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FOREWORD

Secrion 304(a)(1l) of the Clean Wacter Act of 1977 (P.L. 95-217) requires
the Adminiscrator of che Environmencal Proceccion Agency co publish ¢riteria
for wacer qualicty accuracely reflecting the latest sciencific knowledge on
the kind and extent of all idencifiable effects on healch and welfare which
may be expected from the presence of pollurancs in any body of wacer,
including ground warer. This document is a revision of proposed criceria
based upon a consideration of commentrs received from ocher Federal agenciess
 Srace agencies, special interest groups, and individual scientists. The
criteria contained in cthis document replace any previously published EPA
aquatic life criceria.

The term "water quality criceria" is used in two sections of the Clean ¢
Wacer Act, section 304(a)(1) and secrion 303(c)(2). The cterm has a different
program impact in each section. In secriom 304, che term represents a
non-regulatory, sciencific assessment of ecological effeccs. The criteria
presenced in chis publication are such sciencific assessments. Such wacer
quality criteria associaced wicth specific stream uses when adopted as Scare
water quality standards under secfion 303 become enforceable maximum
acceprable levels of 4 pollucant in ambient wacers. The water qualicy
criceria adopted in the Scace water qualicy standards could have the same
numerical limits as che criceria developed under seccion 304. However, in
many situactions Sctactes may want to adjust wacer quality criceria developed
under seccion 304 to reflect local environmenral condicions and human
exposure patrerns before incorporation into water quality scandards. Ic is
not uncil their adoption as part of the Stace water qualicy standards chac
che criteria become régulatory.

Guidelines cto assist the Scactes in che modificaction of criceria
presenced in chis document, in the developmeac of water quality srandards,
and in octher wacer~relared programs of this Agency, have been developed by
EPA. '

Edwin L. Johnson
Direccor
Office of Warer Regularions and Scandards

-
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particulace matcer, chat are not coxic .and are not likely to become toxic
under natural condictions. Although chis measurement (and many ochers)

will measure soluble, complexed forms of lead, such as the EDTA complex of

lead, rhac probably have low ctoxicities co aquaric life, concencracions of

these forms probably are negligible im most ambienc wacer. L
Although water qualicy criteria apply to ambieﬁc water, cthe measurement
used co express criteria is likely to be used to measure lead in aqueous
effluents. Measurement of acid-soluble lead should be applicable to
effluents because it will measure precipicactes, such as»carbénace and
hydroxide precipicates of lead, chat might exist in an effluent and
dissolve when the effluent is dilured wich receiving water. If desired,
diluction of effluent wich receiving water before measurement of
acid~soluble lead might be used to derermine whecher the receiving wacer
can decrease che concentration of acid-soluble lead because of sorptiom.
Tﬁe acid-soluble measurement should be useful for most merals, thus
minimizing the number of samples and procedures thaf are necessarv,

The acid-soluble measurement does noc require filcracion at che cime of
golleccion, as does the dissolved measuremenc.

The only trearment required ac the time of collection is preservaci~a by
acidificacion te pE = 1.5 to 2.0, similar to rhat required for che to;fl
recoverable measuremenc.

Durations of 10 wminuces to 24 hours becween acidification and filcracion

probably will not affect the resulc subscancially.

‘The carbonare system has a much higher buffer capacicty from pH = 1.5 to

2.0 chan ic does from pH = 4 to 9 (Weber and Sctumm, 1963).
Differences in pH wichin the range of 1.5 to 2.0 probably will noc affect

the resulr subscancially.
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10. The acid-soluble measuremeat does not require a digescion step, as does
the tocal recoverdble measuremenc.

11. Afrer acidificacion and filcracion of che sample to isolare che acid-
soluble lead, the analysis can be performed using eicher .acomic
absorption .specCroscopy ;r ICP~acomic emission spectroscopy (U.S. EPA, -
1983a)," as wich che total recoverable measuremenc.

