sulfates, dissolved oxygen, water temperature, organic carbon availability, pH,
the nature of the mercury source and other parameters(Porcellaet al., 1995).

Inthe absence of ste-gecific bicaccumulation factorsfor mercury, EPA recommended default
BAFs using the hioaccunulation factorsin (EPA 1997h) (seetable 5). In order to develgp asite-
specific bioaccumulation factor, concomitant measurements of mercury in fish and water are
needed. Water measurementsneed to employ utra clean sanmpling techniques(Gill and Brulamd,
1990) and pi comolar quanti fication methods of mercury determi nation in water (Bloom, 1989). In
this regard there is a dear need for EPA to promulgate a new analytical method for mercury under
the CWA which will have appropriate detection limitsin water and address the problems of

sampl e contamination in the current method.

While EPA’ s current human headl th criteri on per the draft CTR continue to use bioconcentrati on
factors from older lab studies, the EPA used bioaccumulation factors to assess ecologica and
human hedl th risk for the M ercury Study Report to Congress. That report recommended the use of
field derived hioaccunulation factors The Servicesare aware of currently available,
scientifically defensble fidd data which may likely permit calculation of site-ecific
bioaccumul ation factorsfor mercury at a number of Californialocations. These locations include
Clear Lake, Lake Nacimiento, Cache Creek, Wal ker Creek, Marsh Creek, Lake New Almaden,
the New Almaden Mine area, Marsh Creek, the Sacramento River, the Petaluma River, Certral
San Francisco Bay, South San Francisco Bay (Cal/EPA, 1997), DavisCreek Reservar, Snake
Creek, Lake San Antonio and Las Tablas Creek (Gill and Bruland, 1990) aswell asthe Y uba
River, the Feather River, the American River, and the Cosumnes River (Sotten et a ., vari ous
reports to Central Valley Regional Board 1999). Ongoing studies funded by CalFed may suppart
the devel opment of such bicaccumul ation factorsfor the Sacramento/San Joaquin delta area within
the next two years.

Bioaccumulation Hazards of Mercury to Reptilesand Amphibians: The maternal transfer of
methylmercury islikely to occur in amphibi ans and reptil es asit doesin fish and birds. The
Serviceis not aware of any avail able data on adverse effect residue concentrati ons in amphibi ans
or reptiles which would at thistime permit a calcuation of an effect threshdd for the red-legged
frog, giant garter snake or San Francisco garter sneke. The USPFWS has conducted a study with
the Biologi cal Resource Divison of United States Geol ogic Survey (USGS) withi n the Cache
Creek drainage on mercury bioaccumulation within the watershed. Resul ts from this study show
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maxi mum whole body mercury concentrationsin foothil | yell ow-legged frogs (Rana boylii) of
0.79 png/gww and 1.29 pg/g in bull frogs (Rana catesdbeiana). In the asence of specific
amphibian data the Services would recommend applying a fish model to assessing the risk to
amphibian eggs laid inwater and an avian risk model to evaluate impactsto predatory snakesin
aguatic environments.

Bioaccumulation Hazards of Mercury to Birds Mercury istransferred to avian eggs in proporti on
to the maternal dase (Walsh, 1990). Almast all of this mercury is methylmercury (Schwarzbach et
a., 1997; Wolfeet d., 1998). While some of this egg mercury represents materna body burden,
much of it reflects maternal diet during the immedi ate pre-laying period. Trophic position, and
mercury sourcesof contamination onthe breeding groundsare the mast sgnificant factorsin

predi cting mercury concentrationsin bird eggs. Only relatively minute mercury concentrations
arerequired to impair eggs.

There issubstantial data on mercury in avian eggs of a number of speciesthroughout California.
A few of these arefederd ly listed species. These data are summarized in the mercury appendix of
thisdocument. These data show that exclusvely pscivorousbirdstypically face the greated ri,
followed by partially piscivorousbirds Clapper rails a bernthic omnivore and partially
piscivorous bird, can aso achieve very high levels of egg mercury where sediment methylmercury
production is high. The Californi a cl apper rail in south San Francisco Bay has the maximum
sngle egg concentration of mercury measured inany Cdiforniaegg at 2.5 pg/g (fww)
(Schwarzbachet al., 1997). Other liged speciesfor which egg mercury data exist inCalifornia
include the light-footed clapper ral, the Y uma clapper ral, and the lead tern. Datafor deven
different bird gpecies(Schwarzbachet al., 1997) overwhelmingy show that birdsnesting in San
Franci sco Bay, including the least tern and the Ca ifornia clapper rail, are a much greater risk of
mercury bioaccumul ation thantheir cohartsneging dsewhere in California. Data dsoindicate
that Elkhorn Slough is nearly equally mercury impaired with regard to excessive bi oaccumul ati on
of mercury in fish eating birds(Caspan terns). The effects of the CTR mercury criteria, as
proposed, will leave this condition unchanged.

We are unaware, at thiswriting, of bald eagle egg datafor California. The only mercury data
avai labl e to the Servi cesis blood mercury data from the Klamath Basin (Frenzel and Anthony,
1989). These data showed a mean concertration of 2,290 ug/L. Thisisaconcentration 7.5 times
higher than bal d eagles kept in capti vity (Frenzel and Anthony, 1989) and well over the
concentration of 1,000 pg/L suggested asharmful.

Bald eaglesin Californiaare likely to be the species with the greatest concentrati ons of mercury
In eggs as nesting pai rs occur at mercury contaminated reservoirs throughout the Coast Range and
eaglesoccupy the highest trophic postion inthose systens. The proposed CTR mercury criteria
will leave this conditionunchanged, and likely not protect eaglesfrom bioaccumuation. This
conclusionis supported by the Mercury Study Repart to Congress (EPA, 1997b) which devel oped
an edimated tatal (asdisolved) mercury water concentration of 1.05 ng/L to protect the bald
eagle from the bioaccumulation of mercury throughout itsrange. While dte-specific factors may
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vary, itisunlikey that site specific bioaccumulation factors would | ead to anew criterion above
EPA’s50 ng/L human health criterion proposal .

Reproducti on is the most sens tive endpoi nt and mercury accumulated i n egg is the best predictor
of mercury ri sk to embryo survival. Egg mercury measurements are superior to measurements of
mercury concentration i n potentia prey items as proportions of possibl e prey in diet are not a ways
known. Ore of the significant facorsenhancing risk of mercury to the avian embrycs isthe lack
of any protecti ve detoxifi cation mechanism in the avian egg once mercury is deposited there. The
lowest adverse effect concentration in avian eggsis 0.5 pug/g (fww) (Fimreite, 1971).

The no adverse effect concentrati on in avian eggs is unknown. Mean fresh wet weight mercury
concentration infailed eggsof the Californialeast tem in San Francisco Bay in 1994 was 0.74
uo/g (fww). Californiaclapper rail failed eggs in 1992 had a mean of 0.63 ug/gmercury in eggs.

A mercury bioaccumulation factor (BAF) for water or sediment to egg may be derived ona site-
and geciesspecific basis The USFWShasderived a mercury BAF for water toleast tern eggsin
San Francisco Bay (descri bed below). A sedi ment BAF of 1,435 (on a ww basis) for
methylmercury accumuationin California clapper rail eggsfrom sediment hasbeen previoudy
described el sewhere (Schwarzbach et al., 1996). These BAFscan be used in equations together
withan edimated no observable advers effect level (NOAEL) for mercury in avian eggsto
estimat e a safe concentrati on in water or sedi ment for the respective species. Alternatively, one
may use the equations described and used in the M ercury Study Report to Congress (USEPA,
1997b) to derive an estimate of a safe concentration for mercury in water. These equationsrely on
di etary concentrations and bi caccumul aion factorsto fish together with a safe dietary daily dose
estimate. These two methods are compared below to derive awater criteri on for mercury
protective of the | east tern in San Franci sco Bay. All of these methods suggest that for the
mercury criterion to be pratective of wildlife the concentrations would need to be subgantially
lower than proposed inthe CTR.

Bioaccumulation Hazards of Mercury to Mammals Mammals that forage within aquatic
ecosysgems are at greatest ri Sk of mercury bioaccumulation. In mammali an tissues the greatest
concentrati ons of mercury are usualy found in liver and kidney. Mammalsthat consume fish, or
mammal sthat consume manmal sthat consume fish are generdly at greated risk.

O’ Conner and Nielsen (1981) found that length of exposure was a better predictor of tissue
residue level than dose in ottersbut higher doses produced an earlier onset of clinical signs. A
do<e of 0.09 ug/gbody weight (2 ug/g indiet as methylmercury) for 181 dayswasenough to
produce anorexi aand ataxia in two of three ottersin afeeding study of river otters (Lutra
candensis). Associated liver residueswere 32.6 pg/g (OConner and Nielsen, 1981).
Concentrationsof 21 to 23 pg/g inkidney and liver were associaed with liver and kidney

histd ogic alterationsin Rheaus monkeys (Riceet al., 1989). Muscl e ataxia, motor control
deficits, and visual impairment devel op as toxicity progresseswith convulgons preceding death.
River aters fed 8 pg/g methyimercury died within a mean timeof 54 days Asxciated liver
concentrationswere 32.3 pg/g (O' Conner and Ni e sen, 1981). While 8 pg/g or even 2 ug/g seems
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ahigher concentration than what southern sea otters are l ikely to encounter in their prey, the
duration of sea otter exposure inthewild islife-long. Asindicated by mercury residuesin sa
otter livers, and | aboratory feeding studi es showing the importance of duration of dose, life long
multi-generation exposuresto elevated mercury in diet may produce elevated mercury in tisues
and the attendant adverse effects. A long term exposure to mercury in the diet may result in the
mog exposed individual s experiencing decreased motor coordination, reduced sensary and mental
acuity, impaired kidney function, ataxia, anorexia and even death.

In Californathe listed mammal which may be at greatest risk from mercury is the southern sea
otter. The Californa sea dter populationis endangered and population levels are declining. Sea
otters forage inthe nearshore marine environment, fromthe intertidal to depthsexceeding 60 feet.
At Elkhorn Slough, otters are often found foraging well withinthedough. While seaotters,

unli ke river otters, are not excl usvely pi scivorous, they are opportunistic foragerson mussdl's,
snals, clams, crabs, squids, sea urchins, sar fishes and 9 ow moving fish among other organisms
(Estes, 1980; Zeiner, 1990). In captivity seaotters consume 15 to 35 percent of their body wei ght
in food daily (Lensink 1962). The metalolic demandsof sea otter exigence may thus result in
elevated rik of sea otter contaminant |oading, although a lower fraction of the mercury consumed
by omnivoresislikely to be methylmercury. Wren (1986) suggested normal mercury

concentrati ons in river otter livers were 4 ug/g (fww) or below. Livers collected from sea otters
found dead along the central California coast had a maximum mercury concentrati on of (60 pug/g)
(Mark Stephenson pers comm 1998). Of 125 sea otter livers examined for mercury on the
California coad, 56 had concentrations greater than 4 pg/g and 30 had concentraionsover 10
Mg/g. Four had concentrations over 30 pg/g.

Estimates of Mercury Criteria Protective of listed Fish and Wildlife Species:

The proposed CTR as pullished in the federal register states: "This rule isimportant for sveral . .
. reasons. Control . . . isnecessary to achi eve the CWA's god s and objectives. Many of
Californas. . . waters have elevated levelsof toxic pollutants. Recent gudies. .. indicate that
elevated levels of toxic pdlutants exist in fish tissue which resut in fishing adviories ar bans”
Many of these advisories exist due to mercury bi caccumul ati on which is e evated i n a number of
water bodiesin Califomia. San Franciso Bay trophic level 3 fish average 0.140 ug/g (San
Franci sco Regi onal Water Quality Control Board, 1995), aleve 2.7 timesthe national average
and 1.8 times the concentrati on of methylmercury in trophic level 3 fish of 0.077 pugHg/g,
(Nicholset d ., 1999) associated with EPA’ swildlife valuein water. It isthe Services opinion
that the effect of the proposed action (CTR) woul d be to effectively | eave this condition (fi sh
advi sories and elevated mercury i n trophic level 3 fish) unlikely to change. Further itisthe
opinion of the Servi cesthat sufficient datais available to al ow preliminary calcul ati on of
protective criteria in Californi awhich take into account site-specifi c bioaccumulation to fish.

Below we cdculate a hioaccumul ation based mercury criterion to protect salmonidsand a
bioaccumul ation based criterion to pratect the Cdifomialead tern in San Francisco Bay. While
additional research would nodoult improve the confidence in the calculaionsbelow, it is readily
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appaent from both the Mercury Study Report to Congress and our calculationswithavailalde
data, that the proposed criteriain the draft CT R would be too high to protect many top predators
in aquatic g/stems, including some listed goecies.

Estimating a Bioaccumulation Based Effect Concentration in Sa monids:

Neither the aquatic life criteria nor the human health criterion for mercury address the hazard of
bioaccumulati on of mercury to fish themselves, but only to the human consumers of fidh. Where
fish effects are considered in the aguatic life criterionit is only through direct waterborne toxicity.
Mercury resdue concentrations have been observed in mercury i ntoxicated trout of 4 ug/g
(Wiener, 1995). Brook trout with whole body concentrations of 2.7 ug/g exhibited reproductive
impairment (M cKim et al., 1976). Using the default BAF, from USEPA (1997b) we deri ve bel ow
awate concentration of 5 ng/L total dissoved mercury which could be asciated with
reproductive impai rment.

Adverse effect concentration [T-Hg] = Toxic to fish Hg whole body conc.
in water for trophiclevel 4 fish BAF,
= 2,700 ng/g
530,400 ng/g/pg/L
= 0.005 pg/L
= 5 ng/L

An examination of the data from rivers tri butary to San Francisco Bay in 1996 (SFEI, 1997b)

indi cates that the dissolved component of total mercury vari es seasonaly but averages 19 percent
13 percent and 7.5 percent for the Sacramento, Napa, and Petaluma Ri vers respectively. Using
these mean ratios, corresponding total mercury eff ect concentrationsin unfiltered weter of these
northern Califarniarivers would be estimated at 26, 38, and 66 ng/L. Appropriately protective
criteriashould be below the effect concentrations EPA’s51 ng/L criterion for human health
would be below only the Petaluma River effect estimate. Dividing the effect concentrati onsby a
safety factor of 2 would result in a fish protecti ve criteri on lower than the CTR human criterion
(51 ng/L) in al threerivers.

Egtimating a Bioaccumulation Based Mercury Criterion for Wildlife Species. Comparison of Two
Estimates Using an Oral Dose Model and an Egg BAF Model in the CaliforniaLeas Ternin San
Francisco Bay.

A wildlife criterion is defined by EPA to bethe highest concertration of a substance that causes
no sgnificant reduction in growth, reproduction, viability o usefulnessof a popuation of anmals
exposed over multi ple generations. For a specieslisted as endangered the fail ure to achieve
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concentrati ons a or bel ow an appropriate wil dli fe criterion may be critical to future survival of the
species Whilethe firal Mercury Sudy Report to Congress (USEPA, 1997b) developed a
wildlife criterion for the bald eage, the Services offer the fdlowing cdculationsusng Cdifomia
specific datafor the least tern and San Francisco Bay to ill ustrate that EPA’s Great L akes wildlife
criteria are more nearly appropriate than the human health criterion suggested by EPA as
protectionfor Californiaslisted wildlife gecies.

For the purposes of example i n this opini on, the Services have taken mercury datain water and
trophic level 3 fish (shiner surf perch, a prey item o the Califarnialead tern) fromthe San
Francisco Bay Regonal Maonitoring Program. Water mercury data collected by the San Franciso
Estuary Institute (SFEI) in the goring of 1994 fram 6 locations within central San Francisco Bay
were a so used. Fish mercury concentrations in shiner surf perch were matched with the two or
three closest water sampling locations due to the fact that fish are mobile and water concentrations
vary. Springtime water val ues were used because thisiswhen Californialead ternsare nesting in
the bay (April BAFsd so appear to generally beintermediate between February and August
values inthe Central Bay). Dry weight and wet weight bioaccumu ation factors for mercury in
shirer suf perch were calculated fromthe Regional Monitoring Program’ sdata and are presented
in Table 6.

Table 6. Dry weight and wet weight bioaccumu ation factors for trophic level 3(BAF,)® fishin
Central San Francisco Bay.

Fish Call ection Representative Water BAF, (DW) BAF, (WW)
Location Collection Points Total Total
unfiltered Hg unfiltered Hg

Richmond Harbor Point Isabel, Red Rock ,Yerba | 137,311 30,483
Buena

Berkeley Pier Point Isabel, Red Rock, Yerba | 118,098 27,163
Buena

Oakl and Inner Harbor Y erba Buena, Alameda 181,840 42 551

Oakland Middle Harbor | Y erba Buena, Alameda 72,290 20,530

Double Rock Alameda, Oyster Point 76,319 18,088

Idais Creek Y erba Buena, Alameda, Oyster | 53,917 13,425
Point

Geometri c Mean for 97,723 23,659

centra SFBay

@ Trophic level 3 fish are non-piscivorous foragng fish.

+ Mercury Data from 1994 Regional Monitoring Program (RM P) in SF Bay winter and spring of 199 4(SFEI, 1997).
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! Geometric mean dry w eight factor is used in |east tern criterion equation be cause the diet estimate for terns was based upon allometric equations using dry weight.

The following equation isused to calcuate awildlife criterionfor least terns Thisequaionis
identical to the ore described inthe Mercuy Sudy Repart to Congress Vdume VI (USEPA
1997D).

wC = TD x (JUF) x Wt,

W, + [(FD;)(F. x BAF,) + (FD,)(F, x BAF,)]

WC = Wildlife criterion (units ascalculated will be in mg/L; convert to pug/L)

Wt, = Average species weight (kg)

W, = average daly vdume of water consumed (L/d)

F, =averagedaly amount of food consumed (kg/d) (dry weight)

FD, = fraction of the diet derived from trophic level 3

FD, = fraction of the diet derived from trophic level 4

BAF, = aquatic life ioaccumu ation factor for trgphic level 3 (dry weight)

BAF, = aquetic life bioaccumu ation factor for tragphic level 4

TD = Thredhold doe (mgkg Body Wt/day). Idedly the threshold dose shauld be a bounded
NOAEC (No observed adverse effect concentration). 1f however aNOAEC isnot known
then an uncertainty factor may be appropriately applied to a LOAEC (Lowed observed
adverse effect concentration).

UF = Uncertainty Factor
The EPA procedure provides that in the absence of a NOAEC a LOAEC may be used
with the addition of an uncertainty factor. Other uncertainty factors may be applied where
thereis intergpeciesuncertai nty and when extrapol ating from subchronic to chronic
expoures

Equation Vaues usad for Least Tern

Californialeast tems afederally liged species are the smallest membersof the subfamily

Sterni nae (family Laridae), measuring about 22.9 cm (nine i nches) long with a50.8 cm (20 i nch)

wingspread and body wel ghts ranging between 45 and 55 g. They are excl usively pi scivorous and
typically consume suchtrophic level 3 fish astopamelt, anchovy, surf perch and jacksmelt.
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Trophic level 3 fish are those whi ch consume aquatic invertebrates, and planktivores. Thus, for
the leagt terninthisanalys s

FD, = 0and FD, = 1.0.

Using an average body weight of 0.05 Kg the F, valuefor food consumption per day (dry weight)
may be calcu ated usng allometric equationsfor seabirdsfound in Nagy (1987) :

gd =0.495(Bw)*"* . Thisresultsin F, = 0.0078 kg/day.

Allometric equations are also used to generate an estimate of W, . The fol lowing equation i sfrom
Calder and Braun, 1983:

L/day = 0.059(BW)°°" . Thisresultsin W, = 0.007 L/day.

A field derived BAF from central SFBay for total mercury (for comparative purposes) was
derived from synoptic sarmpling of fish (shiner surf perch) and water using ultra clean techniques a
6 central bay locations by the Regonal Monitoring programin 1994 (Table 6). ThisBAF was
derived fromthe geometric mean of these6 sites While field BAFsvary somewhat, USEPA
(1997b) recommends using the geometric mean BAF where exposure concern isfor repeated
ingegion. The dry weight geometric mean BAF for total unfiltered mercury to shiner surf perch in
Central SFBay is97,723 (Table 6). The allometric equati ons estimating food consumption of the
tern are dry weight based, thus dry weight mercury concentrations were used to deri ve the dry
weight BAF.

BAF, (dw) = 97,723 astota Hg (fiel d derived, Central SF Bay).

(Note: A total mercury criterion is developed hereto alow comparison of asampe wildlife
criteri on with the human health criterion proposed by EPA. Future development of wildlife
criteriafor Califomia should probably be based upon a dissolved mercury or dissolved
methylmercury concentrati on in water.)

The threshold dose value isfrom a three generation gudy feeding study in mallardswith
methylmer cury di cyandiamide (Heinz, 1979). Thel owest dose resulted in adverse effects on
reproduction and behavior, therefore, thisconcentraion repreeentsa LOAEC nat a NOAEC. This
isthe value used by EPA to calaulate wildlife criteriainthe final Mercury Sudy Report to
Congress(USEPA, 1997b).

TD =0.078 mg/kg/day

UF =3 The EPA procedure provides that in the absence of a NOAEC a LOAEC may be used
withthe addition of an uncertainty factor. Cther uncertainty factors may beapplied where thereis
intergpeci es uncerta nty and when extrgpolati ng from subchronic to chroni c exposures. Because
thefield speciesinthis case, the least tern, isa piscivorous bird and fi sh eati ng birds may have



Ms. FdiciaMarcus 159

greater capecity to demethylate mercury, no intergpecies uncertainty factor is applied. Because
the tested threshold dose was derived from a chroni ¢ 3 generation exposure no uncertainty factor
for exposure durationisapplied. Anuncertanty factor of 3 isapplied because the TDisa
LOAEC not aNOAEC. The detailed reasoning behind the uncertainty factor of 3 isprovided in
USEPA (1997b) and Nicholset al. (1999).

Compl eting the equation yields:

WC = 0.078mgkg/day x [1/3] x 0.05kg = 0.000001705 mg/L as dissolved total Hg
0.007 L/d + [1.0(0.0078 x 97,723 )]

WC =0.00171 pg/L or 1.71 ng/L total unfil tered Hg

Without usng the uncertainty factor of three, the equation produces an effect threshold
concentration for mercury in water where “take” may be edimated to occur for the lead tern.
This concentrationis 5.11 ng/L as a geometric mean.

We conclude that using an ora dose model per the methods of USEPA, 1997b, awildlife
criterionthat might be protective of Califarnia lead ternswould be 1.71 ng/L total unfiltered
mercury.

Tern egg bicaccumulation method: An alternati ve method to ca cul ate awildlife criterionisto use
the egg resduesfrom the field and divide by the associated water mercury concentrations to
develop an egghvater bioaccumulation factor.  The egg/water BAF can then be used with
established val ues of egg residues associated with embryo toxicity to determine awildlife
criterion. This method can then be assessed and compared with the dietary method of EPA for
independent validation.

Six fail-to-hatch Californial east tern eggs from the nesting colony at Alameda Nava Air Station
in 1994 were ana yzed for mercury content. The wet weight mean concentrati on was 740 ng/g
and concentrations ranged from 390 ng/gto 1,300 ng/g (Schwarzbach et al., 1997). Water
mercury datain 1994 was cdllected as part of the Regional Monitoring Program by the San
Francio Egquary Ingitute (SFEI) at a nunber of stations in San Francisco Bay. The mean
mercury concentration inunfiltered water in April amaong the following five central bay sites
(Point Isabel, Red Rock, Yerba Buena, Alameda and Oyger Point) was 4.7 ng/L. Thisvalueis
used to estimate the water mercury concertration for the BAF calcuation. The April datawas
sd ected because of their proximity to the egg | ayi ng season for terns.

