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~ a r i v a t i o a  of n m r i c a l  na t iooa l  water q u a l i t y  c r i t e r i a  f o r  che 

protection of aquat ic  organism and cha i r  uses is P complex process (Figure 

. I )  chat uses information from many arear  of aquat ic  coxicology, 

decis ion is made chat a nacional c r i t e r i o n  is needed f o r  p8 r t i cu la r  

aageriaLr a l l  r v a i l l b l e  infornat ion concerning t o x i c i t y  KO, rnd bioaccumula- 

t i on  by, aquat ic  organism8 i r  co l leccrd ,  reviewed f o r  acccptab i l icy ,  and 

rotcad. 

ava i lab le ,  they are ured eo e r r i ~ u t e  the  hipherc onehour  average concenora- 

ciou Chat should not r e s u l t  i n  unaccepcable e f f ace r  00 aquat ic  organisms 4ad 

their ueas. 

qual icy characccr i rc ic  ruch ar PR, 8 d i a i t Y ~  or hardaerr. 

che chronic tox ic icy  of the material t o  aquat ic  an icu l r  are ured t o  ercimate 

After a 

If enough acceptable da t a  011 acuce t o x i c i t y  EO aquat ic  animals a r e  

If ju.cified, th i r  COnCanCraLiou i S  aade a funccioa of a water 

Similar ly ,  data on 

t h e  highest four-day averaga concentration that rhould not caure uaaccepcable 

coxic i ty  during a long-trrm exposure. I f  appropriate ,  c h i s  concanrracion is 

a180 r e l8 t ad  eo a vacer quality chorocoeriocic.  

Data on coxicicy eo aqua t i c  p1&utr are UX-iued t o  darermine vhecher 

plmcr are l i k e l y  t o  be unaccepcab1y affacced by ~ 0 n ~ e o c r ~ t i o n 8  char should 

uoc CIUEO unaccapcable e f f ace r  oa aniaa l r .  

aquat ic  o r g a a i r u  ara ured t o  determine i f  rer iduer  r i g h t  subject  e d i b l e  

species t o  rercrictiaar by the U.9. Food m d  Drug Mminircracion or i f  such 

Daca 011 bioaccu~nulrcion by 

residues S ight  harm 8QILa v i l d l i f a  consuaerr of Aquatic l i f e .  

avr i lab1e  data are e x r i n d  t o r  adVerSe effeCC8 chat night  be  b io logica l ly  

A l l  o ther  

important. 

X f  a chorouqb rev iev  of the pe r t inen t  informacion indicaces  rhac enough 

acceptable da t a  ara m a i l a b l e ,  numerical nacional wacer qua l i rp  c r i t e r i a  a re  

derived for  fresh water o r  salc vacer o r  both co procecc aquat ic  organisms 

i v  
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fntroduct ion 

Of the  reveral  pooaible form of c r i t e r i a ,  t h e  numerical form is che 

wsc comon, but the oar r r c ive  (e.8.. polluCaot8 a r c  not b e  prcsenc i n  

harmful concentratione) and operarional (a.g., concentrar ions of pollutants 

uurc nac exceed onwtench of the  96-hr LC50) forma cm b e  used i f  numerical 

c r i t e r i a  a r e  not por r ib l c  o t  desirable .  

(or ra1cwacar) numerical aquacic Life nat ional  cr icer iou* f o r  a macerial 

should be datemined by coducc ing  f i e l d  ta r t8  on a wide v a r i e t y  of 

I f  it were fe.Dibh, a freshwater 

unpolluted bodies of f r c rh  (or salt) water. 

var iour  mouucr of the  marerial eo each bod9 of warar i n  order eo determine 

It w u l d  be aecessary co add 

che hiqherc conceatratiou tha t  would not cause m y  unacceptable Long-cam or 

rhorr-term affect  011 the aqu8Cic Orgmi8PO Or t h e i r  u8a8. Tha louesr of 

chere highest ~ ~ n ~ e n t r a r i o u i  w u l d  becoaa rhe freshv8car (or ralcwarer) 

nat ional  aquat ic  l i f e  vatat qua l i ty  c t i c e r i o a  *for t ha t  macerial, unlesr one 

or more of the l w e r c  ~ ~ n ~ e a t r a ~ i o ~ o  were judged co be o u t l i e r r .  Because it  

i r  not f ea r ib l a  LO determine na t ioaa l  cri teria by coaducciag such f i e l d  

c e s t r ,  c h e r e  Guideliner Lot Deriving Numerical Nacional Wacer QuaLicy 

C r i t e r i a  f o r  cha Proceccioa of Aquaric Orqanisrar and Their User (hereafccr  

referred LO a8 the National Guideliner) descr ibe m objec t ive ,  incernal ly  

c o a r i ~ t e u t ,  appropriace, and f eas ib l e  way of dar iv iag  na t iona l  c r i c e r i a ,  

which a re  intended co provide the 6-e l eve l  of proceccion as che in feas ib l e  

f i e l d  t e s t i n g  approach dercribed above. 

Because aquatic acospscema can colerace some rc ress  .and occasional 

adverre e f f e c t # ,  protect ion of a l l  species a t  a l l  cimes and places is  noc 

%e term "nacional c r i t e r i a "  is used herein because i c  is more descr ipcive 
than the synonomour cerm ' 'section 304(a) c r icer ia" ,  which i 8  used in che. 
Water Quality Standards Requlstion' [ 11. 
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To be acceptable  t o  che publ ic  and use fu l  i n  f i e l d  s icuac ions ,  

protect ion of aquat ic  organisms and c h a i r  U l O s  should be defined a s  

prevention of unaccepcable long-term and short-term e f feccs  on ( I )  

commercially, recreation811yD and ocher important species  and (2)  (a )  f i s h  

and benchic inve r t eb ra t e  assemblages i n  rivers and streams, and (b)  f i s h ,  

benthic inve r t eb ra t e ,  a d  tooplankcon assemblages i n  lakes ,  r e se rvo i r s ,  

estijGries, md =:e:.=:. !!ezz?iteriEg ptegrmr ir?cer?ded :e ke &?e dacect  

unacceptable e f f e c t s  rhould be t a i l o r e d  t o  the body of water of concern so 

t h a t  necesrary samples are obtained I C  enough cimer and placer co provide 

adequ8ce d a t a  oa the p o p u h t i o n r  of i ~ o r t a n c  specie#,  u vel1 as daca 

d i r ecc ly  related EO che rea80ns for tbeir beinq considered important. 

example, f o r  rubst8nces that a r e  res idua  l imi t ed ,  qccies that are coaaumed 

For 

should be monitored for concmninanta LO enaura t h a t  w i l d l i f e  predarors  are 

ptotected,*PDA ac t ion  leve l8  are not exceeded, 8nd flwor is nor impaired. 

Moaitorinp prograas 8hould also provide daca on t h e  amber of t axa  and amber 

of ind iv idua ls  i n  the  above-nmed aseemblager t h a t  caa be sampled of 

reasonable cos t .  The amount of decre8re in the number of caxa o r  amber of 

individual# i n  an asre1nb1age chat  rhould be  coo8idercd unacceptable should 

cake i n t o  account appropriate  feacurer  o f  t h e  body of water and its aquat ic  

commaity. 

more than 20 percent ,  any r t a t i 8 c i c 8 1 l y  significant dac rea re  should usua l ly  

be conridered unacceptable. 

4 r e a t l 7  l i m i t s  their  usefulness  f o r  s tudying t h e  v a l i d i c y  of c r i t e r i a  because 

bec8ure most EOnitOring program# can only derect drcreare6 of 

The i n s e a s i t i v i c y  of  moat aonicoring programs 

1 
unacceptable changes can occur and noc be detec ted .  Therefore,  alchough 

l imited f i e l d  studies can sometimes demonstrate chat c r i c e r i a  a t e  

uaderprocective,  only hiqh qua l i ty  f i e l d  studies can r e l i a b l y  demoascrate 

t h a t  c r i c e r i a  are not  underprotect ive.  
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If the purpore of w e e r  qualicp c r i c o r i a  vore t o  protrce only 

c-reially a d  rocreacionaily important spocior , c r i c e t i a  spec i f i ca l ly  

dorived EO protect  ouch rpaci.0 and chair  urer from the direce a v e r s e  

effacer of a material  would probably, i n  aore aicuacioor,  also procecc chose 

rpecior  €tom indirecc dvarro a f foc t r  due t o  ef feccr  of the macerial on ocher 

spesier in t he  rcorgrcan. For e x m h ,  i n  more r icua t ioas  e i t h e r  the food 

chaio would ba more reaircarrc than thr importme r p e d e r  and cha i r  uses o r  

t h e  imporcant rpocior and cheir food chainr would be dapcab lo  enough EO 

o v e r c a e  offacer of cho macerial on port ioar  of the food chain.. 

R a r e  Rational Cuidoliaer have been d.vo1op.d 00 tho theory t h a t  o f f o c t r  

which occur on rpecior i n  appropriaco l abora tow te rce  w i l l  general ly  occur 

00 cho ram rpecier i n  carpatablo tiold r icuacioar .  

b o d h  of water and reaidoat aquacic rpocior md choir uooo a ro  maanc eo bm 

A l l  lllorrh krr icm 

taken i n to  UCOUUC, except for a fav chat may be c o o  atypical, much ar che 

G r o u  S a l t  Lake, brim rhr ipp,  and chr rircarrt rubrpocior of lake t r o u t ,  

which occurs in hlu Superior aod containr up t o  67% fat i n  che f i l l e c r  [41. 

Derivacioo of c r i t e r i a  r p e c i f k a l l y  f o r  the Crerc Salt Lake or  Lake Superior 

might havo to t a b  brim rhrillp rod e i r c o y ~ c ,  terpeccivaly,  in to  ucouac .  

Numoric.1 aquatic I i f a  c r i e d .  derived uring there Racional Guidelines 

are a x p r r r r d  a# tw n d o r r ,  r a the r  than cha t rd i c iooa l  one a u b a r ,  10 t h a t  

cho c r i c o r i a  mor. a c c u r r c d y  rof loc t  toxicologfcal  and prac t ica l  t e a l i c i e s .  

If properly d a r i v d  .nd used, tho c d i n a c i o n  of I raximcro concencracion and 

a continrrour concentration rhould provide an appropriate degree of procaccioa 

of aquatic o r g d m o  and chair  urea from acuca rad chronic toxicicy to 

a n i ~ u l r ,  t o x i c i t y  t o  plrnc8, and bioaccumulrtion by aquat ic  organisms, 

4 



vithout being a8 r e s t r i c t i v e  a8 a one-nuaber c r i c e r i m  would have LO be i n  

order to  provide the sana degree of protect ion.  

C r i t e r i a  produced by t h e m  Guideline8 a r e  iutended t o  be U 8 s f U l  fo r  

developing water qua l i ty  St8UdaId8, mixing zoue standards,  eff luenr  Limico- 

t i ou r ,  ecc. 

might have eo cake i n t o  account ruch addi t iona l  fac tors  aa r o c i a l ,  Legal, 

ecouolltic, and hjrdr0iOgiC.i COUOidetaCiOn8, t h e  enviroanantai  and m a l ~ r t i c a l  

cbemirtrf of the mater ia l ,  the  ex t rapola t ioa  froa laboratory da t a  t o  f i e l d  

s i t u a t i o n r ,  m d  re la t ionships  betveeo rpeciar f o r  ubich da ta  are ava i lab le  

Ihe development of such r taudardr  and l i n i t a t i o n r ,  however, 

.od spec ier  i n  t h e  body of water of concern. 

daveloplwnt of stmdardr, it might be d e 8 i r . b h  t o  der ive  r ice-rpecif ic  

c r i t e r i a  by E o d i f i C 8 t i 0 ~  OE aat iona1 c r i t e r i a  t o  r e f l e c t  such loca l  

Aa m iu ta rnadia te  s t ep  in the 

condi t ionr  ar uater qual i ty ,  ramperacure, or ecologica l ly  important spec ier  

(1 ,231 .  In addi t ion,  vich’ appropriare modificatioar the88 National 

Guidelines can be ured eo der ive  cr i ter ia  f o r  m y  r p e c i f i c  geOgtaphiCd area ,  

body of water (such am t h e  Great S a l t  Lake), or  group of s imilar  bodies of 

uater, i f  adequate information is ava i l ab le  coacandng the a f f e c t s  of the 

material  of concern on appropriate  rpec ier  and t h e i r  user.  

C r i t e r i a  should a c t a p t  to provide a reasonable and adequate mounc of 

protect ion with only a -11 pos r ib i l i cy  of conriderable  ovarproteccioa o r  

underprotection. It is not enough that a nat ioual  c r i t a r i o n  be t h e  bere 

e r t i e r t e  chat can be obtained uring m a i l a b l e  da ta ;  i c  i r  equal ly  impoteaac 

th8L a c r i t e r i o n  be derived only i f  adequ8te appropriate  da t a  are avai lab le  

to  provide reasonable confidence that i t  i r  a good ertimace. 

there  Nacional Guidelines specify ce r r a in  da ta  chat should be &a i l ab le  i f  a 

Therefore, 

numerical c r i t e r i o n  is co be darivad. If a l l  the required da ta  a r e  not 
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a v a i l a b i l i t y  of a11 required d a t a  does not ensure tha t  a c r i ce r ion  can be 

derived. 