Thus, expressing aquatic life cricerié for lead in terms of the acid-soluble

measurement has boch toxicological and pracrical advanrages. On the ocher

hand, because no measurement is known to be ideal for expressing aquacic life
criceria for lead or for measuring lead in ambient wacer or aqueous
‘effluents, measurement of boch acid-soluble lead and roral recoverable lead
in ambient wacer or efflueac or bocrh mighc be_useful, .Fof.example, chere
might be cause for concern if tocal recoverable lead is much above an
applicable limic, even chough acid-soluble lead is below che limic,

Unless orherwisé noted, all coancentracions reported herein are expecced
to be essencially equivalent to acid-soluble lead concencracioms. All
concentracions are expressed as lead, not as the chemical rested. The
criceria presenced herain supersede previous aquacic life wacer qualicy
criceria for lead (U.S. EPA, 1976, 1980) because these new criceria were
derived using improved procedures and addicional informacion. Whenever -
adequactely jusctified, a national crirerion may be replaced by a site—specific
cricerion (U.S. EPA, 1983b), which may include oot omly sire-specific
cricerion concencracions (U.§S. EPA, 1983c), but also sice-specific duracioas
of avéraging periods and site-specific frequencies of allowed excesdences
(U.S. EPA, 1985). The latest literacure search for informacion for chis

document was conducred in May, 1984; some newer informacion was also used.
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a charge of two. The slope for rainbow trout was 2.475 and cherefore was not .
used. A test of equality of slopes showed that P=0.16, indicating that it is
not unreasonable to assume that the slopes for the three species are the same.

The pooled slope of 1.273 was used with the data in Table 1 to calculate
Species Mean Acute Values at a hardness of 50 mg/L (Table 1). Genus Mean
Acute Values (Table 3) were then calculated as geometric means of the
available freshwater Species Mean Acute Values. Even though values are
available for only four ihvércebrate species, of t'.¢ ten genera fér which
acute values are available, the mosﬁ sensitive genus, Gammarus, was 1,650
times more sensitive than the most resistant, Tanytarsus. The freshwacer
Final Acute Value of 67.54_ug/L was calculated at a hardness of 50 mg/L from
the “inus Mean Acute Values in Table 3 using ﬁhe procedure described in the
Gﬁ1k~;inés. Thus, the freshwater Criterion Maximum Concentration (in pg/L) =
o(1.273[1n(hardness) ]-1.460)

Tasts of the acute toxicity of lead to saltwater organisms have been
conducted with nine species of invertebrates and four species of fish (Table
1. In flow-through toxicity tests with two fish species, less than 50
percent of tﬁe test organisms were killed ar 3,140 ug/L, which is the
solubility of lead in ssa water under cae test condicions, »ut the zcute value
for the mummichog is 315 ug/L. The range of sensitivities of bivalve mclluscs
is also great, probably reflecting differences in life stage. The adult

soft-ghell clam had. an LC50 of 27,000 pg/L, whereas the acute values wich

‘larvae of four species ranged from 476 to 2,450 pyg/L. Of the eleven saltwater

genera for which acute values are available, .the wost sensitive ganus,
Fundulus, was 85 times more seansitive than the most resistanc, Mya {Tabla 3).
The sensitivities of the six most sensitive gedera differed by only a factor
of 2.5, even £hbugh these six Ioﬁesc Genus Mean Acute Values ara from tests

6
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lead oxide (Table 6) is much less acutely toxic chan lead nicrace (Tabie 1) to
che mosquitofish in wacter containing a high concencraction Of'ﬁﬁspended clay
pafcicles,

Different species exhibic different sensictivicies co lead, and many ocher
factors might affect the resulcs of cescs of the coxicicy of lead co aquac;c
Qrganisms: Criteria can éuanti:atively_take into account such a faccor,
‘however, only if enough daca are av;ilgble to show cthar che factor similarly.?
affeccs rhe results of tests with a variecy of species. Hardness is ofcen
thoughe of as having a.majqr effe;: on the toxiciry of lead, alrhpugh the
observed effect is probably due to one or more of a number of usually
interrelazedAions, such as hydroxide, carbonace, calcium, and magnesium.
Hardness is used here as a surrogate for the ions which affect the resulcs of

coxicity ctests on lead. An analysis of covariance (Dixon and Brown, 1979;