The following equations are used to cal cul ate a protective criterion for total mercury in water.
Wet weight val ues are used because toxic thresholdsfor mercury in eggs are typically expressed in
wet weight.

species-specificfidd BAF = measured egg concentrati ons
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for Ca least terns measured wat er concentration
=  740ngg = 157 nglginglL
4.7 ng/L

A water criterion can now be derived by dividingthe avian egg NOAEL by the field BAF.
Unfortunately thereisno known bounded avian egg NOAEL. The LOAEL however is500 ng/g
(ww). Using aLOAEL /NOAEL ratio for mercury concentrations in avi an egg of two, one obtai ns
acaculated NOAEL o 250 ng/g.

NOAEL concentrationinegg =250 ng/g = 1.59 ng/L tota mercury
Fiddegg/water BAF 157 ng/g/ng/L

Dividing the NOAEL by the BAF resuts ina calculaed water criterion concentration of 1.59
ng/L total mercury, a value comparale to the 1.71 ng/L reault of the oral dose model presented
above.

Without the uncertainty factor of 2, an effect threshold of 3.2 ng/L is cal culated as total mercury
(in urfiltered water).

EPA hascalculated a piscivorouswildlife criterion value of 0.05 ng/L asmethylmercury or 0.641
ng/L total "agqueous’ (dissolved) mercury for protection of piscivorous wildlife (USEPA, 1997h).
Thewildlife criterion calculated by EPA in the Mercury Study Report to Congress was not
released as afinal report prior to the publi cati on of the draft CTR in the federa register (USEPA,
1997¢) and the mercury criterion for Cal ifornia water bodies as proposed in the CTR does not
reflect thisnow availabe science. This"criterion value" has thusfar been dfficially issued only in
areport to Congress not asguidance to the states asa basisfor regulating water quality.

The criteri a cal culations presented above were done to eval uate the degree of protectiveness of
EPA's CTR mercury criteriafor a listed pisci vorous species using s te-specific bioaccumulation
factors; to conpare that dte-gecific criterion with criteria developed in the Mercury Sudy
Report to Congress; and to evaluate the comparative usefulnessof the egg hioaccumulation model
with theora dose model used by EPA in predicting mercury toxicity to avian reproduction. If
comparable, this method may sarve asa valual e alternative to the aral dose model for avian
specieswhere egg mercury and water data are available but dietary concentrations are not known.
Thismodd is most useful i n predi cting toxicity of bi oaccumul ated compounds to birds when the
most sensitive endpoi nt is embryo toxicity.

The Californialeast tern is exclusively piscivorous, or nearly so, and therefore tern mercury

bi oaccumulation, unlike clapper rail, is mog directly dependent upon mercury concentrationsin

the water column. Another advartage of using the tem as amodel geciesfor edimating a water

basad criterionis that mercury datain fish, water and eggs exist from the same time period which
allow a calculaion of mercury criteria usng both models The three sub-speciesof clapperrails
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(Yuma, li ght-footed, and Californi a subspecies) have a mercury exposure pattern complicated by
their benthic faraging habits and minor pscivary. Far the bald eagle EPA has already devel gped
acriterion (USEPA, 1997b). The Californi aleast tern diet overl apsin significant waysthe
potential diet and mercury exposure levelsof the federally protected marbled murrel et.

The wildlife criteria cal culated in the Mercury Study Report to Congress (1997b) was based on
risk estimates to six speci es, two speci es of fish eating mammal s (mink and river otter) and four
species of fish eating birds (loons, bal d eagles, kingfisher and osprey). Criteria were calcul ated on
amethyl mercury basi susing an oral dose model similar to that used inthe Great Lakes Initiative
(USEPA, 1995h). Table 7 comparesreaultsof the twomodels with thevariouswildlife criteria
devel oped by the USEPA (1997b) and the mercury criteriafor Cdifornawater bodiesas
proposed in the CTR.

Calculated water concentrations protective of terns from each of the two methods produce similar
numbersfor total mercury. The calculaed wildlife criterionusng EPA'soral dose model is1.71
ng/L (oral dose model) while the egg hioaccumuation model estimates1.59 ng/L (BAF model).
These numbers are aso in close agreement with EPA’ s overal number of 2.3 ng/L for pisci vorous
mammalsand birdsand clearly indicate that mercury criteria as proposed in the CTR are between
one and three orders of magnitude under protective for listed wildlife speciesind uding the least
tern and ba d eagle. T he Servi ces conclude that the egg BAF mode is capable of caculating a
criterion comparable tothe oral dose model prediction. The Services further canclude that
criteriadevel oped in the Mercury Study Report to Congress(1997b) would likely be sufficiently
protective for the leag tern and other piscivorous wildlife species in California.

Table 7. Mercury criteria concentrationsin fresh water.

Source "protected dis. methyl | dis. total unfiltered bass o criteria
enti ty" Hg Hg total Hg
USEPA1997b. | loon 0.067 ng/L 0.859 ng/L" 3.09 ng/L* Oral dose model
eagle 0.082 ng/L 1.051 ng/L" 3.78 ng/L*
kingfisher 0.027 ng/L 0.346 ng/L" 1.24 ng/L*
osprey 0.067 ng/L 0.859 ng/L" 3.09 ng/L*
mink 0.057 ng/L 0.73 ng/L" 2.63 ng/L*
river otter 0.042 ng/L 0.54 ng/L" 1.94 ng/L*
Piscivorous 0.05 ng/L 0.641 ng/L" 2.3 ng/L*
Wil dlife
FWS (oral Ca. least tern 0.46 ng/L* 1.71 ng/L oral dose model
dose)
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FW'S (egg Ca least tern 0.44 ng/L* 1.59 ng/L egg BAF model

BMF)

CTR aquatic life 770 ng/L 2,772 ng/L* | waterborne toxicity
(chronic)

CTR aquatic life 5,040 ng/L* | waterborne toxidaty
(acute)

CTR human health 50 ng/L 1980 BCFs

Former CA Aquatic Life 12 ng/L literature evd uation

Standards (chronic)

Former CA Aquatic Life 2,400 ng/L literature evd uation

Standards (acute)

~ EPA methylmercury values are corverted to dissolved total mercury by using 0.078 as anestimate of the fractionof methylmercury as a
proportion of total mercury. This was EPA's “best” estimate (USEPA, 1997b). Methylmercury data for waters in San Francisco Bayis not
available.

*Dissolved total mercury is corverted to total urfiltered mercury and vice versa for all values by multiplying or dividing as appropriate by te ratio

of total to dissolved (3.6) mercuy to be corsistentwith conversionfactor used in developingtern criteria. Values from 1994 RMP data from
central San Frarcisco Bay (SFEI, 19973).

Summary of Mercury Effedsto Listed Species

Birds

Bald Eagle The bald eagle is agenerai zed predator/scavenger primarily adapted to edges of
aguatic habitats. Its primary foods, in descending order of importance, are fish (taken both alive
and as carrion), waterfowl, mammalian carrion, and small birds and mammals.

The Klamath Basin in northern Californi aand southern Oregon supports the largest wintering
popuation of eagesin the lower 48 gates, where up to 1000 birds may congregate at one time.
Elevated mean mercury concentrations of 2.25 pg/L in the blood of bald eagleshas been
documented in the Klamah Basin (Frenzel and Anthony, 1989). Bald eagle exposure to elevated
concertrationsof mercury in Califarniaislikely, particularly ineagleswintering and breeding at
coadal mountain reservarsand associated watersheds Thisexposure however, ispoarly
documented i n eagl e ti ssue and egg residues of mercury.

Scattered small er groups of wintering eagles occur near reservoirs, and in close proximity to | arge
concertrationsof overwintering migratory waterfowl. Inrecent years San Antonio Reservoir has
become an important winteringareafor bald eages. Anestimate of 50+ eagles regulary winter
there. These eagles may be exposed to hazardous mercury concentrati ons in the diet by foraging
at nearby Lake Nacimiento. Important breeding sites for bald eaglesinclude L ake Nacimierto.
Lake Nadmiento ismercury impaired, and hasa human health fish consumption advisory due to
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mercury: women are cautioned against consuming any large mouth bass and no one shauld eat
more than 24 ouncesof large mouth bass per monthfrom this lake (Cal EPA public health
wamings). USEPA (1997b) has developed a mercury criterion for water protective of bald eagles
of 1.05 ng/L (as dissolved total mercury) bu this recommendation was published after the CTR.
The Service concludesEPA’ sproposed aquetic life and human health mercury criteria of 770
ng/L and 50 ng/L, respectively, in the CTR are nat protective of bald eagles

CdliforniaLeast Tern: Californi aleast terns are an exclusively piscivorous bird. Information
presented above demondrates that permissible concentrationsof mercury in water under the CTR
would produce elevated concentrations in tern eggs and prey sufficient to impair least tern
reproduction. Inthe case of terns neging in San Francisco Bay, mercury hasalready been
measured in eggs with concentrations high enough toimpair avian reproduction (> 0.5 pg/g ).
Concentrations infail to hatch tern eggsfrom Alameda Naval Air Station in 1994 ranged from 0.4
to 1.24 png/g fww with amean of 0.74 pug/g. The current mercury threat islower to | east terns
nesting i n southern California. Eggsin 1994 from San Diego had mercury concentrations ranging
from 0.12 t00.26 pg/g with a mean concentrationof 0.19 pg/gww. However, permissble
concentrati ons under the CTR could allow mercury concentrati onsin Southern California bays
and eduaries afficient toadversly effect tem reproduction. The Service hascalculated a
criterion value for the lead tern of 1.71 ng/L using EPA methodd ogy (EPA 1997b) and ste
speafic bioaccumulation factorsfromcentral San Frarcisco Bay. Altematively the Service has
used tern egg data to calculate a criterion of 1.59 ng/L usng an egg biocaccumulation model.
These two criteria calculations developed independently confirm that EPA’ s criteri on of 50 ng/L
will nat proted the lead tern. The Service further concludes the mercury datus o ternsin San
Francisco Bay would not be improved by the CTR.

California Clapper Rail: The extant range of the Cd ifornia clapper rail is restricted to marshes of
the San Francisco Bay Eduary. California dapper railsfeed almog exclusively onbenthic
invertebrates, are non-migratory and vulnerable to | ocal parti culate and waterborne mercury
inpus. Mercury contaminationin railssummarized above and in the mercury appendix o this
document indicates California dapper railshavethe highes concentraion o mercury measured in
asinge egg o any spedes nesting within San Francisco Bay (Schwarzbachet al, 1997). Mean
concentrationsin 36 fail to hatch eggsin 1992 was 0.63 pg/g (fww). The percentage of non-
viabl e eggs among south bay marshesin 1992 ranged from 24 to 38 percent. B ased upon current
mercury impairment, and the range of wildlife criteria values for mercury between 1 and 3 ng/L
total mercury summarized above, the Service concludes that neither the praposed dissolved
numeric aqueati c criterion of 770 ng/L nor the total mercury criterion of 50 ng/L for human hedl th,
would improve the current mercury status of therail. The Service further concl udesthe
promulgati on and adopti on of these criteriafor San Francisco Bay could reduce incenti ves for
mercury emission cortrol drateges that would berefit therail.

Yuma Clapper Rail: With a biol ogica profile very smilar to the Californi acl gpper rail, the Yuma
clapper rail issimilarly wulnerable to mercury contamination of prey and eggs There is reason to
suspect patential for mercury contamination of Yuma Rail halitat in tributariesof the Colorado
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River downstream of dischargesinto Bat Cave Wash. Additionally the e evated sel enium
concentrati ons, the i nteracti ve potential for sel enium and mercury toxi city to avian embryos and
the lack of protection afforded by the human health criterionfor mercury to Y uma clapper rails
leads the Service to conclude protective mercury criteria are needed for the Y uma clapper rail.

Light-footed Clapper Rail: With abiol ogical profil e very similar to the Cdifornia clapper rail , the
light-foated clapper rail issimilarly wvulnerable to mercury contamination of prey and eggs While
the Service knows of no current mercury threst to the light-footed clapper rail, the potential for
future mercury concentrations to increase with adoption of the CTR |leadsthe Service to condude
more protective criteria are needed for the light-footed rail. The non-mi gratory, benthic foraging
niche and fragmented hahbitat of light footed rails places them at great risk of locally elevated
concentrations of mercury within tidal marshes.

Marbled Murrelet: During the breedi ng season marbled murrelets forage in near shore

envi ronments i ncl udi ng bays and estuari es on small fish and euphasid shrimp. They have also
been known to forage to aminor degree on salmoni d fry in freshwater environments. Asa
piscivorous bird, much of the di scussion provided above for the | east tern regarding the
inadequacy of the CTR-proposed mercury criteriamay also apply to the marbled murrel et.

Adverse i mpacts from increased permissible concentrati ons of contami nants as proposed in the
CTR to prey speci es such asthe Pacific sardine, herring, topsmelt, and northern anchovi es, has the
potentia to significantly reduce long-term reproductive success of marbled murrelets (USDI-FWS,
1997). Advers effeds to prey speciesspawnng and nursery halitats have the potential toimpair
population size and reduce recrui tment throughout their range in California. The vulnerability of
marbled murrelet populationsin conservati on zones 5 and 6, coupled with elevated concentrati ons
of contaminantsin spawning and nursery areas for murrelet prey speci es increase the risk of
bioaccumulation of mercury and slenium The synergistic effects of these contamnantspos a
significant threat to marbl ed murrel et reproduction throughout conservation zones5 and 6 and to a
lesser degree in corservation zore 4.

Consequertly, urtil speciesspecific data are cdlected or gecies specific madeling isconducted
for the marbled murrelet, amercury criterion smilar to that developed in thisopinion for the
California least tem or the Mercury Study Report to Congressmust be viewed as the applicable
guidance far pratection of marbled murrelets.

Amphibians and Reptiles

Reptilesand amphibiansremain the lead studied vertebrates for mercury toxicity. Itisal likely
that aguatic food chai n contaminati on by mercury would be the most significant pathway of
exposure aswould maternal transfer of methylmercury totheeggs. The Service believesa fish
risk model may be mog appropriate for assessing mercury hazard to amphibianssuch asthe red-
legged frog. This assessment may however be overly simpligic. Development of amphibiansis
unique among vertebrates inthe occurrence of hormanally mediated ontogenetic metamorphoss
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within the water column (Duel Iman and Trueb, 1986). Chroni ¢ studi es in frogs of the effects of
mercury contamination are generally lacking.

Californi ared-l egged frogs spend mogt of their livesin and near shel tered backwat ers of ponds,
marshes, rings streams and reservoirs. These typesof environmentsare paticularly wvulnerable
to mercury contamination due to favorable conditions far the converson o inorganic mercury to
methylmercury. Red-egged frogsare reduced to about 30 percent of their hidoricd range with
mog of the remaining popuation limited to coadal drainages. Several hundred abandoned
mercury mines of varyingsizesand gates o remediation or digepair currently contaminate this
region with bath inorganic and methylmercury. These mines and associaed contaminated
landscapespresent potential expodure pathwaysfor mercury to the hahitat of the red-legged frog.
Mercury resdue datain yell ow-legged frogs downstream from abandoned minesin the Cache
creek data cited above and provided inthe mercury appendix indicate rand frogs may
bioaccumulate mercury in the vicinity of these mines. The Service therefore concludes

appropri ate mercury criteria are needed for protection of red-l egged frogs.

The Service wasnot able to locate any published acute or chronic studiesof mercury in snakes.
Studies of mercury in garter snakes are needed to better evaluate the protection afforded to these
speciesof proposed mercury criteria.

Fish

Based on the i nformati on presented above on the toxicity of mercury to salmonid fish at 100 ng/L
concentrati ons, it would appear the aquati c li fe criteri on is unprotective of listed sal monids and
possibly other fish oecies aswell (Weiner and Spry 1995). Based on the review of mercury
bioaccumul ation factorsin fidh, it appearsthat harmful degreesof maternal transfer of mercury to
fish eggs and young could occur at concentrations bel ow the lowest CTR cri teri a number for
mercury (50 ng/'L). Mercury intoxicated rainbow trout have between 4 and 30 pg/g in whole
bodies whileintaxicaed embryoscontain 0.07 to 0.1 pg'g (Wener 1995). Application of EPA
bioaccumul ation factors predicts reproductive adverse efect concentrationsat 5 ng/L total
aqueous mercury. Due to the potential for € evated concentrati ons of mercury in water and/or
biota in anumber of Californiawater bodi es, and dueto the life hi story characteristics, the
Services believe an exposure pathway existsfor the fdlowing liged or proposed fish gecies all
runs and ESUsof coho and chinook salmon and geelhead trout, Little Kem Gdden traut, Paiute
cutthroat trout, Lahontan cutthraat trout, borytail chub, unarmored threespine gickleback,
shortnose sucker, Lost River sucker and the Sacramento littail.

Mammals

Southern Sea Otter: Southern sea ottersare known to forage at the mouths of freshwater systens as
well asin shallow marine waters adjacent to the coast. Califarnia has abundant geol ogic saurces
of mercury and along hi story of mercury contamination associated with mercury mining,
particularly in the Coast Range. These sources of mercury often are coincidental with headwaters
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of greamsdischarging to the central Califomia coad. Liverscollected fram sea ottersfound dead
aongthe centra Californiacoast range as high as 60 pg/g (Mark Stephenson, CDFG, pers comm
1998). Of 125 California coast sea ottersexamined for mercury in liver, 45 percent had
concentrati ons greater than what may be considered anormal river otter ambient concentration of
4 ug/g. Onefourth of these salvaged i ndivi dua s had concentrations over 10 pg/g and 3 percent
had concentrations over the 30 ug/g hepatic concentration asociated with lethality. Acute
mercury poisoning in mammalsis primarily manifested in central nervous system damage, sensory
and motar deficits, and behavioral impairment. Animalsinitially become anorexic and lethargc.

Sea ottersare voracious consumers eating asmuch as 35 percert of their body weight per day.
Thishighforage rate leavesthem potentially vulnerable to dietary contaminant loading. The diet
of sea otters congsts of dow moving fi sh and invertebrates (Estes, 1980). Sea otters obtai n about
23 percert of their water needs from sea water, making them vunerable to impeired kidney

functi on from inorgani ¢ mercury and cadmium. The proxi mity of otter foraging to elevated coast
range discharges of mercury and cadmium places the otter at risk of dietary mercury and cadmium
exposure. Given the potentia for exposure and the documentation of elevated concentrationsin a
significant fraction of dead dtersthe Service concludes a mercury wildlife criterion comparakde
to that developed for piscivorous wildlife in the Mercury Study Report to Congress is needed for
sea otter protection.

EPA modificationsaddressng the Services April 9, 1999 draft Reasonable and Prudent
Alternativesfor mercury:

The above effect analyds evaluatesthe draft CTR as ariginally proposed in Augud of 1997.
EPA has agreed by letter dated December 16, 1999, to modify its action for mercury per the
following to avoid jeopardizing listed species

A EPA will reserve (not pronulgate) the proposed freshwater and saltwater acute and
chronic aquatic life criteria for mercury in the final CTR.

B. EPA will promulgate a human health criterion of 50 ng/l or 51 ng/l as designated within
the final CTR for mercury only whereno more restrictive federal ly-approved water
quality criteria are now in place (e.g., the promulgation will not affect portions of San
Francisco Bay).

C. EPA will revise its recommended 304(a) human health criteria for mercury by January
2002. EPAwill propose revised human health criteria for mercury in California by
January 2003. The criteria should be sufficient to protect federally listed aguatic and
aquatic-dependent wildlife species EPAwill work in close cooperation with the
Services to evaluate the degree of protection afforded to federally listed species by the
revised criteria. EPA will solicit public comment on the proposed criteria aspart of its
rulemaking process, and will take into account all availableinformation, induding the
information contained in the Services opinion, to ensure that the revised criteria will
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adequately protect federally listed ecies. If therevised criteria areless stringent than
those proposed by the Servicesin the opinion, EPA will provide the Services with a
biological evaluation/assessment on the revised criteria by the time of the proposal to
allow the Services to complete a biological opinion on the proposed mercury criteria
before promulgating final criteria. EPAwill provide the Services with updates
regarding the status of EPA’ s revision of the criterion and any draft biological

eval uation/assessment asociated with the revision. EPA will promulgate final criteria
as soon as possble, but no later than 18 nonths, after proposal. EPA will continue to
consult, under sction 7 of ESA, with the Serviceson revisions to water quality
standards contained in Basin Plans, submitted to EPA under CWA section 303, and
affecting waters of California containing federally listed species and/or their habitats.
EPA will annually submit to the Servicesa list of NPDES permits due for reviewto allow
the Servicesto identify any potential for adverse effects on listed species and/or their
habitats. EPA will coordinate with the Serviceson any permitsthat the Servicesidentify
as having potential for adver se effectson listed species and/or their habitat in
accordance with proceduresdescribed in the draft MOA published in the Federal
Register at 64 FR 2755 (January 15, 1999) or any modifications to those procedures
agreed to in a finalized MOA.

D. EPA will utilize exiging information to identify water bodies impaired by mercury in the
State of California. Impaired isdefined as water bodies for which fish or waterfowl
consumption advisories exist or where water quality criteria necessary to protect
federally listed species are not met. Pursuant to Section 303(d) of the CWA, EPA will
work, in cooperation with the Services and the State of California to promote and
develop strategies to identify sources of mercury contamination to the impaired water
bodies where federally listed species exist, and use existing authorities and resources to
identify, promote, and implement measures to reduce mercury loading into their habitat.

(See also “ Other Actions B.” below.)

E. EPA promulgated a newmor e sensitive analytical method for measuring mercaury (see 40
CFR Part 136).

Services assumptionsregarding EPA’s modificationsto the proposed action for removing
jeopardy.

Inmadifying our April 1998 jeopardy gpinion and the modified draft RPAsconsdered in April
1999, the Services have assumed the foll owing regardi ng EPA’s proposed modifications:

Contaminant threatsto lised speciescan be reduced through application of appropriatdy
protective water quality criteriatothe water bodies occupied by liged species

The presumpti ve adverse effect threshol d for identifying effectsto listed species, is ether the
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exceedance o the criteria proposed in thisopinion to protect listed gecies or demondrated
effects below those propased criteria concentrationsfor the priority pollutant under condderation.

The adjugmentsof criteria as proposed in the CTR by EPA for water bodiesoccupied by ecies
considered i n this opini on will be consistent with the effects anal ysisin thisbiological opinion
unless new information is developed by EPA.

EPA adjusments of criteriawil | occur within agreed upon time frames.

Promulgationsby EPA of the new mercury human health criterion will apply to dl water badiesin
California containing listed species and /or their habitats considered i n this opini on by June of
2004.

The modification of 304a human heal th criteri on for mercury which precedes EPA’s promulgation
of criteriain Californiawil | serve asthe sciertific gudance to permit writersfor those permts
with mercury dischargesinto watersoccupied by listed peciesafter January 2002

The revi sion of the human heal th mercury criterion will employ field derived bioaccumulation
factors and thi swill result in a substanti a | owering of the present criterion. The Servicesthus
assume this revisionwill represert a substantial inprovement statewide in the mercury water
quality olyectivesfor bothlisted aquatic eciesand wildlife Peciesthat farage within aquatic
sydems.

Thedraft CTR human health criterion of 51 ng/L will apply only where no more restrictive
criteriaare in effect, including San Francisco Bay.

The reservation of the acute and chronic aquetic life criteria far mercury meansthese criteria will
not be used for regulatory purposesin California.