A c o m o n  b e l i e f  is chat na t iona l  c r i t e r i a  a r e  based on "worst case" 

arruept ioas  and t ha t  loca l  con8iderationr will r a i s e ,  bu t  noc lower, 

c r i t e r i a .  

of a macerial i n  a body of water i r  lover than the nat iona l  c r i t e r i o n ,  no 

unacceptable e f f e c t s  w i l l  occur and no s i te -spec i f ic  c r i h r i u n  needs to  be 

derived. If ,  however, the concenctatioa of a macerial i n  a body of water i s  

higher chm the  nat ional  c r i ce r ion ,  it w i l l  usual ly  be arsumed t h a t  a site- 

rpec i f i c  c r i t e r i o n  should be derived. 

For e x o p l e ,  it will usWlly  be 888med chat i f  t he  concentration 

In order LO prevent che assutnpcion of 

the "wrsc  case" nature of na t iona l  c r i c e r i r  from re ru l t i nq  i n  the  

underprotection o f  coo a m y  bodier o f  warat, nat ional  c r i t e r i a  must be 

intend& t o  procecc a11 or  almost a11 bodier of water. Thuss i f  bodies of 

water and t he  aquatic coamunicies i n  them do d i f f e r  rubrcancial ly  io che i r  

s t n r i t i v i t i e s  t o  a mater ia l ,  nat ional  c r i t e r i a  should be ac leart roaaeuhac 

averprorectivs for a majority of the bodiar of vater. To do ochervise would 

either (a) requi re  der iva t ion  of s i te -spec i f ic  c r i c a r i a  avau i f  the  sice- 

rpec i f i c  concearration uere subs t an t i a l ly  below the  n . t i O U d  c r i t e r i o n  or (b) 

cause the  "-rat case" a r rurpr ioa  t o  r c b u l t  i n  t h e  underprotaction of 

numerous bodier o f  water. On the othar hand, nrcioaal  c r i c e r i a  a r e  probably 

underprotective of 8- bodies of water. 

The tuo factor8 thac vi11 probably cause che most di f fe rence  between 

nacional and s i c c s p e c i f i c  c r i t e r i a  a r e  the species char w i l l  be exposed and 

che cha rac t e r i s t i c s  of the water. In order t o  ensure chat n a r i o a d  c r i r e t i a  

a r e  appropriately pro tec t ive ,  the  required da ta  fo r  nat ional  c r i t e r i a  include 

8- species chac a r e  rensicive co many macerials and na t iona l  c r i t e r i a  a re  

i 
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spec i f i ca l ly  bared on t e s t s  conducted in water r e l a t i v e l y  low in  parr iculace 

aae te r  and organic matter. 

considered i n  che der iva t ion  of mica-specific c r i t e r i a  from oat iouol  c r i t e r i a  

n u s ,  the  tu0 f8ctor8 chat w i l l  usually be 

a re  used co help ensure chat aaciooal  c r i t e r i a  a r e  appropriacelp procecciva. 

On the  ocher hand, rome local coadicioor r ighc  require  tha t  r ice-  

spec i f i c  c r i t e r i a  be  lower than oa t iona l  c r i t e r i a .  Some unccsced loca l ly  

important species aighc be very rena i r iva  eo cite a a c e r i a i  o f  concern, anti 

local wacar qua l i t y  might not reduce the t o x i c i t y  of the material .  

addition, aquat ic  o r g d r m a  ia.field r i cua t ioas  might be rtreaaed by disease., 

paraeicer,  predacora, o ther  p O l l U t 8 U C 8 ,  c o n c d u r t e d  or i n r u f f i c i e n t  food, and 

In 

f luctuat ing and extrema coadiciour of flow, water qua l i ty ,  and temperature. 

Further,  roma ~ c e r i a l s  mighc degrade t o  more coxic u c e r i a f r ,  o r  some 

important c m a i c y  functioar or  rpacier  iateraccioar might be 8dverrelp 

Affected by concantracioas lowr than thoro char i f  fecc individual  species.  

Criteria a r t  be used in manner Chat ir  coarircenc with che way i n  

which chey were derived i f  che inrendad level o f  procecrion is EO be provided 

i n  rhe r e a l  world. Although der ivar ioa  of Yarer qualicy c r i c a r i a  f o r  rquacic 

l i f e  is conscrained by t h e  W a y 8  tox ic icy  and biocopcaacr8cion t e s t a  arc 

urur l ly  coaducced, there a r e  8till many d i f f a ren t  ways chat c r i t e r i a  can be 

derived, expremed, m d  ured. The umr ured t o  der iva  .ad r c a t e  c r i t e r i a '  

should relate, i n  the best porrible way, che k i d s  of data that are ava i lab le  

concerning tox ic i ty  pad bioconceatraciorr md che way. c r i c e r i r  can b e  used co 

protect aquatic organism 8ad c h e i r  ~ $ 0 8 .  

'Iha major problem is t o  decermiaa the  best way cbac the rtatemenc of a 

c r i t e r i o n  cau b r i d g e  the gap beeween che ac8rlp C O U 8 t m t  concentration8 u8ed 

in most coxici ty  and bioconceotr8cion t e s c r  and the fluccuacing couceottaciona 

that  usually exisc in  rhe r e a l  world. A statement of a c r i ce r ioa  aa a nuober 
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chat is noc t o  be exceeded any CimC or  place i s  aof accepcable because few, 

if any, people vho use c r i t e r i a  would take it l i t e r a l l y  rad fev, if r a y ,  

toxicolOgi8ts w u l d  defeud a l i t e t a l  in rerpre ta t ion .  Rather chan c r y  co 

reinterpret a c r i ce r ion  chat 18 nei ther  u re fu l  aor va l id ,  it is beceer co 

develop r more rppropriace way of s tac inq  c r i t e r i a .  

Alrhouqh rome mat e r i a l r  nighc noe exh ib i t  chrerholdr , many mreerials  

probably do. 

cmbinacion of ~ ~ u ~ a n c r a t i o n r  below the  threshold w i l l  not cauae an 

unacceptable e f f e c t  (a8 defined m pager 1-31 on aquat ic  organidins and t h e i r  

For any threshold mater ia l ,  coatinuour exposure co any 

urea, except chat the  coacencr r t im of a required t r ace  aurr ienc might be coo 

L o u .  Rowaver, i c  is i q o r c a a c  t o  noce chat  chis  is  a threshold of 

uaacceptrble e f f e c t ,  not 8 chrerhold of adverre e f f e c t .  Soaa rdverse e f f e c t ,  

por r ib ly  even a m a l l  reduceion i n  the rumrival, grouch, o r  raproduction of a 

c m r c i a l l y  or r ~ c r e a t i o a a ~ 1 y  iaporraac rpacier, will probably occur ac,  and 

porr ibly even belou, t he  chrerhold. The Cricerion Coacinuour Concentration 

(CCC) is iacended eo be a good a r t i a a c e  of th ir  chrerhold of unactapreble 

efface.  If mdneained continuourly, any coacearracioa above the  CCC is 

cion of a pol lu tan t  i n  a body of wacer can be above che CCC without causing 

m unacceptable r f f e c c  i f  (a) the  oagaituder and durat ionr  of rhe excursions 

above the CCC a r e  appropriately l imited and (b) t he re  a re  conpearating 

periodr of time during which the  coocaacraeiun i o  below che CCC. The hi'Bhet 

eha conceatration is  above che CCC, the shor t e r  the period of  cime if can be 

tolerated.  But i t  i r  uailnporrrnc whether ehere i r  any upper l h i c  on 

conceottations t h a t  can be colerated inscantaoeourly or even fo r  oae ninuee 

becrure concentrations outs ide mixing zones ra re ly  chaoge subsrant ia l ly  in  

such short  periods of time. 
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An e legan t ,  genera l  approach t o  che Droblem of  def in ing  condi t ions  (a )  

a& (b)  would be t o  integrate t h e  concent ra t ion  Over time, taking inco  

account u p t a k e  and depurat ion ra ter ,  crmrport within che organism t o  a 

c r i c i c a l  s i t e ,  e t c .  

approximace approrch is  t o  r equ i r e  cha t  che aver8qe concent ra t ion  no t  exceed 

cha CCC. The average concentrat ion should probably be calculaced a8 the  

a r i thmet ic  average rache t  chan t h e  g e o w c r i c  mean [51. 

w e r r g i a g  period i r  relcctad, the  magnitudes a d  du ta t ioa r  of concencracionu 

above che CCC w i l l  be appropr ia te ly  l imi ted ,  and su icab le  compensating 

periods below che CCC w i l l  be required.  

Because such an approach i s  not cur renc ly  f eas ib l e ,  an 

I f  a s u i t a b l e  

I n  che e legant  approach mentioned above, t h e  uptake and depuracioa r a t e r  

would d e c e d n c  che e f f e c t i v e  averaging period,  but  chera r a t e r  a r e  l i k e l y  co 

vary from specie$ t o  rpec ia r  fo r  any p a r t i c u l a r  macarial. 

approach might noc provide a d e f i n i t i v e  anrwer eo che problem of s e l e c t i n g  an 

Thur t h e  elegant 

appropr ia te  averaging period. 

of the avcrrgin8 period is t o  allow che coacencraciou to be a b w e  t h e  CCC 

only i f  che al louad f l u c t u a t i a g  conceatracions do  not cauda more adverse 

An alce&acive is  t o  conr ider  chat che purpose 

e f f e c t  than vould be caused by a coacinuour cxporura t o  che CCC. 

example, i f  t he  CCC caured r 10% reduct ion  i n  qrowch of rainbow crout,  or a 

For 

13% reduct ion i n  r u r v i v d  of oyrterm, or 7% reduccion i n  rcproduccion of 

smallmouth bar#, i c  i r  t h e  purpore of  t h e  averaging period, co allow concen- 

t rac ions  above the CCC only i f  che cot81 exporure will nor cause any more 

adva r r t  effect  chan continuous exposure t o  t h e  CCC w u l d  cause. 

Even though only a Paw t e r c s  have compared che effects of a conscant 

concencracion With the e f f e c t s  of t h e  same average conceut ra t ion  r e s u l t i n g  

from a f luccuat ing  concentrat ion,  nearly a l l  t he  ava i lab le  compariuow have 

s h m  chat s U b 8 t 8 Q t i A l  f luccuat ions r e s u l t  i n  increased adverse e f f eccs  
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[5 ,6 ] .  

c f f e c t r ,  i t  mrt not allow rubscancia1 f1uccuationr.  

species  such ar myrid8 and daphaids and -tip l i fe -serge  cests Wich varmwacer 

fishes usua l ly  last f o r  20 eo 30 days. 

the  lentch of che test t r i l l  obviously allow che worrt poa r ib l e  fluccuacions 

Thur if t h e  averaging per iod i s  not  t o  allow increased adverse 

Life-cycle cescs vich 

An averaging pat iod chac is  equal t o  

. a d  would very l i k e l y  a l l w  increased adverre e f f e c t s .  

A= wsrcgitg p r i e d  of four d q s  see=& ippospr iae  €e+ uie  with E i r e  ccc 

for cw)  rearon#. 

chat is obviourly unacceptable. Second, f o r  rome rpec ier  it appears t ha t  t h e  

r e su lc r  of chronic cer t r  are due EO t he  ex i r tance  of I r e n r i t i v e  l i f e  stage 

a t  some time during the ce8t ( 7 1  , r a t h e r  than being caured by e icher  long- 

term rc ra ra  or long-tam a c c u ~ ~ ~ l a c i o n  of t h e  t e a t  macerial  i n  the  organism. 

The exia teace  of a r e a r i c i v a  l i f e  rcage is probably t h e  cause of acute- 

c h r v i c  r a t i o #  chac a r e  POC much greater than 1, and i r  alro porrib'le when 

the r a t i o  i r  subrc .ac ia l ly  g r e a t e r  than 1. 

determined acute-chronic r a t i o @  are eomevhat le88 than 1, posr ib ly  because 

p r i o r  expoaura durioq the chronic  test increared cha r e r i r cance  of t h e  

sen r i c iva  l i f e  rcage [SI. 