Nerer and Wasserman, 1974) was nerformed using the aacural logarithm of che

acute value as cthe dependent variable, species as the treatmear or groupiag

variable, and che narural logarichm of hardness as che covariace or
independent varigble. This analysis of covariance model was fit to che data
iq Table 1 for cthe four species for which acute values are available over a
range of hardness such that che highesc hardoness is at least three cimes che
lowest and the highest is also ar least 100 mg/L higher chan the lowesc. An
F-rest showed chac, under che assumpcion of equalicy of slopes, the probabil-
ity of obtaining four slopes as dissimilar as these is P=0.03. This was

interprered as indicating char ic is unreasonable to assume chac the slopes

for these four species are che same. The slopes Eoeraphnia magna, fachead

minnow, and bluegill (see end of Table 1) were close to the slope of 1.0 that

is expected on cthe basis chat lead, calcium, magnesium, and carbonate all have
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selecred chronic limits based on a very low incidence of black-colored cails
and spinal deformicies (4.7 and 0.7 percent, respectively). For the purposes
of deriving water qualicy crireria, such low percencages of such effeccs were
- not considered unacceptable. The concentracion of 27 ug/L was selecced as che
upper limic because it caused spinal curvacure in 32.2 percent of che fish,
whereas 13.2 ug/L only caused curvature in 3.6 percent of che fish. The
occurrence of black tails was not considered to be an unacceprable effecr.
Spinal deformicies were 4dlso caused by lead in a life-cycle cest wich
brook trour (Holcombe, et al. 1976) and in an early life-stage cest wich
rainbow trout (Sauter, ec al. 1976). Resulcs of tests by Saucter, ec al.
(1976) with che norcthern pike, walleve, lake trouct, chaanel cacfish, whice
sucker, and bluegill were noc included in Tables 2 or 6 because of excessive
mortalicy in the counrrols. Even rhough cthe hardnesses were similar, tge
chronic value obrained for rainbow trour b§ Sauter, ec al. (1976) is higher
than the chroni¢ value derived from Davies, et al. (1976), possibly because
Saucer, et al. exposed cthe fish for 2 moachs, whereas Davies, er al. exposed
cthe Eish for 19 monchs.
‘ Davies, ec al. (1975) described the long-term effeccs on rainbow crouc
fry and fiagerlings exposed to various concencracions of lead for 19 monchs
in h;rd and soft water (Table 6). Alchough these tests were neither life—_
cycle (no nactural reproduction) nor early life-stage (no embryos exposed),
they do provide informacion coacerning che relationship becween wacrer hardness
and the chronic coxici:y of lead ro fish. 'In che cest in hard wacter, only 0
and 10 percent of the rrout develoved spinal deformities at measured lead

concentractions of 190 and 380 ug/L, respectively. In sofr warter 4% and 97
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conducced with a variecy of species and life srages. The saltwarer Final

Acuce Value was calculared to be 287.4 ug/L.

Chronic Toxicity to Aquatic Animals
* . ) o e ~
Chaptan, er al. (Manuscripct) scudied che chronic ctoxicity of lead to

Daphnia magna at chree differenc hardnesses (Table 2). The daphnids weare

nearly 11 times more sensitive to lead in soft wacter than in hard wacer. The,
value ian soft water was about one-fourch chac obrained by Biesinger aad
Christensen (1972) with the same species in a different sofr water in a tesc
in which the concentrrations of lead were not measured (Table 6). The chronic

values of Chapman, et al. were regrassed against hardness; the slope was

2.328, buc the 95% confidence limits were =8.274 and 12.931.

A life=cycle rest on lead in hard water was conducted by Borgmann, ec al.
{1978) wicth a snail. These auchors used biomass as cheir endpoint and
reporcted thar lead concencrations as low as 19 ug/L siznificancly decreased
survival, but not growth or reproducction. Tt is nor c¢lear, however, how chese
invescigators arrived at such a low effect conceanrration. This publication
did, however, concain suictable information for derermining a chronic value.
Chronic limirs were caken directly from the cumulacive percenc survival figure
which showed no observed effect on survival ar 12 ug/L and almost complecs
mortality ac 54 ug/L. The chronic value (geometri¢ mean of che lower and
upper limics) for snails was cherefore established ar 25.46 .g/L (Tabdble 2).

