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Ih'T_ODUCTION

Relationship to the National Guidelines

These Guidelines for Deriving N,--erlcal Aquatic Site-Speclfic Water

Quali_y Criteria by Modifying National Crlterla (hereinafter referred to as

the Site-Speciflc Guidelines) are the next steps evolving from the Guidelines

for Deriving Numerical National Water Quality Cri_erla for the Protection oE

Aquatic Life and Its Uses (U.S. Envlro_mental Protection Agency, 1983) (here--

inafter referred to as the National Guidelines).

In that the Site-Speclflc Guidelines follow from the National

, Guidelines, an understanding of the National Guidelines and the national

criteria document for the materiel of interest is a prerequisite for

understanding and use of the SiCe-Speciflc Guidelines. The derivation of a

site-speclfic criterion for freshwater or saltwater aquatic llfe will

generally evolve from national criteria that are available for a limited

number of chemicals (Appendix I). Site-speclfic criteria derived by these

!.._ guidelines may be the same as, or higher or lower than national criteria.

Io the absence of a natlonal criterlon, additional data may be generated

so tha_ the minimum data set requirements of the National Gulde_ines are _et

and a national or $1te-speciflc criterion may be calculated.

The national water quality criteria have been developed using guideline

procedures Chat have undergone extensive scientific review regarding thelr

general applicability. States may choose to apply these criteria dlcectly or

I to modify them according to site-speciflc criteria g_idelines. Whenever

decisions are sought regarding modlficatlon of these criteria, the assistance
" of those blologlsts, chemists, hydrologlsts, and toxicologists most

_, knowledgeable of the local species and conditions is essential co the proper

evaluation of exposure assessment and population at risk.

1
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Rationale for the Sire-Specific Guidelines

National criteria may be undecprocecCive or overprotective because: (I) ..

....... ....... . _'+,_'_ . _..,_; +_-., . '+_ . - .

oT'_l_'_c_+_rq_. Therefore, ic is appropriate Chac the individual

Sire-Specific Guidelines procedures address each of Chese conditions

separately, as well as the combination of the C_.

S£ce-specigic criterion derivation may be Justified because species ac

' the sire may be more or less sensitive than Chose in the naCiona_ cricerton

document. For example, the national cr£ceria data seC contains data _or

trout, salmon, or penaeid shrimp, aquatic species chac have been sho_'n co be

especia_ly sensitive co some macerials. Because these or ocher sensitive

species may noC occur ac a parcicu_ar sire, they may noC be representative o_

chose species ChaC do occur there. Conversely, chere may exist ac a sire

untested sensitive species Chac are ecologically or economically t._porcanc

and would need co be protected. Secondly, di_£erences in physical and

chemical characteristics of _-acer have been demonscraced co mne_£orace or

enhance Che biolog£ca_ ava/labilicy and/or toxicity o_ chemicals in

_resh_aCer and salc_-aCer environments. Alkalinity, hardness, pH, suspended

solids and/or salinity in£1uence the concentration(s) og the toxic gorm(s) of

some heavy metals, ammonia and ocher chemicals. For some materials, hardness

or pH-dependenc national criteria are available _or gcesh water. No

salinity--dependent criteria have been derived because moec o_ che salcvacer

data _or heavy metals has been developed in high salinity _acers. Ho_Tever,

in some escuarine sires where salinity may vary sisuigicancly, the

2
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development of salinity-dependent site-specific criteria for metals of local

interest may be appropriate.

The effect of seasoualiCy on the physical and chemical characcerisci¢s

of _-acer and subsequent effects on biological availability and/or toxicity of

a material, may also Justify seasonally dependent site-specific criteria.

The ._aJor implication of seasonally dependent criteria is whether or noc the

I "most sehsictve" t_ue of the year icoincides _r_ck cha_ C£me for b_Lch che_flo_

[_:.._ .... _ _ _ " " _ _ _ _ _ _ : " _ _1_ _:_ _ _" _ ._

is, if the _hysical and.chemical characteristics of the water during low flow

seasons increases the biologicai availability and/or toxicity of the ¢hemica_

I of concern, the permit l_nitacions may be more restrictive than if the

I converse relationship were Co apply.

Definition of Site _"

l Since the rationales for the Site-Specific Guidelines are usually based

on potential differences in species sensitivity, physical and. chemical

characteristics of _he _racer, or a combination of the two, the concept oE

sire'must be consistent with this rationale.

A sic_ may be a single point source discharge or quite large. If water

quality effects on toxicity are noc a consideration, the site will be as

large as a gener_ly consistent biogeographi¢ zone permits. In this case,

for example, large portions of the Chesapeake Bay, Lake Michigan, or the Ohio

River may each be considered as one site because their respective aquatic

communities do not vary substantially. Un4que populations or less sensitive

use within sloes may JusClfy a designation as a dlsclnct site (sloe _rlchln a

[:
site). When sites are large, the necessary data generation can be more

I -, economically supportable.
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Zf ctie seIecCed spec£es o_ a s_Ce are Cozf_oll_caY___

chose £n the naClonal criteria data senior _'_ " :_' "_"_'-_-- -,

"__.

Tvo add_.ctonal considerations In de_Inlng a s£ce are: I)-._

-communities __ occur, or _e_is_o_8-_Y _ocumenc_ in order Co se_ecc"

_res£denc spec£es_or use in deriving s£ce-speci_ic criteria, and 2) C_'_£C_

muse couCain accep._i51e c_ti_L_£Cy d_ucfon vace_ if s£ce racer rill be required

_or resting (co be discussed lacer in chese Cu£delines).

For the purpose og the Sire-Specific Guidelines, the cerm _i_C_

_e_C'_pe_es _ is defined as chose _pe_es,_chaC-com_o_y _EUr_n a s_ce

incl_!£_ho'_ChaC_c_ur ' ouly:seas6"daI_ (migration) or in_e_t_dCly_

(per_odically reCurns or extends £Cs range into the sire). IC £s uoc

tncended Co _nclude species chat vere once present in chac site and cannot

retttru due to physical habitat alterations.