Piroc,  it i8 8Ub8CantidlY rhorcer  t h m  the 20 t o  SO days 

In addi t ion ,  rome experimenrally 

A f o u t d a y  werag ing  period vi11 probably prevent 

increased advarre  effect .  on r e n r i c i v e  l i f e  stager by l imi t ing  .elre dura t ions  

and mqpi tuder  of erceedmcer* of the CCC. 

 ha con8iderr t ionr  applied eo i n t e r p r e t a t i o n  of t he  CCC r l ro  apply eo 

the  QIC. 

than eha lengthr  of the Cerci it i o  baaed oa, i.e., rub rcan t i a l ly  l e s s  than 

f o r  the QIC che averaging period should again be subrcanc ia l ly  lese  

*Although "exceedence" has  not been found i n  any d i c t iona ry ,  it is used here  
because i t  is not appropriate  t o  use  "violat ioa"  i n  conjunction with 
c r i t e r i a ,  no ocher word seem, approDrioce, and a l l  appropr ia te  phrases a r e  
avkvard. 
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t o  96 hours. One hour is probably an appropriate  averaqinq period because 

high concentrations of sme mater ia l s  can cause death ia one eo . th ree  hours. 

Even when prgaaimm do not d i e  w i t h i n  the f i t s t  hour o r  so, it is noe known 

how many might have died due t o  delayed e f f e c t s  of Chis short  of an exposure. 

Thus i t  is not appropriate  t o  allow concentracions above the  UIC t o  exiac f o r  

as long as one hour. 

'I)?= d ~ r r t i ~ ~ e  of che mtrrqing petids i n  n-csiaml cricnric have been 

made rhort  enoueh to  r e s t r i c t  allowable f luc tua t ioas  i n  the coacentrat ioa of 

the pollutaue i n  the  receiving water and eo r e r e r i c e  ehe length of e i m e  t ha t  

che concentration in  the  receiving wacer cau be concinuously above a 

c r i t e r i o n  concentrations.  

the f o u r d a y  average should never exceed the  CCC and t ha t  the  one-hour 

"he sCaCement of a c r i ce r ion  could spec i fy  chat 

average should never exceed tbe  OfC. However, one of  t he  mort important user 

of cri teria i r  for derigning warce treatment fac i ' l i t i es .  Such f a c i l i t i e s  a r e  

designed based on probab i l i t i e r  and it i r  not posr ib le  t o  design f o r  a zero 

probabili ty.  

chat t h e  four-day average or the one-bour average 611 be exceeded, or, i n  

other  vords, the  frequency wich which exceedencer w i l l  be alloved. 

The frequency of allowed exceedencer rhould be bared on the a b i l i t y  of 

Thus, one of ehe imporcanc design paraneterr  is the  probabi l i ty  

aquatic ecosystem to recover from the excaedencer, which w i l l  depend i a  pa r t  

oa the  magnitudes and durat ions of the  exceedences. It is important t o  

r e a l i z e  chat high concentrat ionr  caured by e p i l l r  and similar a a j o r  evencs 

a t e  not *at is meant by an "exceedence", because s p i l l s  and ocher accidents 

are  not part  of the  design of the  normal ope r i t i on  of waste treatment f a c i l i -  

t i e s .  Rather, exceedences a re  extreme valuer i n  ehe d i s t r ibu r ion  of ambienc 

concentrations and chi8 d iscr ibut ioa  is the r e s u l t  of the  usual variaciona i n  

the  flovs of both the  e f f luent  aad the  receiving va te r  and che usual 
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variacionr  in  the  concentrations Of che U 8 t @ t i & l  of concern in  both che 

e f f luen t  and i n  t h e  upr t tean  rece iv ing  water. 

resulg of urual va r i a t ion ,  most of the  exceedencar vi11 be small and 

exceedenccs a8 l a rqa  88 a f ac to r  Of C W O  W i l l  be ra re .  

Becaure exceedences a r e  che 

In addicion, because 

there exccedencer a r a  due CO randm va r i a t ion ,  chey vi11 not be evenly 

spaced. I n  f a c t ,  because a m y  rece iv ing  water8 have boch one-year and 

m l r i - y e a r  cycler  a d  many treatmenf faci l i t ies  have d a i l y ,  weekly, and 

yearly cyc les ,  exceedenter dl1 o f t e n  be grouped, rather than being evenly 

spaced or randomly d i r t r i b u t e d .  

u m ~ a l l y  much g r e a t e r  than t h e  flov of chc e f f luen t ,  aoraal var i a t ion  and the 

f l o v  cyc ler  dl1 r e s u l t  in  che aabienr coaceacrarion urua l ly  being belov t h e  

CCC, occasional ly  being near cha CCC, and rarely br ing above che CCC. 

I f  che f l o v  of che rece iv iag  vacer is 

In 

addi t ioa ,  exceedencar Char do occur will be grouped. 

cha f l o v  of the  e f f l u e n t  ir much g r e a t e r  char the flow of the receiving 

uaccr,  t he  concencr8rioa aigbc be c l o r a  t o  the  CCC mcb of the time and 

On che o ther  hand, i f  

r a r e l y  above che CCC, with exceedencar beinq rrndaely discr ibuted .  

The a b i l i c i e r  of 8COry8t.W eo recover d i f f e r  t reac ly , ,  and depend on chc 

po l lu t an t ,  che magnitude and dura t ion  of t he  exceedeaca, and che phyaical and 

b io logica l  feature. of the ecoryrtem. Docrrplenced rtudier of recoveries  are 

fev,  bur r01y r y r t a r  recover tram ma11 sc re r r eb  in  six ueeks uhereas ocher 

8 y S C e W  taka more tbrn ten yearr t o  recover f r c a  severe r c r e r s  131. Alchough 

most cxceadencer are expecced t o  be very mall ,  l a rge r  exceedences w i l l  occur 

occar ional ly .  a r t  aquat ic  acosyreew can probably recover from most 

exceedenccs in abouc chree years. Therefore,  i r  does not neem reasonable K O  

purposely design f o r  stre88 above chat caured by the CCC t o  occur more rhan 

once wary chree years  on t he  average, ju8t a8 i c  does noc seem reasonable 
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co require tha t  there kinds of s t ressea  only occur once every f ive  or ten 

year8 on the average. 

If t h e  body of water is not eubject t o  anthropogenic stre18 oeher than 

the axceedences of concern and if exceedences as large as a fac tor  of cwo a r e  

ra re ,  it seem8 reasonabh thac most bodie8 of water could t o l e r a t e  

exceedencer ouce tvery  three  years on t h e  aversge. In e i tua t ions  i n  which 

exceedencar a r e  grouped, revaral  uceedencer  might occur in one or  tvo years ,  

but chan there  Vi11 be, f o r  example, 10 LO 20 year@ during which no 

exceedencar dl1 occur m d  t h e  concen~ra t ion  will be subscancial lp  below the 

CCC moot of the  t he .  fa r i t u a t i o a r  in which the  cooceatracioa is of ten  

c lose  to  the  CCC and exceedences are randomly d i r t r i b u t e d ,  soee adverse 

e f f e c t  w i l l  occur r eguhr1y ,  and m a l l  addi t iona l ,  unaccep t rb~e  e f f e c t s  w i l l  

occur about *very t h i r d  year. The r e l a t i v e  loug-cerpI ecological  consequencar 

of evealy rpacad a d  grouped exceedencar a re  unkuoun, bur bacaure more 

excradencas will probably be -11, rhe lonktenm consequancer should be 

8boue equal over long period8 of time. 

The above coaaideraciow l e d  LO a 8tatemenC of a c r i t e r i o n  i n  rhe 

fraquency-intea8icp-dur8t~~ fonuac t ha t  i r  o f t en  used co descr ibe  r a i n  and 

rnow f a l l  rad stream f lou ,  e.g., how often,  on t he  average, doer more than 

tea  inches of r a i n  f a l l  i n  a veakl The nunerical  valuer chosen for  

frequency ( o r  average recurrence i n t e r v a l ) ,  in teneiey (i  .e., concentracion) , 
and durat ion (of weraging period) a re  chore appropriate for  aacional 

cri-ceria.  Whenever adequacelp j u e t i f i e d ,  a nacion.1 c r i t e r i o n  may be 

replaced by a r i te -spec i f ic  c r i t e r i o n  [ l ] ,  which may include not only sice-  

spec i f i c  c r i t e r i o n  concencrations [21 , buc a l so  r i t e - spec i f i c  durat ions of 

averaging periods and s i te-specif ic  frequencies of allowed exceedencea [ 3 ] .  
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me coacent ra t ions  dura t ions  aud frequenciee spec i f i ed  in c r i t e r i a  a r e  

b a r d  011 b i o l o g i c d ,  eco logica l ,  8rrd t o X i c o ~ o q i c ~ 1  dac8, a d  are desiqned t o  

protect aquat ic  orqaniras and t h e i r  usee from unacceptrble e f f e c t s .  

c r i t e r i a  f o r  der igning varte t reatment  f 8 c i l i t i e o  require8 s e l e c t i o n  of an 

appropr ia te  wusccload a l l o c a t i o n  model. Dynamic models a re  prefer red  f o r  the 

app l i cac i a r  of vacer q u a l i t y  cri teriaD but 8 s teady-r t rce  model might have t o  

be  ured inrcead of a dynamic mode1 in  s o w  r icuac ionr .  Bagardlerr of t h e  

model chat is ured, the dura t ionr  o f  the mar .g ing  pet iodr  and t h e  

frequencier  of a l l m d  exceedencar muat be appl ied co r t ecc ly  i f  t h e  intended 

l eve l  of procect ioa i r  t o  be provided. 

r ta tewnt  frequency t e f e r r  eo the m e t a g e  frequency, over a long period of 

cima, of rare avant@ ( i . e . D  erceedencea).  

frequency i o  of ten  chought o f  i n  t e f l l l  of t h e  8veraae frequency, over 8 long 

Use of 

For example, i n  the c r i t e r i o n  

Boyaver, io r m  d i rc ip l i a r s ,  

period of tima, o f  che pearr in which rare weacr occur, uichouc my 

c o n r i d e r r t i o a ' o f  how aany ra te  eveu t r  occur u i t h i n  e8ch of chose evencful 

yearm. 

years is imporcant for a l l  chore r i cua r ioao  i'n which the  tare events ,  e.g., 

e~ceedeaceo ,  c a d  to  occur i n  groupr wichia the even t fu l  year r .  

Ihe d i o t i n c t i o a  becueen the frequency of evento and cbe frequency of  

The c y 0  ways 

of c a l c u l a t i a q  frequency produce cha 8 . w  r e r u l c s  i n  oicuacion8 in  which each 

rare cvenc occur8 la a d i f f e t r n r  year  bec8urs cben che frequency of events  is  

che r a m  80 rho frequoncy of evencful p a r r .  

lkcaure f r e sh  vacar and r8lt vacer  have b a e i c a l l y  d i f f e r e n t  chemical 

c o ~ p o r i t i o n o  aad bec8ure freshwater and r8ltvater (i.a., e r cua r i ae  and crue  

marine) rpec ier  r a re ly  inhabic t h e  same v a t e t  r i m l t a n e o u r l y ,  there National 

Guideline8 provide f o r  the d e r i v a t i o n  of sepa ra t e  c r i t e r i a  €or t he re  two 

kinds of water.  For rome r n c e t i a l s  s u f f i c i e n t  d a t a  might not be ava i l ab le  t o  

allow d e r i v a t i o n  of c r i t e r i a  f o r  one o r  both kinds of vacer.  Evea chough 

absolu te  coxic ic ies  might be d i f f e r e n t  i o  f r e r h  and e a l c  waters, such 
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r e l a t i v e  d a t a  as acute-chronic r a t i o s  and bioconcencrat  ion faccors  often 

appear t o  be r i m i l a r  i n  t h e  t w O  waters.  

t h a t  chase r a t i o s  and f i c t o r s  are probably similar, they are used in te r -  

When daca are ava i l ab le  co indicate 

changeab l y  . 
me mate r i a l  €or which a c r i t e r i o n  is des i r ed  is usua l ly  defined i n  

cenw of a p a r t i c u l a r  chemical compound o r  ion ,  or a group of c lose ly  r e l a t e d  

compounds o r  ions ,  but  it might po r r ib ly  be def ined i n  tarma of an e f f l u e n t .  

There National Guideline8 might r l r o  be u r c f u l  for der iv ing  c r i t e r i a  fo r  

temperature, d isso lved  oxygen, rurpended r o l i d r ,  pE, s t c . ,  i f  the kinds of 

daC8 OII which che Guidelines are bared are ava i lab le .  

Because choy a r e  w a n t  Co be appl ied oaly a f t e r  a d a c i r i o n  har been made 

chat a na t iona l  water q u a l i t y  criterion fo r  aquat ic  organism8 i r  needed f o r  a 

mater ia l ,  these  National Guideline0 do not d d r e r r  the r a t i o n a l e  fo r  making 

thac dec i r ion .  

t h e i r  u r e e ' i s  p a r t  o f  the barir f o r  dec id ing  whether M aqua t i c  l i f e  

c r i t e r i o n  ir needed f o r  a material, these Guidelines vi11 probably be he lp fu l  

i n  the  c o l l a c t i o a  m d  i n t a r p r e t a t i o n  of  re levant  daca. 

vo lac i l i cy  miqhc a f f e c t  che face  of a macerial  i n  chc aqua t i c  elnrirornnenc and 

might be importme uhea determining vhecher a c r i t e r i o n  is needed €or a 

material; f o r  example, aquacic l i f e  cr i ter ia  might not be needed f o r  

mater ia l s  t h a t  are highly v o l a t i l e  o r  h igh ly  degradable i n  water. Although 

ruch prope r t i e s  c m  a f f e c t  how much of  t he  material w i l l  g e t  from the  point  

of dimcharge through any 8 l l 0 ~ d  d x i n g  zone co some por t ion  of che ambient 

water and can also a f f e c t  t h e  sire of the zone of  inf luence  i n  t h e  ambient 

I f  cha poceatirl f o r  adverre r f f e c c r  on aqua t i c  o r g u r i m  and 

Such proper t ies  as 

water, such p rope r t i e s  do not a f f e c t  how much of chc ma te r i a l  aquat ic  

organisms can t o l e r a t e  i n  t h e  zone of influence.  