Davies, et al., -(1976) pgblished rasults of an early life-scage resc wich

rainbow trout in soft wacer (Table 2). Even chough this test was scarced with

embryos and continued for 19 monchs afrcer hactch, it could notr be considered a

life-cycle test because no reproduction occurred. Davies, ec al. (1976)
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A variety of effects on salctwarer organisms have been observed. Gray
and Vencilla (1973) observed a reduccion in growth rate ia a ciliace
protozoan afrer 12-hr exposures to lead concentracions of 150 and 300 .3/L.
Woolery and Lewin (1976) observed a reducction in photosynthesis aﬁdv

respirarion in che diatom, Pheodactylum cricornucum, at concentracions of -~

lead ranging from 100 co 10,000 ug/L. However, Hamnan and Patouillec (1972)
obtained no inhibicion of growcth of the same species at a concentracion of

1,000 ag/L afcer 72 hours. Rivkin (1979), using growth rate cto decermine

toxicicy co the diacom, Skele:ongma coscatum, reported a 12-day EC50 of 5.1
dg/L. Hessler (1974) observed delayed cell division in the phycoplankcon,

Placymoenas subcordiformqs, during exposure to 2,500 ug/L for 72 hours. Ar

60,000 ag/L, however, Hessler (1974) reported not only growch recardacion but

also deacth. Benijcs-Claus and Bénijes (1975) observed delayed larval

development in the mud crab, Rhirhropanopeus harrisii, during exposure to 50
4g/L. Weis and Weis (1977) obsarved depressed axis formacion in developing

embryos of Fundulus heteroclicus ac lead concencracions of 100 pg/L. Reish

and Carr (1978) found that 1,000 ug/L suppressed reproducrion of cwo

'polychaecevspecies,_Ccenodriluis serratus and Ophryotrocha diadema, in a

2l-day tesc.

Unused Data

Some data on the effects of lead on aquaric organisms were nor used
because the studies were conducred with species thac are not resident in
North America. Jennerc, et al. (1981) did noc identify cheir testc animals
beyond common names such as "algae, crayfish, and minnows'. Nehring, et al.

(1979) did noct identify ctheir organisms to species, so ir is noc known if

11
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Marcelli (1979), Pawlaczyk-Szpilowa and Slowik (1981), Raoc and Saxena (1980),
and Rolfe, et al. (1977) exposed algae,, invertebrares, and fish ro lead buc
failed to adequacely describe cheir cest mechods. Carpencer (1926, 1930),
Carcer and Cameron (1973), Ellgaard and Rudner (1982), Ellis (1940), Grande
and Andersen (1983), Jonmes (1938, 1939), Nyman (1981), Ozph (1979), Rachore, -
ec al. (1579), Shaw and Grushkin (1957), Shaw and Lowrance (1956),
Vijaymadhavan and Iwai (1975), Wang (1959), and Weir and Hine (1970)
conducced tests in discilled, deionized, chlorinaced, or "ctap" wacrer.

Biegert and Valkovic (1980) expressed their acute data in hours to deatrh
and concencrarions were a factor of ten apart. The concencratiouns of lead
overlapped in the ctests by Sparks, er al. (1983). Tescts on che toxicicy of
lead cto algae were not used if the medium concained too much of a complexing
agenc such as EDTA (Davis? 1978}

Resulcs of laboratory biocongcenrration cests werea noc used if che cest
was not flow-through (Moncgomery, et al. 1978; Warling, 1983), if the tesc
did not last long enough {Wong, et al. 1981), if no sofc cissues were
analyzed (Scuresson, 1978), if the concencration in wacer was not known (Ray,
ec al. 1981) or was not measured often enough (Freeman, 1973, 1980), or if
control mortalicies were high (Valiela, er al. 1974). Scudies such as chose
by Ancellin, ec al., (1973), Auberc, er al. (1974), and Nash, er al. (1981),
which used radiocactive isotopes of lead, were not used because of che:
possibilicy of isotope discriminacion. Newman and McIncosh (1983b) conducced
a depuracioan study, but aoc an upcake scudy.

A large numbéer .of reports on lead toxicicy and residues in wild aquacic
organisms could not be used for the calcularion of bioaccumularion facrors or