Selection o_ a resident species should be designed co account _or

d_£erences bec_neen the sensiCiv_t£es o_ the selected resident species and

Chose £n the national daca seC. There are several possible reasons _or ch£s

potenc£al difference. The principal reason ts ChaC the resident co--niches

in a sire may represent a sore or less narrov mLx o_ species due co.a limited

range of natural environmental conditions (e.g., temperature, salinity,

habitat, or ocher _accors a_feccing the spac£a_ distribution o£ aquatic

species). The number of resident species _r_11 generally decrease as che size

of the sire decreases.
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A second potential reason for a real difference in sensiclvity could be

J the absence of most of the species or groups of species (e.g., families) That
are traditionally considered to be sensitive tO certain, but not all,

'] materials (e.$., trout, salmon, saltwater penaeid shrimp, and Daphnia manna).

Predictive relative species sensitivity does not apply to all materials, and

the assumption that sensitive specles are unique rather than represenCa=ive

of equally sensitive untested species is tenuous. A final reason could be

that the resident species may have evolved a genetically based greater

resistance to hIsh concentrations of a material, but no data have been

t presented to demonstrate such a genetic difference. A few instances of

i_ increased resistance have been suggested but they may be due to an

!_ acclimation of individual organisms to a stress. However, such an ....
acclimation, should it occur, would be transitory.

A_s_umptions

-_ There are numerous assumptions associated with the Site-Specific

i! Guidelines, mos'. o5 which also apply to and have been discussed in the

National Guidelines.. A few need co be emphasized..'. !The principal assumption

F" Jis Chat the species sensitivity ranking and toxicological effect endpoints
s a

(e.g., death, gray,oh, or reproduction), derived from appropriate laboratory
tests will be similar to those in site situations. " r &mother assumption is

r that protectionof all of the site species all of 'the time is not
necessary

because aquatic life can tolerate some stress and occasional adverse

F effects.

Tt iS assumed that the Site-Speclflc Guidelines are an attempt to

r-
• protect more correctly the various uses of aquatic life by accounting for

F ", toxicological differences in species sensitivity or the biological

5
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availability, and/or toxicity of a material at specific sites. Modification
F

of the data set must always be scientifically Justifiable and consistent with

the ass,--ptions, rationale, and splri_ of _he Natlona_ Guidelines.

Site-specific criteria are designed to be used by the States to develop w '

water quality standards, mixing zone standards, or toxicity based effluent -_-

standards. The development of such standards should take into account --

additional factors such as the _se _:¢_-:_ne:_.pe, and social, legal, and
J

economic considerations as they impact the site, the environmental and _:.

analytical chemistry of the material, the extrapolation from laboratory data _,.

Hear7 Metal Speciatlon

The national criteria for metals are established primarily uslnE

laboratory data in which reported effect concentrations have been analyzed I

primarily as total, total recoverable, or acid extractable metal " "_"
concentrations. Consequently, the mzC_bl :-e_ _e e_cp_eS_:.as _!_i

__ Metals exist in a variety o_ chem_ _._.iforms in water.

CAvailable toxicological data have demonstrated that some for_s are much more

toxic than others. _st of the coxlcity appears to reside lu the soluble [i
fraction and, potentially, in the easily labile, nonsoluble fraction. The

natlonal_criterla values may be unnecessarily stringent If a_plled to total I!

metal measurements in waters where total metal concentrations include a i

l l'preponderance of metal foru _hich are highly insoluble or strongly it

.Complexed. Deriva_ion of criteria based on metal forms is not possible at I "li_his tlme because adequate laboratory or field data bases do not exist In I;

which metal toxicity I$ partitioned amon& the various metal forms. Analysis _
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ii _ !:i:__ !:i of total and soluble metal concentrations when soluble metal £s added to site

_. water may indicate that the metal is rapidly converted to Insoluble for_s or

to other forms with presu=ed low .biological availability. Under these

f circ,_stances, derivation of a site-specigic criterion based on site-rater

f effect in either the inaicaCor or resident species procedures will probably

result in less stringent criteria values.

'_ _Uie-o_ ;:Chi_.UdicltCo_:;qrpmc:_es,:or!!re.S_denl:-_spe___,'-l_co_eduresis

::i:i:::_:: ....... ..............................., -_...__.__,i_.._,_.__,._._
- . ..; . _:.

.... !:... 'b'iolo_Ical "availabtli:ty .and!or. to_ctty _s._ slSn_:e_cancl_ i-aEeec ted b_

. vac_&C£ou in physlca1and-/or c-he_Ica1_--chsraccec_sclcs":o__ter, Neasuremeuc_

•.o_:bothl total =ecove=able:-and solubIa.:;U_::.c_uce_pn_..idu_ ug. toxicit_

Plant and Other Data

l In the published criteria documents, no national criter_on is based on

plant data or "Other Data" (e.s. £1avor _mpairmeut, behavioral, etc.). For

t some materia_s, observed e_ects on plants occurred at concentrations near

i the criterion. The folloving procedures do not contain techniques forhandling such data, but 1£ a less stringent stte-specigic criterion is

! derived, those data may need to be considered.

_ PROCEDURES

:_.

There are three procedures in these Site-Specific Guidelines _or

• _ modlfyln_ the national criterion whlch Is composed of both a maximum

concentration and a 30-day average concentration. These procedures are:

A. _z__ec_'ou:p_ocedureefor the derivation of a site-specific

criterion to account for differences in resident species sensitivity to a
_,_terial.

7
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_ _ndicacor species procedure for the derivation of a sire-specific

criterion for a macerial Co account for differences in biological

availability and/or CoxlciCy of a macerlal caused by physical and/or

chemical characteristics of a sire racer.

3.

criterion Co account _or di_ferences in resident species sens_ctvicy and

differencesintheblologlc, ailabtllcyand/orto iclcya =,rla
/:'". due Co physlcal and/or ¢hemlcal ¢haraccerlscics of a sloe water.
:;...,;'"'" ...

..... .. The foZlowins is the sequence of decisions co be made before any of the

• above procedures are initiated:

• Determine from the nacional criterion documenc and ocher sources if

physica_ and/or chemical ¢haraccer_scics are known co affect the

biological availability and/or toxicity of a material of interest.

• If dace _n cha nacion_ criterion documenc and/or from ocher sources

residentindicate chac the rangeof sensitivity of the selecced _

species Co_the maCerial:.o_ inCeresC lsldlf_erenc from chac range for •

Cti_ _species in the nactona_ ¢riCerion documen_ and variaC_on £n

physica_ and/or chemical characCeriscics of the sire water is noc

expected co be a factor, use the recalculation procedure _(_.