'Ihis vers ion  of t he  National Guidelinee provides c l a r i f i c a t i o n a ,  

additional d e t a i l s ,  and cechnical  and e d i c o r i a l  change8 .from che previous 
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vers ion  [ 9 ] .  

vers iou  and rubsequent d r a f t s  [ l o ] ,  experience gained during t h e  U.S. EPA'8 

UIC of previous vers ions  and d r a f t s ,  and 8dV8UCe8 in  aquat ic  toxicology and 

relaced f i e l d s .  

t h e i r  usefulness  is demartr8cad. 

inco  t h i r  vers ion  of  cha Nacional Cuidel iaar  are: 

1. 

lbese d i f i c a c i o n s  a r e  the  r e s u l t  of cotmeats on the  previous 

Future  ve r s ions  w i l l  incorporace new concepts and data as 

I h e  major t echnica l  ch8nger incorporated 

The requirement fo r  acute  d8 t8  f o r  frerbwacer anhalr  ha8 bean changed co 

include more tescr wich inve t t ab race  rpec ier .  The C8XOUOQiCI funccional ,  

a d  probably t h e  toxicological, d i v e r r i t i e r  a o n q  inver tebrace  rpecier 

arm g r e a t e r  t h m  thore .aoag vetcabrace  spec ie s  and chis  rhould be 

r e f l ec t ed  in  che requi red  data. 

When w a i l a b l e ,  9 6 - k  tC50r  bared oa t h e  percentage of f i r h  imatobilited 

plus  t h e  parcentage of  firh k i l l a d  are urad i a r t ed  of 96-hr LCSOr f o r  

2. 

3.  

f i r h ;  comparable EC5Or 8re used inatead of LCSOr for ocher spec ies .  Such 

rppropr i rce ly  def ined  tC5Oa b a r t e r  r e f l e c t  t h e  to ta l  revere acute  adverse 

impact of che c a s t  m8teri8l on ehe cast specie8 char do LC508 or narrowly 

def ined  tC5Os.  Acute CCSOr char are bared on e f f e c t s  chat are noc 

severe,  such u reduct ion  in she l l  deporicion and reduct ion in grouch, 

are not used i n  c8Lcul8tiag ehe Pin81 Acute Value. 

The tinal Acute Value i r  now defined in  term8 of Genu# Maan &uta  Values 

r8rher than Specie$ ?fern Acute Values. A Genu8 &.a Acute Value is che 

gcanttic mean of a l l  t h e  Species  Neaa Acute Valuer m a i l a b l e  f o r  species 

in the  geaur. On the WeraRe, rpec ies  within a genua are coxicoloqicalLy 

much amre r i m i h r  than species in d i f f e r e n t  Renrrr, m d  80 t h e  use of 

Genus Mean Acute Values will prevent d a t a  aecs from being biased by an 

overabundance of spec ie s  i n  one or a few genera. 
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4. 

5. 

6. 

7. 

8. 

The F ina l  Acute Value i s  now ca lcu la t ed  Using a method I l l ]  cha t  i s  noc 

subjec t  t o  t h e  b i a s  and anomalous behavior chat t h e  previous method was. 

The new method i o  o leo  lase  influenced by one very low value because i t  

always gives equal  weight eo t h e  four  values tha t  provide che moec 

information about the cumulaeive p r o b a b i l i t y  of 0.05. 

values  rece ive  the most weight, t he  o t h e r  values  do have 8 subscancia1 

e f f e c t  on the F ina l  Acute V8lue (see examples in Appendix 2 j .  

The requirements f o r  using the  r e s u l t s  of testa with  aquat ic  p l an t s  have 

been a8de more string8Ut.  

Inste8d of baing equal t o  the Fina l  Acute Value, the Cricer ion  Maximum 

Concentr8tion is nov equal  t o  On8-h8lf t h e  Pin81 Acute Value. 

C r i t e r i o n  )(.ximUm Concentration is  inteadad eo protec t  95 percent  of a 

group of diverse genera, un less  a c-erciallp o r  r e c r e a t i o n a l l y  

imporcane spec ie8  is very sen r i t i ve .  

severe ly  harm 50 percent of the  f i f t h  p e r c e n t i l e  o r  50 percanc of 8 

s e n s i t i v e  import8ac specie8 cannot be considered t o  be p r o t e c t i v e  of t h a t  

p e r c e n t i l e  o r  that spacier. 

inteadad t o  r e s u l t  i n  a concenrracion t h a t  w i l l  not  severely adversely 

a f f ecc  coo many of the o r g m i m u .  

The lower of t h e  tw numbers i n  the c r i t e r i o n  ir  now ca l l ed  the C r i t e r i o n  

Continuous Concentration, r a t h e r  thm the Cr i t e r ion  Average Concentra- 

t i o n ,  t o  more accurately r e f l e c t  the n a t u r e  of the  coxicological  daca on 

which it is bared. 

The statemeut of c r i t e r i o n  has been changed (a) t o  include du ra t ions  of 

averaging per iods and frequencies of allowed exceedences chat a r e  based 

on what aquat ic  organisms and t h e i r  usee  can co lerace ,  and (b) t o  

Although che four  

The 

bwever ,  a concent ra t ion  chat would 

Dividing the Pin81 Acute Valua by 2 is 
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i den t i fy  a spec i f i c  r i t u 8 t i O l l  i n  vhich riCe-8peCifiC c r i t e r i a  (1,2,31 a r e  

probably der i rab le .  

In .ddit iorr ,  Appendix 1 V88 added t o  a id  in  d e t e k n i n g  whether a species  

should be conridered re r idea t  i n  North b a r i c 8  8nd i t s  taxonomic c l a s r i f i c a -  

cion. Appendix 2 a r p l r i n r  t h e  C 8 l C U 1 8 t i O U  of tbe Final  Acute Value. 

The a o u n c  of guidance io there N A t i O a 8 1  Guideliner h u  been increased, 

b u t  arch of the  guidance i n  necer rar i ly  q u a l i t a t i v e  rather than quan t i t a t ive ;  

much judgmoat vi11 u r u d l y  be required t o  d d v e  a wafer q u a l i t y  c r i t e r i o n  

for  aquatic o tg ra i r a r  aad t h e i r  uiaa. 

the National Guideliner attaarptr to  c m o t  a11 major quarcionr char: have 

8rh.a during ura of p twiour  ver r ionr  aad d ra fc r ,  i t  undoubtedly doer not 

cover a l l  r icuat ionr  ebrc d g h c  occur io the future.  

8hould be bared on a chorargh hov ladge  of aquat ic  toxicology and an 

Io rdditioo, rlcbougb chi8 ver r ion  of 

AlL necasrary decis ionr  

under scad in^ o f  there Cuideliaer rod rhould be conrheen t  v i t h  the  s p i r i t  of 

chase Guidelines, i.e., t o  maka bore ura of the  ava i lab le  daca t o  der ive  the 

moot appropriate c r i t e r i a .  

vhenever round rc ienc i f  i c  evidence indicate8 t h a t  a aa t iona l  c r i t e r i o n  

produced using there  Cuiddiner  would probably be r u b r t t o t i a l l p  

overprotective o r  underprotaccioe of the a q u r t ~ c  orgraisms and cha i r  uues on 

Tbese #a t ioaa l  Guidelines rhould be modified 

a oacioaal baais. 

f o r  q u a c k  otganisu  and t h e i r  ures i r  a c o q l o x  ptocerr  and requires  

knowledge i n  u n y  ate88 of aquatic tO%~co~ogJI.; ray deviation from these 

Guideliner rhould be carefu l ly  considered t o  ensure chat i c  is consir teac 

v i t b  ocher par t s  of there  Guidelines. 

l h r iva t ion  of ametical na t ioaa l  water qua l i ty  c r i t e r i a  
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I. h f i b i t i o n  of *ceria1 of Concern 

A. Each reparace c h c a i c a ~  that  does not i o n i t r  rubs t an t i a l ly  i n  moat 

natura l  bodia8 of  water rhould uauai ly  be considered a reparace 

material, except possibly f o r  s t r u c t u r a l l y  s imi la r  organic 

compounds tha t  only e x i r t  i n  la rge  q u a n t i t i e s  81 commercial 

nixcurer  of  the  variour co~poundr and apparently have s imi l a r  

b f d q i c a l ,  ch=Feal, ghp5ea l i  an_d taisslmical proper t ie r .  

For c h d c a l r  chat do ionize rubr ta r rc ia l l r  i n  most na tu ra l  bodies 

of water (e.8.. ram phenolr and organic acid8, rom ealcr of 

phenol8 and organic acid,, and a08c inorganic ralcr and 

coordiaat ioa coaplexer of matah) ,  a11 form that  vould be i n  

c h a d c a l  e q u i l i b r i m  rhould urua l ly  be cooriderad one material. 

Each d i f f e r e n t  oxid8cioa atace of a m e a l  and each d i f f e r e n t  

n o n i o n i u b l e  cavalaucly bondd organamotallic compound rhould 

u r w l l y  be conridered a reparate  matrrhl.  

Thr d e f i n i t i o n  of  the macerial rhould include an oparacioual 

m a l y t i c a l  component. Idenc i f ica t ioa  of a a a t e r i a l  simply, for 

ermple, ~a " rod iu"  obviourly impliar "Coca1 sodim", but leaves 

rom f o r  doubt. 

rtaced. 

8 .  

C. 

If "total" i r  manc, it  rhould be e x p l i c i t l y  

Roan "total" ha8 di f fe renc  opera t iona l  d e f i n i t i o a r ,  rome 

of vhich do not uacarrar i l j ,  r aa ru re  " a l l  t h a t  i r  there" i n  a l l  

raapler .  Ibur ,  it i r  a h 0  aecersary to reference o r  dercr ibe .che  

m a l y t i c a l  method that i r  intended. The operat ional  ana ly t i ca l  

component rhould take i n t o  iccount the a n a l y t i c a l  rad enviroamental 

chemirtry of the  material, the d e s i r a b i l i t y  of uring the same 

ana ly t i ca l  method on rmuplar from laboratory te8ts. ambient va t e r ,  
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. 

urd. aqueour e f f l u e n t s ,  a d  varioua p r a c t i c a l  c o n s i d e r r c i o n ~ ,  such 

80 labor and aquipwnc requiraosncr and uhecher che mathod m u l d  

requira  measurewnc i n  the f i e ld  o r  w u l d  allow meaiurewat  after 

rraples a re  tranaported eo a h b O t 8 C O r y .  

n e  p r h a r y  requi reaent r  of t he  opera t iona l  a n d y c i c r l  coQpoaent 

thac i t  be appropriate  f o r  uae w muplea of receiving wacer, 

tha t  i e  be c a p a t i b l e  u i t h  the 8 v r i h b l e  coxicicy and bioaccuaula- 

cion daca without d i n g  e t t r8po l8 t ioa r  t h u  ate Coo hypothecical,  

8nd ch8c i t  r a r e l y  reaulc  i n  underproeretion or overproceceioa of 

aquatic o r g a i r ~ a  and t h 8 i r  uam. 

mearurenant rill tatel7 be & V 8 i h b h ,  a c o n p r a i s e  meaeurement will 

u r u d l y  h-8 eo be. ua8d. lhir corprarim mearurement w e t  f i t  u ich 

the gre8r.l approach chac i f  an o b i e o e  c o n c e ~ t r a c ~ o n  La l o m r  than 

che n8cionrl  cticerioa, uaaccapt8bh a f f e c t #  w i l l  probably nor 

occurD id., the caaprairr  mearureamc m a t  wt err on the  r i d e  of 

u d e r p r o t e c t i o a  uhen mearureaentr a r e  made oa a sur face  vacer. 

Becauae the chemical 8ud phy3iC8l propetriem of an e f f l u e n t  are . 

uaually quite d i f f e renc  f r m  chore of the receiving wacer, an 

anr lyc ica l  wthod that i a  accept8blr  f o r  analysing an e f f l u e n t  

Becaura an idral  u ~ a l y r i c a l  

d g h c  not b8 rppropriacr  for aoalyxing a recmiriag water, and v i c e  

versa. If the ubiaut  conceotracioa calculrced f r a  a me8sured 

cmcracrat iorr  i n  m ef f lueuc  i a  h ighr r  than che aacional  c r i ce r ion ,  

an d d i c i o n a l  opt ion is to a~eaoure chr concentration a f t e r  d i luc ioa  

of chs e f f luen t  with race io iag  v8ear to  datemain8 i f  cha meusured 

conceatrrcion is  lowared by such p h e n m n a  u casplexacion o r  

aorption. 

r p r c i f i c  c r i t e r i o n  [1,2,31. 