Pentachlorophenol (PCP)

Adequacy of Proposed Criteria

Aquatic Life Criteria

The EPA hasproposed a pH-deperdent freshwater acute criterionof 19 pg/L at pH= 7.8 (CMC =
exp(1.005(pH)-4.830)), and apH-dependent freshwater chronic criterionof 15 ug/L at pH=7.8
(CCC = exp(1.005(pH)-5.290)) for PCP (USEPA, 1997¢). If the CTR ispronmulgated as
proposed, sal monids and other listed fish could be exposed to ambient levels of PCP at or bel ow
the propaosed acute and chronic criteria. After areview of theavailable data the Services

concl ude that the proposed acute and chronic water qual ity criteriafor PCP are not protective of
endangered and threatened fish. Cumrent literature indicatesadverse effectsof commercial
(technical grade) PCP on reproduction, early life gage aurvival, growth, or behavior of saimonid
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species a concentrations at or below the proposed criteria. EPA has not included withi n the
criteriainteractive effectsof pH, dissdved oxygen or temperature on toxicity of PCP to fish.
These factors exacerbate the del eterious effect of PCP toxicity on salmonidsat the proposed
criteria concentrations The criteria also donot consider bioconcentration of PCP or itsimpurities
into aquatic organismsand subsequent ingestion by wildlife.

EPA hassuggeded to the Services that drinking water $andards far PCP (0.28 ug/L) could serve
to protect sal monids. These standards, however, do not apply in water bodi es without the
appropriate M UN designation. MUN isthe beneficial use designati on for water bodies that serve
as municipal and domestic water supply. The fdlowing water bodies srve ashabitat for lided
fish peciesand do not have the MUN desgnation. Listed sailmaonidsand other fish peciesin
thesewater bodiesare dependent upon the aguatic life criterionalone for protection. Therefore,
adverse effects to listed species occurring within these water bodies are li kely to occur.

Region 1. Lagunade Santa Rosa
Region 2: First Valley Creek (tributary to Drake's Estero)
Coad Creek
Alamere Creek
BolinasBay tributaries
Rodeo Creek (tri butary to Rodeo Lagoon)
Mill erton Gulch (tributary to Tomales Bay)
Walker Creek ard tributaries
Bear Valley Cr., Devil's Gulch, and Gulch Creek (tributari esto Olema
Creek)
Frenchman's Creek
Purigma Creek
L obitasCreek
TunitasCreek
San Gregorio Creek and tributaries
Pomponio Creek
Butano Creek
San Rafael Creek
Corte MaderaCreek and tributaries
Coyate Cr., Old Mill Cr., and Arroyo Corte Madera del Presidio
(tributaries to Richardson Bay)
San Leandro Creek and tributaries
Alameda Creek and tributaries
Region 3: Wat sonvill e S ough and tributary doughs
Region 5: Battle Creek
Thomes Creek
Big Chico Creek
Stony Creek
Butte Creek (below Chico)
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Lower YubaRiver (below Engelbright Dam to Feather River)
Mokelumne River (Comanche Reservar to Delta)

Hazards of PCP

PCP Sources, Chenistry, and Environmental Fate

PCP at one time, was one of the most widely used biocides. In 1986, approximately 28 million
pounds were used in the United States 1t was regstered for use as a molluscide, fungicide,
herbicide, insecticide, di sinfectant, wood preservative, dimicidein pulp and paper products, and
paint preservative. Its use wasrestricted by EPA snce 1984, consequently it isno longer
available for hame and garden use (ATSDR 1993). Appraximately 80% of the tatal technical
grade PCP useisfor wood preserveation. The mgority of wood treated with PCP isdone so
commercially, using pressurized treatmert. Treatment with PCP resutsin a5 to 8-fold increased
useful life of wood praducts. The aqueousform, sodium pentachlorophenate (NaPCP) hasbeen
used in presoard, insulation, and indudrial coolingwater, among ather uses(Crosby 1981;
Eisler 1989).

Inthe U.S., PCPis produced by the chlorination of phenolsin the presence of cataysts. The
alternative production process hexachorobenzene hydrolysis isna used inthe U.S Commercial
grades of pentachlarophenol, alsoreferred to astechnical PCP, are generally about 86% pure.
Reagent gradeand purified forms of PCP have been used extensively intoxidty teging inorder to
differentiate the toxicity of PCP in relationship to the numerous impuritiesfound in commercial
preparations. However, the Services assume that technical grades of PCP are the forms more
commonly released to the environment.

Impurities found in commercia preparations of PCP i nclude rel ati vely high concentrati ons of
chlorophenols, polychlorinated dibenzodi oxins and dibenzofurans (PCDD/Fs),

hexachl oroberzene, chiorinated phenoxyphenols and chlorinated diphenylaxides (USEPA 1980;
Eisler1989; Cleveland et al. 1982; Hamilton et al. 1986). Chlorinated phenoxyphenolsand other
compoundsfound in PCP can be precursorsto theformation of PCDD/Fs (Cleveland et al. 1982;
Hamilton et al. 1986). PCDD/Fs are known to bioaccumulate in the environment and are a so
highly toxic to avian and mammalianwildlife. The bioaccumuationand chronic toxicity to
wildlife of the ather impuritiesfound in commercial PCPsare nat well knovn. The commercial
preparations of PCP have been found to be 5 to 6-fold more toxic to fathead minnow than are
purified PCP forms It isbelieved that the impuritiesin conmercial PCPs are largely responsble
for the enhanced toxicity (Cleveland et al. 1982).

PCP can be released i nto the aquatic environment i n runoff and i n wood-treatment effluents. The
majority of wood treatment plants evaporate their waste water, sothey do not discharge to suface
waters. Therest of the wood treatment plants dischar ge to waste-water treat ment fecilities. Prior
to EPA redricting its use, dischargesto water tataled approximately 37,000 pounds annually.
Releases to the aguati c environment now are expected to be less. In 1991, Toxics Release
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Inventory dataindicates tota releasesto the environment (incl uding discharge to water, air and
sail) from certainfacilitieswere 16,296 pounds Total releases tothe environment are likely
higher than reported by the Toxic Release Inventary, because data are available for only certain
typesof facilities required to report releases (ATSDR 1993).

PCP issduble inmost olvents and slightly soluble in water. In contrast, the sodium salt of PCP,
NaPCP, i s very water soluble. However, the chemica properti es of PCP are closdly related to the
pH of the aqueous solution. PCP hasapK , of 4.7, which meansthat at apH of 4.7, aqueous
salutiors will contain 50% ionized PCP. At pH 6.7, in therange of many raturd waters, PCP is
99% ionized. However thetoxicity of PCP increases asthe pH of the water decreases, because
the un-ionized form (which i s favored at low pH) passively diffuses across the gill membrane
(USEPA 1986). The propased criteria are pH-dependent because PCP ionization inwater
increases with an increasein pH (i.e., PCP ismoretoxic at lower pH because the un-ionized form
which crossesthe membrane ispredominant over the ionized farm).

Once rel eased to water, the half-life of PCP rangesfromlessthan one day to 15 days. The degree
of degradation iscontrolled by amount of incident radiation (sunlight penetration), dissolved
oxygen, and pH of thewater. Photolysis and degradation by microorganisms are considered the
ma] or mechanisms by which PCP is degraded in waer. Degradation of PCP in waer formsother
compounds primerily pentachorcaniole, 2,3,4,5-tetrachl orophenol, 2,3,4,6-tetrachlorophend,
and 2,3,5,6-tetrachlorophenol (ATSDR 1993).

Ambient surface water concentrations of PCP have beenreparted to generdly be between 0.1 to
10 pg/L (asof 1979, ATSDR 1993). These values are within therange of the progposed chranic
criterion for PCP (assuming a neutral pH = 6.7, the chronic criterion is4.95 pg/L). Industrialized
areas and areasnear paper mlls and wood treatment facilities, have levelsat the high end of that
range, or even higher. However, much of the existing published data on surface water
concentrationsis fromthe 1970's priar to itsuse redrictionsby EPA. Collecting additional data
on ambient PCP concentrati ons in streams supporting federall y listed fi sh wauld help identify
locations where PCP may be aproblem for listed fish speci es.

Toxicity

The mechanism of PCP toxic action isregarded to be viareduced production of adenosine
triphosphate (ATP) and alterati on of liver enzymes, which control energy metabolism. The
response to thiseffect isan increased basal metabolian, reaultingin increased oxygen
conumptionand high fat utilization (Webb and Brett 1973; Chapman and Shumway 1978;
Johansen et al. 1985; Nagler et al. 1986; Eider 1989). Growth parameters and

locomoti on/acti vity have been found to be senstive endpoints for sl monids and other fish
exposed to PCP (Hodson and Blunt 1981; Webb and Brett 1973; Dominquez and Chapman 1984;
Brown et al. 1985; Johansen et al. 1987; Brown et al. 1987). The fact that the mechani sm of
action affects energy metabolian issuppaort for use of growth parameters (eg., reduced growth
rate, reduced biomass) and activity parameters(reduced svimming activity, reduced prey
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conumption, reduced predaor avoidance) to be used as sngtive and appropriate endpointsin
sublethal toxi city tests. T his mechani sm also supports the conclusion that early fry, which have
just finished utilizing the yolk sac and have begun to feed on exogenous sources of food, are
among the most ensitive life dages teded.

In general, fish are more sersitive to PCP than are ather aguatic organians Salmonids have been
found to be the most sensitive fi sh species tested under acute exposure conditi ons (Choudhury et
al. 1986; Eider 1989; USEPA 1980, 1986b, 1995b, 1996c). Warmwater speciesare generally
less sengiti ve than coldwater speciesin acute letha toxicity tests (USEPA 1995c¢). Evaluation of
threat ened or endangered sd monid species againg the rai nbow trout, atypicd test organism,
found that the A pache trout (Oncorhynchusapache) was more fndtive than therainbow trout in
acute lethality testswith PCP, indicating an additional margin of safety may be needed to pratect
liged salmonidswhen using ranbow trout test data intoxicity asesanerts (USEPA 1995¢). EPA
(1995) alsorecommendsthat “further testing be done onlisted gpeciesor ther FWS-identified
surrogate species before definitive policy deci sions concerni ng the protection of endangered and
threaened eciesare made. In addition, chronic toxicity assessmentsshould be conducted in
order to compare chronic responsesbetween listed and surrogate species”

Early life stage of sal monids, such as sac fry and early fry, have been found to be more sensitive
than | ater life stages and even more sendi tive than embryos, to acute exposures of PCP. Similarly,
early life d4age of largemouth basshave varying senstivity to acute exposures of PCP (Johansen
1985). Acuetoxicity of PCP to fahead minnow al varies with life-stage, but adults appear to
be mare sersitive than juveniles ar fry to PCP (Hedtke et al. 1986). In astudy by Ademaand
Vink (1981) 96-hour lethal concentrationsfor 50 percent of the populationstested (LC,,S) in
guppy ranged between 450 to 1,600 pg/L (life stage only specifi ed as young or adult). Early life
stages of the plaice (Pieuronectes platessa) were more senstive with 96-hour LC,,s ranging from
60 to 750 pg/L at pH of 8; thelarva stage was the most sengitive and the egg the least sengiti ve of
thelife stagestested. LC,,sfar earlylife dage saimonidsare lower at between 18 to 160 pg/L
(Table 8a). Thus nonsdmonid fish appear to be less ngtive at ealy life dagesthan salmonids
to acute toxicity of PCP.

Summary of Effedsof PCP on Listed Species

Salmonids

Samonid species evaluated include: al ESUs and runs of listed or proposed coho and chi nook
salmon and steelhead trout, Lahontan cutthroat trout, Paiute cutthroat trout, and Little Kern
goldentrout.

Tables8a and 8b summarize the critical acute and chronic studiesconducted on sailmonid species
used inthisarmalysis The propased EPA criteria are dependent upon pH. Tocompare the water
concentrationsof PCP used inthe gudy tothe criteria, the find columnin Tables 8a and 8b
derives an acute and chroni ¢ water quality criterion using equations described in USEPA (1995b)
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for the pH at which the study was conducted. (T here appearsto be an error i n footnote “f” in the
Federal Register talde. We based our pH corrections onthe pH-dependent equations lised on pp.
M-1, M-2 of USEPA 1995b).

Acute Studies Thefirst sudy listed in Table 8aisan acute study on rainbow trout conducted by
Littleet a. (1990). These researchersevaluated behavioral effectswith implications for survivd
in the environment. Chapman’sreview of the draft biol ogical opinion criticized this study stati ng
that the acetone coul d artificial ly enhance uptake of PCP impurities (Chapman 1998). Although
thismay occur no studies have been done to evaluae the hypatheds. Snce acetonewasal in
the contrd group, the effeds of acetone it<elf isnot atisaue. Chapman (1998) goeson to
recommend that proper sudiesbe dore to resdve the issuesregarding differences intoxiaty
between commercial PCPsand the purified forms of PCP. Another limitation of the Little et

al. (1990) study isthat only nominal concentrations of PCP in test water are reported; water
samples do not appear to have been analyzed to confirmthe test concertrations The evaluated
behaviorsof theL.ittle et al. (1990) study included svimming activity, swimming capacity,
feeding, and vulnerability as prey. Swimming capacity was not affected. Survival from predati on
did not show a clear dose-reorse curve; geater survival wasobserved in the 2 ug/L compared to
the 0.2 pg/L goup. Similarly, there wasnot a clear doseresponse for number of prey consumed
and swvimming activity. There was signifi cantly reduced swimming acti vity and prey consumption
observed at 2 pg/L of technical grade PCP after 4 days of exposure, compared to controls. As
Chapman (1998) points out, determini ng safe levels from thi s study is difficul t given the
experimental designand the lack of clear dose-response for many of the endpoints eval uated.
Also, Chapman (1998) i ndicates that this study does not report whether pH was monitored during
the tests However, even if thepH dof the datic test solutionswere aful pH unt lowe than
meadured inthe well waer (i.e, pH = 6.8 indead of 7.8), the acute criterionof 7.13 ug/L and the
chranic criterionof 5.47 pg/L (at pH =6.8) would still be greater than the concertrationsat which
effects on behavior were observed. Therefore, the propased acute criterion for PCP of about 19.5
Hg/L (pH-adjusted to pH = 7.8) isnot protective of salmonid behavi or relative to growth and
survival.
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Table 8a: Summary of Critical Acute Studieson the Effects of PCP in Sdmonids
Citation Life Sage Exposure | Test Test Effect pH Effect pH Adjusted
and Species#| Duration, | Solution Type concentration, | Criteria*,
days po/L pg/L
Littleet d. 05-10g 4 Tech. grade | static reduced swimming 7.8 LOAEL =2 195
(1990) O. mykiss PCP activity and reduced NOAEL =0.2
prey conumption
Van early fry 4 97 percent static 50 percent mortality | 7.2 18 10.6
Leeuwenet | (77 days) purified renewal (96 hr. LC,)
a. O. mykiss PCP
(1985)
Van sac fry 4 97percent static 50 percent mortality | 7.2 32
Leeuwenet | (42 days) purified renewal (96 hr. LC,,) 10.6
al. O. mykiss PCP
(1985)
Dominguez | fry (70 days) | 4 99 percent flow- 50 percent mortality | 7.4 66 13
and O. mykiss purified PCP| through (96 hr LC,)
Chapman
(1984)
Davis & 1-3¢g 4 NaPCP static 50 percent mortality | 5.7- | 45-100 23-87
Hoos (1975) | O. mykiss 7.0 (96 hr LC,,)
Davis & 1-3g 4 NaPCP datic 50 percent mortality | 7.0 32-96 8.7
Hoos (1975) | O. kisutch (96 hr LC,)
Davis & 1-3g 4 NaPCP datic 50 percent mortality | 7.2- | 50-130 10.6 - 17.6
Hoos (1975) | O. nerka 1.7 (96 hr LC,)
Uus. FWS 0.3g fry 4 96 percent dtatic 50 percent mortality | 7.4 31 13
(1986) O. Technical (96 hr LC,,)
tshawytscha GradePCP
Us. FWS 1.0g fry 4 96 percent static 50 percent mortality | 7.4 68 13
(1986) O. Technical (96 hr LC,,)
tshawytscha GradePCP
US. FWS | yolk-sac fry 4 96 percent datic 50 percent mortality | 7.4 121 13
(1986) O. mykiss Technical (96 hr LC,)
GradePCP
US. FWS 1.0g fry 4 96 percent datic 50 percent mortality | 7.4 34-52 13
(1986) O. mykiss Technical (96 hr LC,)
GradePCP
UsS. FWS 1.0g fry 4 NaPCP static 50 percent mortality | 7.4 55 - 58 13
(1986) O. mykiss (96 hr LCy,)
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Citation Life Sage Exposure | Test Test Effect pH Effect pH Adjusted
and Species#| Duration, | Solution Type concentration, | Criteria*,
days po/L po/L
US. FWS | yolk-sac fry 4 NaPCP flow- 50 percent mortality | 7.4 160 13
(1986) O. mykiss through (96 hr LCy,)
US. FWS swim-upfry | 4 NaPCP flow- 50 percent mortality | 7.4 165 13
(1986) O. mykiss though (96 hr LC,,)
US. FWS | eyed-egg 4 NaPCP flow- 50 percent mortality | 7.4 >300 13
(1986) O. mykiss through (96 hr LC,)
US. FWS 0.3gfry 4 NaPCP flow 50 percent mortality | 7.4 165 13
(1986) O. though (96 hr LCy,)
tshawytscha
US. FWS | swim-upfry | 4 NaPCP flow- 50 percent mortality | 7.4 >250 13
(1986) O. through (96 hr LC,,)
tshawytscha
Us. FWS 1.0g fry 4 NaPCP datic 50 percent mortality | 7.4 67.5 13
(1986) 0. (96 hr LCy,)
tshawytscha
US. FWS | yolk-sac fry | 4 NaPCP static 50 percent mortality | 7.4 305 13
(1986) O. (96 hr LCy,)
tshawytscha
U.S. EPA 05-1.0gfry | 4 99 percent datic 50 percent mortality | 8.2 160 30
(1995) O. mykiss purified PCP (96 hr LC,,)
U.S. EPA 0.5-1.0gfry | 4 99 percent static 50 percent mortality | 8.2 110 30
(1995) O. apache purified PCP (96 hr LC,,)
U.S. EPA 0.5-1.0fry 4 99 percent static 50 percent mortality | 8.2 >10 30
(1995) O. clarki purified PCP (96 hr LC,)
stomias
U.S. EPA 05-10fry | 4 99 percent datic 50 percent mortality | 8.2 170 30
(1995) O. clarki purified PCP (96 hr LC,,)
henshawi

CO0000

acute criterion (ug/L) = g (005 (bH) - 4.869)
mykiss = rainbow trout

apache = Apache trout
clarki stomias= Greenback cutthroat trout
clarki henshaw = Lahontan cutthroat trout
kisutch = Coho salmon

nerka - sockeye salmon
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0. tshawytscha = Chinook salmon
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Table 8b: Summary of Critical Chronic Studieson the Effects of PCP in Sdmonids
Citation Life Sage | Exposure Test Test Effect pH Effect pH Adjusted
and Duration, Solution Type concentration, Criteria*,
Species# days po/L pg/L
Dominguez egg through | 72 99 percent | flow- 34 pecentmortality; | 7.4 19 10
and Chapman| day 72 purified through | decreased weght and
(1984) O. mykiss PCP length;
increased fin erosion
and mild
malformations
Dominguez egg through | 72 99percent | flow- NOAEL formortality,| 7.4 11 10
and Chapman| day 72 purified through | growth
(1984) O. mykiss PCP
Chapman and| fertilization | chronic Tech. grade flow- lithe or no mortality 7.8 10 15
Shumway of egg NaPCP through | compared to control at
(1978) through D.O. =10 mg/L
complete
yolk
absorption
O. mykiss
Chapman Y chronic Tech. grade flow- 27.4 percent 7.8 10 15
through
Chapman and| "’ chronic Tech. gradg flow- 100 percent mortality | 7.8 10 15
Shumway NaPCP through | at D.O. =3 mg/L
(1978)
Chapman devin 20-35 Tech. gradg flow- 15% reduction in 7.8? 30 15
(1969) O. mykiss Na PCP through | weight gain
Webb and subyearling | 14 - 56 Na PCP flow- growth rate and food | 6.8 EC50 for growth 55
Brett (1973) O. nerka (+ 4 weeks through | conversion &ficiency rate=1.74
post- EC50 for
exposure conversion
exanm) efficiency = 1.8
Matidaet al. | fry 28 Tech. gradg flow- 27 percent growth 7.2 8 8.2
(1971) (2.1-259) Na PCP through | inhibition
O. mykiss
Nagler et al. adult female | 18 99 pecent | flow- reduced number of 75 LOAEL =218 11
(1986) O. mykiss purified through | viable oocytes NOAEL =115

PCP
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Citation Life Sage | Exposure Test Test Effect pH Effect pH Adjusted
and Duration, Solution Type concentration, Criteria*,
Speciest# days pg/L pg/L
Ilwama etal. | juvenile 40 NaPCP flow- changed in blood ? 39 I5@pH=78
(1986) (159) through | BUN and GLU
O.
tshawytscha
Hodson and | embryo and | exposed 99percent | flow- reduced wet weight, 7.78 - 11-16 18.2
Blunt (1981) | alevin (after | from embryo| purified through | growth rate, and 8.08 @pH =80
hatch to or alevin NaPCP biomass at 20°C
early fry) through fry
O. mykiss feeding for 4
weeks

chronic criterion (ug/L) = e -2 -5139 (YSEPA 1995h)

O. mykiss = rainbow trout
O. nerka = sockeye salmon

O. tshawytscha = Chinook salmon
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One o the more comprehensive paperson the lethal effectsof PCP on salmonidsdescribed a
seriesof acute toxicity testsconducted on arange o early life stage rainbow trout (Van Leeuwen
et al. 1985). LC,, 96-hour values for six early life stages (from egg through early fry) were
determined. LC,, valuesranged over 167 fold, with eggs bei ng the | east sengitive and early fry,
the mod sensitive life stages Table 8aliststhe LC,, value of 18 pg/L for the most sengtive life
stage tested, early fry. The second most ensitive life stage was sac fry, with an LC,, of 32 pug/L.
Van Leeuwen et al. did not devdop a NOAEL for these life dages sowe camnot assess whether
the proposed chroni c criterion of 8.2 ug/L and acute criterion of 10.6 pg/L (adjusted for pH)
would be protective against signifi cant mortality of sensitive early life stage salmonids. As
Chapman (1998) indicates, one problemwith this dudy desgn isthat acetone, which may or may
not enhance toxicity of impuritiesin PCP, wasused in the test groupsbut nat in the control.
Chapman (1998) a0 nates another flaw o thisstudy is that pH was na monitored, 0 it is unclear
what the pH was during the test. Nonetheless, the Van L eeuwen et al. (1985) study indicates the
relati ve sengitivities in mortality between various early |ife stage of salmonids due to short-term
expoauresof PCP.

There are differences in the 96-hour LC,, cal culated for early life stage sal monids between the
Van Leeuwen et al. (LC,, = 18 pg/L) and the Domnquez and Chapman (66 pg/L) studies. The
early fry stage (approximately 77 days), found to be the most sengitive in the Van Leeuwen study,
appear sto have been tested i n the Dominquez and Chapman study. Chapman (1998) maintains
that the fry used in their study were “ probably farther advanced” than the developmenta stage of
the fry found to be most sensitivein the Van Leeuwen et al. study; thiscontentionis difficult to
verify given tha neither VanLeeuwen et al (1985) or Dominquez and Chapman (1984) provide
specific information on state of yolk sac absorpti on in the fry tested, and the studi estest different
formsof the same speci es (anadromoussteel head versus ranbow trout). Chapman (1998) suggests
that factors regpongble for the differencesin LC,, sinclude the use of acetoneasacarrier inthe
Van Leeuwen et al. study, or differencesin pH not measured in the Van Leeuwen study. Other
expei mentd desgn differences between thetwo sudiesind ude: dati c renewal versus flow-
through desgn, differencesin purity of the PCP compound , and variety of salmonid (deelhead
veraus rainbow traut). Nevertheless the essential point isthat bath studies indicate thet PCP
causes significant letha ity in early life stage sal monids after exposures as short as4 days. The
narrow range between the proposed acute and chronic criteriaisinsufficient to protect early life
stage, since the chroni c criterion isafour-day average concentration limit which isaso the
duration of these acute studies. Thereisonly a 2-fold difference between the chronic criterion
and the LC,, for earl y fry determined by Van Leeuwen et al. (1985) (8.2 versus18 pg/L). There
isonly a6-fdd difference between the chronic criterion and the LC,, for fry determined by
Dominquez and Chapman (1984) (10 versus 66 pg/L). Sincethe LC,, isthe concentration at
which hdf of the organisnsdie, bath these dudiessugged it is likely that some mortality would
occur at PCP concentrations a or below the proposed chroni ¢ cri teri on.