_J * If dace in the national criterion doc_enc and/or from ocher sources

"indlcace ChaC phy$1r.al and/or chemical characcer_sc_qs. O_che si_e

water may affect Cha biological availabillcy and/or coxlclcy of the

macer_al of interest, and Che selected resident species range of

/ sensiCivicy is similar Co chac for the species in the national

criterion document, use the -indicator species _rocedu, ce '_(B).
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• If data in the national criterion document and/or from other sources

indicated that physical and/or chemical characteristics of the site

I
water may affect the biological availability and/or toxicity of the

IN material of interest, and the selected resident species range of_

sensitivity is dtfferen_ from that for the species in the national
/--

!i criterion doc_ent, use the re.t_ent species rroc edure-_

The following Figures 1 and 2 are generalized flow charts for these

!I Guid el ine s•

I A. ._ecalcularlon procedure for the derivation of a site-specific criterion

to account for differences becween selected resident .species and other

I I species..

Summary: This recalculation procedure allows modifications in the

I national dama set on the basis of el_nat_nE data f_r species tha_

lit are not rasiden_ at that site_ When the recalculation procedure for

the sire-specific Final Acute Value results _ a reduction in the

IN national data base below the minimum data set requirements,

additional resident species testing in laboratory water is

iI necessary.

i 2. Rationale: This procedure is designed to account for any reai

I difference between the sensitivity ranse of species represented in

!_m the national data set and species found at a site.

3. Conditions:
i

meet the minim.-, dar_t set requirements .of the .....Nat:Lonal,.Gulde_.

lthesi?addlt_o_l acute toxicity data lu llaboratoTy water f0rf

Lm

the ette--mpecJ.ftc criterion could be mad.et

im 9
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• Certain families or organisms have been specified to be

represented in the National Guidelines acute toxicity minimum

data set (e.g., Salmonldae in fresh water and Penaeldae or _

Mysldae In salt water). _f this or any other requlr_uent cannot ii

be met because the family or other group (e.g., insect or benthic
m_

crustacean in fresh water) is not represented by resident !i

species,selectas,bstltuteC,>, ,,itlvefamily |'
m_

represented by one or more resident species and meet _3-_amJ_].yq

"__ / _"_n_'- Zf all the familles aC the s£ce I

have been tested and the minimum data set requirements have not

been met use the most sensitive resident family mean acute value

as the site-specific Final Acute Value.

• Due to the emphasis thls procedure places on resident species

testing when the minlmum data set has not been met, there may be
l

difficulty in selecting resident species compatible to laboratory

testing. Some culture and/or handling cechnlques may need CO be I !

developed.
m

• No chronic testin_ Is required by this procedure since the !

national acut_'mchronic ratio _11 be used with the .it_mwspeC_ I'Final Acute Value _o obtain the site-specific Final Chronic

Value. I'
• For the lipid soluble chemicals whose national Final Residue

Values are based on Food and Drug Administration (FDA) action I !
l k

levels, adjustments in those values based on the percent lipid

content of resident aquatic species is appropriate for the

derivation of site-specific Final Residue Values. m"

l, !
B
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• For llpld-soluble maCerlals, the national Final Kesldue Value is

based on an average II percent lipid content for edible portions

/

for the freshwater chinook salmon and lake trout and an average

of I0 percent llplds for the edible portion for saltwater

Atlantic herring. Resident species of concern may have higher

(e.$., Lake Superior siscowet, a race of lake trout) or lower

(e.g., many sVort fish) percen6 lipid content than used for the

national Final Residue Value.

• For some li_id-soluble materials such as polychlorinated

biphenyls (PCB) and DDT, the national Final Residue Value is

based on wildlife consumers of fish and aquatic invertebrate

species rather than an FDA actlon level because the former

provides a more stringent residue level (see National Guidelines

for details). Since the data base on the effects of ingested

aquatic organisms on wildlife species is extremely limited, it

would be inappropriate to base a slte-speclflc Final Residue

Value on resldent wildlife species. Consequently, slte-speclflc

modlflcatlon for those materlals is based on percen_ lipid

content of resident species consumed by humans.

• For the llpld-soluble materials whose national Final Residue

Values are based on wildlife effects, the limiting wildlife

species (mink for PCB and brown pelican for DDT) ere considered

acceptable surrogates for resldent avian and mammalian species

i (e.g., herons, gulls, terns, otter, etc.). Coueervatlsm is

appropriate for those two chemicals, and no less restrlctlve

I modlflcatlon of the national Final Residue Value is appropriate.
L

13
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The site-specific Final Residue Value would be the same as the

national value.

4. Details of Procedure:

• _f _he _Inlmum data set requlr_ents are _et as defined in _he

Naclonal Guidelines or _hrough substitution of one or ,note sensl-

tive residen_ family(lee). _or non-resldent family(ies) or

group(s) required in _he National Guidelines, calculate a site-

specific Final Acute Value using all available resident species

da_a in _he national document and/or from other sources. If all

the _amilles ac the si_e have been tested and the ,Linlmum data

set requirements have noc been me_ use the _oet sensitive resident

family mean acute value as the site-speclflc Final Acute value.

• If _he minimum data sec requirements are not meC, satisfy those

requirements wi_h additional testing of resident species In

" t_ 'L_ laboratory water.

u.-. • _ _ all species In a family at the site have been _esced, _hen]

_,_- their Species Mean #,cu_e Values should be used to calculate _he

si_e-speciflc Family Mean Acute Value and data for non-resident

species in that family should be deleted from chat calculation.

_)If all resident species in that family have not been tested, _he

slte-speclfl¢ Family Mean Acute Value would be the same as the

national Famil7 Mean Acute Value.

• To derive the site-speclfi¢ maximum concentration divide the

slte-speclflc Final Acute Value by 2.

• Divide the slte-speciflc Final Acute Value by the national Final

Acute-Chronic RRtlo to obtain the site-specific Final Chronic

Value.

14
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• _hen a site-specific Final Residue Value can be derived for lipid

soluble materials controlled by FDA action levels, the following

J

! recalculation equation would be used:

" site-speclflc Final Residue Value -

FDA action level

(mean normalized BCF from criterion document) (appropriate _ llplds)

where _he appropriate percent lipid contenc is based on consumed

" residen_ species. A recommended method to determine _he lipid

" conten_ of _issues is given in Appendix 2.

• For PCB and DDT whose national Final Residue Values are based on

i wildlife consumers of aquatic organisms, no slte-specific

modification procedure is appropriate.