toxicicy due co an insufficient number of measurements of the concencracion

14
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reporc: Ferard, et al. (1982), Foscer (198Za,b}, Gencile, ec al. (1982),
Marion and Denizeau (1983), Passino and Cocramt (1979), Say and Whiccon
(1983), Vighi (1981), Wehr and Whircon (1983a,b), and Whitcom, ec al. (1982).
Dor fman and Whitworth (1969) exposed brook trout cto lead only on week days
and the conceacrgcions were not measured during.cesbs lascing up to 33 daysfﬁ
These aurhors and Carpencer (1927), Rushton (1922), and Tarzwell and
Henderson (1960) conducted cests wich only one or two fish at a time.
Rainbow trour cested by Hodsom, ec al. (1978b) were not acclimaced to abrupc
changes in o before stressing chem wich lead. Experiments reported by
Hodson, er al. (1982) were designed to measure lead uprake in opercular bone
and formacriom of black tails correlacted to different growch races of rainbow
trout; however, chese fish were only exposed to one sublechal concentracion
of lead. No daca are available on che concentrations of lead in wacer during
the studies reporced by Hodson, er al. (1983a). Sicko-Goad (1982),
Sicko-Goad and Lazinsky (1981, 1982), and Sicko-Goad and Stoermer (1979)
exposed algae to only one sublechal concentracion of lead. The 96-hr values
revorced by Buikema, et al. (1974a,b) were subject to error because of
possible reproduccive interacctions (Buikema, et al. 1977). Clarke and Clarke
(1974) revorced that cheir test wacter was concaminacted wich lead leached from
plasctic exposure tanks. Exposure times were not reporced by Brown (19758) and
Haider (1964). Kariya, er al. (1969) and Turmbull (1954) failed to report
che number of fish tested. High concrol morcalities occurred in all excepc
one cest reported by Sauter, et al. (1976). Conctrol mortalicy exceeded 10
percent in two cests by Mount and Norberg (1984),

English, ec al. (1963) published results based on volume dilucrions

instead of nominal or measured conceacratioms. Brown (1968), Garavini and
13
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on data for four species. Biaconcen;raﬁicn faccors are available for four
invercebrate and two fish species and range from 42 to 1,700.

Acute values are available for 13 saltwarer animal species aund range
frq@ 315 ug/L for che mummichog to 27,000 ug/L for the sofc-shell clam. A
chronic coxicity test was conducted with a mysid; unacceptable effecrs were
observed ;r 37 ug/L bur noc ac 17 ug/L and cthe acure-chronic¢ rario for rhis
species is 124.8. A species of macroalgae was affected at 20 ug/L.

Available bioconcentration factors range from 17.5 co 2,570.

Narional Criceria

* The procedures described in the "Guidelines for Deriving Numerical
Nacional Wacter Qualicy Criceria for che Procrection of Aquatic Orzanisms and
Their Uses" indicace cthat, except possibly where a locally imporcant species
is very sensitive, freshwater aquatic organisms and their umses should not be
affecred unaécepcably if the four-day average concentracion (in pg/L) of lead
does not exceed the numerical value given by e{1.273{1n(hardness)]-4.705)
more than once every three years on che average and if the one-~hour average
concencrarion (in ug/L) does noc exceed the numerical value given by
e(1.273[1n(hardness) ]=1.460) ;5re chan once every chree vears on the
average. For example, at hardnesses of 50, 100, and 200 mg/L as CaCOj3 Eh;
four~day average concentrations of lead are 1.3, 3.2, and 7.7 ug/L, fespec-
tively, and the one-hour average «concencrations are 34, 82, and 200 ug/L.

The procedures described in rthe "Guidelines for Deriving Numerical
Warional Wacer Qualicy Criceria for the Protection of Aquacic Organisms and
Their Uses" indicate thar, except possibly where a locally important species
is very sensitive, salcwater aquacic organisms and cheir uses should aot he

affecced unacceprably if che four-day average concentracrion of lead does not

16
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of lead in the water: Anderson (1977), Badsha and Goldspink (1982), Brezina
and Arnold (1977), Brezina, et al. (1974), Brown and Chow (1977), Eide and
Myklestad (1980}, Enk .and Machis (1977), Evans and Lasenby (1983),.Gale, et
al. (1973a,b, 1982), Gordon, et al. (1980), Holm (1980), Kharkar, ec al.
(1978), Kﬁ;wlton, er al. (1983), Leland and McNuraney (1974), Lucus and ’
Edging:on'(l970),-Martin and Mudre (1982), Marcin, er al. (1984), Machis and.
Cummings (1973), Machis and Kevern (1975), May and McKianey (1981), Mehrle,
et al. (1982), Newman and McIancosh (1983a), Pagenkopf and Newman (1974),
Pakkala, ec al. (1972), Penningron, et al. (1982), Popham and D'Auria (1981},
Price and Kaighe (1978), Randall, et al. (1981), Ray (1978), Sidwell, et al.
(1978), Simpson (1979), Smich, ec al. (1981), Tong, ec al. (1974), Trollope
and Evans (1976), Tsui and McCart (1981), Uche and Bligh (1971), Vinikour, et

al. (1980}, Wachs (1982), Walsh, ec al. (1977), Welsh and Denny (1980),

Wixson and Bolrer (1972), and Wren, et al. (1983).