A fu r the r  opcion, of  courae, i a  eo derive a r ice-  

Thus, che c t i t r r i o n  should be based on 
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XI. 

an appropr ia te  a n a l y t i c a l  measurement, b u t  t h e  c r i t e r i o n  is not  

rendered ureless if an i d e a l  measurement e i t h e r  i s  aot ava i l ab le  o r  

i r  not f eas ib l e .  

NoTg: 

taken i n t o  account when def i a ing  the  macer ia l  o r  when judging the 

a c c e p t a b i l i t y  of 8- t o x i c i t y  t e s t a ,  bu t  a c r i t e r i o n  should not be 

b a r d  oa t he  r e n r i t i v i c y  of au a n a l y t i c a l  method. 

organ imr  a r e  more r e n s i t i v e  c h m  r o u t i n e  a n a l y t i c a l  mechods, the  

proper so luc ioa  is t o  develop b e t t e r  a n a l y t i c a l  methods, not t o  

uoderptocece aquae i c  l i f e .  

Ihe a n a l y c i c r l  chemistry of t h e  material miflht heve t o  b e  - 

When aquat ic  

Col lect ion of Data 

A. 

0. 

Collect a11 ava i l ab le  daca on che macer ia l  concerning (a) t o x i c i t y  

to,  a d  bioaccmmrlation by, aqua t i c  a a h l r  awl planer ,  (b) FDA 

a c t i o n  levelr (121, and (c) cironic feeding r t u d i e r  and Long-rem 

f i e l d  rtudier w i t h  v i l d l i f e  rpec ie s  char r egu la r ly  consme aquacic  

orqanitbms . 
A l l  daca chat are ured should be  a v a i l a b l e  i n  cyped, dated,  and 

signed hard copy (publ ica t ion ,  m.nurcr ipt ,  Leccer, maorandma, 

ecc.) with enough supporting informarion co i nd ica t e  chat 

acceptable cert procadurea were ured and char the  t e s u l c r  are 

probably r e l i a b l e .  

add i t iona l  w r i t t e n  information froe chc invcscigacor ,  i f  poss ib l e .  

I n f o m a t i o n  t h a t  i s  conf iden t i a l  o r  pr iv i leged  or otherwise not 

I n  8- cares it may be appropr ia te  EO abca in  

. N l i l 8 b h  f o r  d i r t r i b u t i o n  should not be used. 

C. Quercionable daca, whecher published or unpublished, should not be 

used. For example, da t a  should usua l ly  be re jected i f  they are 
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from tests tha t  d id  not contain a cont ro l  t reatment ,  tests in  which 

too many organism i n  the cont ro l  t r e a t m k t  died o r  shoved s igns  of 

s t r e s s  or disease,  and tests i n  which distilled o r  deionized wacer 

was used a6 the  d i l u t i o n  water without addi t ion  of appropriate  

s a l t s .  

Data 011 technical  grade mater ia l8  may be used i f  appropriate ,  but D. 

da ta  on formulated mixtures and emulsif iable  concentrates  of t h e  

mater ia l  of concern rhould not  be used. 

E. For some highly v o l a t i l e ,  hydrolyzable, o r  degradable mater ia l s  it 

i s  probably appropriate  t o  u s e  only r e su l t6  of f l o r t h r o u g h  tests 

i n  which the  concentr8tions of test material i n  the test ro lu t ions  

ware measured o f t e n  enough using acceptable a n a l y t i c a l  methods. 

P. Data rhould be re jec ted  i f  they were obtained using: 

1. Brine shrimp, because they uru8l ly  only occur na tu ra l ly  i n  

water with r a l i n i t y  g rea t e r  than 35 g/kg. 

Species t h a t  do not  have reproducing wild populations i n  North 

W r i c a  (rea Appendix 1). 

Orgaairar t ha t  were previously expored t o  rube tan t i a l  

concentrations of t he  test aaterial or other  contaminants. 

2. 

3 .  

G .  Questionable d8t8 ,  data  on foror la tad  mixture6 and emuls i f iab le  

conceatrates ,  a d  d r t 8  obtained with non-rerident rpecies  or 

previourly exposed organisma I M ~  be used t o  provide aux i l i a ry  

information but  should not be used i n  the der iva t ion  of c r i t e r i a .  

7 t & d d .  

A- 

XIX. Required Data 

A. Certain data should be ava i lab le  to  h e l p  ensure tha t  each of the  

four major kind6 of poss ib le  adverse e f f e c t s  receives  adequate 
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consideration. 

representat ive Species of aquatic animals are neceseaq  so char 

R e s u l t s  of acute  and chronic toxicicy t e s t s  w i t h  

d a t a  avai lable  for  teated species can be considered a useful  

indicat ion of the  s e n s i t i v i t i e s  of appropriate unceated species.  

Fewer da ta  concerning tox ic i ty  t o  aquatic plants are required 

because procedure8 fo r  conducting tescs with plants and 

in t e rp re t ing  the  r e s u l t s  of such tests a re  not a8 well developed. 

Data concerning bioaccumu~atioa by aquatic organism are  only 

required i f  relevant da t a  are  avai lable  concerning the s ign i f icance  

of residues i n  aquatic organisms. 

To derive 8 c r i t e r i o n  for  freshwater aquatic organimr and t h e i r  

usea, the fo l lav ing  should be wai l ab le :  

1. 

B. 

Resul ts  of accapcabla acute  t e s t a  (reo Seccioo IV) with 8t 

l a a r t  one rpecfar of frerhwater a n i u l  i n  a t  l eas t  eighc d i f f e r -  

eat f d l i a r  such t h a t  a l l  of the  follcming are includeds: 

8.  

b. 

t he  family Sahon idae ’ in  the clars Oetcichthyes 

a racond family in t he  c h a r  Oateichthyes, 

preferably 8 co~merc ia l ly  or recreat ional ly  

inrportant uanm8ater 8pscien (c.g., b lueg i l l ,  channel 

c a t f i s h ,  etc.) 

t h i r d  famil7 i n  tha phylum Chordata (map be i n  che 

class Osteichthyes o r  may be an amphibian, etc.) 

d. a planktonic crustacean (e.g., cladoceran, copepod, 

C .  

etc.)  

e. a benthic cruetacean (e.g., ostracod, isopod, 

amphipod, crayf ieb, 4tc.  1 
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f .  an i o rec t  (e.g., mayfly, drrgoafly,  d m a e l f l y ,  

sconefly, caddi r f ly ,  moaquico, midge, acc.) 

a f d l y  i n  a p h y l a  ocher chm Arthropoda or 

Qordaca (a.g., Rotifera, kmol ida ,  b l l u r c a ,  ecc.  1 

a f m i l y  i n  m y  order of inrecc o r  any phyluu aoc 

already repreemfad. 

8 .  

h. 

2. k u t c c h r o a i c  r a t i o s  (80. Section V I )  with rprc ies  of aquatic 

a n i u l r  i o  at least chree d i f f e rea t  f d l h  provided tha t  of 

the three rpecier: 

--at lease one i r  a fish 

-at l e u c  OM is an inver tabr r te  

-ac l earc  m e  i r  an a c u c e l ~  r m r i c i v e  freshwater 

rpocier ( the ocher two may be ralcwater rpecier). 

3. Easultr of at  loart OM accopcable t e r r  with a frsrhwacer alga 

OS vascular plant  (re. 9.cCioo VIII). I f  plaarr are  aoag cha 

uquscis ora8aimr ch8c at0 l o s e  r en r i t i ve  to  rhe material ,  

re ru lc r  of a ceac with 8 p l m c  in  aaocher phylum (divir ion)  

$ h a r d  8180 k ~ d h b l e .  

4. At h a a t  m e  accapcable biocouceacracioa factor determined 

u h h  m approptiare freshwater rpacior,  i f  a maxi-  p e r d a r i -  

b l e  tirrue concintration i r  avai lable  (roe Seccioa 1x1. 

C. I o  dorive 8 crirsrioa fo r  r a l tva t a r  aquatic o r g d r u  rad c h e i r  

u res ,  the  following ahould be available: 

1. Barulcr of acceptable acute trrrr  (see Section IV) w i t h  ar 

k a r t  one rpecicr o f  ralcwacer animal i n  a t  l a a r t  eighc 

diffareac f a i l i e s  ouch ch8C a l l  of tbe  f o l l w i n g  are 

iac lud ed : 
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a. 

b. 

e# famil ies  in the  phpltm Chordaca 

a family i n  a phylup o the r  chm Arthropoda o r  

Chordaca 

e i t h e r  che t4yridaa or  Peoaaidae f an i ly  c .  

d. threo other fami l ia r  not i n  che phylum Chordaca (ma9 

include Myridas o r  Penaaidae, whichever war not used 

abvyic) 

e. any other  f d l y .  

2. Acuccchronic r a t i o s  (me Section VI) uicb rpeciea of aquat ic  

a n i u l r  in  a t  laart three d i f f e r e n t  f a i l i a s  provided chat of 

the three rpecier :  

-at l e u t  On. i r  a f i r b  

-at laart OM is an €a*ertebratr 

--at hut one is an acutely reo r i t i va  raltuater rpecier 

(the o ther  two may k f rerhwatrr  rpecier) .  

Urultr  of at  hrrt  on. acceptable teat v i th  a raltwacer a lga  

or v r r c u h r  plant (me thetion vII1). I f  planer are  moag the 

aquatic otganiru &et r e n r i t i v e  t o  ctm material, results of a 

t e a t  with plant  in another phylum (d iv i r ion)  rhould also be 

avai lable .  

Ac h a r t  OQO acceptable b ioconcrn t r r t ion  f ac to r  determined 

d t h  an appropriate  salewater apec ier ,  i f  a auimn permisaibla 

t f r r u e  copceatrat ion i s  available ( see  Section 1x1. 

3. 

4. 

D. If a l l  the required datr a r e  ava i lab le ,  a numerical c r i t e r i o n  can 

u ru r l ly  be derived, except i n  spac ia l  cases. 

c i o n  of a c r i e r r i m  might not be possible i f  cha avai lable  acute- 

chronic ratios vary by more than a f a c t o r  of ten d c h  no appatenc 

For example, deriva- 
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patt#m. 

c h n a c t e r i o t i c  (808 Sections V aud VII), more data W i l l  b e  

oecessary. 

1 ~ 8 0 ,  i f  a c r i t e r i a  ir t o  be re la ted  to  a water q u a l i t y  

Similar ly ,  i f  a11 required data  are noc avai1able,  a numerical 

c r i c r r i o a  rhould noe be derived except i n  rpec ia l  careo. For 

ex-le, even i f  not enough acute and chroaic dac8 are  ava i lab le ,  

it might be porr ib le  f o  deriva a cr icer ioa  i f  the available da t a  

c l e a r l y  ind ica t e  thac the  Final &miduo Value should be arch lower 

chm e i t h e r  the Final  Qroaic Valu. o r  che Final  Plaac Value. 

Confidence in a C i i t @ C i o a  urual ly  increamer am rhs  mount of E. 

t in81  &Ut.  VdUe 

A. Appropriace mea8urer of che acute ( rhore-card  t o x i c i t y  of the 

material  eo a var i e ty  of rpecier  of aquat ic  rnim8h are used eo 

calculace che F i n d  Acute Value. The Final  Acute  Value i r  an 

e r t i u t e  of the coacentracioa of the  u c a r i a l  corrcrpording t o  a 

c u u l a t i v e  probability o f  0.05 i n  the acute  toxicicy values f o r  the 

genera with which accop tab~r  r u t e  t e r c r  have been conducced on che 

u c e t i a l .  BDuwer, in m u  c u e r ,  Lf che Specier Hean Acute Value 

of a c o w e t c i a l l p  or recreat iooal ly  inportant specier  is lower than 

tha c81cuhCrd Ph.1  k u c e  V 8 f w 4 ,  then tha t  Specie0 Mean Acute 

Value replacer thr calculaced Final  k u c e  Value i n  order t o  provide 

procection f o r  chat important epecies. 

1 

8 .  Acute t o x i c i t y  t a r t s  should have been conducted uaiog acceptable 

procedures [ 131 
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C. 

D. 

E. 

Except for  t e s t s  with sa l twacer  annel ids  and myside, results of  

acuce t e a f a  during which t h e  test o r g a n i r w  were fed rhould not b e  

used, un lss r  d a t a  i n d i c a t e  that  the  food did not af fecc  the  

t o x i c i t y  of che c e s t  material. 