An interlaboratory bioassay testi ng program was conducted using rainbow trout, coho salmon, and
sockeye sailmon (Davis and Hoos 1975). The pH of the tes water varied with lab, asdid the LC,,
valueswhich ranged fram 37 pg/L to 130 pug/L sodium pentachlorophenate. No apparent species
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sensitivity in acute lethality was dbserved, and the authars concluded that any major variation in
toxicity value were expained by physical and chemicd characteristicsof thebioassay (pH, water
temperature, etc.)

TheU.S. Fish and Wildlife Service (USFWS 1986) conducted a series of acute bioassays using
technical grade PCP and the sodi um sdlt (Na PCP), on vari ous life stages of chi nook salmon and
rainbow trout. The results of these studi es indi cate that swim-up, sac fry and eyed embryos of
chinook and rainbow trout are lesssensitive thanthe 1.0 g- size fry to the acute exposuresof both
technical grade PCP and NaPCP. Thelowest LC,, wasfor a0.3 g chinook salmon: the 0.3 g fry
was twice as sendtive asthe 1.0 g fry (LC,, sof 31 pg/L vs. 68 pg/L technical grade PCP). For
1.0 g fry, chinodk were somewhet less sersitive than rainbow trout to technical grade PCP (LC,, s
of 68 pug/L and 34 to 52 pg'L, repectively). Similarly far NaPCP, chinook fry were somewhat
less nsitive than rainbow trout (LC,, sof 67 ugl and 55 to 58 pg/L regectively). Itis
interesting to nate that the 24-hour LC,, valuesfor 1.0 g-size fry are very close, or identica to, the
96-hour LC,,. Thissuggeststhat short-term exposures of PCP to EL S sailmonids are as
detrimental as 4-day exposures. In other words, the exposure time for mortality to occur is very
shart.

A series of acute |ethality studieson sailmonids (USEPA 1995c) evaluated three differert listed
salmonid Peciesagainst the rainbow trout. Thisstudy found that there were speciesdifferencesin
sengtivity under acute exposures withthe Apache trout being more sersitive than the ather
speciesteded. The 96-hour LC,, s from these sudies were higher by a factor between 3 to 9 than
the other acute sudiesliged in Table 8a. During thetest, there was avariation in pH, and some
of the test runshad dissdved oxygenlevelsbelow 60% saturationat 48 hous a below 40%
saturation at 96 hours. USEPA (1985) found that there was no apparent trend i n results for test
with varying water quality, and did not eliminate any tests or modify calculation of LC,, s. As
was found in the USFWS (1986) studies, the 24-hour LC,, s were close to the 96-hour LC,,,
indicating the exposure time for mortality to ocaur isvery short.  USEPA (1995) concluded ,
“Further [acute] testing shauld be conducted with other listed geciesor thear FWS-dentified
surrogate species before definitive policy deci sons concerni ng the protection of endangered and
threatened goecies are made”.

To summarize the variousacute lethality studies conducted on ELS sailmonids, the LC,, son
rainbow trout fry (0.5 to 1.0 g) usng technical grade PCP (USFWS 1986) were lower thansimilar
studiesusing purified PCP (Daminguez and Chapman 1984). The resultsof theVan Leeuwen et
a (1985) on 97 percent purified PCP had the lowest LC,, of 18 ug/L. The studies conducted by
USEPA (1995) on acute lethality of similar -9ze rainbow trout fry were fram 3 to 9 times higher
(indicating less ngitivity) than either of the previous studies. The 96-hour LC,, sfor early fry
rainbow trout (which gopears to be one of the mog sensitive life dageg varies between 18 to 160
Mg/L, or amost an order of magnitude. Factors that may contribute to the variation in LC,, values
include differences in fam of PCP tested and the pH of the test olution.

As Table 8aindicates, the acute criterion at the pH of the test solutionis below the LC,, value.
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However, by definition the LC,, is the cancentration at which half of the organisnms are expected
to die, and cannot be used to determine the concentration that would be lethal to low numbers of
salmonid trout exposed for ashort period of time. Theref ore, due to the uncertai nty asto the true
LC,, for ELS ssaimaonidsusng commercial gradesof PCP, there isan apparent need for EPA to
conduct additiona acute bioassays. Also, due to the uncertainty asto the true L OAEL and
NOAEL for sublethal effects for ELS sdmonidsusng canmercial gradesof PCP under acute
exposures, there is an apparent need for EPA to conduct additiona acute bioassays using senstive
subethal endpoints.

Chronic Studies Chranic sudiesare summarized in Table 8b. A chronic exposure gudy on early
life stage salmonidswasconducted by Dominguez and Chapman (1984) using purified PCP
indead of commercial grade PCP. They exposed rainbow trout fromthe embryo sage through 72
days of devel opment. Dominguez and Chapman found 34 percent mortality at 19 pg/L PCP at the
end of theted. A dgnificant reduction in weight of the trout at 19 pg/L PCP was observed
compared to cortrols(32% reductionin weight). At 11 pug/L PCP level, weight wasreduced 15%
compared to controls but was nat statigically significant. Other effectsobserved included
increased fin ercsion, mild malformations and lethargy. A NOAEL for mortality of 11 pug'L was
aso determined. The pH-adj usted chronic criterion would be 10 pg/L, which i s essentially the
same as the acute NOAEL. Onelimitation of the Damingquez and Chapman gudy isthat only
nomina concentrati ons of PCP in test water are reported; water sampl es do not appear to have
been analyzed to confirmthe test concertrations Ancther limitation with thisstudy is that

puri fied PCP, not commercial PCP wasused inthetest. As discussed in more detail be ow,
purified PCP fornmulationsare believed to be less toxic than commercial PCP formulations
Therefore, the Dominquez and Chapman (1984) NOAEL of 11 pg/L usng purified PCP suggeds
that the chranic criterionof 10 pg/L at pH =7.4 would nat be protective of salmonidsexpased to
commercial forms of PCP.

Early wark by Chapman (1969) found an average of 15% reduced weight gain compared to
controlsin alevins (sac-fry) exposed to 30 ug/L PCP for between 20 and 35 daysat 10 and 15°C.
Juvenile steelhead had a 17% reduction in weight gain compared to controlsafter a 3 week
exposure to 30 pg/L PCP. A NOAEL coul d not be determi ned from these experiments because
30 pg/L wasthe lowed concentration tested and because Chapman did nat statidically evaluate
the data for differences Chapman (1969) concludesthat alevin growth decreased by 6% for each
10 pg/L increase inPCP. These observed efectson growth in both sac-fry and jwenile
salmonids after a few weeks of exposure indi cate that growth is a sensitive sublethal endpoint for
e ly life sage salmoni ds.

In astudy using young-of-the-year sockeye salmon, Webb and Brett (1973) derived median effect
concertrationsfor growth rate and food conversion efficiency. The EC50 for growth effeds was
ca culated to be 1.74 ug/L, and for food conversion effici ency was calcul ated as 1.8 pug/L (W ebb
and Brett 1973). This concentrationwasapproximately 2.8 percent of the 96-hour LC 50.
Chapman (1998) notesthat the graphica techni ques used by Webb and Brett provide abest
estimate of an effect-no effect threshold concentration, and not an EC50 as iscommonly
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interpreted (the concentrati on at which 50 percent of the organisms are expected to exhibit the
sublethal response). The study design d so varied the exposure duration for diff erent test
concentrations, making comparisons between varioustest concentrationsand contrds difficult.
The contrd and 3.42 ug/L PCP exposure had the same expodure duration of 56 days; a 10%
reductionin growvth wasobserved at that concertration compered to controls Whether that level
of reduced growth was Statisti cal ly significant was not determined by the authors. Effectson
growthrate and convergon efficiency continued pog-exposure at greater than 2 pg/L PCP,
although some recovery from effects was dbserved. Swimming performance was not affected in
this test, leading these researchers to conclude that growth responses are more senstive i ndicators
than swimming. Chapman (1998) critici zed this study as being unredi stic because the flowrat e of
20 cm/sec duri ng the tests may have unredisticall y increased the energy demands of the fish,
making themmaore endtive than usial tothe effectsof PCP. However, Webb and Bret (1973)
concluded that feeding and assmilation efficiency were unaffected by PCP, which impies that
unusual energy demandswere not daced onthe fidh at the flowrate of the gudy. Additiondly, 20
cm/sec iswithin therange of svimming geedsreparted for underyearling coho salmon of 6 to 30
cm/second (Sandercock 1991). Snce the observed efectswere seenduring PCP exposure, in
contrast toa control group that also experienced the same flowrate, the Services conclude that this
study isrelevant.

In astudy by Matidaet al. (1970), rainbow trout fry were expozd to 3, 8 and 20 pg/L PCP for 28
days At 20 pg/L PCP mortality was greater than in the controls (13.3% vs. 3.3%), and there
wasdecreased weight gain compared to cortrols(39.7% versus98.3%). At 8 pg/L PCP,
mortality also appeared elevated conmpared to controls (16.7% veraus 3.3%), and weight gain was
apparently decreased (70.4% verus 98.3%). At 3 pg/L PCP, mortality waselevated compared to
controls (16.7% versus 3.3%), and weight gai n was decreased dightly (92.8% versus 98.3%). Use
of this study to set criteriais problematic because the study design did not allow for evaluating the
statistical dgnificance of the reaults, and it doesnot appear that pH was measured during the ted.
There appears to be a dose-response to PCP for wel ght gai n, but not for mortality. This study,
along with the study by Webb and Brett (1973) i ndicate that growth isamore sensitive endpoi nt
than mortality for young salmonids, and that effects on growth occur at concentrati ons at or bel ow
the proposed chronic criterion.

One o the few studiesto date on repraductive effects inadult salmonidswasconducted by Nagler
et al. (1986). Thisstudy revealed adverse impactson ovarian development & 22 pg/L after an
18-day expoure. Effectson ovarian devd opment were nat seenat 11 pg/l, the adjused chronic
criterion (rounded). However, this gudy was conducted on purified PCP, not technical grade
PCP, the fomuation released into the environment. Cleveland et al. (1982) demanstrated that
contaminants in technical grade PCP increased the sublethal toxicity to fathead minnow by a
factor of 6 compared to purified PCP. Therefore, it hasnot been shown that the proposed chronic
criterionwould be protective againg reproductive effects inadult salmonidschronically exposed
to technical grade PCP. PCP hasbeen shown to affect reproduction in adut salmonids as well as
having lethal and sublethal effectson early life stage salmonids The cumulative effect of bath
reduced reproductive success in adul ts along with reduced survival or fitness of young, is not



Ms. FdiciaMarcus 183

addressed by the proposed chronic criterion.

It has been established that commercia PCPsare g gnificantly moretoxic to aquatic organisms
than are thepurified foomsof PCP (Clevelard et al. 1982; Eider 1989). Chapman (1998)
criticizesthe Cleveland et al. 1982 study, which demonstrated that the commercial PCP was mare
toxic than purified formsto fathead minnow in a partia life-cycle test, because small amounts of
acetone were used to sdubilize the PCP. However, asprevioudy stated, no studies have been
performed to confirm this hypothesis. Chapman (1998) ci tes his own work as not i ndicating a
difference in toxi city between pure and technical grade PCP. However, in the Dominquez and
Chapman (1984) study, fry that were past yolk sac absorption and exogenous feeding were
exposed to purified PCP, whil e Chapman (1969) exposed fry to commercia PCP prior to onset of
exogenous feeding. Thus, the differencesin lifestage tested between the two studies canfounds
the interpretation of taxicity due to ether purified or commercial PCP. Chapman (1998) suggests
that technical grade PCP can vary in the nature and toxicity of i mpurities, and proposes using
Whole Effluert Toxicity (WET) testing as a regulatory option for dischargesof PCP. Therefore,
there isaneed for EPA to evaluate usng WET in permitted discharges. However, WET would be
lessuseful for evaluating non-point sources of commercial PCPs inthe environment, or in
establishing amhient water quality criteria.

In summary, the papers cited above indi cate that the proposed chroni c criteri on for PCP would not
be protective agai nst letha or subletha effects on early life stage sal monid speci es. Because of
the effects onadult reproduction, and effects on early life stage salmonidsobserved at
concentrationsat or below the proposed chronic criterion, there is an apparent need for EPA to
conduct critica life-cycle tests on sal monids in a manner which meets thei r requirements for
deriving a chronic value, us ng commercial preparati ons of PCP. Such tests should i nclude the
effects of pH, elevated temperatures and low dissoved oxygenon lethal and sublethal effects to
salmanids, and should include sengtive endpoints such as growth and behavior.

Chapman (1998) concludes, “ Overall, the Servicesare judifiably concerned that the current EPA
criterionfor PCP might not be sufficiently conservative to provide protection for endangered
species of sd monid fish and perhaps other nonsalmoni d species. It gppearsthat the most
defengble meansof providing this protection isto use a mare conservative acute-to-chronic ratio
and i nclude further protection to account for expected conditions of dissolved oxygen reduction
and/or temperature € evation.” Chapman (1998) also reviewsthe literature and the acute-to-
chronic ratioused by EPA and concludes “ The Services commerts regarding the EPA’s
derivationof anacute-to-chronic ratioare apt. | agree with their finding that alarger ACR [acute-
to-chronic ratio] issuggeded by the available data” Chapman derives an acute-to-chronic ratio
for the protection of fish species of 5.219 for PCP (in contrast to an acute-to-chronic ratio of
2.608 cited in USEPA 1995b). Therefore, there i s an apparent need for EPA to re-evauate the
basisfor the acue-to-chronic ratio.
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Cumulative and Interactive Effeds Anather sudy onearly life 4age seelhead trout, conducted
by Chapman and Shumway (1978), examined the effects of low di ssolved oxygen i n conjunction
with PCP expoaure. These researchersfound significant mortality inearly life 4age slmonids at
10 pg/L PCP under low dissolved oxygen conditions. This study indicates the importance of
other water quality parameters inaddition to pH in edablishing water quality criteria. Chapman
(1998) concludes that the Chapman (1969) and Chapman and Shumway (1978) studies “ probaldy
understate the effeds that would be doserved in atrue early life dage gudy.” Thus, exposure to
the chronic criterion for PCP islikely toreault in increased mortality of early life gage ssimonids
under low dissdved oxygen conditions.

A study onjuvenile chinook salmon was conducted by Iwamaet al. (1986). Chronic exposure to
3.9 pg/L resulted in dteration of bl ood chemistry parameters (bl ood urea nitrogen (BUN) and
glucose (GLU)). Asnoted by Chapman (1998), the sgnificance o the dtered blood chemidry is
uncertain as toimpacs ongrowth, survivad and behavior. However, lwama et al. (1986) indicate
that these altered blood chemidry are indicative of hyperglycemia and sugged the effect isdue to
the stress of PCP exposure, though they do not rule out handling as a possible factor causing the
siress. The altered bl ood chemistry is further evi dence that adverse biochemical effects on

sd monids may occur at | evels below the proposed chronic criterion. Resultsof thisstudy also
suggest, but are not conclusive, that there may be an i nteracti on between i nfectious agents and
PCP in the concentration range of the proposed wate quality criteria, with PCP exposure possibly
enhancing the effects on infected fi sh. No changes in feeding or schooling behavior were
observed at e ther test concentration.

Hodson and Blunt (1981) investigated the interacti ve effects of PCP and temperature on early life
stages of rainbow trout. The qudy found that at 20°C, bi omass of fish exposed to 11to 16 pg/L
NaPCP was reduced compared to controls. Reduced biomass, wet weight, and growth rate were
observed both for fish exposed asembryos and for fish exposed at day of hatch, through 4 weeks
of feedingasfry. In cortrag, unde a colder temperature regime (10°C), biomass of early life
stagewasnot reduced until PCP concentrationswere greater than 20 ug'L. At PCP
concentrationsgreater than 20 pg/L (10°C), mortality of embryos and | arvae, delayed hat ching
and reduced yolk sac resorption effi ciency were observed, i n additi on to effects on biomass and
growth rate. Hodson and Blunt also observed that early life stage s monids exposed from
fertilization were more sersitive to the effects of PCP than salmaonids exposed only after hatch.
Mortality of early life stage wasdetermined to be a function of PCP concentration, temperature,
and life-dage exposed. Effectson growth rate of early life stage were a function of PCP
concertration and temperature, but not the lifestageexpaosed. Thus, this gudy demondrates that
temperature and life-stage are important considerati ons indevd oping a chronic criterionfor PCP,
in addition to pH. This gudy indicatesthat inwarm water environmentsthe proposed chronic
criterion would not be protective of sd monidsto subletha effects of reduced growth rate and
weight.

Insummary, the propased chronic criterion does not addressthe cumulative and interactive effects
of PCP toxicity through the critical life-cycle, or under conditi ons of elevated temperatures or
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reduced disolved axygen. There isan apparernt need for EPA to revise the prgposed chranic
criterion to address the cumul ati ve and interactive effects of PCP toxicity under conditi ons of
elevated temperatures or reduced disolved oxygen.

Alternati ve Chronic Criteria Inthe EPA’s consultant review of the draft biological opinion
(Chapman 1998), the reviewer proposed severa different a ternative chronic criteria. One
proposal was to use acute toxicity valuesfor carp (Vermaet al. 1981, Hashimoto et al. 1982, and
Matida et al. 1970). The dudy by Vermaet al. (1981) on 3-day old carp larvae (Cyprinus
carpio) found a 96-hour TL50 of 9.5 pg/L PCP, and a maximum acceptald e threshold
concentration (MATC) of between 0.5 to 0.6 pg/L PCP (based on survival and growth after 60
day exposure). However, the PCP in the test was not measured, nor wasthe pH. Because of the
uncertainty in the pH and PCP concentration, we disagree that this study demonstrates that carp
are more senditive than sd monidsto the acute ef fects of PCP. This sudy does however suggest
that growth and mortality after chroni c exposuresis a sengitive endpoint for fish, given the low
MATC derived. A study by Matida et al. (1971) further cdl sinto question the contention by
Chapman (1998) that carp are more sensitive than trout to PCP. In this study, both trout and carp
fry were exposed to technica grade PCP under both acute and chronic exposures. The results of
the acute study indicated that the 96-hour LC,, for trout are almost afactor of 3 lower than for
carp. Thedifferencesin sengtivity were even more pronounced in the chronic study evaluating
growthand mortality over 28 daysfor the trout, and 70 daysfor the carp. At 20 ug/L PCP,
growth and mortality of carp fry were amilar to tha of the control after 70 days. In contrad, 20
pg/L PCP expaosure to trout fry for only 28 days resulited in greater mortality than in the controls
(13.3% vs. 3.3%), and decreased weight gain (39.&% versus 98.3%). At 8 and 3 pug/L PCP,
mortality also appeared elevated conmpared to cortrols and 8 pg/L appeared to affect growth
Use of thisstudy to set criteriai s problematic because the study design did not allow for
evaluating the statistical dgnificance and it does nat appear that pH wasmeasured duringthe test.
Find ly, the study by Hashimoto et al. (1982) using early life gage carp to test the acute taxicity
of acommerci al emulsifiable concentrate of PCP found li ttl e di fference in sensitivity between the
early life stagetested. Thisisin contrast to the findi ngs of Van Leeuwen et al. (1985) who found
sengitivity of salmon early life stage varied over 160-fold. In summary, the Services are
unconvinced that using the carp gudiesto revise the find acute value and then derive achranic
criterion, assuggeded by Chapman (1998), would be protective of early life dage saimonids

Dr. Chapman (1998) al so proposed revising the dironic criterionby using the exiging final acute
valueof 10.56 pg/L PCP (at pH=6.5), dongwithtwo different revised acute-to-chronic ratics, to
yield valuesof 2.02 pg/L and 2.94 pg/L (at pH =6.5). Thiscompares toan EPA proposed
criterion of 4.04 pg/L (at pH = 6.5). Suchan approach may protect eally life sage salmonids
fromsignificant mortality, although it isunclear if the greater toxicity of commercial PCPs, as
compared to purified PCP, isaccounted for in the fina acute value. This approach would not be
protective of subethal effects onearly life dage saimonids. Altematively, Dr. Chapman prgposes
that the chronic criterionbe 5.8 pg/L (at pH=7.4), based upon the hi ghest concentration showing
no adverse effect on mortality or growth (Chapman and Daminquez 1984). However, this sudy
wasconducted on purified PCP, and therefore it is not clear that this altemative criterion would
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be protecti ve of early life stage salmonids exposed to commercid forms of PCP. The study by
Little et al. (1990), findingbehavioral effects at 2 ug/L after only 4 daysexposure and no effect
at 0.2 pg/L of commercia PCP, suggests that a chroni c criteri on protective of both lethal and
sublethal effects would be in the range of 0.2 to 2.0 pg/L (at pH=7.8). Thisrange for the chronic
criterion i s also supported by the studies of Webb and Brett (1973) which found the threshold for
effects on growth rateand food corverson efficiency to be around 2 pg/L (at pH=6.8).

The essentia difficulty indevising an appropriate chronic criterion for protection of endangered
salmonids is due to the apparent dearth of chroni c toxi city tests which meet the EPA’s exacting
guidelines. The EPA hasdefaulted to using the approach of altering the final acute value by an
acuteto-chronic ratio. It isclear fromthe numerousstudies previoudy cited that sublethal effects
on growth and behavior are the mog sensitive endpa ntsfor chronic exposure o PCP to
salmonids, and that the approach of deriving a chronic criterion by adjusti ng the fi nal acute value
isinadequate. Therefore, there isan apparent need for EPA to conduct critical life-cycle, tests on
salmonids in a manner whi ch meets their requirements for deriving a chronic value, using
commercial preparations o PCP. Suchtestsshauld include the effectsof pH, elevated
temperatures and low dissdved oxygenon lethal and sublethal effects to salmonids and shoud
include sensitive endpointssuch asgrowvth and behaviar. In the interim, the Services conclude
that the exiging data suppart a chronic criterion of between 0.2 t02.0 pg/L PCP to be protective
of early life gage salmonids (at pH 7.8).

Non-salmonid fish

Thereislimited information available on the acute toxi city of PCPto other federally li sted fish
spedes auch asthe Delta amelt, Lost River sucker, Modoc sucker, shortnose sucker, tidewater
goby, unarmared three-spine stickleback, and Sacramento spittail. A study by Hedtke et al.
(1986) determined a 96-hour LC,, of 85 ug/L for the white sucker (Catastomus commersoni) at a
pH range of 7.41t0 8.4. Thelife stage or age of the fish was not provided. The sucker was mare
sengtive than the other two fish goecies tested, the fathead minnow (96hr. LC,, s= 120-510), and
the bluegill (96hr. LC,, s=200 and 270). A study by Adema and Vink (1981) found bath the 48
hour and the 7 day LC,, of 450 ug/L for adult sal twater goby (Gobus minutus) at pH of 8.