I • _n the case of mercury (a non-llpld-soluble material), a

slte-speclflc Final Residue Value can be derived by conducting

acceptable bioconcentration tests with edible aquatic resident

species using accepted tes_ me_hods (Appendix 2) or the national

value can be accepted as the stte-speciflc value. For a

saltwacer residue value, use. a bivalve species (the oyster is

preferred), and for a freshwater value, use a fish specle$.

These taxa yield the highest known bloconcentratlon factors for

: me_als. The following recalculation equation would be used:

slte-speciflc Final Residue Value - FDA action level

slte-speclflc BCF

• The lower of the slte-speclflc Final Chronic Value and _he

I slte-speclflc Final Residue Value becomes the alte-speclflc

30-day average concentration unless planc or o_her data Indlcace

I a lower value is appropriate. If a problem is identified,: ¢

15
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Judgment should be used in establishing the slce-speciflc

crl teflon.

t

5. LimICa _ions :

• Whatever the results of this recalculacion procedure may be, a

decision should be made as Co wheCher Che numerical differences,

if any, are sufflclenc co warrant changes in ere crlCerion.

• i/The number of fam_lles used to calculate any Final Acute Value

:.-s£Enificanct_affects/cha_. Even though the four lowest

Family Mean AcuCe Values (most senslClve families) are most

imporCant in chac calculaclon, the smaller N is t the lower the

-- ,

Final Acute Value. Consequently, if none of the four mostii | .

seuaiClve families are changed or deleted, any reducclon in N

will result in a lower Final Acute Value. Changes in or

delecions of any of the four lowest values, regardless of wheCher

N is changed, may result in a higher or lower Final Acute Value.

• Site-speclf_c or naCional Final Residue Values based on FDA

action levels may noc precisely pcocecc chac use since the FDA .'"

action levels ace adverse (i.e., loss of markecabtllCy). .

• Bioaccumulaclon, except in field scudies p does not add co che

laboratory-derlved bloconcencratlon factors because the

laboratory procedures preclude food chain uptake. Consequently,

some residue levels obtained by laboracoc 7 studies of

bioconcentration (direct uptake of the material from water) may

underest4mate potential effects encountered at a sire. The

magnitude of site-specific bloconcencraclon factors obcalned in

the labonatory, therefore, may be insufflclenc co protect the

public from the effects of Che ingested macerlal of concern.



B. Indicator species procedure for the derivation of a site-specific

criterion for a material to account for differences in the biological

/
availability and/or toxicity of a material due to physical and/or

chemical characteristics of a site rater.

, I. S,-mary: _Ls procedure is based on the assumption that physical

and/or chemical characteristics of water at an individual site may
&

Influence biological availability and/or toxicity of a material.

Acute toxicity in site water and laboratory water is determined using

f.:

/" species resident in the site, or a_ceptable nonresident species, as

"_ ,. [ _ _ndlcators or surrogates for species found at the site. The
• ! • o'I_ m_! :_r'c.) .# / L

,_j_l, _- difference in toxicity values, expressed as a water effect ratio, is

_-", _ used to convert the aatlonal maximum concentration for a _tecial to

L_ j._._.., a slte-speclflc maximum concentration from which a slte-speclflc

V Final Acute Value is derived_ _- _

This procedure also provides three _ys to obtain a site-specific

__ _ Final Chronic Value. It may be (I) calculated (no testing required)

o_ if an appllcable Final Acute-Chronlc Patio for a given material is

_ available In the national criteria document. This ratio is simply

C_ ._ divided into the sLte-speclfic Final Acute Value to obtain the

%_ _ invertebrate species (resident or non-resident) in site water.
! Acute-chro_Lc ratios are calculated for each species, and the

i _eo_etrlc mean of these ratios is then divided into the site-speclflc
Final Acute Value to obtain the slte-speciflc Final Chronic Value;

I _ and (3) obtained by performln8 chronic toxicity teats with at least

one fish and one invertebrate (resident or non-resident) in both

17
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laboratory _raCer and site racer and calcuiacing a geome_ric mean

chronic water effect carlo which is used Co modify the uaclonal Final

Chronic valUe.

2. Raclonale: This procedure is designed co compensate for sice wacer

which may markedly affect che biological availability and/or coxiclcy

of a material. Major factors affecting aquatic CoxiclCy values of

many _acerials, especially the heavy metals, have been Idencified.

Vor. =ple,the . ers

studied and quantified with respect to effects on heavy _aecal

biological availability and/or coxiciCy in freshwater; however, Che

liceracure indicates chac _n natural systems organic solutes,

_norganic and organic colloids, saliniCy and suspended particles also

play an important but.less quantifiable role in the biological

availability and/or coxlclcy of heav 7 metals co aquatic life.

This procedure provides a means of obtaining a stCe-speclflc Final

Chronic Value for a _acerlal when _he acuce-chronlc raclos in the

nacional cri_erla docu_enc are chouEhC Co be inapplicable co

si ce-speclfic sicuaclons.

3 • CondlClons:

• There is no reason to suspect _hac the resldenc species

senslclvIcy _s different from Chose species _n the nacioaal daca

.set.

• The toxic response seen in the tests used in the development of

the national wacer quality criterion would be essentially the

same if laboratory tesc wacer required in chis procedure had been

used instead.

18
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• Differences in the toxicity values of a specific material

I decermlned in laboratory water and slte water may be attribuced
{

tO chemical (e.g., complexln8 ligands) and/or physical (e.g.,

I adsorption) factors that alter the biological availability and/or

I toxicity of the material.

I • Selected indicator species directly integrate differences in the

; biological availability and/or toxicity of a material. They

provide a direct measureof the capacity of a site water to

increase or, decrease toxicity values relaelve to values obtained

, An laboratory water.

I • National Final Acute-Chronic Ratios for certain materials can be

i used to establish slte-speclfic Final Chronic Values.
• A slte-speclflc acute-chronlc ratio, obtained in site water

I testlne, reflects the integrated effects of the physical and/or

chemical characteristics of water on toxicity values.

I • The water effect ratio concept procedure
used in this for

modifying national Final Acute Values to slte-speciflc sltuat£ons

_ is also applicable to modifying national Final Chronic Values to

i __ sl ations.