Resul ts  of acute  c e r t r  conducted in unusual d i l u c i o o  vacer,  e.g., 

d i luc ion  wacer i n  which t o t a l  organic carbon o r  p8rciculace maccer 

axceebad 5 =-,I?., abed4  =et he  sed, r?=lrer = re lar imship  is 

developed betweea acute  t o x i c i t y  and orgaaic  carbon or p a r t i c u l a t e  

mat ter  or ualese d8 ta  show chaC organic carbon, p a r t i c u l a t e  mtter, 

e tc . ,  do not a f f e c r  coxicicy.  

Acutr values  rhould be bared oa eudpointr which r a f l e c t  t he  coca1 

revere acute rdver re  impact of che f i s c  m8cerial  on the organisms 

used i n  the  t e a t .  Therefore,  oa ly  the following kind, of d8ca 00 

i c u t a  tor t ic i ty  co aqua t i c  animals should be u r d :  

1. Tercr v ich  d8phaidr and ocher c l d o c e t a a r  should be scar red  

with o r g a a i r w  le06 than 24 hourr old rad cests wich midqer 

6hould be s t r r t e d  u i r h  second- o r  t h i rd - ins t a r  laxye.  The 

r c ru l c  should be the 48-hr EC5O bared oa perceacage of 

o r g m i r w  i m b i l i r a d  p lu r  perceataqe of o r q a n i m s  k i l l ed .  

ruch 8n BCfO i r  not av8i l8ble  from a ccse, che 40-hr LCSO 

should be u r d  in place  of the der i r ed  48-hr EC50. 

LC50 of longer ch8n 48 hr  c m  be u r d  i d  long ar t h e  animals 

were noc fed and t h e  con t ro l  animals uere 8ccepcable ac t he  end 

of the  t e s t .  

The r e s u l t  of a tes t  with embryos and larvae of barnacles ,  

bivalve molluscs ( c l a w ,  mussels, oys te ra ,  and s c a l l o p s ) ,  sea 

If 

An EC50 or 

2. 
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urchins,  l obs i e r s ,  c rabs ,  shrimp, and abalones should. be the 

96-hr ECSO based on t he  percentage of organisms with 

incompletely developed s h e l l s  p l u r  she percent age of organisms 

k i l l e d .  If such an ECSO i s  not ava i l ab le  from a test ,  t he  

lover  of the 96-hr EC50 based on t h e  percentage of organisms 

v i rh  i n c m l e t e l p  developed ehe l l r  and che 96-hr LCSO should be  

ueed i n  p k e s  of the  deeirad 96-hr ZC50. 

the t e a t  v u  between 48 and 96 h r ,  t he  ECSO o r  LCSO a t  the end 

If Ch6 duratioi; of 

of the  test should be used. 

3. The acute valuer from testa with a l l  ocher freshwater and 

s a l t v a t e t  animal rpec ier  .ad o lder  l i f e  rtages of barnacles,  

bivalve ~ ~ 1 u 8 C ~ ~  sea urchinr ,  l obs t e r s ,  c rabs ,  shrimps, and 

abaloner should be t h e  96-hr 8C50 basad on the percentage of 

o r g a n i m  exhib i t ing  lor8 of equilibrium plus the percentage of 

organi r r s  i m b i l i r e d  plur  the percentage of organisnu k i l l ed .  

If  aucb an ECSO i r  not ava i lab le  f r a  a test, t h e  96-hr LCSO 

should be u r d  i n  place of the  desired 96-hr BCSO. 

4. Terts vith single-celled organisma are not considered acute  

t e r t r ,  even i f  the dura t ion  war 96 bout8 o r  lese.  

5. I f  the t a r t a  verb conducted properly, acu te  values reported as 

n g r e a t e r  tbm" valuer urd thore  which are above t h e  s o l u b i l i t y  

of the  test mater ia l  should be used, because r e j ec t ion  of such 

acute  valuer would unnecessarily lover the F ina l  Acute Value by 

el iminat ing acute  values fo r  r e s i s t a n t  rpecies .  



F. I f  the  acuce tox ic i ty  of the mater ia l  t o  aquatic animals apparently 

has been shown t o  be re la ted  t o  a water qua l i ty  c h a r a c t e r i s t i c  such 

a s  hardness or pa r t i cu la t e  matter for  freshwater animals or 

s a l i n i t y  or pa r t i cu la t e  matter f o r  sal twater  animals, a Fina l  Acute  

Equation should be derived based on chat water qua l i t y  

cha rac t e r i s t i c .  Go t o  Section 0 .  

If the  ava i lab le  da ta  ind ica te  tha t  one or more l i f e  s tages  are a t  

least a fac tor  of tvo more r e s i s t a n t  than one or more other l i f e  

s tages  of the  same species ,  t he  data  f o r  the =re r e s i s t a n t  l i f e  

stages should not be used i n  t h e  calculaticm of the  Species Mean 

C. 

Acute Value because a rpecier  can only be conridered protected from 

acute  tox ic i ty  i f  a l l  l i f e  s tages  a re  protactad.  

The 8greemat of the  da t a  within rad be tman  species  rhould be 

conridered. Acute valuer t h a t  appear t o  be questionable i n  

c w a r i r o n  with other  acute  and chronic da t a  for  the  aame species 

and fo r  other  species i r r  the  s m e  genus probably should not be 

used in ca lcu la t ion  of a Specie6 Mean &uta Value. 

t h e  acute  valuer, m a i l a b l e  f o r  a rpacies o r  genus d i f f e r  by more 

than a fac tor  of 10, some or  a11 of the values probably ehould not 

be u8ed i n  calculat ionr .  

E. 

For example, i f  

I. For each rpecier  for  which a t  l e a s t  me acute  value is ava i lab le ,  

t h e  Specie6 Hean Acute Value (SMAV) should be ca lcu la ted  as the 

geometric man of the r e s u l t s  of a11 f l o r t h r o u g h  tests in  which 

the  concentrations of test mater i r l  were measured. For a species  
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fo r  vhich no such result  is  ava i lab le ,  the  S U V  should be 

calCUl8Cad a$ the geoectric mean of a l l  mailable acuce va lues ,  

i .e. ,  r a s u l t r  of f l o r c h r o u g h  tescs i n  which t h e  concentrations 

were not mearured and r e su l t8  of s cac i c  and reaewal ceacs based on 

i n i t i a l  coacencraC ion8 (nomind concencrrt  ions are accepcable for 

mort cere maceriala i f  mearured couceut ra t ioas  are aot avai lab le)  

o f  cere l u t o r i a l .  

NOTE: 

touuded o f f .  Basulca of a l l  iatenmedirca ca1culacions should be 

rounded [ 1 4 ]  t o  four significant d i s i c r .  

NOTE: 

produce of the R nmberr. 

ca lcu la ted  by adding the LOgarithpr of tho R numbers, d iv id ing  the 

rtm by R, and taking the aatilog of t h e  quot ieu t .  The geometric 

neaa of c u o  umbers  is rhe  square rooc of the  p roduc t  of che cvo 

Data reported by o r ig ina l  invercigacota should not be - 

The qaolaecric mean of N number8 i r  the  IJch root of t he  

Alcemacivoly, t he  geometric mean can be 

- 

nmber r ,  and ehe geometric mean of oue  nuabet  i e  chat number. 

t i c h e r  aacurd (base  e) or c m o a  (bare  10) logarithms can be used 

t o  ca lcu la t e  geometric bean, as long 80 they are used cons iscent ly  ' 

v ich in  each s e t  of daca, i.e., chc auci log uaed anat match the  

ItOTX: Gaoweric  meaur, racher than arithmetic  mean^, a r e  u s e d  here  

because the  d i s t r i b u t i o n s  of s e n r i t i v i t i e r  of individual  organiams 

- 
i n  t o x i c i t y  t e s t s  on most materials  and the d i s t r i b u t i o n s  of senai-  

c i v i t i e s  of species  wichin a genus are more l i k e l y  to be lognormal 

c h m  normal. Similar ly ,  qeometric means a r e  used for  acuce-chronic 

r a t i o s  and bioconccntraciou fac tors  becsure quocieatr  are l i k e l y  t o  

be c lose r  t o  lognormal than normal d i s t r i b u t i o n s .  

/ 

In addi t ion,  
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J.  

t .  

L. 

x. 

U. 

0 .  

1AV 9 oA 

(918 [ 111 for dovelopeat of tho c a l c u l r t h  procedure .ad Appendix 

2 fur o examplo calculatioa and canputer program.) 

MOTE: 

urod heroh merely bacaure they at. sarier LO U I O  oa # o m  h a d  

Natural logaritha ( logat icho LO bar. en deaoted as In) a t e  - 
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I 

v. ?io81 k u t r  Squatioa 

A. *en r o m h  data 8r8 r t ta i l8bh t o  rhw th8t U U L I  C O X i C i C y  CO 

t w o  or more rpeeirr i o  rimilarly rrlatod LO w e a r  quality 

c h a r a c t e r i r r ~ c ,  cho CehC~oMhip rbould be eabn  into UCOULIC 8r 

deocribod in Seetioar B-C bolou or u d a l  t a a ~ y r ~ r  of covariance 

(15,161. 

rerulcm. 

o t m d i n ~  of chi, applicatiou of cooarirocr malyr i r  , bur 

colputorhd verrioor of C ~ ~ r t i . l r C O  uta1yrir are auchaore  

c o w o a ~ e n t  for  rrralysios hrse data rota.  

Thr e# ~ t h o d r  are r q u i v a l o a  rad producr identical  

The manu1 wthod d o r c t i b d  beLou provider an u a d e r  

ff tu0 o r  more factorr 

8ffaCt t d c i t 7 ,  -1Ciph  regrarrion aa41ylir ~ h ~ l d  bo ur8d. 

b. ?or each rpocirr  for uhich co9parable acutr  coxicicy valuer are 

available at tyD or more differear  va1u.a of rbr uacer quali ty 

c b u r c t e r ~ r t i c ,  potform r Lout r q u r e r  rrgrordon of the acute 

toxicicy valuer 00 che corrarpodiq  valuer of tha u a t u  quali ty 

characcarircic co obtain the rlopo rad i t a  952 coafideoce limits 

for each rpecier. 
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NOTB: 

hardaerr a d  .cue@ toxicitf of m c a l r  i n  f resh  wacer .od a lop-log 

r r l a i o a r h i p  f i t r  chase dace, g e a r c r i c  means and aocurol 

l o g a r i c h u  of both toxicicy and uacer qua l i ty  are u r d  io the reat 

of chis reccim. 

chat8~t.ti8CfCr, ruch u PED temperature, o r  8a1ia ic fD no 

t t ~ r t o r u t i o n  or a d i f f e r e n t  traor9orucioa might f i t  the data 

ktter,  mad appropriate chmger u i l l  bo olrcerrary chroughouc Chi8 

k c a r e  che bere d o c m a r o d  re lac ionrh ip  i r  chac begmeo - 

For re lac ioarh ipr  bared on ocher uacer qualicy 

roctioa. 

C. Wtide whethor C h .  data f o r  @ a h  8pOCi.8 i r  UIofU1, taking iaco 

accouat the rmge and aub.r of the tortad v8luer of tho water 

q u a l i t y  chuucer iac ic  rad the drgrea of agre.rrac d c b i a  and 

b0t-m @pOCiOr. ?Or ex&pl.# a $ l o p  bard  OQ r k  data poiacr 

d g h c  bo o f  lutd value i f  i c  fr bared only on daca for very 

narrou cm#e of valuer  of the water q u a l i t y  char .ccar i rc ic .  

alopa b a r d  OQ only c w  da ta  poincr, ho~wec,  d g h c  be urefu l  i f  i c  

i r  coarfrroor with ocher i a f o r u t i o r r  rob if che ftm poino  cover a 

broad e a w h  raugo of  cho ua to r  quality c h a r a c c r r i r c k .  

dditioth, a w e  valuer  char appoar to  be quoreionable i o  caspariron 

with othot rut.  and ehroaic d a m  ava i l ab le  f o r  the rtw rpec ier  

A 

In 

and for other rpwfer  ia tba ramm genw probably rhould aoc be 

wed. to r  a r p l a ,  i f  a f t e r  d j u r c w n c  f o r  tho uater q u a l i t y  

c b u r c t e r i r t f c ,  cho e u c e  v a l u u  ava i lab le  for  a rpecier or genua 

d i f f e r  by more than f ac to r  of 10, r e j e c t i o n  of $ o n  or a11 of the 

valuer  i a  probably rppropriace. If uroful  r loper  are noc miilable  

t o r  ac learc one f i r h  a d  m e  i w e r t e b r a c e  or i f  the  ava i lab le  
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r1op.r are coo d i r r i i i l a r  or i f  Coo f e w  daca a r e  ava i lab le  co 

d o q u a t e l y  def ine  che t e l a t i o n r h i p  bectnen K u c e  coxicicp and Che 

water qua l i ty  c b a u c e r i r C i c ,  r rcurn  co Seccion IV.C. ,  using ehe 

r e ru l c r  of tercr  coaducced under condition8 and i n  waccrs s imi l a r  

co chore c o a o n l y  ured for c o d c i t y  te rcr  wich che epecirr .  