To evaluate the early life gage effectson growth and behavior seen insalmonids it is useful to
compare those studi es to other studi es using smilar endpoi nts with non-sal monid fish. Data on
chronic toxicity to early life stage fish are also avai lable for the fathead minnow, largemouth bass,
and guppy. Inastudy by Brown et al. (1985), juvenile guppi es were exposed to PCP (form not
specified) for 4 week s and general behavior, predator effici ency, and predator-prey response were
observed. No effect wasobserved at 100 pg/l PCP, while behaviors indicative of decreased
responge to predatorswere observed at 500 and 700 pg/'L. The lowest observable adverse effect
level (LOAEL) of 500 pg/L isapproximately 50 percent of the 96-hour LC,, of 1020 ug/L. In
contrast, for sal monids the LOAEL for swimming acti vity of 2 pug/L is approximately 4 percent of
the 96-hour LC,, value of 53 pg/L (Littleet al. 1990). In astudy on largemouth bass fry,
Johansen et al. (1987) determined the chroni ¢ thresholds for food conversion effici ency and
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growth to be both gpproximately 24 pg/L of reagent grade PCP. These chronic values are about
15 percent of the 96 hr. LC,, of 159 pg/L ( Johansen et al. 1985). Inarelated study larvd
largemouth basswere exposed to reagent grade PCP for 8 weeks. The LOAEL for reduced
feeding and growth was45 pg/L, or approximately 16 percent of the 96-hour LC,, of 281 pg/L
(Johansen et al. 1985; Brown et al. 1987). Ina study on fahead mimows, embryos were exposed
to PCP (93.7 percent pure) for 32 days and hatchability, weight, and survival were observed. No
effects on hatchahility or weight were seen at concentrations ranging from 16.9 to 176 pg/L.
However, none o the early life 2age minnowssurvived inthe 176 pg/L test concentration, which
is about 37 percent of the 96-hour LC,, determined for the egg. It appears therefore, that chronic
effects observed in early life stage salmonids occur at lower concertrations relative to the LC,, in
other fish goeciestested. Thisis gated with caution however, because some of the chranic early
life stage testson non-salmonid fish were done with purified farmsof PCP, which have been
shown to be lesstoxic. For example, a 90 day sudy of early li fe stage fathead mi nnows
conducted by Clevelard et al. (1982) using a composite commercial PCP determined a LOAEL
for growthof 13 ug'L at pH=7.4, which isnear the level of the proposed chranic criterionof 10
ug/L a that pH. Therefore, the limited literature on early life gage non-salmonid fish suggest that
criteriawhich are pratective of sailmonids are likely to be protective of non-salmonids.

Bioaccumul ative Effects

The proposed criteriafor PCP use a BCF from water to fidh tisue of 11. Eisler (1989) cites
several gudiesshowing much geater BCFsin fih. At 25 pg/L PCP, the BCFfor trout muscle
was 40 (ascited by Eider). Ingudiescitedin USEPA (1986b; Table5) usng non-salmonid fresh
and saltwater fih, BCFsranged from 7.3 to over 1000. It appearsfrom the summary tablein
USEPA (1986b) that the BCF may be inversely related to thewater concertration, with higher
BCFsoccurring at lower water concentrations of PCP. Chapman (1998) notesthat aperusa of
thissame summary teble suggeststhat BCFs seem toincrease with decreasing pH. This
phenomenon was demonstrated in goldfish exposed for 5 hours to PCP (Ki shino and Kobayashi
1995). Inthat study, a BCF for PCP of 584 was determined at pH = 6; a BCF of 118 was found
at pH=8; and aBCF of 8.9 wasreported at pH=10. The duration of exposure may also determine
the BCF; longer exposure durationsmay result in higher BCFs

A study conducted by Niimi and M cFadden (1982) found that PCP uptake from water is an
important pathway for accumulation in fish over 115 days exposure. Water concentrations were
lessthan 1 pg/L PCP, or well below the proposed water quality criteria. In their protocd,
concentrati onsin fish were determined by removing intestinal content and di scardi ng liver and
gall bladder. BCFsinthe study were in therange of 200 to 240, which are about 20-fold greater
than the BCF used in the proposed water quality criteria.

The EPA consultant who reviewed the Services draft biological opinion concurred, stating
“Certainly the BCF of 11 does not appear to be appropriate based upon the informaion currently
available” (Chapman 1998). Chapman rnotes that the Find Residue Value (FRV) approach was
not used in the Great L akeslnitiative (USEPA 1995b), nar isa FRV identified inthis proposed
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rule or by the Services. Whiletrue, the choi ce of B CF should be based upon a more thorough
review of theliterature. Moreover, the higher B CF for PCP suggests that wil dlife ingesting
contaminated food may be at risk. T herefore, thereis an apparent need for EPA to reevaluate the
BCF, and to evaluate the effect of PCP on wildlife tha ingest aquatic organiamsexposed to PCP.

It has been established that commercia PCPs are 9 gnificantly moretoxic to aquatic organisms
than are thepurified formsof PCP (Esler 1989). Al of concern isthat impurities accurring in
commercial preparati ons of PCP have been found to contai n relatively high concentrati ons of
polychlorinated dibenzodioxins and dibenzofurans (PCDD/F9, hexachlorobenzene, chlarinated
phenoxyphenols, and chlarinated diphenyloxides. Chorinated phenoxyphenols and other
compoundsfound in PCP can be precursorsto theformation of PCDD/Fs (Clevelard et al. 1982;
Hamilton et al. 1986). PCDD/Fs are known to bioaccumulate in the environment and are a so
highy toxic to avian and mammalianwildlife. The hioaccumulationand chronic toxicity to
wildlife o the ather impuritiesfound in commercial PCPsare nat addressed by the proposed
criteria. Therefore, there i s an apparent need for EPA to a so evaluate bi oaccumul ati on and
chronic toxicity to wildlife of the other impurities found in commercial PCPs.

Summary of Pentachl orophenol Effedson Listed Species

Based on the documented toxicity of pentachl orophenal to early life sage s monids, with adverse
effects seen at water concentrati ons between 2.5 to 7.5 times bel ow the proposed chronic criterion,
together with the potertial for exposure of anadromous salmonidsto ocaur, the Services conclude
that the proposed nuneric criteria are likely to significantly impair the survival and recovery o all
listed anadromaus saimonids, and are likely to adversely affect popuationsof the Lahortan
cutthroat trout, Paiute cutthroat trout, and Little Kerngoldentrou if an exposure pathway is
created within the habitat for these goecies.

The toxicity of PCP to non-sdmonids particularly thechronic toxicity, is difficult to assess due to
apaucity of testing with the moretoxic commercid grade PCP. Inone of thefew sudiesto use
commercial PCP with non-salmonids the LOAEL for fathead minnow was within afew pg/L of
the proposed chronic criterion for PCP. The Servicestherefare believe that chronic exposuresat
concent rati ons approachi ng the chronic criterion may a so pose a potential hazard to some non-
salmonid species. Among the non-sal monids, suck ers and minnows appear more sensitive. The
chronic criterion for PCP also failsto consider highly variable bioconcentration factors an
appropriae acute to chronicratio, and differences intoxicity between commercial and purified
PCP with regard to the acute to chronic ratio. The Sacramento splittail, delta smelt, M odoc
sucker, shortnose sucker, and Log River sucker all resde withinwatershedsin which
pentachlorophenol exposure could occur. The Services therefore concl ude that chronic exposure
to PCP at concertrationsbel ow the criteriaconcentrationscould have the potential to produce
toxic effectsin these gecies.

EPA M odifications Addressing the Services April 9, 1999 draft Reasonable and Prudent
Alternatives for Pentachlorophenol (PCP):
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The above effect analyds considersthe draft CTR as ariginally proposed in Augug of 1997.
EPA has agreed by letter dated December 16, 1999, to modify its action for PCP per the
following to avoid jeopardizing listed species

A “ By March of 2001, EPAwill review, and if necessary, reviseits recommended 304(a)
chronic aquatic life criterion for PCP suffident to protect federally listed spedes and/or
their critical habitats. In revieming this criterion, EPAwill generate newinformation on
chronic sub-lethal toxicity of commercial grade PCP, and the interacti on of temperature
and dissolved oxygen, to protect early life-stagesalmonids. If EPArevisesits
recommended 304(a) criterion, EPA will then propose the revised PCP criterion in
California by March 2002. If the proposed criterion isless protedive than proposed by
the Servicesin their opinion or if EPA determines that a proposed criterion is not
necessary, EPAwill provide the Services with a biological eval uation/assessment by
March 2002 and will reinitiate consultation. EPAwill keep the Services informed
regarding the status of EPA’ s review of the criterion and any draft biological
eval uation/assessment associated with the review. If EPA proposes a revised PCP
criterion by March 2002, EPA will promulgate a final criterion assoon as possible but
no later than 18 months, after proposal.”

B. “EPAwill continue to use existing NPDES permit information to identify water bodies
which contain permitted PCP discharges and Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and Resource Congervation and
Reclamation Act (RCRA) sites that potentially contribute PCP to surface waters. EPA,
in cooperation with the Services will reviewthese discharges and associated monitoring
data and permit limits, to determne the potential for the discharge to impact federally
listed species and/or critical habitats. If discharges areidentified that have the
potential to adversdy affect federally listed species and/or critical habitat, EPA will
work with the Servicesand the Sate of California to address the potential efectsto the
species. EPAwill give priorityto reviewdata for fresh water bodies within the range of
federally listed salmonids that currently lack a MUN designation asspecified in the
Regional Water Quality Control Boards’ Basin Plans.”

Services Assumptionsregarding EPA modificationsto the proposed action for removing
jeopardy for PCP.

The Services anticipate the 304(a) criteriaguidance for PCP will be revised by EPA to be
suffici ently protective of saimonids by March 2001 and that criteriawil | be applied to all the
appropriate water bodies within California no later than September 2003.

The Servicesrecognize there are ome <ientific uncertainties and additional research isneeded
to determine the appropriate PCP criteriarevison. Therefore, while EPA proposesto revi se the
criteria after generating new data, the Services assume that if new criteriaare not developed, the
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new information generated regarding the toxicity of commercia grade PCP and the interaction of
temperature, pH and DO on aublethal acute and chronic toxicity to early life $age ssilmonids
would conclusively demaonstrate that the criteria as ariginally proposed by EPA (inthe draft CTR)
are sufficiently protective. T he Servi ces assume thisinformati on will be provided in suffi cient
detail tothe Servicesin abiologica assessment/evauation to complete consultati on by on the
PCP criteria by March 2002, if necessary.

The Services assume areview of PCP monitaring and discharge data on exiging hazardsto
salmonidsin Californiawater bodies will occur sometime during the year 2000 and that EPA will
use existing authorities to identify and reduce PCP hazardsto listed sd monids.

Cadmium

Adeguacy of Proposed Chronic Criterion for Cadmium

The Servicesfind that the chronic aguatic life criterion for cadmium proposed inthe CTR does
not protect liged salmonid and stickleback fish. The adequacy of cadmiumcriteriato protect
certain sendtive species of aquati ¢ organisms has apparentl y been in doubt for quitesome time. In
Eider’s (1985a) synoptic review of cadmium hazards, the author commented on the then current
EPA 1980 cadmium criterion of 0.012 pug/L saying “even these camparatively rigorouscriteria
are not sufficient to protect the most sensitive species of freshwater i nsects, plants, crustaceans,
and teleosts’. (nate to the reader: all cadmium concentrationsdiscussed in this ectionare at 50
mg/L hardness unless noted otherwise). The EPA in their 1985 criteriadocument for cadmium
(USEPA 1985b) raised the chronic criterion to 0.66 pg/L and noted that “ if brook trout, brown
trout, and driped bassare assensitive as ome data indicae, they might nat be protected by this
criterion”. The 1985 criterion was al 0 three to five times higher than the peciesmean chronic
values for two cladoceran speci es which are important food sources for numerous juvenil e and
adul't fish species. 1n 1995, the EPA agai n updated and increased the chronic cadmium criterion
to 1.4 pg/L (USEPA 1996b) but did not mak e note of thei r own concerns that the previous
criterionmay not have been protective. Inaten year period the chronic cadmium criterion was
increased 100-fold although there was doubt that certain salmonid gecieswould be protected
even with the | owest criterion. Pascoe and M attey (1977) found in | ong-term tests that cadmium
caused death in sti ckl eback at concentrati ons measured at 0.8 pg/L (hardness of 103-111 mg/L as
CaCQ, )and presunebly causestoxic aub lethal effectsat lower concentrations. Additional
concernsof the Services over formulaic modificaionsof cadmumreguation on adisdved basis
areincluded i n the formul a-based metal s section of this opini on.

Cadmium CriteriaHistory

The EPA, inthe 1976 criteriadocument, noted the sengitivity of salmonids and cl adocerans
(USEPA 1976). For woft water (0 - 75 mg/L), EPA recommended a 0.4 pug/L criterion gecifically
for salmonids and cl adocerans. Thiswas an order of magnitude below the recommended criterion
for other nonsensitive species. The 1980 acute criterion was 1.2 pg/L and the chroni c criterion
was0.012 pg/L usng a hardness dependent formulas. Eisler did not consder these criteria
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sufficiently protective of the most sensitive aquati ¢ species (Eider, 1985a).

In the document “ Ambient Water Quality Criteriafor Cadmium - 1984" (USEPA 1985b), the
EPA had difficuties indeterminingfinal acute and chronic vdues The acute data ranged widely
with asalmonid bang 3,400 times more nsitive than goldfish. When the final acute value was
calculated, the value (8.917 pg/L) was higher than the acute toxicity to several trout species. To
pratect these commercially and recreaiondly important gpecies EPA |owered the value to 3.589
Hg/L. Thisvalue was then divided by two for the acute aquatic criterion of 1.8 pug/L.

If sufficient data on chronic toxicity are availabl e, the chronic criterion can be calcul ated using
the same met hod as that used to develop the acute criteri on or the chronic criterion can be
determined by divi ding the find acute va ue by the find acute to chronic ratio(ACR). In most
cases for metals the EPA has used the ACR method (see USEPA metd criteriadocuments). The
ACR isan acute eff ects concentration divi ded by a chronic eff ects concentration for the same
species However, the thirteen cadmium ACRs ranged from 0.9 t0433.8 and did “nat seemto
follow a pattern” (i.e. did not increase or decrease as the acute valuesincreased or decreased,
were not within afactor of ten). Based on the data, EPA decided that it was not “reasonalde” to
use afinal ACRto determine afinal chronic value. Asan aternative, EPA took the thirteen
genus mean chronic values and used the final acute value procedureto calcuate afinal chronic
value. Thechronic valueinitially calcuated was0.0405 pg/L. Although thisvalueis over three
times hi gher than the 1980 criterion of 0.012 pg/L itisstill threeto four times lower than the
chronic toxicity concentrati ons for the mog sensitive speciestested. EPA then stated “ however,
because the thirteen genus mean chronic vaues contain values for five of the six freshwater genera
that are acuely most sensitive to cadmium, it ssemed more appropriate to calcuate the final
chronic vdue usng N = 44, rather than N =13...”. N isthe nunber of data pointsavailabe and is
used inone o the faomuas to cdculate the final acute or chronic values. In thiscase EPA used
the acute N vdue (number of acute data paintg) to cdculate the chronic vdue. It isnot clear to
the Serviceswhy using the acute N value to calculate the chronic criterionis “more appraopriate”.
After making these adj ustments afina chronic criterion of 0.66 pg/L was calculated. Thisval ue
is higher than the chronictoxicity valuesfor two cladocerans (see discusson below), is 16.5 times
higher than the value cal culated using the chronic N value, and is 55 times hi gher than the
previous chronic criterion.

In 1995, EPA updated criteriafar several polluantsincluding cadmium (USEPA 1996b). While
some new acute data on cadmium were included and some older data were eliminated, it is
unclear to the Services why a 1995 ypdate did not use pod 1986 cadmium references. The result
of thisrecal culation was an acute value of 2.1 pglL, aslight increase over the dder value of 1.8
Mg/L. For the chronic value, three of the old data points were eliminated because two values were
determined usng river water and in the other the cadmium concentration had not been directly
measured. Two of the e iminated data points were for the second and fourth most sensitive
genera. Thishad adgnificant effect on the ca culations since the data for the four most sensitive
generaare ultimately used i n the final chronic value cal culation. Three new data points were
added to the original 1985 chronic data st. One became the highest chronic value inthe data set
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a 20 pg/L for an oligochaete (an “ aguatic earthworm”) but this val ue does not directly affect the
calculations The ather two new values were eventudly na used in the cal cul aionsbecause data
for a more ensitive species in that genera wasused asthe genus mean chronic value for the final
cal culations. The update again used the acute N value to calcul ate the chronic criterion a though
the elimination of data madethe EPA’ s reason for usng the acute N valuerather thanthe chronic
N value less “appropriate’ because the twelve genus mean chroni ¢ va ues now contai n values for
four (rather than five) o the six freshwater generathat are acutely mog senstive to cadmium
The 1995 recalcu ation doubled the chronicvalue to 1.4 pug/L fromthe old 0.66 pg/L and isover
100 timeshigher than the 0.012 pg/L criterion of 1980. If EPA had used the chronic N vdue to
calculatethe chronic criterion avalue of 0.096 pg/L would have been obtained.

As previoudy noted, EPA did not usethe ACR method to determine the chronic criterion because
the ratios did nat follow any clear trends 1f the ACR method had been used there are several

opti onsthat can be consdered: 1) used| fresh and salt water ACRs avail dbl e, 2) use all fresh
water ACRSs, or 3) use the fresh water ACRss of those speci es with mean acute vaues closest to the
final acute value. Taking the 1985 data asupdated in 1995 the ACR chronic values would be 1)
0.11 pg/L, 2) 0.07 pg/L, and 3) 0.18 pg/L. For the third method, three ACR valueswere used
and included the two mast chronicly sensitive species (daphnia and chinook salmon) which were
also two of the four mog acutel y sensitive species. Also, the three species mean acute val ues were
within afactor of ten.

Based on the evaluaionsabove usng the chronic N value and looking at severd ACR methods it
appear s that a conti nuous concentrati on criterion for cadmium that would be protecti ve of
salnmonidsand gickleback issomewhere between 0.096 and 0.180 pg/L, but prabably waould Hill
not protect cladocerans

Considering that the 1985 cri teri a document noted that the chronic criterion may not be protective
of some cladoceran and trout speci es, it appears unusual that the 1995 update, which doubles the
chronic criterion, makesno mention of thislack of pratection. Sincethe origind 1985 chranic
cadmium criterion may not have been protective of cladocerans and severd trout speci es, the
Services conclude the 1995 updated chronic criterion will not be praective of liged salmonid
species either and therefore the proposed CTR chronic criterion for cadmium will not be
protective.

Congdering thet the only data availakde on cadmium taxicity to threegine gickleback shows that
the speciesishighly semsitive at concentrationsbelow the propased criterion, the Services
concludethat the propased chronic criterion will not be protective of this species.

The Services also concl ude that the additional loss of protection due to the proposed regulation of
cadmium on a dissdved basisusng a formula-based criterion, as disussed elsswhere inthis
opinion, addsto the likelihood of adverse efectsto listed silmonid speciesand the unarmored
threespine gickleback.
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Cadmium Hazards to Aquatic Organisms

Sources

Eider’s synoptic review (1985a), EPA’ s criteria document (USEPA 1985b), Sorensen (1991), and
M oore and Ramamoorthy (1985) provide a good summary of cadmium sources and pathways.
Cadmiumis nat abiologically esential metal. It isaft metal with properties amilar to zinc.
Cadmiumis most dften found with sufide oresand is frequently associaed with ather metals such
as zinc, copper, and lead. Mining and ore smelting are significant sources of cadmium to the
environment via direct discharge of mne dranageand atmospheric deposition. Cadmiumis
frequently associated with industrial discharges and stormwater runoff . Uses of cadmiuminclude
electropl ati ng, pigments, plasti ¢ stabi lizers, batteri es, and electroni c components. Background
concentrationsof cadmum infreshwater ranges from<0.01 to 0.2 pg/L and are usually lessthan
0.05 pg/L i n waters unimpacted by man (USEPA 1985b, Eider 1985a, Wrenet d ., 1995). The
maxi mum background concentrations are close to or at concentrations that can be harntful to
sengtive aquatic species. Human activities can raise cadmium concentrationsto levels >1 pg/L.

Pathways

For cadmium and other di ssolved metas the most direct pathway to aquati ¢ organi smsisviathe
gills Cadmium isalsodirectly taken up by bacteria, algag, plants, and planktonic and berthic
invertebrates. Another bidogically sgnificant pathway for exposuresof aguatic organisms to
cadmiumis through consunption of contaminated aquatic detritus, pants, invertebrates and other
food items. Dietary exposure and association with sediment is signifi cant in cadmium
accunmulation in fish species (Sorensen 1991). Omnivorousfish tend to accumulate higher levels
of cadmium than carnivoraus fish and bottomfeeding fishtend to accumul ate more cadmium than
free-swimming fi sh feedi ng in the water column.

General Toxicity of Cadmium

Cadmium damagesagill, liver, kidney, and reproductive tissue (Eider 1985a; Sarensen 1991;

M oore and Ramamoorthy 1984). Acute mechanisms of cadmiumtoxidty to fishdo nat appear to
be the same aschronic mechanisms Inacute teds cadmum accumuates in gll tissue to a greater
extent than elsawhere, whereas in chronic teds at lower concentrations, cadmium accumul ates
morein liver and kidney tissue. The principle acue effect is gll toxicity leading to anaqudic
organism' sinability to breath. Long term effectsinclude the i nability to regulate plasma
condituents, produce healthy bones and reproduce. Cadmumwill compete with essential metds
such aszinc for erzyme binding stes, thusdisrupting narma enzyme functions Hypocalcema
also occursdue to expasure to cadmiumthus causing muscular and neural abnormalities.
Cadmiumis corsidered a teratogen ¢ substance.

The toxicity of cadmium varies greatly among aquatic gecies(USEPA 1985b). Mean acute
values far sendtive life stages of freshwater fish range from 1.6 pg/L for browntrout to 7,685
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ug/L for mosguitofish.  The most sersitive gpecies being salmonids, striped bass and cladocerans
Acute toxicity far chinook saimonis 4.254 pg/L. Mean acute valuesfor less sensitive species
range as high as 1,200 pg/L for midge larvae to 12,755 pg/L for crayfish. The goldfish mean
acute value is8,325 pg/L. Hardness, pH, alkalinity, salinity, and temperature can sgnificantly
affect cadmiumtoxicity.

USEPA (1985b) shows mean chronic toxicity concentrati ons for two cladocerans at 0.1918 pug/L
and 0.1354 pgL. USEPA (1996b), noted additional low chronic values for cladoceransat 0.12,
1.25,3.919, 4.0, and 6.096 pg/L. Four of the cladoceran values were not used in the cal culation
of the 1995 criterion for reasonsnoted above. Assersitive as cladoceransseemto beit is possible
that the life dage of cladocerans being used in maost bioassays are not the mog sersitive. Shurin
and Dodson (1997) found that sexual reproduction in cladoceransis more endtive to toxicants
than the asexual reproductive stage and that most bioassays uilize daphnia during the asexual
phase because they are wel | fed and cultured under low stress Situations. Under stress (low
temperature, drought, low food supply) cladocerans and other zooplankton use sexual reproducti on
to producereding eggsthat canremain dormarnt for monthsto years until more favorable
conditionsreturn. The | oss or adecreasein the producti on of resting eggs can have a signi ficant
long-term effect on the populations these species. Snell and Carmona (1995) found that for a
rotifer zooplankton, sexua reproducti on was more strongly aff ected by severd toxi cants,

including cadmium, than asexud reproduction. The authors concluded that the “level of toxicants
presently allowable in surface waters...may expose zooplankton popul ations to greater ecologcal
risksthan is curently believed.”

Mean chronic values infish range from 2.362 pg/L for the brook trout t016.32 pg/L for bluegll
while the mean chronic value for early life stage chinook salmon is2.7 ug/L. Pascoe and Mattey
(1977) found that cadmium at concentrationsas lowas 1 ug/L can be toxic tothe three-spned
stick leback after 33 days. Acute to chronic ratios also vary greatly among test organisms and
range from 0.9 t0433.8.