.... __a_ls- of" Procedure: _j
::..,.

i! • Test at least two indicator species, a fish and an invertebrate,
r

using laboratory dilution water awl site dilution water according

t co acute toxicity test procedures recommended In Appendix 2. For

each species, use organisms from the same population and conduct

t- ' the tests at the same time and, most importantly (except for the

I - water source) under slmilar conditions (e,g., temperature,
lighting, etc.). Measure the concentration of the material in

19
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the acute toxicity tests; the concentration must be _l_hin the

solubility limits of the material. To avoid solubility problems, _• i

species selected for testing should be among the most sensitive

Co the material of incerese (screening tests may be necessary).

• Compare _he laboratory and site water LC50 values for each

indLcacor species to determine if they are different (P<_0.05)

(see sca_isticaI procedure in Appendix 3). If the LCSO values

are not different, then the national maximum concentration Ls the

slte-specific ,mximum concentratlon. If the LCSO values are

' different, calculate the water effect ratio for each species

according to the Following equation:

.Uater Effec_ Ra_io - Si_e Water LCSO Value

Laboratory Water LCSO Value

_/ Determine Lf the _wo cacaos are staclstically dlfferenc (P<O.05)

__. (see Appendix 3).
_f the t__ are not different calculate the geometric mean

r_.f of the water e_ect ratios. The slte-speclfic maximum concentra-

•
_ tion can be calculated by using this geometric mean racer eEEec_

ratiointheFollowingeuat±o-

(or x the national maximum concentration adjusted to a water

characteristic of the laboratory wa_er when appropriate).

If the t_ ratios are different, additional tests may have to be

conducted to confirm or refute the data. In such cases

professional Judgment is appropriate in detecmining if some or

none of the ratio data can be used Co modify the national maximum

con_entraclon.

2O
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The site-specific max_u_ concentration is =ultiplied by 2 _o

obtain the slte-speclflc Final Acute Value which is used toI

calculate the slte-speclfic Final Chronic Value.w
mm

I * If the Qatlonal Final Acute-Chronic Ratio for the macerlal of

interest was used to establish a national Final Chronic Value,

I the slte-speclflc _inal Chronic Value may be calculated usin E the

I acute-chronic ratio In the following equation:
g

Site-Speclflc Chronic Value - Site-Speclfic Acute Value
Final Acute-Chronic Ratio

| • If the national Final Acute-Chronlc Ratio was not used to
f

!I establish a national ?Inal Chronic Value, the national Final
EE

Chronic Value _ay he used as the slte-speciflc Final Chronic

I Value, or It may by performing acute and 2 chronic
be measured 2

tests, (Appendix 2) using site water. Test at least one fish and
f

one invertebrate species, and conduct an acute test using site

I water of similar quality. These data are used to calculate an
acute-chronlc ratio for each species. If these ratios are within

I a factor of 10, the geometric mean of the 2 acute-chronlc ratios

(the slte-speclflc Final Acute-Chronic Patio) is used to ;

J calculate the site-speciflc Final Chronic Value using the

following equation:

J Site-Speciflc Final Chronic Value -

I Slte-Speclflc Final Acute ValueSite-Speclflc Final Acute-Chronlc Patio

i . After an acute/chronlc ratio Is determined for one species and If
that ratio is within the range of the values used to establish

I • the national acute-chronlc ratio, It is recommended that the

21
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p

sire-specific ratio be used in recalculating the national ratio.

This recalculated ratio vould then be used as the site-specific I
mE

Final Acute-Chronic Ratio in the above equation.

• A site-specific Final Chronic Value can be obtained by testing !

indicator species for chronic toxicity. Test at least two
I|

indicator species, a fish and an invertebrate, usir_ laboratory ml

dilution water and site dilution _acer according to chronic Et
E!

toxicity test procedures recommended An Appendix 2. For each

species, use organisms fro,, the same population, and conduct II
tests at the same rime and most importantly' (except for the water

source) under similar conditions (e.g., temperature, lighting). II

The concenCratlon of the material in the toxicity tests must be
EE{

within the solubility limits of the material. To avoid I I

solubility problems, species selected for testing should be among _'

the most sensitive to the material of interest (screening tests

.y be necessarT). II.

Compare the laboratory and sloe water chronic values for each oE

the indicator species co determine if they are reasonably iJ

different (limits of chronic values do not overlap).
li

If for a species the chronic values are not different, the water I _

effect ratio -1.0.

If the chronic values are different, calculate the water effect

ratio for each species according to the following equation: I!

Chronic Water Effect Ratio -

ItChronic Value in Site Water

Chronic Value in Laboratory Water

If
22
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Calculate the geometric mean of the wacer effect ratios for the

species tested.

' _f the mean wa:er effect ratio is not different from 1.0, the

national Final Chronic Value is the site-speclfic Final Chronic

Value.

If the mean water effeqt ratio is different from 1.0, the

slte-speclfl¢ Final Chronic Value can be calculated by usi_ the

following equation: slte-specific Final Chronic Value - Chrouic

Water Effect Ratio x the national Final Chronic Value (or the

national Final Chronic Value adjusted to a wa_er quality

characteristic of the laboratory water when appropriate).

, The slte-speciflc Final Chronic Value is used in the

determination of the site-speciflc 30-day average concentration.

• The lower of the slte-speclflc Final Chronic Value end the

recalculated slte-speclflc Final Residue Value (as described in

the recalculation procedure) becomes the site-speclfic 30-day

average concentration unless plant or other data (including data

obtained from the slte-speciflc tests) indicates a lower value is

appropriate. If a problem is identified, Judgment should %e used

In establishing the slte-speclfic criterion.

5. Limitations:

• If filter feedinI_ organisms are determined to be among the most

sensitive to the material of interest from the national criteria

document and/or ocher sources, end members of Che same group are

I ' important components of the site food web, a member of that

group, preferably a resident species, should be tested in order
to discern differences in the biological availability and/or

i
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coxiclcy oF the macerlal of £nceresc due Co ingeseed

particulates.

• Sire racer for resting purposes should be obCalned under cyplcal

condiCions and can be obtained ac any c_,ze of ehe day or season.

Storm or flood _=pacced water is unacceptable as Cesc racer £n

the acute rests used Co calculate racer effect ratios and

acute/chronic ratios buc £s acceptable ces: racer _or shore

periods of c_ne in long-term chronic Cases used co calculaCe

Chase ratios. There__._are some special cases when scor_ impacC_ed

wa_er is accepcab_e £n_acute Coxic£Cy cescing for use £n criteria

development. For example, an effluenc discharge may be allowed

only during high racer periods, or a nou-poinc source of a

cheuntcal pescictde m_mosC Co_ ncern during storm--related

runoff events.