Xndividually fo r  each rpacier  cahJ l8 t r  che g e a e c r i c  mean of the 

available acute  valuer .ad chen d iv ide  rach of the acuce valuer €or 

8 rpecier by che maan f o r  t h e  rpacier .  

va luer  00 chac che q e m c r i c  0.m of che n o m a l h e d  valuer f o r  each 

rpeciea individual ly  8nd f o r  my c ~ i n a r i o n  of rpaciar  i s  1.0. 

Similar ly  n o m a l i u  the valuer  of thr wafer qualicy c h a r a c c e t i r t i c  

for each rpecier  individual ly .  

Individual ly  f o r  each rpaciem o r r f o r r  a h a r e  rquarer  regrear ion of 

the normalirod r u t a  caricfcy valuor oa che correrpoading 

o o r u l i t e d  valuer  of the water q u a l i t y  C h a t 8 C C O r i O t i C .  Ihe 

t e r u l t i u ~  rlopar and (392 coofidence Limier u i L 1  be ident ica l  eo 

chore obcained i n  Secrion B above. Ilau, houever, i f  che daca are 

rccually plocted, the line of bere f i t  f o r  each individual rpecies  

will po chrouih tha poiat 1,1 i o  tho cencer of che graph. 

G. I r a n  a l l  che normalized dac8 a# i f  chey were a11 f o r  che r.oe 

rpacier and perform a lrart rquarer r eg r r r r ion  of a11 che 

wrulird acute valuer on che correrpondiry normalized values of 

che weer qua l i ty  cbaraccer i rc ic  LO obcain rho pooled acute elope, 

V, and i c r  95% confidence limier. I f  a l l  che normalized data a r e  

accual ly  ploctad, che l i n e  of bere f i e  w i l l  go through chc point 

1.1 i n  cha center of chs graph. 

0.  

‘Ibir normatitar the acuce 

E. 

t. 
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8. lor each rpecier calculate! the geoaacrlc WanD W, of-the acute  

toxicicy waluer and t he  geometric mean, x# of the  valuer of che 

v i f e r  q u a l i t y  char rcccr i rc ic .  (There were calculaccd i n  acepa D 

rnd I above.) 

I ,  For each rpec icr  c r l c u l a t ~  the logaricbm, Y, o f  che Snno ac a 

relecced wdue ,  2, of the  vater q u a l i t y  c h a t r c t e r i r c i c  u r i q  the 

agrrreim: 

?or each a p a c i o  ca l cu la t e  rhe S U V  ac 2 using the equation: SHAV - 
e l .  

- IWTlS: 

reep E above, u8tng the  equacionr in  reap0 I and J t o  adjure  each 

Y = 10 €!- N?= X - Ir? Z!, 

J, 

A l t m m t i v e l y ,  eha 8mv8 a t  2 can bi obtained by rkipping 

acute value individual ly  to 2, md then ca lcu la t ing  the g c a e c t i c  

mo of t h e  adjuacd value8 for each rpeder individual ly .  This 

alreraariva procedure r l l m  an examiaacioa of the range 0-L the  

a d j u r e d  uuce  valuer for each apecier. 

Obtrin the l i n a l  Acute Value a t  2 by uoiag the  procedure dcrcribcd It. 

i n  Section 1V.J-O. 

L. If t he  SWV a t  2 o f  a c o l e r c i a l l y  or t ec teae~ional ly  inpotcane 

rpecier i 8  Lavrr chm tho ca lcu la ted  Pfnal  Acute Value at  2, then 

that  ERuff rhoold bo ured a8 tho ?in81 Acute Value a r  2 instead of 

the c r l co la t ed  ? h a 1  Acute Value. 

The l i n a l  Acute l q u u i o u  ir  n i t c e n  ar: ?I. Fina l  Acute Value - 
(V(ln(#cer qua l i t y  c h a r l c t e r i r c i c ) ]  + lo  A - V(la 21) 

8 # 

&ere V = pooled acute rlopa and A 

Because V, A, and 2 are Imotm, tho F ina l  Acute Value can be 

calcul8ted for any r s h c t a d  Value  of the water qua l i ty  char rcrer -  

F ina l  Acutr Value at  2. 

istic. 



VI. Final Q r d c  Value 

A. oa t he  da t a  cha t  8re r o r i 1 a b h  coaceroiug chronic 

t o x i c i t y  eo aquacic animals, cho Pia81 Chroaic V8luo mighc be 

calculacod ia tho s a w  manner as tho Piaal  Acuco Value or by 

d i v i d i w  tho th.1 Acuce Value by che l i a r 1  Acuto-Chrmic Racio. In  

soma caaos it u y  UOC be por i ib lo  t o  calculaco a Pioa l  Chroaic 

V d U 8 .  

NOTE: 

of rolating rcuto and chronic coxicitiar. 

i r  b a r k a l l y  che inve t re  of che appl icat ion faceor, but t b i r  oev 

a- is better becauso I t  is  mor0 doscripcive aud should h e l p  

prrvoac coafurioa b e t w e a  "8pp~iC8tiOU faccorr" and "rafecy 

butora". 

rolaring the ~ C U C O  and,chroaic  t o x i c i c i o s  of  a u c o r i a l  eo aquat ic  

orgmim. 

s a h e y  bepod  t he  barn or  eccioatsd oaao ic i s i t i ea  ob aquacic 

organisma. hochor advmtage of rho .cuco-chroaic rac io  i r  chat i t  

w i l l  u o u a l l ~  be 8reacer chaa om;  chir should avoid the coofurion 

u t o  whochar a largo appl ica t ion  faccor is 0110 that is close eo 

uni ty  o r  o m  thac h u  a denominator chat i r  arch groater t h a n  che 

utmoracor 

Chronic valuer  should bo b u o d  on rosu lcs  of f lo rch rough  (excapc 

ronowal is accepcabh f o r  daphuidr) chroaic  cosco i n  which che 

~ ~ n ~ e a t ? ~ ~ i o n u  of Care mateti81 i n  che core  solutioar wre properly 

moasured at appropriate  timer during the  cas t ;  

& che a u  impliar ,  t h e  a c ' u c c c h r a d c  raeio (ACR) i a  a way 

Tho .cuco-chrouic ra t io  

- 

ku te -ch roa ic  r a t i o s  &ab 8pplic8cioa faccorr aro way. of 

Safoty facorm are urod t o  provide an Utra r a r g i o  of 

b. 
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D. Rerulcr of chronic tertr conducted ita unururl  d i l u t i o a  water, 

e.q., d i l u t i o n  uacer i n  which cora l  organic carbon o r  parciculaca 

u t c o r  e x c e d e d  5 q / L ,  rhould not be ured. u n h r r  ra lacionrhip 

i r  i e v a i o p d  baesseee c'iteais cask icy  a d  orgaais carboa or 

par t i cu la t e  u t t e r  o r  ua l e r r  da t a  rhou thgc o r g m i c  carbon, 

p8rtiCUf8t& U t C I t ,  eCC., do not 8ffICC COdciCy. 

E. Cbroaic valuer rhould bo bared on eadpoincr a d  l e q t h r  of 

exposure appropriate  t o  che rpecier .  

the f o l l o u f q  kindr of chroaic  toxicicy t o r t i  rhould be u r d :  

1. 

Thorefore, only r e r u l t r  of 

Ufe-cycle  t o x i c i t y  tercr c o a r i r t i a g  of rrporurer  of each of 

CUD or mor. groupr of iad iv idul la  of a rpeciar f o  a d i f f a rauc  

c o a c e a t r a t ~ o a  of the cere matertal throughout l i f e  cycle. 

To masun that a l l  l i f e  r c q e r  a d  l i f e  procerrer are 

upered, tertr  with f i r h  should begin vith a b r p r  or  aevlp 

hacched young lerr than 48 hour, old, continue chrough 

maturariaa and reproduction, and rhould .nd noc lerr than 24 

day$ (90 d a j r  for r a k o n i d r )  af ter  the hatching of eha next 

gearration. 

than 24 hourr old and l a r t  for not lerr chaa 21 dayr. 

d t h  myridr should begin tdth  youaa lrra than 24 hourr old and 

continue u n t i l  7 day# par t  the  m e d h a  c h  of f i t r c  brood 

Tarem with daphnidr rhould besin d e b  y o u 8  lerr  

Tercr 

r a l ea re  in the  control$.  For f i r h e  d a t a  rhould be obtained and 

utr1pt.d om rurv iva l  and grouch of adult8 and young, macuracion 

of m d e r  and f ~ 8 1 e 8 ,  egqs rp.vaed par fanula,  anbryo v i a b i l i t y  
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( r a l m a i d ,  only),  .ad ha t chab i l i t y .  

bo obcdood and analyaed on ru rv iv r l  and young per Emale. 

wridr, data should be obtained and analpred on 8urviva1, 

grouch, and young por female. 

~ a r t i . 1  l i f r c y c l e  t o x i c i t y  tertr  conr i r t i ag  of exporurer of 

aach of c y 0  o r  more groupr of individualr  of a rpecies of  f i s h  

t o  a d i f f e r e n t  c o n c o n t r 8 ~ ~ o a  of the e a l e  r a r o r i a l  through W E E  

porr ioar  of a l i f o  cyclo. P a r t i a l  l ifo-cyclo c e r t r  a r e  allowed 

uich f iah  8p.ci.r chat r squi ro  more than a year t o  reach rcxual 

maturity,  ro rb.c a l l  major l i f o  rtager can be expored t o  t he  

cere r a c e r i a l  ia lesa t h m  1s wnchr .  

mater ia l  rhould b q h  d c h  i r r a t u r a  j w o a i l e r  et l a a r c  2 oonthr 

prior LO act ive goad developonc ,  coacinur cbrougb maturacioa 

uad reproductioa, and end noc l o r 8  cban 24 day8 (90 dayr fo r  

r a l w n i d r )  aftor cho hacching of the  next gonerarioa. Data 

should bo obtaind and analyaad on rurvival  and grouch of 

d u l c r  and young, maturation of malor and L ~ ~ ~ a l a r ,  aggr spawnod 

par f . u l e ,  embryo v i a b i l i t y  ( r a l w n i d 8  only),  and 

hatchabi l i ty .  

Bar17 L i f r r c a ~ o  t o x i c i t y  toscr  coar i rc ing  of 28- t o  3 2 d a y  

(60 d a p  port hatch fo r  ra lnooidr)  axporurer of the  ear ly  

l i f o  8ty.r of a r p r c h a  of f i r h  from rhor t ly  a f t e r  

I o r t i ~ i z a c i o n  chrough embryonic, l a r v a l ,  a d  early juveni le  

developsent. 

and grouch. 

- Nozg: 

cion8 of r a ru l c s  o t  l i fc-cycle  rad p a r t i a l  l i fe-cycle  ceses 

For drphnidr,  data should 

For 

2. 

Exporure t o  the  cere 

3.  

Daea ahould be obcained and analyzed on surv iva l  

R e s u l t s  of an e a r l y  Life-rcaga cere are used 01 ptedic- 
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with chd r m  spcciea. 

or p a r t i a l  l i f e - cych  C ~ S C  are mailable, re ru les  of an early 

l i f c r c a g e  cere with che ram apecier  rhould noc be ured. 

Alro, t e r u l c r  of ea r ly  l ife-arage teacr i n  which chc incidence 

of mottalitier or a b n o m a l i t i e r  increared rubrtancial ly  near 

th. end of the  cere should aoc be ured because rarulcs  of ruch 

certs are porr ibly aof good pradic t ioar  of the r e ru l c r  of 

comparable l i fe-ctcle  or p a r r i a l  l i f w c y c l e  tercr. 

Therefore, *en r e ru l e s  of a l i fe-cycle  

t. A c b r m i c  value ut be obtained by ca lcu la t ing  che geometric mean 

of  the louor and uppar c h r o d c  Limier f r a  chrooic cere o r  by 

analyzing chroaic data ur iag  regrerriorr anal78ir.  

l i m i t  is th8 higberc t e r t d  coacentracioo (a) i n  UI rccepcabla 

chronic ca8c, (b) uhich d id  not caure uoaccrpcabla aaounc of 

advrrre ef fecc  00 m y  of tlu opacified b io logica l  measutemenc8a and 

A lover chrooic 

' (c) b a l m  uhicb ao t o r t ad  conceatraciorr caured an unaccepcablc 

a f f ec t .  A0 upper chronic l i m i t  i r  thr lornrc  cerced coucencration 

(a) fa an a c c r p t a b h  chronic cere, (b) which d id  c rure  m 

uoaccrpcable muac of rdvarra e f f e c t  OQ or). or mora of t h e  

rpec i f ied  biological  #aaureeentr,  rad (c) above which a l l  tesced 

corrceatratioar a100 caured ouch an e f f e c t .  

RQTB: 

def in i t i o ru  t o  iatWpraC and report  r a r u l t r  of chronic ceresa  

reported r o r u l t r  rhould be reviawad carefu l ly .  The EOOUUC of 

effect thac i r  conridered uaaccepcabla i r  often based on a s t a t i s -  

c i t a l  h h c h e r i r  to re ,  but r igkc  r t r o  be defined in terms of a 

rpec i f ied  percenc reduction €roo thr con t r a l r .  