Thereisvery little information on the toxicity of cadmium toamphibians USEPA (1985b) nates
data on three species. The EC,, (death and deformity) of embryo and larval narrow-mauthed
toads (Gastrophyryne carollnensig after seven days at a hardness of 195 mg/L was40 ug/L. The
48 hr LC,, (death) of African clawed frogs (Xenopus laevis) at 209 and 170 mg/L hardnesswas
11,700 and 3,200 pg/L respectively. After 100 days African clawed frogs showed signs of
inhibited development a& 650 pg/L at ahardness of 170 mg/L. Finally, marbled salamander
(Ambystoma opacum) embryos and larvae had an EC,, (death and defarmity) of 150 pglL at a
hardness of 99 mg/L after e ght days. The sensitive life stages of these species appear to be
smilar in their sengitivity to cadmium as adult gol dfish and fathead minnows. Concentrations of
cadmium that would be protective of sd monidswould protect amphi bians.

Summary of Cadmium CriteriaEffedsto Listed Species

Fish
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Salmonid eciesare paticulaly sndtive to cadmium. USEPA (1996c) shows mean acue
toxiaty vaduesof engtive life stages for caho ssilmon at 5.894 pg/L, chinodk salmon at 4.254
Hg/L, rainbow trout at 3.589 pg/L, and brown trout at 1.638 pg/L. Chronic valuesfor coho
salmon, chinook salmon, brown trout, and brook trout are 2.324 pg/L, 2.694 pg/L, 7.372 pglL,
and 2.194 ug/L respectively. These low concentrations reduce growth, survival, and fecundity.

Inareased water tenmperature increases cadmiumtoxicity (Eisler 1985a; USEPA 1985b; Sarensen
1991; and Moore and Ramamoarthy 1985). Increased temperature isa major prablem for liged
samonidsin Cdiforniadue, in part, to | ogging activities decreas ng ri pari an shading of streams
and damsincreasing water temperatures in reservoirs.

Cladocerans and ot her invertebrates are very sendtive to cadmium. They also provide signifi cant
food ources far early life stage salmonidsand other aguatic organisis that are themselves prey
itemsfor saimonids. It also appearsthat the leag senstive reproductive stage of zooplankton such
as cladoceransis more often used for bioassays leading to anunderestimate of their sngtivity to
vari ous toxicants including cadmium (Shurin and Dodson 1997, Snell and Carmona 1995). A loss
of this prey base can indirectly impact salmonidsand gickleback.

Pascoe and Cram (1977) found lethal chronictoxicity of cadmium tothe three-spined stickleback
(Gaserosteus acul eatus L.) at al tested concentrations with the lowest concentrati on tested bei ng
300 pg/L. Aninteraction wasalsofound between the incidence of parastismand sendtivity to
cadmium. Subsequently Pascoe and Mattey (1977) performed along-term (89 day) study on
three-spned gickleback & concentraionsof cadmumfrom 100,000 pglL tol pg/L. Lethality to
the stickleback was again found at all concentrations teded. The authors determined a96 h LC,,
of 23,000 pug/L but went onto say; “The reaults canfirmearlier work (Pascoe & Cram 1977) that
cadmiumis highly toxic to gicklebacks. It isnow seento cause death at concentrations aslow as
0.001 mg I "*[1 pg/L] in water of total hardness 103-111 mg I as CaCQ, at 15° C, and presumably
causes toxi ¢ sub lethal effects at lower concentrati ons.” The median period of survival at 1 pg/L
was48,000 minutes(33.3 dayg. At 3.2 pg/L the median survival time was23,000 minutes(16
days). Thenomina concentration at thislow level was 0.001 mg | * while the measured
concentrati on was 0.0008 mg | * (0.8 pg/L). This chronic data, whilecited, was not used by EPA
in criteria calcuations. However, the Servicesand EPA mug condder thisrelevant and availae
datafor evaluation of paential effects of permisgble cadmium concentrations tothe listed
subspeciesof the stickleback (G. aculeatus williamsonii).

The Services believe that all ESUs and runs of coho and chinook salmon and deelhead trout,
Lahontan cutthroat trout, Paiute cutthroat trout, Little Kern golden trout, along with the
unarmored threespine stickleback are likely to be adversd y affected by concentrati ons of
cadmiumat or below those that would beallowed in the propased CTR.

EPA modificationsaddressng the Services April 9, 1999 draft Reasonable and Prudent
Alternativesfor Cadmium:
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The above effect analyds evaluatesthe draft CTR as ariginally proposed in Augud of 1997.
EPA has agreed by letter dated December 16, 1999, to modify its action for cadmium per the
following to avoid jeopardizing listed species

“EPA will develop arevigon to its recommended 304 (a) chronic aquatic life criterion
for cadmiumby January 2001 to ensure the protection of federally listed gpecies and/or critical
habitatsand will proposetherevised criterionin California by January 2002. However, if EPA
utilizes the revised metals criteria model referred to below, EPAwill develop arevision to its
recommended 304(a) criterion by January 2002 and will propose the revised criterion in
California by January 2003. EPA will solicit public comment on the proposed criteria as part
of its rulemaking process and will take into account all availableinformation, induding the
information contained in the Services opinion, to ensure that the revised criterion will
adequately protect federally listed ecies. If therevised criterion isless stringent than that
proposed by the Services in the opinion, EPA will provide the Services with a biological
eval uation/assessment on the revised criterion by the time of the proposal to allow the Services
to complete a biological opinion on the proposed cadmum criterion before promulgating final
criteria. EPA will provide the Services with updates regarding the status of EPA’s revision of
the criterion and any draft biological evaluation/assessment associated with therevision. EPA
will promulgate final criteria as soon as possible, but no later than 18 months, after proposal.
EPA will continue to consult, under section 7 of ESA, with the Serviceson revisions to water
quality standards contained in Basin Plans, submitted to EPA under CWA section 303, and
affecting waters of California containing federally li sted speci esand/or their habitats. EPA
will annually submit to the Servicesa list of NPDES permits due for reviewto allow the Services
to identify any potential for adverse effects on listed species and/or their habitats. EPA will
coordinate with the Serviceson any permitsthat the Servicesidentify as having potential for
adver se effects on listed species and/or their habitat in accordancewith procedures agreed to
by the Agenciesin the draft MOA publi shed in the Federal Register at 64 F. R. 2755 (January
15, 1999) or any modifications to those procedures agreed to in a finalized MOA.”

Services AssumptionsRegarding EPA’s Madificationsfor Removing Jeopardy for Cadmium.

The Services assume the 304(a) cadmium chronic aquati ¢ life cri teri on can and will be revised by
EPA to besufficiently protective of gicklebacks and salmonidsin Califomia by no later than
January 2001. The Servicesassume that this revison will result in lowering the permissble
concentrati ons of cadmium. Further, the Services assume this sci enti fic gui dance can and will be
used in revigng permits during the interimperiod priar to promulgation of thiscriterion in
California.

If, however, the criterion proposed by EPA islessstringent than that suggested by the efects
analyss of the Services, EPA will provide a new hiological assessment with new information that
indicateswhy a criterion lessstringent thanthat suggested by the Services will be sufficiently
protective.
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The Services assume that because EPA offered to revi se the chronic aquati c li fe cri teri on for
cadmiumby Jaruary 2001 that thisis achievable by EPA. Thereisadisrepancy in EPA’s letter
about whena new criteria model for metalswill be devel oped per paragraphs IV and V inEPA’s
December 16, 1999 letter. June of 2003 is presented asthe date of the model revison for metals
criterig but paragraph IV dates the 304a criterion for cadmum per the new model would be ready
by January 2002. The Services view isthat an earlier revison as proposed by EPA without the
new metalsmodel that proteds these liged speciesis preferable and should be pursued by EPA to
provide the earliest possble increase in protection.

Metals

Adeguacy of Proposed Criteria

Metal s addressed in the CTR include: arsenic (As), cadmium (Cd), trivalent chromium (Crlll),
hexavalent chramium (CrV 1), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), selenium(Se) in
saltwater, slver (AQ), and zinc (Zn). Although mercury, cadmium and selenium are discussed in
separate seationsof thishiological opinion, this section on conversdon factorsand water effect
ratiosal so applies to proposed mercury and saltwater lenium criteria. The formula-based metals
are included in thissing e discussion as a group because the key issuesof how dissolved metal
criteriaare derived and the implicationsare simlar for each of them. That i the formua-based
metal method does not sufficiently consider the environmenta fate, trangport, and transformations
of metalsin natural environmerts.

Use of Fornulas

The EPA proposes to promulgat e withi n the CTR aguatic life criteria that are formul a-based for
the following metals: As Cd, Cr(l11), Cr(VI), Cu, Pb, Hg, Ni, Se (in sltwater), Ag, and Zn. To
determine criteria for these metals that are applicable to a gven water body, ste-gecific data
must be obtai ned, input to aformula, and numeri ¢ criteriacomputed. There are three types of
site-specific data that may be necessary to determine and/or modify the criterion for ametal at a
dte water hardness, converson factors and trand ators, and water effect ratios. Thefollowingisa
brief descriptionof these types of data.

1. Formulasfor Cd, Cu, Cr(lll), Pb, Ni, Ag, and Zn are water hardnessdependent. The Services
assume that the measure of hardnessreferred to in the CTR is a measure of the water hardness due
to calcium and magnes um ions. By convention, hardness measurements are expressed i n terms of
the mg/L of CaCO, required to contribute that amount of calcium+ magnesium hardness
Therefore, the site-gecific hardness isdetermined at a site, expressed asmg/L of CaCQ, , then
input to the criteriaformul as for each metal. Origindly criteria were determined using dataon the
total metal concentration (dissdved and particulate) in thetest water. Thus the generd formula
for a hardness based chronic criterion or Criterion Continuous Concentration (CCC) on atotal
metd bassis
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CCC = ém[l n(hardness)]+b)

Asan example, for Cu, the following data canbe input to the general faomua above: a dte
hardnessof 40 ng/L and the slgpe (m) and intercept (b) for copper hardness dependent chronic
toxicity (fron CTR Tale 2). The Criterion Continuos Cancentration (CCC) for Cu, onatotal
basiswaould be:

CCC (total) = e084lin(40)+(-1.702))
4.3 pg/lL

Criteriafor Cd, Cu, Cr(lll), Pb, Ni, Ag, and Zn can not be found directly by seeking out a
reference like the CTR, because numberslisted in such tables are usually based on the assumption
that the site-specific hardnessis 100 mg/L (the CCC for Cu at this hardnessis 9.3 pug/L). Criteria
for these metals require tha site-gecific hardness ismeasured and input tothe farmua, as
demondrated above.

2. Formulasfor adl the metals a so include atotal -to-di ssolved conversion factor (CF) based on
the fraction of the metal that was ina dissolved form during the laboratory toxiaty teds used to
developthe original tatal basad criteria. Criteria as proposed in the CTR wauld be on a dislved
bass Table 1inthe CTR ligsthe CFsfor the metals. T he modified formul abecomes.

CCC (dissolved) = CF x emintadnessj+)

Using the hardness, dope, and intercept valuesfromabove and the CFfromTable 1 inthe CTR,
the disolved Cu chronic criterion would be

CCC (dissolved) = 0.96x e8#ln@l+(1702)
= 41pglL

Thereisan added level of complexity in the computations of criteriafor Cd and Pb because the
CFsfor these metd s are themselves hardness dependent. For example, the formulato derive the
hardness-dependent CF for the chronic (CCC) Cd criterionis:

CF = 1.101672-[(In{ hardness} )(0.041838)]

Thishardness specific CFwould then be entered into the foormula for Cd and the criterion would
be calculated amilar tothe exanple above.

If atatal maximum daily load (TMDL) is needed to regulate dischargesinto animpaired water
body, the di ssolved criterion must be converted or trandated back to a total va ue so that the
TMDL calcuationscan be performed. The trandator can simply be the CF (divide the dislved
criterion by the CF to get back to the total criterion) or site-gecific data on total and dissolved
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metal concentrationsin the receiving water are collected and a dissolved-to-total ratiois used as
the trandator.

3. Formulas for all themetalslisted above also include a Water Effects Réaio (WER), a number
that actsas a multiplication factor. 1f no gte-specific WER isdetermined, thenthe WER is
presumed to be 1 and would not modify aformularesult. A WER purportedly accounts for the
difference intoxidty of ametal in adte waer relative tothe toxicity of the same metal in
recorstituted laboratory water. The contention isthat naturd waters commonly contain
congituents which “synthetic” or “reconstituted” |aboratory waterslack, such as dissoved organic
compounds that may act to bind metals and reduce their bioavailability. Where such condituents
act to modify the toxicity of ametal in a ste waer compared to the toxicity of the same metal in
laboratory water, a “water effect’ is doserved.

Example WER cdculation:

Suppose the LC,, of Cuin ste water is 30 pg/L.
Suppose the LC,, of Cu in laboratory water is20 pg/L.
As befare assume a site hardness of 40 mg/L.

The freshwater conversion factor (CF) for Cu= 0.96.

WER x CF x e(mlin0)+b)
= 15 x 0.96 x 4.3

= 6.2 pug/L

Cu Site-Spedfic CCC

What fdlowsare discussonsof the Services' concernsregarding the applications of WER, CF
and the attendant trandators and deficiencies of the hardness-dependent factorsin formul a-based
determinations of criteriafor As, Cd, Cr (I11), Cr (VI), Cu, Pb, Hg, Ni, Se (in saltwater), Ag, and
Zn.

Wate Effect Ratios

Except inwaters that are extremely effluent-domnated, WERsare > 1 and resuit in higher
numeric criteria. Note that, in the examples above, use o a site-spedfic WER for copper rased
the criterion concentraion dlowed at the ste from 4.1 pg/L t06.2 puglL, an increase of 50
percent. A WER may be more i mportant than site water hardness or metal-speci fic conversion
factorsand translators in determining a criterion and hence the metal loading allowed (e
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hardness and ading di scussionsbelow).

EPA has published guidelines for determining a site-specific WER, which outline procedures for
water sanmpling, toxicity teging, acclimating test arganisis, etc. (USEPA 1994). When ste
water toxicity islower than laboratory water toxi city, criteriamay be raised because: 1)
differences in calciumto magnesium ratios in hardness between laboratory water and site water
can sgnificantly alter the WER; 2) toxicity testing for WER deve opment isnot required across
the same range of test organismsused in criteria devd opment; and 3) the inherent variabilities
associated with living organisms used in toxicity testing can be magnified when used in aratio.

EPA guidel ines for WER determinations (USEPA 1994) instruct users to reconstitute | aboratory
waters accordi ng to protocols that result i n a cal cium-to-magnesium ratio of ~0.7 across the range
of hardness values (USEPA 1989, 1991). Thisproportion (~0.7) of calciumto magnesium isfar
less than the ratio found i n most natural waters (Welsh et al. 1997). The Services agree with
Welsh et al. (1997) that i mbalances in Ca-to-Mg ratios between site waters and dilution waters
may result in WERs which are overedimated because calciumionsare more protective of metals
toxicity than are magnesium ions. The EPA has noted this probl em with determini ng WERs but
limits the suggested correcti on of matchi ng the | aboratory Ca-to-Mg ratio and the Steratioto a
single entence at the end of the proposed rule. Thus the sgnificance and correction of this
problemis not adequately addressed.

EPA metal criteriaare based on over 900 records of laboratory toxicity tests (USEPA 1992) using
hundreds of thousands of individual test organi sms, including dozens of species across many
genera, trophi c levels, and senditivitiesto provi de protection to an estimated 95 percent of the
generamost of the time (USEPA 1985f). The use of aratio based WER determined with 2 or 3
test species limitsthe reli abil ity of the resultant site-specific criteriaand callsinto question the
level of protecti on provided for families or generanot represented i n the WER testing

The inherent variability of toxicity testing can also have a significant effect on the final WER
determination, epecially becauseitisused in aratio. Asdisussed above, the EPA has
developed its criteriabased on arel atively |arge database. However, even with such alarge
database variability in test results can still cause difficul ty in determining a criteriavalue. For
example, Cd datawere so vari able that EPA abandoned the acute to chronic ratio method of
determiningthe chronic criterion (USEPA 1985b). Indead, EPA applied the acute method to
derive achronic value. The EPA criteria document for Cd (USEPA 1985b) notes a chronic value
for chinook sailmon of 1.563 pg/L with arange of 1.3t0 1.88 pgL. Thisisavariability of 17
percert in either direction, which israther good (inter and intra laboratory variahility higher than
17 percent isnot unusual). Therefore, if this dataisused in aratio such as a WER, the variahility
alonecould resut in a 34 percent difference inthe vduesused. A potential WER using such daa
could rangefrom 0.7 to 1.4. Thus, a 9te-gecific criteria coud increase by 40 percent due to
natural variability in thetoxidty teging done. Indevelopment of a site-specific WER, fewer teds
are conducted and with fewer species increasing the likelihood that natural variationin toxicity
test resuts could affect the autcome. Care shoud also be takento make sure that test resuts
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between | ab and site water are significantly different. If 95 percent confidence i ntervals for the
testsoverlap thenthey are likely nat sigrificantly different and should nat be used to determine a
WER. Thus, toxicity testsshauld be conducted and carefully evaluated to minimze experimental
vari ance when col lecting datato calculate WERS.

Zoopl ankton such as cd adocerans (Daphnia sp.) are commonly used in bi oassays to determine
national and site-spedfic criteria or develop WERsand translationfactors As ensitive as
cladocerans seem to be it i s possible that the life stage of cladocerans being used i n most bioassays
are na the mog sersitive. Shurin and Dodson (1997) found that sexual reproduction in
cladoceransi s more sendtive to toxicants than the asexua reproducti ve stage and that most
bioassaysultilize daphnia during the asexual phasebecause they are well fed and cultured under
low stress Situations. Under stress (low temperat ure, drought, | ow food supply) ¢l adocerans and
other zooplankton use sexual reproduction to produce resting eggs that can remai n dormant for
months to year s until more favorabl e conditi ons return. Theloss or adecrease in the production of
resting eggs can have asignifi cant long-term effect on the popul ati ons of these species. Snell and
Carmona (1995) found that for a rotifer zooplankton, sexud reproduction was more grongly
affected by several toxicants, i ncluding cadmium, than asexual reproduction. The authors
concluded that the* levd of toxicants presently dlowable in surfacewaters. . . may expose
zooplankton populations to greater ecd ogical risksthan iscurrently believed.” Other metalsmay
also be more toxic to the sexual stage of zooplankton addi ng additi onal doubt to the
protectiveness of some criteriaand WERs.

Proceduresfor acclimation of teg organismsprior to toxicity testing may al be inadequate to
asure meaningful comparisons between ste and laboratory waters. Far the reasons dated above,
the Servicesbelieve that the EPA proceduresfor determining WERsfor metalsmay reult in
criteriatha are nat protective of threatened or endangered aquatic species. Thus, WERs d three
(3) or less are unacceptable because they are likely withinthe variance of the toxicity teds.
WERs over three must be careful ly developed and eval uated to ensure that listed speci eswill be
pratected.

Conversion Factors and Translators

EPA derived ambient metd s criteria from aquatic toxi city tests that observed the dose-response
rel ationships of test organi sms under controlled (laboratory) conditions. In most of these sudies,
organism responses were pl otted against nominal test concentrations of metals or concentrations
determined onunfiltered ssmples. Thus until recently metals ariteria have been expressed in
terms of total metal concentrations. Current EPA metals policy (USEPA 1993a) and the CTR in
particular propose that criteria be expressed on a dissolved basi sbecause particulate metals
contribute less toxicity than dissolved forms. EPA formulas for computing criteriathus are

adj usted viaa conversion factor (CF), so that criteriabased on total meta concentrati ons can be
“converted” toadisolved basis Metalsfor which a conversion factor has been applied include
arsenic, cadmium, chromium, copper, lead, mercury, nickel, slver, and zinc.
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The CFisavaluethat is used to estimate the ratio of dissdved metals tototal recoverable metals
to adjug the former criteria based on tatal metal to yield a disolved metal criterion A CF based
on the premise that the dissolved fraction of the metal sin water i sthe most bioavail able and
theref ore the most toxi ¢ (USEPA 1993a, 1997¢). The presumption i sthat the dose'response
relationships found in toxi city tests would be more preciseif “ dissolved” meta concentrati ons
were determined intest olution samples that have beenfiltered to remove the larger-dzed,
particulate metal frection. The term “total” metal refers to metal concentrationsdetermined in
unfiltered samples that have been acidified (pH < 2) beforeanalyss. The term “dissolved” metal
refers tometal concentrationsdetermined in samplesthat have been filtered (generdly a 0.45-
micron pore s ze) prior to acidification and analysis. Although it is clear that concentrations
determined in a procedurally-defined disolved ssmpleare nat accurate measures of disolved
metals it may be premature to recommend immediate changesto the current procedure (Chgpman
1998). Particulate metals can be single atoms or metal complexes adsorbed to or incorporated
into silt, clay, al gae, detritus, plankton, etc., which can be removed from the test water by
filtration through a 0.45 micronfilter. A CF value isalways less than 1 (except for Aswhich is
currently 1.0) and is multiplied by atotal criterion to yield a (I ower) dissolved criterion. For
example, CFvaluesfa Cd, Cu, Pb, and Zn, are 0.944, 0.960, 0.791, and 0.978 regectively
(USEPA 1997c). The CF values gpproach 100 percent for several metas because they are ratios
determined in laboratory toxicity-test soluti ons, not in natura waters where relative contri butions
of waterborne particulate metd s are much greeter. The Californi a Department of Fish and Game
(CDFG 1997) has canmented that particulate fractionsin natural watersin Californiaare dftenin
the range o 80 percent, which would equate to a dislved-to-tatal ratio of 0.2.

To convert metals criteria, EPA reviewed tes data that reported bath total and dissolved
concentrationsin ther tes waters and also conducted smulations of earlie experimentsto
determine the disolved-to-total ratios (USEPA 1992, 19953, 1997¢). In thisway, the higorical
toxicity database coul d be preserved and al arge number of new toxicity tests would not have to be
perfamed. Overall, the CFs proposed in the CTR are based upon raughly 10% of the histarical
database of toxicity tests. CF val uesfor Asand Ni were based on only 1 study each, comprising
11 records CF values fa Cr were based on only 2 gudies, while the edimated CF for Pb was
based on 3 studies, comprised of only 3 records. Although additional confirmatory studies were
performed to develop the CFs, the database avai labl e gppears to be limited and call sinto question
the defens bil ity of the CFs determined for these metals.

Ultimatel y the sci entifically most defensibl e derivation of di ssolved metals cri teri a should be
basad on reviewsof new laboratory investigations because:

1. the saverd water quality variables that modulate metal toxicity may nat have been properly
control led, measured, reported, or manipulated over ranges that are environmental ly realisti c and
necessary to consider if site-specific criteriaare to be proposed (see section on hardness);

2. itislikely that mog toxicity testsmeasured organiam regponsesin terms of traditional
endpoi nts such as morta ity, growth, reproducti ve output. These may not be suffi cient for
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determining the toxic effects o metalsin test waters manipuated to reflect environmertal (site)
conditi ons (see section on hardness);

3. thetest waters caontained very low contributionsfrom particu ate metalsto the tatal metal
concentrati ons. These proportions are not environmentally redistic; and

4. the present EPA criteriafor metalslack meaningful input and madification from metals
toxicity research dore in the lag decade.

Points 1 and 2 above are discussed in thisfina biologica opinion in the hardness section dealing
with the use of water hardness as ageneral water quality “surrogate”. Point 3 isill ustrated by the
fact that the CF s proposed in the CTR for several metalsare near avalue of 1.0. Thisindicates
that the toxicity tests reviewed to derive dissolved-based criteria exposed test organismsin waters
that contained very low concentrationsof particuate metals. For example, the CFvalues far Cd,
Cu, Pb, and Zn, are 0.944, 0.960, 0.791, and 0.978 regectively (USEPA 1997c), meaning that
particulate metd percentageswere (on average) 5.6%, 4.0%, 20.9%, and 2.2%. These
percentages are much lower than found in many natural waters. The Cdifornia Department of
Fishand Game, intheir comments to the EPA on the proposed CTR, has dated that particulate
fractions in natural waters in California are often in the range of 80 percent (CDFG 1997), which
would equate to a di ssolved-to-total ratio of 0.2. Itisclear that the histori cd toxi city database
doesnot include gudiesof the toxic contributionsof particulate metals under environmentally
realistic conditions Improved asseesanentsare necessary to develgp adequately protective, ste-
spedfic criteria.