• Sire water muse not be influenced by effluence containing the

macertaZ of tnCeresc or effuenCs Chac may impact the material's

btoavallab£1i_y and/or coxictcy. The_stc_q_ci_-'Should: be:used t" i

diurnal cycles in wa[:ercharac[:erlsc£cs (e.g., carbonate sys(:(_ms,

salinity, dissolved oxygen) are k.nova co affect a material's

b_ological _availabtltCy and/or toxicity markedly, use oF on-sire /:
i

flow-through resting is suggested; ochervise cranspor_ oF _acer

Co off-sire locations Is acceptable. During CransporC and /(

storage, care should be eaken co maintain Che quality of the

racer; however, certain conditions of the water such as pH and '[

dissolved oxygen concentration may change and the degree of these J.t
changes should be measured and reported.

2_
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I

_arkedly affect the biological availability and/or toxicity of the

Imaterial of interest.

3. Conditions:

• Develop the complete acute toxicity minimm, data set ustag site. --I _

water and resident species.
m

4. Details of Procedure: I

i:i • Complete the acute toxicity minimum data sec rest requirements l

uslnE site water and derive a slte-speclflc Final Acute Value.

• The guidance for sloe water testing has been discussed in the O
mm

t

indicator species procedure (B).
e_

• Cercain families of organisms have been speclfled in the National I

Guidelines acute toxicity _£nLm_uu daca sec (e.K. , $almon£dae In

fresh water and Penaeldae or Mysidae in salt water); if this or I'

any ocher requirement cannot be met because the family or ocher Jf
mt

group (e.g. insect or benthic crustacean) in fresh water is noc

represented by resident species, select a substitute(s) _com a Ii

sensitive family represented by one or more res. id__ent s2_cies and
m

meet the ._ family minimum data set requirement. If all the I-_..

families ac the site have bee. Cested and the minimum data sec R_

requirements have uoc been met use the _ost sensitive resident "|

family mean acute value as the site-specific Final Acute Value. Ir
w,

• To derive the sice-speclflc maximum concencratlon divide the

Value by two. J_
slte-speclfic Final Acute

• The sire-specific Final Chronic Value can be obtained as

described in the indicator species procedure (S). An exception jJ

is thac a chronic water effect ratio should noc be used co _i

Fcalculate a Final Chronic Value.
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markedly affect the biological availabilltY and/or toxicity of the

material of interest. I

3. Conditions:

* Develop the complete acute toxicity minimm, data set using s£ce I

water and resident species.
i

4. Details o_ Procedure: B

l::i * Complete the acute toxicity minimum data set test requirements I

_ using site water and derive a site-specific Final Acute Value.

• !* The guidance for site water testing has been discussed in the

indicator species procedure (B).
m_

• Cerrmin families of organisms have been specified in the National I

Guidelines acute toxicity m£n£m_au data sec (e.g., $almonidae £a

fresh water and Penaeidae or Hysidae in salt water); if this or I i

any other requirement cannot be met because the family or other I[
I1'

group (e.g. insect or benthic crustacean) in fresh water is not

represented by resident species, select a substitute(s) froa a Ii

sensitive family represented by one or more resident s__ecies and

- Iimeet the ._ family minimum data set requirement. If all the .

families at the site have been tested and the minimum data set Bt

requirements have noc been met use the moeC sensitive resident _!

family mean acute value as the site-specific Final .%cute Value. II
I"

• To derive the site-specific maximum concentration divide the

slCe-speclflc Final Acute Value by C_. I_

e

• The site-speciflc Final Chronic Value can be obtained as

described in the indicator species procedure (B). An exception m !

is thac a chronic water effect ratio should not be used co II
F

calculate a Final Chronic Value.
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I

• Seasonal site-specific criteria can be derived if monitoring data

I ' are available to delineate seasonal periods corresponding toJ

significant differences in water characteristics (e.g., carbonate

I systems, salinity, turbidity).

• The frequency of testing (e.g., the need for seasonal testing)

i will be related Co the variability of the physical and chemical

I characteristics of site water as It is expected to affect the
biological availability and/or toxicity of the material of

I interest. As the variability increases, the frequency of testing

will increase.

I • With the exception thaC storm or flood impacted water may be used

in chronic toxicity tests, the l_niCations on the use of

I
indicator species to derive a slte-speclfic Final Chronic Value

:'I are the same as those for slte-speciflc modiflcatiou of a
national Final Acute Value.

1 C. Resident species++procedur_, for the derivation of a site-speclflc

crlterlon to account for differences in resident species sensitivity and

I differences in biological availability and/or coxiclty of a material due to

I variability in physical and chemical characteristics of a slte water.
I. S,-_mary: Derivation of the site-speclflc maximum concentration and

I site-specific 30-day average concentration would be accomplished

after the complete acute toxicity minimum data set requirements have

iI been meC by conducting tests with resident species in slte water.

I Chronic tests may also be necessary.
2. Rationale: This procedure Is. designed co compensate concurrently for

1 ' any real differences between the sensitivity range of species

represented in the national data set and for site nater which may
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• The lower of the slOe-specific Final Chronic Value and the

recalculated site-speclflc Final Residue Value (as described in

J

the recalculation procedure) becomes the site-speclflc 30-day

average concentration unless plant or other data (including data

obtained from the site-specific tests) indicates a lower value is

appropriate. If a problem is identified, Jud_nent should be used

in establlshing the slte-specific criterion.
ii

5. Limitations :

• * The frequency of testing (e.g., the need for seasonal resting) will

be related to the variability of the physical and chemical.charac-

teristics of site water as it is expected to affect the biological

availability and/or toxicity of the material of interest. As the

variability increases, the frequency of testing will increase.

• Many of the limitations discussed for the previous t_o procedures

would also apply to this procedure.

This draft of the Sice-Svecific Guidelines was written by Anthony R.