Spmmarv

The acute toxicity of lead to several species of freshwater animals has
been shown £o decrease as the hardness of water increases., &t a hardness of
50 mg/L the acute sensirivicies of ten species range from 142.5 ug/L for an
amphfpod to 235,900 ug/L for a midge. Dara on the chronic effects of lead “on
freshwacter animals are available for two fish and two invercebrate species.
The chronic toxicicy of lead also decreases as hardness increases
and che lowest and highest available chronic values (12.26 and 128.1 u3/L)
are Soch for a cladoceran, but in soft and hard water, respectively.
Acute-chronic racios are available for three species and range from 18 cto 62.

Freshwarer algae are affecced by concentrations of lead above 500 ug/L, based

15

DUP040009998



exceed 5.6 yg/L more chan once:every three years on the average and if che
one-hour average concentration does noc exceed 140 ug/L more chan once every
chree years on the average.

EPA believes thar a measurement such as "acid-soluble" would provide a
more sciencifically correct basis upon which to esrablish criceria for -
metals. The criteria wera2 developed onm this basis. However, ac this cime,
no EPA approved methods for such a measuremenc are available co implemenc che,
crireria chrough che regulacory programs of che Agency and che Scaces. The |
Agency is considering development and approval of mechods for a measuremenc
such as "acid-soluble". Uncil available, however, EPA recommends applying
the criceria using che tocal recoverable method. This has two impacrs: (1)
certain speciazs of some merals cannot be analyzed direccly because the coctal
recoverable mecrhod does nor discinguish between individual oxidacion stares,
and (2) chese criteria may be overly protective when based on the cotal
recoverable 'mechod.

The racommended exceedence frequency of cthree years is che Agancv's besc
scientific judgment of che average amount of cime it will cake an unscressed
syscem co recover from a pollurion event in which exposure to lead exceeds
che cricerion. Scressed sysctems, for example, one in which several ourfalls
occur in a limiced area, would be expected to require more time for recovery.
The resilience of ecosystems and cheir abilicty co recover differ greacly,
however, and site-specific criteria may be escablished if adequace
jusctificarion is provided,

"The use of criﬁeria in designing waste treacment facilipries requires che
seleccion of an appropriace wasteload allocarion model. Dynamic models are

preferred for che applicacion of these criteria. Limiced dara or ocher
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Table 3, (Continued)

% Ranked from most resistant to most sensitlve based on Genus Mean Acute Value.
#* Frashwater Genus Mean Acute Values and Species Mean Acute Values are at a hardness of S0 mj/L,

#¥%Gaomatrlic mean of three values In Table 2.

Fresh water

Final Acute Value = 67,54 ug/L (at a hardness of 50 wg/L)
Criterlon Maximum Concentration = (67,54 yg/L) 7 2 = 33,77 ug/L (at a hardness of 50 mg/L)

Pooled Slope = 1,273 (see Table 1)

In(Criterton Maximum Intercept) = {n(33.77) - {slope x In{50)}

[

3.520 ~ (1,273 x 3.912) = ~1.,460
Criterion Maximum Concentration = ot1-2731Inthardness)i-1,460)

Final Acute-Chronic Ratld = 51.29 (see text)
Final Chronic Value = (67.54 ug/L) / 51.29 = 1,317 ug/L (at a_hardness of 50 mg/L}

in(Final Chronlc Intercépt) = in(1.317) - ksiope x 1n{50)]

1

0.2754 - (1,273 x 3,912} = ~4,705

Final Chronlc Value = ot 1.2731 Inthardness)1-4.705)

Salt water

Final Acute Value = 287.4 uq/L
Criterion Maximum Concentration = (287.4 ug/L) /7 2 = 143.7 ug/L
Flnal Acute-Chronlc Ratlo = 51.29 (see text)

Final Chronfc Value = (287.4 ug/L) 7 51,29 = 5,603 ug/L
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