The EPA Office of Water Pdicy and Technical Gudance has noted that particulate metals
contribute some taxicity and that thereis congderable debate inthe scientific community on this
point (USEPA 1993a). While the Servi ces agree that dissolved metal forms are generall y more
toxic, thisis not equvalent to sayingthat particuate metals are norrtoxic, do not cortribute to
organiam exposure, o do not require criteria guidance by the EPA. Few dudieshavecarefuly
manipulaed particulate cancentrations along with other water condituents, to determine their
role(s) i n modulating metalstoxicity. Erickson et al. (1996) performed such a gudy while
meaduring growth and survival endpaints infish and suggeged that copper adorbed to particu ates
cannot be congdered to be drictly nontoxic. Playle (1997) cautionsthat it isprematureto
dismiss particul ate-associat ed metas as biol ogically unavail able and recommends the expansion
of figh gill-metal interaction madels to include these fornms. The Service is paticularly concemed
that invedigationshavenot been performed withtest watersthat contain both high particulate
metal concertrationsand disolved concertrationsnear the CTR-proposed criteria concentrations
Despite a paucity of information about the aquatic toxicity of particulate metals, the CTR
proposes that compli ance woul d be based on removi ng (fi lteri ng) these contami nants from a
sampleprior to analysis. It would be prudent to firs conduct short-term and longer term studi es,
aswell astests that expose organisms other than fish.

Particulaes may act asa sirk for metals but they may al act asa source. Through chemical,
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physica, and biologicd activity these metas can become bi oavailabl e (Moore and Ramamoorthy
1984). Particuate and dissolved metals end upin sedimerts but arenot rendered entirdy
nortoxic nor completely immobile thusthey gill may contributeto thetoxidty of the metal in
naturd waters.

Particulate metd s have been removed from the regul atory “ equation” through at | east two
methods the use of a CF todetermine the disolved metal criteria, and the use of atrandator to
convert back to atatal metd concentration for use inwade load limit calculations Whenwade
discharge li mits are to be devel oped and TM DLs are determined f or areceiving waterbed, the
disolved criterion mug be “translated” back toatotal concentration because TM DL s will
continue to be based on total metals.

EPA provi des three methods in which the trandation of dissolved criteria to field measurements of
total metal may be i mplemented. These three methods may potentialy result in greatly di fferent
outcomesrelative to particuate metal loading. These methodsare:

1. Determination of a gte spedfic trandator by measuring site goecific ratios of dissolved metal
to totd metal and thendividingthe dissdved criterionby thistrandator. Asan example: a site
specific ratio of 0.4 (40% o the metal in the site water isdislved) would reault in a2.5 fold
increase inthe discharge of tatal metd. The higher the fraction of particuate metal in the site
water the greater the allowable discharge of tatal metal. See the discusson and Table 9 below.
Thisis EPA’s preferred method.

2. Theoreticd partitioning relationship. This method is based on a parti tioni ng coeffi cient
determined empircally for each metal and when available the concentration of total suspended
solidsin the site speci fic recel ving water.

3. The trandator for ameta is assumed to be equivalent to the criteria guidance conversion factor
for that metal (use the same value to corvert fram total to dissolved and back again).

Since trandators are needed to calculate di scharge limits they become important in determini ng
the total metalsallowed to be discharged (see al0 loading discusson for individual metals below.
In the econamic analysisperfarmed by the EPA and eval uated by the State Board (SWRCB
1997), it was edimated that translators based on Ste-gecific datawill decrease dischargers costs
of implementing the new CTR criteria by 50 percent. Thiscost savingsis“directly related to the
lessstringent effluent limitations that result fromthe use of dte-specific translators.” Thisimplies
a strong economic incentive for di schargers to reduce costs by developing site-specifi ¢ trandators
and ultimately being al lowed to discharge more total metas. This conclusion regarding the
impact of site specific translators issupported by documerts received from EPA (USEPA 1997d).
EPA performed a sengiti vity analysis on the effect of the site specifi ¢ trandator, which relieson
determiningthe raio of metal inwater after filtration to metal in water before filtration in
downdreamwaters. EPA’s analyss indicated that use of a dte-gecific translatars to calcuate
criteria would result in greater releases of toxi c-weighted metals loads above the opti on where the
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Cfsare used asthetrandators. The potentid difference was esti mated to be between 0.4 million
and 2.24 million “toxi c wel ghted” pounds of meta s di scharged to Cdiforniawat erways.

The Services believe that the current use of conversion factorsand Ste specific trandatorsin
formu a-based metal criteria are not sufficiently pratective o threatened and endangered aguatic
speci es because:

1. particulate metals have been removed from the regulatory equation even though chemical,
physicd , and biologicd activity can subsequently cause these particulate meta sto become
bioavailable;

2. thecriteriaare developed using toxicity teststhat expose test organismsto metal concentrati ons
with very low contributions from parti culate metd's,

3. toxicity teds do not assess whethe the taxic contributions of particulate metals are nedigible
when particul ae concentrations are great and dissaved concentrations are at or near criteria
levels

4. this method has the potenti a to signifi cantly increase the di scharge of total metal loadsinto the
environment even though dissolved metal criteri aare being met by a di scharger; and

5. the premise ignores the fact that water ismare than a chemical medium, it al physcally
delivers metals to the sediments.

Hardness

The CTR should more clearly i dentify what i s actually to be measured in asite water to determine
adte-gpecific hardness value. Isthe measure of hardnessreferred tointhe CTR equationsa
measure of the water hardness due to calci um and magnesi um ions only? If hardness computati ons
were speci fied to be derived from data obtained in Ste water cal cium and magnesium
determinations a one, confusion could be avoided and more accurat e results obtai ned (APHA
1985). Site hardness va ues would thus not incl ude contributions from other mul tivalent cations
(e.g., iron, aluminum, manganese), would not rise above cal cium + magnes um hardness val ues, or
result i n greater-than-intended Site criteriawhen used in formulas. In this Biologica opinion,
what the Servicesrefer to as hardness is the water hardness due to calci um + magnesium ions only.

The CTR shoud clearly date that to dbtain a 9te hardnessvalue, ssmples shoud be collected
upstream of the effl uent source(s). Clearly stating this requirement i n the CTR would avoid the
computation of greater-than-intended site criteriain cases where samples were collected
dowrstream of effluentsthat raise ambient hardness but not other important water qualitiesthat
affect metal toxicity (e.g., pH, akalinity, dislved organic carbon, calcium sodium, choride,
etc.). Clearly, it isinappropriate to use downstream dte water quality variables for input into
criteria formulas because they may be greatly altered by the effl uent under regul ation. Alterations
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in receiving water chemistry by a di scharger (e.g., abrupt € evati on of hardness, changesin pH,
exhausti on of akalinity, abrupt i ncreases in organi ¢ matter etc.) should not result, through
goplication of hardnessin criteriaformulas, inincreased dlowable di scharges of toxic metals. If
the use of downstream site water quality variables were allowed, di scharges that al ter the exi sting,
naturally-occurring water compostion would be encouraged rather than discouraged. Discharges
should not change water chemistry even if the alterati ons do not resul t in toxicity, because the
aguatic communities present in awater body may prefer the unaltered environment over the
discharge-affected environment. Biolaogical criteria may be necessary to detect adverse ecdogical
effects downstream o discharges, whether or not taxicity is expressed.

The CTR proposes cri teria formulas that use Ste water hardness asthe only input variable. In
contrast, over twenty years ago Howarth and Sprague (1978) cautioned agai nst abroad use of
water hardnessas a “ shorthand” for water qualitiesthat affect copper toxicity. In that gudy, they
observed a clear effect of pH in addition to hardness. Since that time, severa studies of the
toxidty of metalsin ted waters o variouscompostionshave been performed and the resultsdo
not canfer a singular role to hardnessin amelioraing metals taxicity. Inrecognitionof this fact,
modg currert studiescarefully vary test water characteristicslike pH, calcium, alkalinity, dissolved
organic carbon, chloride, sodium, suspended solids, and others while observing the responses of
test organigns It islikely that understanding metal toxicity in waters of various chemical
makeups is not possible without the use of ageochemical model that is more e aborate than a
regresson formula. 1t may also be that smple toxicity tests (using mortality, growth, or
reproductive endpointg are not capable of discriminating the role of hardnessor other water
chemidgtry characteristi cs in modul ati ng metal s toxicity (Erickson et al. 1996). Gill suface
interaction models have provided auseful framework for the sudy of acute meta stoxicity infish
(Pagenkopf 1983; Playleet al. 1992; Playle et al. 1993a; Playle et al. 1993b; Janes and Playle
1995; Playle 1998), as have gudies that observe physological (e.g. ion fluxes) o biochemical
(e.g. erzymeinhihition) respanses(Lauren and McDonald 1986; Lauren and McDonald 19873;
Lauren and McDorald 1987b; Reid and McDorald 1988; Verbog et al. 1989; Bury et al. 19993,
Bury et al. 1999b). Even the earliest gill models accounted for the effectsof pH on metal
speciation and the effects of alk ali nity on i norganic complexation, in addition to the competiti ve
effects due to hardness ions (Pagerkopf 1983). Current gll madels make use of sophisticated,
computer-based, geochemical programsto more accurately account for modulating effectsin
waters of different chemica makeup (Playle 1998). These programs have aided in the
interpretation of physi ological or bi ochemica responsesin fish and i n investi gati ons that combine
their measurement with gill metal burdens and traditiond toxi city endpoints.

The Services recognize and acknowledge that hardness of water and the hardness acclimation
datus of afishwill modify toxicity and toxic response. However the use of hardnessd oneasa
universal surrogate for all water quality parametersthat may modify toxicity, whil e perhaps
convenient, will clearly leave gapsin pratection when hardness doesnot correlate with other water
quality parameters such asDOC, pH, CI- or alkalinity and will not provide the combination of
comprehendve protection and ste specificity that a multivariate water quality model could
provide. Inour review of the best avail able scientific literature the Services have found no
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conclus ve evidence that water hardness, by itself, in either | aboratory or naturd water, isa
congstent, accurate predictor of the aguatic toxicity of all metalsin all conditions

Hardness as a predi ctor of copper toxidty: Lauren and McDonald (1986) varied pH, alkalinity,
and hardness independently at a constant sodium ion concentrati on, while measuring net sodium
lossand martality in rainbow trout exposed to copper. Sodium loss was an endpaint investigated
because mechanisms of short-term copper toxicity infish are related to diguption of gill
ionoregul atory function. Their resultsindicated that a kal inity was an important factor reducing
copper toxicity, most notably i n natural waters of low cal cium hardness and a kal inity. Meador
(1991) found that both pH and dissolved organic carbon were importart in controlling copper
toxicity to Daphnia magna. Welsh et al. (1993) demaonstrated the importance of dissolved
organic carbon in affecting the taxicity of copper tofathead mnnowvsand suggeded that water
quality criteriabe reviewed to consider the toxicity of copper in waters of low a kalinity,
moderately acidic pH, and low dissdved organic carbon concentrations. Applications of gill
models to copper bi nding consider complexation by di ssolved organic carbon, speciation and
competitive effects of pH, and competition by calciumions not merely water hardness(Playle et
al. 1992; Playle et al. 1993a; Playle et al. 1993b). Erickson et al. (1996) varied severd test
water qualities independently and found that pH, hardness, sodium, dissolved organic matter, and
suspended solidshaveimportart rolesin determining copper toxidty. They alo suggested that it
may difficult to sort ou the effects of hardnessbased on smple taxicity experiments. It isclear
that these gudiesquedion the use of gte calcium+ magnesium hardness only asinpu to afomua
to derive a criterion for copper because pH, alkalinity, and dissolved organi ¢ carbon
concentrationsare key water quality vanablesthat alo modul ate toxicity. In watersof moderately
acidic pH, low alkalinity, and low dissolved organic carbon, the use of hardness regressonsmay
be most inaccurate. Also, it isnot clear that the dissolved organic carbon in most or al waters
render metals uravailable. Thisisbecause dislved organic carbon from different sources may
vary in both binding capaci ty and stabil ity (Playle 1998).

Hardness as a predi ctor of silver toxidty: Whil e there is strong evidence that i onic sil ver isthe
form responsible for causing acute toxicity in freshwater fish, recent sience (Woad et al, 1999;
Bruy etaal, 1999; Kaen etal, 1999; Galvez and Wood, 1997; Hogdrand and Waood, 1998)
challengesthe EPA concept of hardnessas having alarge ameliorating effect on aquetic toxicity
of dlver. Thesedudiesindicatetha chloride and di ssolved organi ¢ carbon concentrations must
be accounted for in the criterion formul afor thismetal. Bury et al. (1999) exposed rai nbow trout
to silver nitrate and measured physiological (Na® influx) and biochemical (gill Na'/K*-ATPase
activity) endpoints, aswell assilver accumul aionsin gills. They found that chloride and
dissolved organi ¢ carbon concentrati ons, but not calcium hardness, ameli orated the inhibition of
Na’ influx and gill Na'/K*-ATPag activity. Dissdved organic carbon greatly reduced gl
accumul ati ons of silver through complexation. Chlorideion did not reduce gill accumulations of
slver because it bound with free silver (Ag*) and accumulated ingills asAgCl, but reduced
toxicity because the AgCl did not enter chloride celIs and disrupt i onoregulation.

Calcium, the hardnession thought to modify metals toxicity to the greates degreeis, by itsdf, not
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that protective in the case of sl ver. Karen et al. 1999 found DOC more i mportant than hardness
for predi cting the toxicity of ionic silver in natural waters to rai nbow trout, fathead minnows and
Daphnia magna. These authors suggested incorporating an organic carbon coefficient into the
silver criterion equation to enhance the site ecificity of criterion. Wood et al (1999) noted
chloride ion and DOC were influential in amelioratingsilver toxicity and that inammoniarich
waters sl ver might be more than addi tively toxi ¢ with ammoniarto fish.

Hardness as a predi ctor of cadmium toxidty: Our revi ew of acute cadmium toxicity in fish
indicatesthat calcium hardness does exhibit aneliarating effects (Reid and McDonald 1988;
Verbod et al. 1989; Playle and Dixon 1993). However, most studies that manipulated hardness
ions varied only calcium and so there i slittle evidence that magnesium ions amdli orate cadmium
toxidty. Invedigationsof the differencesbetween these two hardness condituents (Carrdl et al.
1979; Davieset al. 1993) reved ed that magnes um ions provi de little or no protection aga nst
acute cadmium toxicity infish. Hunn (1985) suggested that calcium binds to biological mdecules
in ways that magnesum doesnot, due to differences inthe coordination geometry of theions
Mechanidic studiesof cadmium taxicity infishreveal that cadmiuminhibits enzyme-mediated
calciumuptakein thegills(Verbog et al. 1989). Dissdved organic carbon, if present in
sufficient concentrationsand binding grengths, may also modulate cadmium toxicity. In natural
waters hardness, pH, d kd inity, sali nity, and temperature may al so interact to affect cadmium
toxicity but these factors may not always carrelate to hardnessmeasuresat a given waterbed.

Loading

The Servicesare concerned that particuate metal sdischarges from municipal and industrial
effluents will likely increase under the CTR proposed criteria. Current guidance for waste load

all ocation calcul ati ons (USEPA 1996b) consists of simple dil ution formul ati ons using effluent
metal |oads, receiving water flows and dissolved-to-total metals ratios in the receiving waters To
illustrate our concerns, we expanded upon a hypothetical example contained in The Metal
Translator: Guidance For Calculating a Total Recoverable Permit Limit From a Dissolved
Criterion (USEPA 1996b). In thisdocument, EPA provi des a procedure for determining the
concentrati on of total Cu that could be discharged i n an effl uent without exceeding the ambient
criterion for dissdved Cuin thereceiving water (i.e., awaste locad allocation). In order to include
additional metds inour analyses(nat jug Cu), we retained the assumptionsof the EPA example
for effl uent fl ow, recei ving stream flow, and rati o of dissolved metal to total metal in the receiving
stream (f,). For metals other than Cu, we assumed that the total metal in the receiving water,
upstream of the di scharge, was the same percentage of the Nationa Toxics Rule (NTR) criterion
as was assumed for Cu in the EPA example (~23 percent). For the 1992 NT R we assumed the
same conditionsas the EPA example but the tatal metd criteriawasused.

Table 9 compares the concentration of total metal s that could be discharged i n an effl uent without
exceeding the ambient criterion for dissolved metalsin the receivingwater using: 1) total metal
criteria from the 1992 NTR; 2) dissolved metal criteriafrom the CTR using a 40 percent
dissolved-to-total metal ratio (f, = 0.4) inthe receiving water body; and 3) dissolved metal criteria
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from the CTR using a 20 percent dissolved-to-total metal ratio (f, = 0.2). The dislved-to-total
ratio of 0.4 isthe same asthat used in the EPA example and a rati o of 0.2 is not unusual for
natural watersin California (CDFG 1997). It isevident that subgantial increasesintotal metals
would be permitted inthis hypathetical discharge under proposed CTR criteria. If the dislved
fractionof total metalsin the receiving water was 40 percent, thenunder the CTR, the tatal metal
concentrati ons that would be a lowed to be di scharged would increase by 51 to 203 percent
compared to the 1992 National Toxics Rue (Tabe 1). Nickel isthe only metal under this
scenari 0 that would decrease (-21 percent). |If the dissolved fraction of total metal sin the
receiving water was 20 percent, then under the CTR the total metal concentrations in allowable
discharge would increase by 78 to 524 percent, i ncluding nickel (78 percent).

It also appearsthat asthe fraction of parti culate meta in the rece ving water increases, the
allowable discharge of particuate metalswill increase, rather than decrease. The Servicesexpect
that increases 9milar to our exampleswaould ocaur inallowable TMDLs under CTR criteria
because a TMDL isthe indream tatal metal concentration that equatesto the dissolved metal
criteria concentration (USEPA 1996b). Under the CTR, total metal dischargesmay increase as
long as the dissolved criteriaare not exceeded. Economic anal yses of the draft CTR perf ormed by
the EPA and SWRCB (1997) show tha impl ementing the new CTR criteria will decrease
discharger costs by 50 percent because of “ less stringent effl uent limitations that result [from] the
use o sitespedfic trandators” Therefore, it would beincorrect to assume that TM DL slimit total
metal loadings Ssmply because they are expressed as total metal concentrati ons. Moreover,
increases in permitted, poi nt-source meta discharges will be incremental to di scharges from
agricutural or urban non-pant sources which are largely uncontrolled through the discharge-
permitting process. Metals criteria based only on dissolved concentrations provide littlein the
way of incentives for reducing non-point sources, which are largely particulate forms. The
Services are concerned that metals criteria based on dissolved concentrati ons in the absence of
sediment criteria linked to total metalswill not effectively prevent sedi ment contamination by
metalsand may lead to increased allowall e |oads of metalsto sediments. The dissolved approach
ignaresthe fact that water ismare than a chemical medium; it al physcally deliversmetalsto
the sediments.

The Services believe that the CTR proposed formula-based metal criteriais not protective of
threatened or endangered agquatic species becausetotal metal dischargeswill likely increase and
the criteria devel opment methodsdo nat adequately condder theenvironmental fate, transport,
and transformati on of metalsin natura environments.
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Table 9. com parison of total metal concentrations permitted in ahypothetical point-source discharge under the 1992
National Toxics Rule that regulated metals on atotal basis and the 1997 CaliforniaToxics Rule that proposes to regulate
metals on a dissolved basis. The CTR concentrations are based on areceiving waterbed’ s percent dissolved to total

metds of 40 and 20 percent. Valuesin parenthesesarepercentincreaseover 1992 NTR. Vauesarein pg/L tota metal.

Receiving
Water Pler;‘zm As | Cd Cr Cr Cu Pb Hg Ni Ag | Zn
DA'AS:;YS my | (v

NTR Total | 973 11 | 1,487 | 43 48 230 7 3,835 9 318

CTR40 |2561| 33 |4150| 122 | 100 | 488 | 10 |3,043| 26 | 888
percent | (163) | (203) | (179) | (182) | (106 | (112) | (51) | (-21) | (179) | (179)

)
CTR20 |5311| 67 |8588| 251 | 208 | 1,011 | 22 |6,831| 54 | 1,835
percent | (446) | (524) | (478) | (483) | (331 | (339) | (219) | (78) | (478) | (476)
)

The Servicesfind that the regul ati on of metd s on a dissolved basis using the formulas proposed by
the EPA inthe CTR does not assure adequate protection of threatened or endangered species and
their potential for exposure to dissaved and particulate metals inthe water caumn because:

1. Criteriaare based on toxicity tests that expose test organisms to metal concentrations with very
low contributionsfrom particuate metals and do nat assessexpaosures under environmental ly
reali gti c condi tions;

2. Particulate metas have been removed from the equation even though chemica , physical, and
biological activity can cause these metalsto become bicavailable. While the Servicesagree that
disolved metal formsare more toxic, thisisnot equivalent to saying that metds inthe particulae
fraction are not toxi c, wil | not become toxi ¢, are not being exposed to organi sms, and do not
require criteri a guidance by the EPA;

3. Toxicity teds do not asess whether the taxic contributions of particulate metals are negigible
when particul ae concentrations are grea and dissaved concentrations are at or near criteria
levels

4. The proposed criteria have the potertial to significantly increase the discharge of total metal
loadsinto the environment even though dissadved metal criteria are being met by adischarger;

5. Therde of mgjor cations (sodium, patassum), anions (nitrate, sufate, chloride), and ather
water quality parameters (pH, temperature, disolve arganc matte) that modify metal toxicity
may not be assumed to be negligible, thushardnessalone doesnot fully address Ste water effects
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on toxicity;

6. The regulation of metason adissolved basis ignores the fact that water is more than a
chemica medium, it dso phys cd ly delivers metd sto the sedi ments;

7. Larger databases with awider range of tes spedes used to derive the criteria canbe nulified
by use of simaller databaseswith fewer tes speciesto adjust criteria on a Ste-ecific bass via
WER and CFtrandator determi nations that use ratics which can greatly modify the final criteria;
and

8. Aquatic criteria based on the di ssolved metal fracti on without concurrent wildlife criteriaand
sediment criteriafail to address awide variety of exposure scenarios and effects auch as
biocaccumulati on through the diet and synergi sm.

For these reasons the Services believe that the proposed formula-based method for devel oping
metal criteriais not sufficiently protective of threatened or endangered aguatic species

Metal Hazards to Aquatic Organisms

Sources

Eider's series of synoptic reviews, EPA’s criteri a documents, Sorensen (1991), and M oore and
Ramamoorthy (1985) provide agood summary of sources, pathways, and toxi ¢ ef fects of these
metds. Metalsin general are widely digtributed and frequently, (asin the case of cadmium,
copper, lead, and zinc) are found in the same ore deposits. Thus, activities such as mining can be
asource of several metalsa once. Metalsarerardy found a one in discharges or the
environment. Several metalsare frequently asociated with mining discharges, industrial
discharges, and stormwater runoff. A variety of inorganic and organic forms of each metal are
found in the environment and toxicity among these compounds varieswidely.

Thereisamultitude of usesfor these metalsin the economy. Past and current usesincl ude the
production of numerous all oys, pi gments, pri nti ng, wood preservatives, batteri es, pesticides,
electroni cs, € ectroplating, pl astic stabilizers, tanni ng, furnaces, dyes, wiring, roof ing,

anti corrosion, pl umbing, solders, ammunitions, gasoli ne additives, and currency.