Carlson, William A. Brungs, Gary A. Chapman, and David J. Hansen under the

direction of the Site-Specific Criteria Co_nitcee of George S. Baug_man,

William A. Brungs, Anthony R. Carlson, Ronald G. Garcon, David J..qansen,

Douglas A. Lipka, Alan B. Rubin, and Rosemarle C. Russo. John H. Gentile,

i_:
_ Robert L. Spehar, and Charles E. Stephan provided review and comments. These-

efforts were supported by the U.S. Environmental Protectln Agency's

Environmental Research Laboratories in Athens, Georgia; Corvallis, Oregon;

Duluth, Minnesota; Gulf Breeze, Florida; and Narragansett, Rhode _sland. The

t;
Office of Water Regulations and Standards' Criteria and Standards Division

I _ and the Office of Research and Development's Office of En_irorunental
L_

Processes and Effects Research also supported these efforts.
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APPL';DIX 1

i FRESHWATER A._DSALTWATER NATIONAL CRITE._IA LIST
J

'I (x l criteria are available)

Chemical Freshwater Salcwacer
Aldrin x x

Amaouia _. x -

Dieidrin x x

! Chlordane x x
i:

_ DOT & Metabolltes x x
e .

I Endosulfan x x
Endrin x x

Hepcachlor x x

Lindane x x

Toxaphene x x

Arsenic(III) x -

Cadmium x x

Chlorine x x

Chromium(V1) x x

Chrom/um(11_) x -

Copper x x

Cyanide x -
.-.:z

Lead x -

Mercury x x

Nickel x x

Selenlum(IV) x x

l ; x x
Silver

Z inc x x
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APPENDIX 2

TEST _ETHODS

The follc_in8 procedures are recommended for conducting rests with aquatic

organis_s, including fishes, invertebrates, and planes. These procedures are

the scare-of-the-arc based on currently available tnfo_acion.

Because all decails are noc covered in the following procedures,

experience in aquaci¢ coxicology, as well as gasLtliariCy rich che pertinent

references lasted, is needed got coaduccAng these rests sacLs_accorlly.

Requirements concerning tescs co determine the toxicity and bioconcencca-

Cion of a material in aquatic organisms are siven in the National Guidelines.

A. ACUTE TESTS:

American Public Health Association, American Water Works Association, and

Water Pollution Control FederaCion. 1980. Scandard me_hods for che

examinatLou of wacec and vascewacer. 15th ed. ._erican Public Heath

Association, Washington, D.C. 1134 p.

American Society for Testing and 'taterials. t980. Standart praccLce "for

conducCing acute toxicity tests wiCh fishes, macroinvertebraces, and

amphibians. Scandard E 729-80, American Society for Testing and

Materials, Philadelphia, Penn. 25 p.

American Society for Testing and _iaCerials. 1980. Scandard practice for

conducting static acute toxicicy tests wiCh larvae of four species of

bivalve molluscs. Standard E 724-80, American Sociecy for Testing and

NaCerials, Philadelphia, Penn. 17 p.
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B. CHRONIC TESTS:

American Public Health Association, American Water Works Association, and
4

" Water Pollution Control Federation. 1980. Standard methods for the

examlnatlou of water and wastewater. 15th ed. American Public _ealth

Association, Washington, D.C. 1134 p.

American Society for Testlng and Materials. Proposed standard practice for

conducting toxicity tests with early life stages of fishes. 5. C.

Schimmel (Task Group Chairman). American Society for Testing and

_aterials, Philadelphia, Penn. (latest draft).

f

American Society for Testing and Materials. Proposed standard practice for

¢on_ducting Daphnla manna renewal chronic toxicity tests. R.M.

Comotto (Task Group Chairman). American Society for Testing and

Materlals, Philadelphia, Penn. (latest draft).

American Society for Testlng and Materials. Proposed standard practice for

conducting Daphnla manna chronic toxicity tests in a flow-through

system. W. J. Adams (Task Group Co-chalrman). %merlcan Society fo_

Testing and Materials, Philadelphia, Penn. (lates_ draft.)

American Society for Testing and Materials. Proposed standard practice for

conducting llfe cycle toxicity tests with saltwater mysld shrimp.

Susan Gentile and Charles McKenny (Task Group Co-chairman). American

Society for Testing and Materials, Philadelphla, Penn. (latest

draft.)

Beno£t, D. A. 1982. User's guide for conducting llfe-cycle chronic

toxlci_y tests vi_h fathead =inuows (Pluphales proaelas).

EPA-600/g-81-O11, U.S. EPA, Envlroumental Research Laboratory, Duluth,

/ Minn.
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C. FISH LIPID ANALYSIS PROCEDURE:

Approxlma_ely 10 g Clssue is homogenized _rl_h 40 g anhydrous sodium

sulfate in a Warlng blender. The mixture is transferred to a Soxhle_

excr_cclon _hlmble and extracted with a 1:1 a_Lx_ure of hexane and methylene

chloride Eor 3-4 hours. The extrac_ volume is reduced co approximately 50

ml and washed Into a cared beake_, being careful not co transfer any

particles of sodium sulEa_e which ,_ay be present in the extract. The

solvent Is _emoved in an air s_ream and _he sample is hea_ed to 1OO" C for

_5 minu_es before weighing the sample.
t

The lipid content is calculated as follows:

lipid - _otal resldue - tare wei_h_ x I00
_Issue weigh_

U.S. Environmental Protection Agency, Envlronmental Research

Labora_orT-Duluth, Duluth, _fl_ 55804.

D. BIOCONCE_'RAT_ON FACTOR (SCF) TEST:

American Soclecy Eor Testing and ,_acer£als. Proposed standard prac_Lce Eor

conducEing bloconcentra_ton _es_s with _Ishes and sa1_wa_er bLvalve

molluscs. J. L. Hamelink and J. G. Eaton (Task Group Co-chalrmen).

American Society for Testln E and Ma_erlals, Philadelphia, Penn.

(Xates_ draft.)

Velth, G. D., D. L. DeFoe, and B. V. Bergs_edt. _979. Measuring and

estimating _he bloconcentratlon factor of chemicals in fish. J. Fish.

Res. _oard Can. 35: 1040-1048.
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APPENDIX 3

The following problems are addressed and examples are given:

(l) how Co decermlne if two LC50 values are statistically significantly

different, and

(2) how Co determine if the difference between two pairs of LC50 values ts

statistically sisnificant.

To deCermlne if two LCSO values are staCisClcally different (at p_ .05):

(a) Obtain the 95% confidence limits for both LCS0 values.

(b) If the confidence intervals do noc overlap the two values are different.

(c) If one confidence interval encompasses the other the values are not

different,

(d) If the confidence intervals partly overlap the values may be different.

To ascercaln if they are different further statistical analysis must be

done.