Pathways

Because of the wide vari ety of uses, these metals can and will enter the environment through many
pathways. The most direct routes are through acid mine drainage fromactive and abandoned
mines and poi nt-source discharges from industri al acti viti es such as plating, textile, tanning, and
stedl industries. M unici pal waste water treatment plants and urban runoff are also signifi cant
source of metals to the environment. Arsenic, copper, and zi nc used as pestici des and wood
preservatives enter the environrment via drift, erasion, surface runoff, and leaching. Copper used
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as anagudic herbicide isdirectly applied to the water under cortrolled stuations Particulate
metals from combudion and dust can be transported through the air.

Metals can enter theaquatic environment in a dissdved farm o attached to organicand inarganic
particulate matter. The amount of metal in the dissolved versus particulate form in natural waters
can vary greatly, but the particulate form isusually found in greater concentrations. Metals can
flux between different states and formsin an aguatic environment due to changesin pH,
temperature, oxygen, presence of other compounds, and biol ogical activity. These transformations
can occur within and between water, sediment, and biota asthe cycles of nature change.

As dissolved metals in the water, the most direct pathway to aquatic organisnsis viathe gills.
Dissdved metals are al0 directly takenup by bacteria, algae, plants, and planktonic and berthic
invertebrates. Thedisolved forms of meta s can adsorb to parti cul ate matter in the water col umn
and enter organisms through various routes. Metal s adsorbed to particul ates can al so be
tranderred acrossthe gill membranes(Lin and Randall 1990; Playle and Wood 1989; Sorersen
1991; Wright et al. 1986). Planktonic and benthicinvertebraes can ingest particuate metals
from the water column and sediments and then be eaten by other organisms. Thus, dietary
expoaure is a ggnificant ource of metalsto aquatic and aguatic dependent organisms

Although metalsbound to sedimerts are generally lessbioavailable to organians they are Hill
present, and changesin the environment (e.g., dredgng, Sormevents temperature, lower water
levels, biotic activity) can alter the bioavailahility of these metals. The feeding habitsof figh can
determine the amaunt of uptake of certainmetals Piscivorousfish are exposed todifferent levels
of metals than ormivarous and herhivorousfish. Far example, copper is more conmonly found in
herbivorous fish than carni vorous fi sh from the same location (Mathisand Cummings 1971). In
general, these metals do not biomagnify in the food chain as do mercury or slenium, thusimpacts
to resourcestend to be limited to aquatic organsms

General Toxicity of Metals

Thetoxi city of meta s varies greatly depending on the chemica form and valence. Trivalent
arsenic and hexavalent chramium are more toxic than other formsof arsenic and chromium, while
chelated forms of metals are |esstoxic than the urbound ions. The variousmetalscan have awide
variety of effects on organisms. They can cause enzyme inhibition due to reactions with the
sufhydryl groupsof proteins. Some metals such as cadmumwill compete with essential metds
such aszinc for enzyme binding stes. M etd exposure can result in damageto gil | and gut tissues,
disrupt nervous system operation, and alter liver and kidney functions. Same metals can affect
olfactory repponseswhich are important to migrating salmonid goecies Elevated metal
concertrationscan cause growth inhibition and impaired reproduction resuting in decreased
primary production. Analteration of primary production canthen impact growth and survival
farther up the foodchain. Impacts from meta contamination can shift species composition and
abundance towards more pollution-tolerart speaes. Copper is highly toxic to most freshwater
invertebraes with LC 50sas low as6 pug/l (Moare and Ramamoorthy 1984). The Cdifomia
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freshwater shrimp recovery plan nates thisspedesisat particuar risk fromcopper exposures
relative to non-point sources asociated with dairy gperations and cow foot-bathsusing copper
based compounds (USDI-FWS 1997a).

The toxicity of each metal to different organiamsvaries greatly. Copper isgenerally more toxic to
aguatic organismsthan the other metals. Complex synergi stic effects among the metas can occur
aswell as antagoni stic effects. The toxi city of metal s can be altered by hardness, sdinity,

akal inity, pH, and temperature. For most of the metals in the proposed rule, the criteriaare
formula based and hardness dependent because i ncreasing hardness decreases the toxi city of the
metal.

Particulate Toxicity

In the biol ogical evaluation for the CTR, EPA determined that exposures to ambient
concentrationsof dissdved metals a or below the proposed CTR aguatic life criteria are unlikely
to adversely affect threatened or endangered aquatic organians (USEPA 1997a). Whilethe CTR
criteriaproposed for metalsare based on the dislved fractionsof these metals only, aguatic
organisms in natural waters are exposed to additional, waterborne, particulate metal forms. As
discussed in the CF section, the CTR will likely increase particulate metal loading even though
disolved criteria are being met. Dredging and disposal operations canresut in substartial
sugpengon and re-suspension of particulatesin the water column, including those contami nated
with metd's

Through respiratory uptake, aguatic organigmsare exposed to metalsin addition tothose measured
in the dissolved fraction of ambient waters. As fish vertilate, a nearly continuous flow of waer
passes acrosstheir gills(Moyleand Cech 1988) and particul ae metal ssugpended inthe water
column may become entrapped. At thelowered pHs occurring near gill surfaces(Lin and Randall
1990; Playle and Wood 1989; Wright et al. 1986) entrapped parti cul ate metd s may release
soluble meta ions (Sorensen 1991), which are the forms EPA considers most bioavai labl e and
efficiently taken up by aquatic arganisnms (USEPA 1993a,1997a). Although mast research has
been done on particulate expouresto figh gills(primarily saimonids), it isreasonalde to conclude
that other fi sh and gil| breathing organisms are affected in the same way.

Newly developed madels seem well suited to assessmentsof thetoxic contribution from suspended
particulate meta sand coul d be used to establi sh safe leve sthat do not substantidly i ncrease
respiratory exposures. A panel of toxi cologi sts has recently reviewed metal s bioavai lability and
criteriaissuesand recommended replacing the current EPA approach to acute criteria
development with a mechanistic approach such as afish gill model (Bergman and Dorward-King
1997). Gill-model approaches have been used to successully investigate how metal binding at
fish gillsisinfl uenced by water hardness, pH, alkalinity, and dissolved organi ¢ carbon (Playle and
Dixon 1993), aswell asto estimate how effecti vely the gil | competes with abi otic ligands for
metals(Playleet al. 1993).
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The Services believe that the proposed EPA metd s criteriain the CTR for aquati ¢ li fe should not
excl ude particulate forms of any metal, unless and unti| EPA demonstrates that exposures of
threatened or endangered Peciesto these contaminants are unlikely to cause adverse effectsin
natural waters.

Dietary Exposure

A biologi cal ly significant pathway for exposures of aguatic organisms to metalsis through
consumption of contaminated aquatic detritus plants invertebrates and other food items. EPA
has not aseessed whether the food base of aguatic organisms may accunulate excessive netal
resduesunder CTR proposed criteria. Asthe CTR preanble quotes fromthe CWA and EPA’s
1985 guiddlines, acriterion is the “hi ghest concentration of a substance i n water which does not
present a 9gnificant risk tothe aguatic organisms inthe water and their uses” Their uses include
“conumption by humansand wildlife.” Certainly, an ecdogically ggnificant use of aguatic
invertebraes istheir consumptive use by fish. Invertebrates may accumulate appreciable body
burdens of metalsin aquatic sydemsand are prey consumed by salmonidsand other fish species
(Anderson 1977; Cain et al. 1992; Cain et al. 1995; Clements et al. 1994; Dallinger 1994;
Elwaood et al. 1976; Gerhardt and Wedermann 1995; Ingersdl et al. 1994; Kiffney and Clements
1993; Luomaand Carter 1991; Lynch et al. 1988; McKnight and Feder 1984; Moareet al. 1991;
Phillips1978; Rainbow and Ddlinger 1993; Smock 1983; Snock 1983a; Timmermans 1993;
Saiki 1995; Zanella1982; Moyle 1976; Saiki 1995).

The regulation of water quality criteria on adisolved basis as EPA propaoses does not consider
particulates sediment, and dietary exposure routes Inarecent expeaiment (Woodward et al.
1994) age-0 ranbow trout that were held in clean water and fed a diet of metal s-cantamineted
invertebrates (for 91 days exhibited reduced aurvival and growth. After 91 days whole-body
metal concentrationswere similar to those in trout inhabiting the 4ream where the contam nated
invertebrateswere collected. In concurrent treatments, trout exposed to waterborne metals (at
concertrationsmeeting criteria edablished by the EPA) and fed a diet of uncontaminated
invertebratesexhibited no reductionsin survivd or growth. These resuts and those of similar
studies of diet-borne meta exposures to salmonids collectivel y suggest that to reduce dietary
hazar ds to sal monids, water qual ity criteria should protect invertebrate forage from excessive
metal residue accumulations (Dalli nger and Kautzky 1985; Dallinger et al. 1987; Farag et al.
1994; Giles 1988; Harri son and Klaverkamp 1989; Harrison and Curti s 1992; Miller et al. 1993;
Mourt et al. 1994; Thomann and Harrison 1997; Spry et al. 1988; Woodward et al. 1995).

The Services believe that without due consideration of dietary exposure of meals toaqudic
organisims, the proposed CTR criteriafar metalsare nat protedive of threatened and endangered
aguatic species. Criteriathat are not protective of aquati ¢ invertebrates from contamination and
result i n subsequent loss of beneficia use by fi sh and other aquatic organisms are not consistent
with the CWA, nor are they protective of listed i nvertebrates considered i n this biol ogical opini on.

Bioaccumulation
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Asdiscused throughout the formu a based metals section, organismsare exposed to metals
throughmany routes These metals do bioaccumulate inthe lower trophic levels of agquatic
systems (Moore and Ramamoorthy 1984). The Servicesunderstand that EPA criteria
development gui del ines include a component designed to assure that the water quality criterion for
a subgance issufficiently lowthat residue accunulationswill not impair the use of aquatic
organisms (USEPA 1985c). Data from residue studies are to be considered alongside acute and
chronic toxicity datain the criteria devel opment process (USEPA 1985c). However, it appears
that the proposed metalscriteria ae based sdely onreaultsof aquatic taxicity tests(USEPA
1997c), where metal exposuresoccur only across glls or other regiratary surfaces. Thisis
because toxicity testsused to develop the criteria are performed with contrdled |aboraory water
with little particulate metals and do nat include realistic dietary or other exposures

Criteriadocumentsfor metal sinclude the discussion of bioaccumulation sudiesbut final criteria
are based on acute and chroni c toxicity studies. EPA has not consdered results of investigati ons,
smilar to the studies discussed i n the dietary exposure section, which indicate that exposures of
salmonidsto metal scontaminated invertebrate diets may resut in adverse effects Because EPA
IS now proposing criteria on adissolved bas s, and for the many reasons discussed throughout the
formula-based metal di scussion, bioaccumulation becomes even more i mportant i n eval uati ng the
pratectivenessof those criteria. A panel of toxicologigs has recently revieved metals
bioavailability and criteria issues and recommended that ambient water criteria devel opment
include a tissue residue/toxicity model (Bergman and Dorward-King 1997).

The Services believe that without due consideration of the bioaccumulation patential of metalsin
aquatic systems the proposed CTR criteriafor metals are not protective of threatened and
endangered aguati c species.

Summary of Metal CriteriaEffedtsto Listed Species

In uammary, the effectsof metals may be generalized toinclude: central nervoussygem
disruption, altered liver and kidney function, impeired reproduction, decreased olfactory regponse,
del ayed smoltifi cation, impaired ability to avoid predation and capture prey, growth inhi biti on,
growth gti mulati on, changesin prey species communi ty compos ti on increas ng foragi ng budgets,
and | ethality. The Servicesbdievethat all ESUs and runs of coho and chinook sal mon and
steelhead trout, Lahontan cutthroat trout, Paiute cutthroat trou, Little Kern golden trout, delta
smelt, Sacramento splittail, M ohave tui chub, Lost River sucker, Modoc sucker, shortnose sucker,
tidewater goby, and unarmored threespine stickleback are likely to be adversdy affected by
concentrationsof particulate and/or dissoved metals a or below those that would be allowable
under criteria procedures provided in the proposed CTR.

EPA M odificationsto Address the Services April 9, 1999 draft Reasonable and Prudent
Alternatives for Dissolved M etals:
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The above effect analyds evaluatesthe draft CTR as ariginally proposed in Augud of 1997.
EPA hasagreed by |etter dated December 16, 1999, to madify itsaction for metals criteria per
the following to avoid jeopardizing listed species

A “ By December of 2000, EPA, in cooperation with the Services will develop sediment
criteria guidelines for cadmium, copper, lead, nickel and zinc, and by December of
2002, for chromium and silver. When the above guidance for cadmium, copper, lead,
nickel and zinc iscompleted, Region 9, in cooperation with the Services will draft
implementation guidelines for the Sate of California to protect federally listed
threatened and endangered species and criti cal habitat i n California.”

B. “ EPA, in cooperation with the Services will issue a clarification to the Interim
Gui dance on the Deter mination and Use of Water-Effect Ratiosfor Metals (USEPA
1994) concerning the use of calcium-to-magnesiumratios in laboratory water, which
can result in inaccurate and under-protective criteria values for federally listed species
considered in the Services opinion. EPA, in cooperation with the Servi ces, will also
issue a clarification to the Interim Guidance addressing the proper acclimation of test
organisms prior to testing in applying water-effect ratios (WERs).

C. “ By June of 2003, EPA, in cooperation with the Services will develop a revised criteria
calculation model based on best available science for deriving aquatic life criteria on
the basis of hardness (caldum and magnesum), pH, alkalinity, and dissolved organic
carbon (DOC) for metals. Thiswill be done in conjunction with “ Other Actions A.”
below.”

D. “In certain instances, the Sate of California may devel op site-specific trandators, using
EPA or equivalent state/tribe guidance, to trandate dissolved netals criteria into total
recoverablepermit limts. A trandator isthe ratio of dissolved metal to total
recoverablemetal in the receiving water downstream, from a discharge. A site-specific
translator is determined on site-specific effluent and ambient data.”

“Whenever a threatened or endangered species or critical habitat is present within the
geographic range downstream from a discharge where a Sate devel oped translator will
be used and the conditionslisted belowexist, EPA will work, in cooperation with the
Services and the Sate of California, to use available ecological safeguardsto ensure
protection of federally listed spedes and/or critical habitat. Ecological safeguards
include: (1) s=diment guidelines (2) biocriteria; (3) bioassessment; (4) effluent and
ambient toxicity testing; or (5) residue-based criteria in shellfish.”

“ Conditions for use of ecosystem safeguards:

1. A water body islisted asimpaired on the CWA section 303(d) list due to elevated
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metal concentrations in sediment, fish, shellfish or wildlife; or,
2. A water body receives mine drainage; or,

3. Where particulate metals conpose a 50% or greater conponent of the total metal
measured in a downdream water body in which a permitted discharge (subject to
translator method selection) isproposed and the disolved fraction is equal to or within
75% of the water quality criteria.”

“Whenever a threatened or endangered species ispresent downstream from a discharge
where a Sate devel oped trandator will be used, EPA will work with the permitting
authority to ensure that appropriate information, which may be needed to calculate the
translator in accordance with the applicable guidance, will be obtained and used.
Appropriate information includes:

4. Ambient and effluent acute and chronic toxidty data;

5. Bioassessment data; and/or

6 An analysi s of the potential effects of the metals using sediment gui delines,
biocriteria and residue-based criteria for shellfish to the extent such guidelines
and criteria exist and are applicable to the receiving water body.”

“ EPA in cooperation with the Services, will reviewthese discharges and associated
monitoring data and permit limits, to determine the potential for the discharge to impact
federally listed species and/or critical habitats. If dischargesare identified that have
the potential to adver sly affect federally listed spedes and/or critical habitat, EPA will
work with the Services and the State of California in accordance with procedures agreed
to by the Agenciesin the draft MOA published in the Federal Regider at 64 FR2755
(January 15, 1999) or any modifications to those procedures agreed to in a finalized
MOA.”

Other [EPA] Actions

A. “EPAwill initiate a process to develop a national methodology to derive Ste-specific
criteria to protect federally listed threatened and endangered species, including wildlife,
in accordance with the draft MOA between EPA and the Servicesconcerning sedion 7
consultations.”

Services Assumptions Regarding EPA’s CT R Modificationsfor regulating dissolved metals
that result in Removing Jeopardy tolisted species.

FORMULA BASED METALS CRITERIA
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The Services assume EPA sediment gui del ines for cadmium, copper, lead, nicke and zinc will be
in place by December 2000 and sedi ment guideli nes for chromium and silver wil | bein place by
December 2002. The Services assume that these gui deli nes when impl emented will increase
protection for federally listed gpeciesand critical habitat. We al assume sdiment guidelines
will be used to limit particul ate metal loadings into aquatic ecog/stens in California.

The Services assume that the revised guidance on the use of water effect ratiosfor metalswill
reduce chancesfor inaccurate or under protective criteria.

The Servicesasaume that arevised criteria calcuation model for metal sbased on more than
hardness, (pH, akalinity, DOC) will actualy result in more accurately protecti ve criteriafor
federa ly listed species. The Services assume that use of such a model will require the use of more
water quality parameter data (in addition to hardness) fromwater bodieswhere criteria are applied
and that this supparting informetion will decrease the likelihood of under protective criteria.

The Services assume the use of site speci fic trandatorsin metals discharge permits will not be
used to alow significant increases in metal | oadingsin water bodies with mine drai nage, or where
water bodiesare listed asimpaired due to metals where lided spedes may be effected by such
increases

The Servicesalso assume that where particulate metals are being transported to sedimentsunder
EPA approved discharge permits, these sediment | ocations will not exceed EPA guidelines for
metalsin sediment, epecially where these water bodies cortain federally listed gpeciesor critical
habitat.

The Services assume the use of “ecosystem safeguards’ such asambient and effluent toxicity
testing, biocriteria, sediment guidelines, and tissue based criteria, will increase the protection
afforded federally listed specieswhere metals are regulated on a dissdved basis

CUMULATIVE EFFECTS

Cumulative effectsinclude the effects of future State, Tribal, local, or private actions that are
reasonably certai n to occur in the action area considered in this biological opinion. Future

Federal actionsthat are unrelated to the proposed action are not consdered in thi s section because
they require separate consultation pursuant to section 7 of the Ad.

Cumulative effects on aquatic species including bonytail chub, coho salmon (all California ESUSs),
delta smelt, desert pupfish, Lahontan cutthroat trout, little Kern golden trout, Lost River sucker,
Modoc sucker, Mohave tui chub, Owens pupfish, Owenstui chub, Paiute cutthroat trout,
razorback sucker, Sacramento splittail, shortnose sucker, steelhead trout (all California ESUS),
tidewater goby, unarmored threespine sti ckl eback , and chinook salmon (a | Californi a ESUs) and
their desgnated critical habitat within the aquatic ecosygemsconddered in thisbiological
opinion include:
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1. Water management such asdiversons levee maintenance, chanrel dredging, chanrel
enlargement, flood control proj ects, drai nage pumps, di version pumps, siphons, non-
Federal punping plants associated with water managemert in the Sacramento-San Joaquin
Delta, intrusion of brackish water, continuing or future non-Federal diversions of water,
fload flow releases, and changesin water managemert;

2. Introducti on of non-nati ve fi sh, wildlife and pl ants, hybridization with non-nati ve fi shes,
inbreeding of smal | populations, and genetic isolation;

3. Dischargesinto surface water s including point source di scharges (per mitted), non-poi nt
source runoff (e.g., mining runoff ), runoff from high-density confined livestock producti on
facilities, unoff from copper sulfate foat bathsassociated with dairy farms agricutural
irrigation drainwater discharges(surface and subsurface), runoff from overgrazed
rangelands, municipal and industrial stormwater discharges (permitted and non-permitted),
rel ease of contaminated ball ast and spills of oil and other pol lutantsinto enclosed bays,
and illegd , non-permitted discharges,

4. Overfishing and overutilization for sci entific, commercial, and educationd purposes,

5. Wildland fires and land management practices such as timber harvest practices and
improper rangeland management resulting i n sediment ati on of surface waters; and
application of pesticides herbicides, fungicides, fumigants fertilizersand other sal/water
amendments, urban devel opment, and converson and reclamation of wetland habitats,

6. Recreational disturbancesincludingwater sparts, illegal fishing, and off-road vehicle use.

Cumudative effects far the semi-agquatic, piivorous and terrestrial wildlife including, Aleutian
Canada goose, bald eagle, Cal ifornia brown pelican, Californi aclapper rail, Cdifornia least tern,
light-footed clapper ral, marked murrelet, western snowy plover, Y uma clapper ral, southern sea
otter, Arroyo toad, Californiared-legged frog, giant garter snake, San Franciso garter snake,
Santa Cruz | ong-toed salamander, California freshwater shrimp, conservancy fairy shrimp,
longhorn fai ry shrimp, Riverside fairy shrimp, San Diego fairy shrimp, Shasta crayfish, vernal pool
fairy shrimp, and vernal pod tadpad e shrimp and their desgnated critical habitat consdered in
thisbiological opinion include:

1. Water management such asdiversons levee maintenance, channel dredging, chanrel
enlargement, flood contrd projeds, indallation of pumps, wells and drains, non-Federal
pumping plantsassociated with water management in the Sacramento-San Joaguin Delta,
intrusi on of brackish water, continuing or future non-Federa diversions of water, flood
flow releases, and changesin water managemen;

2. Introduction of non-native fi sh, wildlife and plants, inbreedi ng of small popul ati ons, and
genetic i solation;
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3. Discharges into surface water s including point source di scharges (per mitted), non- poi nt
source runoff (e.g., mining runoff), runoff from high-density confined livestock producti on
facilities, agricultural irri gation drai nwater discharges (surface and subsurface), runoff
from overgrazed rangelands, munici pal ssormwater runoff, and il legal, release of
contaminated bal last and spill s of oil and other pol lutants into enclosed bays, non-
permi tted di scharges,

4. Overutilization for sdentific, commercial, and educational purposes

5. Logging wildland fire and land management practicesincluding fluctuationsin
agricultural land crop producti on, plowing, disci ng, grubbing, improper rangeland
management, timber harvest practices irrigation canal clearance and maintenance
activities, | evee maintenance, permitted and non-permitted use and appli cation of
pesticides herbicides, fungicides roderticides, fumigarts, fertilizers and other oil/water
amendments, urban development, urban refuse disposal, land conversions, illega fill of
wetlands and conversion and recl amati on of wetland habi tats; and

6. Recreational disturbances vandaliam, road kills, off-racad vehicle use, chronic disturbance,
noise, disturbances from domestic dogs and equestrian uses.

The adoption of the CTR iscertain to affect liged speciesdependent onthe aquatic ecos/stem.
These ef fects are prolonged and pose signifi cant threats to speci es already threatened or
endangered throughout their range. Continued growth and development inthe State of Cdifomia
islikely to exacerbate existing environmental conditions for species already in peril. Itisthe
summation of thedirect, indirect, and cumulative effects o the proposed actionthat the Services
conclude are likely to adversely affect these ecies and their habitats throughout the State.

CONCLUSION
Findings of Not L ikely to Jeopardize

After reviewing the current status of the species, the environmental baseline for the action area,
the effects of EPA’s proposed action and i ts modifi cations to the proposed action for sd eni um,
mercury, PCP, cadmium, and formulabased dissolved criteriaand the cumulati ve effects, it is the
Services' bidogical gpinion that the promulgation of the CTR, asmodified by EPA’sDecember
16, 1999 letter, is na likely to jeopardize the continued existence of, or adversely madify critical
habitats for specieslisted in Table 3. The Servicesreached these conclusions for the following
reaons (1) adverse effeds associated with themaodified proposed action will be sufficiently
minimzed by NPDES pemit eval uation and early coordination and consutation with the Services
on all aher CWA programssubject to section 7 consutation; (2) the time framesand pracedural
commitments proposed by EPA in their December 16, 1999, letter provide assurance that future
criteriawill be adequately protective of liged speciesand critical hahitat; and (3) that EPA will
promulgate such criteriain a manner that will provide protection tolisted speciesand/or critical