_f the above procedure does not £ndlcace whether or noc the LCS0 values

are statistically significantly different, examine the confidence interval of

either the ratio or the difference of the two values. _f the confidence

interval of the ratio brackets one, the two LCS0 values are not statls_ically

significantly dlfferenC; if the confidence interval does_not bracket one, then

there is a staclstlcal difference. The difference between two LCSO values is

not statistically significant if the confidence interval of the difference

includes zero; if the confidence Interval does not cover zero, then the

difference is sCaclstlcally non-zero.

The following example demonstrates how the ratio of the LCSO values can be

compared when the estimated LCSO values are obtained by the Trimmed
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Spea_an-Earber Method. (See Hamilton et al. 1977 for a discussion of the

I ,
I Trimmed Spearman-Karber Method, including calculation of the variance.) The

#

example presents a difference between laboratory and site LC50 values that isI"
_ statist.ically significant.

Table la gives the estimated LCbO values with 95Z confidence intervals for

both the lab and slte measurements. The LCb0 values are obtained by using _he

i:: Trimmed Spearman-Karber Method on the natural logarithm of the concentrations.

To determine if there is a statistically significant difference, it is

• essential to work wlth the metric in which the analysis was performed. In the

example the metric is the natural l_garit_z of the concentrauiou. The LCbO

values in Table la were obtained from the results in Table Ib, which gives

log e LCb0 values and variances.

The calculations for the ratio and its 95Z confidence interval are glven

in" Table Ic.. Since the confidence interval does not cover one, the laboratory

and slte LCb0 values are statistically slEnlflcantly different.

I To compare two pairs of LCbO values several different procedures are

possible. The procedure that follows shows one way to compare the ratios of

the LCbO values: Specifically, the variable that is examined is the difference

of the ratio of LCb0 values:

l°ge LCbOslte i - l°ge LCbOslce 2

:: l°ge LCb01ab I l°ge LCb01ab 2.

(As stated before, It is necessary co work in the metric in which the analysis

was performed. Since the Trimmed Spearman-_arber estimate is usually obtained

from an analysis of the logarithm of the dose, the ratio above should be of the

t _ logarithms of the LCbO values.)

I The following four steps may indicate whether or not the difference is

significant (aC p < .05) without calculating the confidence interval of the

difference:
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(I) Obtain the 95Z confidence limits for both LCSO values.

(2) If the confidence intervals do not overlap the two values are different.

(3) If one confidence interval encompasses the other the values are not

different.

(4) Xf the confidence intervals partly overlap the values may be different.

To ascertain if they are different further statistical analysis =use be

done.

Xf the above four steps do not indicate whether or not the difference of

the ratios is statistlcally.slgnificant, the confidence interval of the

difference should be examined. _f the.confidence interval of the difference

brackets zero, the difference is not statistically significant; tf the

confidence interval does not cover zero, the difference is statistically

significant.

An example is Eiven in Tables 2a-2c. Table 2a gives the estimated LC50

values with 95Z confidence intervals for two sets of site an_ lab measurements.

These results were obtained from Table 2b which gives the results in natural

Tog units based on the Trimmed Spearman-Karber Hethod of estimation.

Table 2c demonstrates how to determine if the difference is scatLstically

significant. In this example, the difference is not significant. Note cha't

Chls result means that there is no evidence that there is a difference; it does

not mean that two ratios are necessarily identical.
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Tables la-c Analysis of Lab and Site LC50 Values

Table la LC50 Values

Source Estimated LCSO 95% Confidence Interval

Lab 75 (55,104)

Site 130 (I00,169)

Table lb LOge LCSO Value

Source Lo_.LCS0 Variance

Lab 4.32 .0256

Site 4.87 .0169

Table Ic Calculation of Re_io of Site to Laboratory LCSO Values* and 95%

r Confidence Intervals

(1) Ratio - log e LC50 slte/loEe LCSO lab - 4.87/4.32 - 1.13

(il) Variance of ratio -

/lo._ e LC5Onlee_ 2 /variance log e LC50_le¢ + variance lose LCSOlah_

: _l°ge LCSOlab J _ (l°ge LC5Oslte) 2 (loge LCSOlab) 2 /

_(4.87)2 (4.32)2]

[ - . 0026

!;

I ;
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(Ill) Confidence llmlC = 2 x (variance of dlfference) I/2

= 2 x (.0026) I/2 = .I0

(iv) Confidence imcecval = ratio + confidence llmlC

= 1.13 + .10 = (1.03, 1.23)

(v) Since Che confidence inCerval does not brackec one, che cacio of

si_e co laboratory LCSO values is scacls_ically signiflcanc aC

a<.05.

* No_e _hac In _hls example the racios are of lOSe LCSO values since _he

Trlncned Speacman-Karber _chod of estimating LCS0 values was used. This

mechod es_imaces _he LCSO based on _he logarIchm of che concen_raCion, so

the logari_hm of _he LCS0 should be used here.

Tables 2a-c Analysls of _he Lab and Si_e LCSO Values Eor Two Species

Table 2a LCSO Values

Source Estimaced LCSO 95% Confidence Interval

Species I Lab 75 (55,104)

Si_e 130 (i00,_69)

Species 2 Lab 60 (48, 75)

S£_e 90 (67,122)

Table 2b Log e LCSO Values

Source Loop LCSO Variance

Species I Lab 4.32 .0256

Site 4.87 .0169

Species 2 Lab 4.10 .0121

Site 4.50 .0225
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Table 2c Calculation of Difference of Ratios Between Field and Site LCS0

Values*-and 95Z Confidence Tncecvals

¢

. (1) Difference =

lose LCS0site I - lose LC50site 2

lO_e LCS01ab I lose LCSOlab 2

I = 1.13- 1.10 = .03
4.87 4.50

= 4.32 4.10

:+: (ll) Variance of difference "

+/ +++°+++=/
(+here variance/t°$et" LC50++ _ is

In Table I¢ (li)).

= .0026 + .0022 = .0049

(lil) Confidence limit = 2 x (variance of dlfference) 1/2

- 2 x (.0049) 112 = .14

(iv) Confidence interval = difference �confidencelimit

= .03 + .14 (-.It, .17)

(v) Since the confidence Interval does bracket zero, there is not enough

evidence to reject the hypothesis that the ratios are different.

.: * Note that in this example the ratios are of log e LC50 values since the

Trimmed Spearman-Karber Method of estlmatln E LCS0 values was used. This
!...

method estimates the LCS0 based on the logarlthm of the concentration, so

J the logarithm of the LC50 should be used here.

! ,
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