Becmre variour authors bava ured a variecy of t a m e  4nd 
7 

A small percenc 
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c. 

large parcent reduction (e.?. 

unacceptable even i f  i c  i r  uoc r ca t i r c i ca l17  s i g n i f i c a n t .  

If the  chroaic coxicicy o f  che ~ c e r i r l  co ujuacic  m i o a l r  

apparently har been rbouo co bo relaced tu 8 wafer qualicp 

c h a r a c t e r i r t i c  ruch u hardnerr or parciculace mafeet t o r  

fresbwacrr amoa l r  or r a l i n i t y  or pa r t i cu la t e  Mecar for r a l twace r  

a n t a l i ,  F ina l  Chronic Uquatioa rhould be dorived bared on chat 

wacor qualicy cha rac re r i a t i c .  

30%) might bo conridered 

Co co Section 911. 

R. I f  chroaic valuar  are a v d l a b l o  tor rpecier i n  eipbc families as 

dorcribod io  Socdoao III.B.1 or IxI.C.1# a Spociar k m  Chronic 

Value (8ncp) rhould be calculated f o r  each rpocier for  which at 

leare one chronic value i a  8vailablo by ca lcu la t ing  cha Saomatric 

moan of a l l  chroaic valuor available for cho rpecier, aad 

aoptopriats GQnus thaa QIronic Valuer sBoca1d be salculacad.  

F ina l  &tonic  Value rhould chon bo obcaiaod ur ing the procedure 

darcribed i n  k c i o n  XV.J-0. Than 80 co 3accion V1.H. 

For each chroaic valua f o r  uhicb ac h a r t  one corrarpondinq 

8ppropri8co u u c e  v r l w  i r  maihble, c 8 ~ c u ~ 8 t r  an rcuta-thronic 

ra t io ,  or in^ for tho  n ~ e r a c o r  rho g r o u c r i c  n a a  of the  rerulcr of 

a l l  accoptabh  t l o r t h r o u g h  (excepc r c r c i c  i r  accoptable for 

daphnidr) acute  car t#  i n  rho rmo d i l u c i o a  uater rnd in  uhich t h e  

The 

I. 

concencracionr wore eearured. For f i r h ,  the icuce t a r t ( s )  should 

have bean corrducced with juvenile$. The acufe eesc ( r )  should h6ve 

been part of the  same etudy ar tha chronic cere. If acute f e s t s  

ware not conducted as  pa r t  of t ha  #&me eeudy, acuca t e s c s  conducted 
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, 

i o  t h e  ram. l abor r rory  rad d i l u t i o n  varer, but  i n  d i f f e r e a c  

rcudy, may be ured. I f  110 such 0 C U C e  cercr are ava i l ab le ,  results 

of acuce testu conducted i n  the oIIpa d i l u t i o n  waccr in  a d i f f e r e n t  

laboratory m y  be ured. 

acurr-chronic ra t io  rhould nof be c r l c u l a t r d .  

For each rpacier, calculate the  rpacier mean acute-chronic r ac io  a8 

the geometric mean of r i i  acucrchroaic r8tiom w i i i 8 b i e  for t h a t  

rpec ie r  . 

If no 8uch 8 C U C O  Ce8cb a r e  Wai l ab le ,  an 

J. 

IC. For mome a a c e t i a l r  che r c u t c c h r o n i c  r r c i o  reem eo be cha aaue f o r  

a11 apecier, buc t o t  ocher r a c e r i r l r  t h e  r a t i o  aeeas co iacreare o r  

decrerre a# the  Specie$ Hean Acuce Valur (8M.N) incraarea.  

che Piaal kut.-Chraaic Ratio can ba obtaiaed i n  four  wapr, 

dependins on the daca avai lable:  

l h u r  

1. 

2. 

3. 

If rhe rpeciea umrn uute-chronic  r a c i o  reemu t o  increase  or 

decreare  u c h e  8 U V  i nc rea re r ,  che Fina l  Acuee-Cbrouic Ratio 

should be ca l cu la t ed  r r  che geometric mean of che acuce-chronic 

rarior for rpecie?, whore W V r  a r e  c l o m  co rhe Fina l  Acuce 

Valu. . 
If no major trend i r  rppareat and the acuce-chroaic racioa f o r  

r nubar of rpeciea r ra  vichin 0 facror  of ten, the  F ina l  

AcutrQroaic Ratio rhould be ca lcu la ted  81 cha gaolaortic mean 

of a l l  the rpeciar me- a c u t c c h r o a i c  r a c i o r  ava i l ab le  for boch 

frerhvater and salcwacer rpec ier  . 
For acute c e r c i  conducted on metals a d  por r ib lp  ocher 

rubrcancer with embryor and hN.0 of b a r n r c l e r ,  b iva lve  

mo11um#, sea urchinr ,  l o b r t s r r ,  crab8, rhrirrp, 8nd abalones 
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(reo Secciou IV.H.21, it i r  probably appropriate  t o  assume chac 

the acurr-chroaic r a r i o  i r  2. Chronic te l f r  are very d i f f i c u l t  

LO conduct 4 t h  more ruch rpec ier ,  bue i e  i, l i ke ly  chat the 

r e n r i c i v i t i e r  of embryos rod l a rvae  m u l d  determine che r e s u l t s  

of life-cyclr tests. 'Ibur, if che lovmrc ava i lab le  SMVs were 

decrrmined v i t h  d r y o r  and larvae of ouch rpec i r r ,  the Final  

Acute-Chroaic Rat io  should probably be arrumed t o  be 2, so chat 

the Final  Qronic Value i8 equal t o  the Crireriaa hximuu 

Concencracioa (8.. Section XX. B) . 
4. 1f.the more appropriate  rpecier  maan rcure-chronic rac ior  are 

lerr thm 2.0, and e r p r c i a l l y  i f  choy are lerr chm 1.0, 

acclimarion ha8 probably occurred d u d -  rhe chronic cesc. 

k c a u r e  concinuour exporute and a c c l i u r i o u  caonot be ar rured  

t o  provide adequace proteccioa i n  f i e l d  r i r u a e i o w ,  the Fina l  

AcuccChroaic Ratio rhould ba a r r u e d  co bo 2, so chat  che 

t i n81  Qroaic Value is equal eo c b .  Criterion Iluimum 

Conceacracioa (0.. Saction X1.B). 

If tho n ta i l ab lo  rpec iar  man acute-chronic rac ior  do not Pic  one 

of chero c a ~ e r ,  a t fnal  Acuce=Chronic U c i o  probably cannot be 

obtained, d 8 f ina l  Cbronic Value probably cannot be ca lcu la ted .  

Calculata the Fina l  Chroaic Value by div id ing  che Final Acute Value L. 

rho Fina l  k u c r - c h r o u i c  B.cio. If there v u  a Fiaa l  Acote 

Equation rather than a Final  Acute Value, sea 8180 Section Vf1.A. 

I f  the Specier b a n  QIroaic Value of a corPwrcially or  recreat ion-  

a l l y  iaportanc rpec iar  is lower than che c a k u l a c e d  Fina l  Chronic 

Value, then t h a t  Species Mean Chronic Value rhould be ured as che 

Final  Chronic Valua instead of t h e  ca lcu la ted  F ina l  Chronic Vdlue.  

K. 

62 



U. Co eo Section VIII. 

v f f .  Final Chronic Equation 

A. A Fina l  Chronic tquacioa can be derived i n  t w D  V8yS. The procedure 

d o r c r i b d  here in  Sacrion A w i l l  r e ru l c  in  the  chronic slope being 

rho 8.110 a0 ch8 acuce dope. Tho procedure dercribad in Seccions 

B-R w i l l  urually r 8 r u l t  i n  tho chronic rlopa baing differenc fran 

cha acute rlope. 

1. I f  Icuca-chronic r ac io r  aro available f o r  enouph species ac 

enough valuer  o f  cho water q u a l i t y  cha rac t a r i r c i c  eo i nd ica t e  

thac t he  acuto-cbtonic ra t io  i o  probably rho 8-  for  a11 

rpocier urd ir probably indepondruc of ch8 wacor qualicy 

cbaraccer i rc ic ,  ca lcu laco  t h e  ? h a 1  Acut tChtonic  Ratio .I t h e  

goosnctic w8n of  cha rwailablo rpocies  wan rcuse-chronic 

) r a t i o s .  

2. Calculaco cho liu.1 Qroaic Valuo a t  rho rolectad value 2 of 

cho wacer q u a l i t y  cha racsa r i e t i c  by dividing the Fina l  Acuce 

Value ac 2 (roe Seccioa V.M.1 by the  l i n a l  Acuto-Chronic 

Utio.  

Woo V = poolod acute $lop. ($08 roccion V.M.) a0 L = pooled 

chroaic @lop.. 

3.  

4. Co LO Sect ion V1I.H. 

vhen roough da ta  aro rva i l ab la  co rhou chac chroaic  toxicicy eo a t  

h 8 0 t  one rpecior ir rr lacod co a water qua l i t y  char rccer i rc ic ,  che 

ra lac ionrh ip  rhould bo taken i n t o  account a# darcr ibed i n  Sections 

B-G below or uring malyrir of cavariaace (1S.161. 

a t e  equivalent rad produce ident ic81 resu1ca. 

B. 

The cwo mechods 

The manual mechod 
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derct ibed beLou provider au uuderrcanding Of  ch i r  rpplicac ion of 

corarimtce roa ly r i s ,  but coapuce r i td  ve r r ioa r  of covariance 

ana ly r i r  arm arch more convenient for a n a t p i n g  large daca sees. 

If tw or more fac tors  affccc coxicicy, mulciple regression 

am8lyrir rhould be ured. 

For e8ch rpacier f o r  which conparable chroa ic  coxicicy V81ues are C, 

available at tu0 or more d i f fa ranc  V8lU.8 of the u8ter qua l i ty  

Ch8r8CCetirCiC, per fora  8 l e u c  rquarer regrerefon of che chronic 

torticicy valuer on the cotrerpoading valuar  of the vatat quality 

ch8racca?ircic t o  o b c d n  the clop. and ier 9SZ coafidrucs  l imier 

f Or a8Ch 8 P C i 8 8  

NOTE: Bmca~rr eha berc  dacr~wncrd r r l a t i o a r b i p  i r  chac becuman - 
h8rdUr88 8nd &UC. COXiCiCy Of U t 8 h  in f te8h  UaLrf 8ad LOg-lOg 

rrlacioaahip f i t 8  there d8C8, geometric ma08 and n8cur.1 

L~arLcIam of boch toxicicy and wafer qU81iCp are u r d  i n  ehe rerc 

of chi8 reccion. For re la t ioarh ipr  bared on ocher uacer qua l i ty  

c h a r r c u i r c i c r ,  much u pH, temperature, or salinity, no C~UIS- 

fom8Cioa or 8 d i f f e r e n t  eranrform8tion r i g h t  f i t  ch8 dae8 beccer,  

and appropriate chupqer w i l l  k aec r r r r ry  chrouebouc chir r rccioa.  

It probably preferable ,  but noc uacrmaty, LO ure the  same 

t r a a r f o r u t f o a  that v u  u r d  d c h  tha acute valuer i n  Section V. 

Dacide wherher che d8ca for  each rp rc i e r  i o  ura fu l ,  caking inco 

account tha r a g a  and number of che t a r e d  valuer  of che water 

qualicy ch8rcc t e r i r c i c  and cha degree of r t rarawnt  within and 

beeurea rpeciar .  

miphc be of l ia iced value i f  i c  is bared only on da ta  for  a very 

narrou range of v a l u e r  of che wacer qua l i ty  chr raccer i rc ic .  

0. 

For a%&ple,  a rlope bared on r i x  dacr poincs 

A 
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rlopa bared on only C y 0  d8Ca POlntr, hOWV.r, righc be useful if it  

i r  cooriseeat v ich  ocher fafoxmarion rad i f  the clro poiacr Cover a 

broad eaough range of the wafer quality chareccoriscic. 

addition, chronic valuer t ha t  appear LO be quercionablc i n  

corpariroa wich ocher acuce and chronic dac8 available €or che sme 

rp.cias and Lot ocher rp.ciea in the a a m  genua probably should noc 

b e  urrd. 

characcr r i r t ic ,  thr chronic valuer avdlrble for  a rpacier or genus 

diLfer.by more than 8 fac tor  of 10, rej8ccfon of romo or a l l  of che 

valuer i r  probably appropriate.  I f  8 urmful chroaic rlopa ir noc 

avai lable  for 8t  l eare  me rp.cier o r  i f  tbe mmilablr  r loper  arm 

fn 

For exampie, i f  a icer  d j u r c a e n r  for cne uacer quaiicy 

LOO d i s a i u l a r  o t  if  too fw dat8 8r8 8vailab1e CO adequately 

define che t e lac ioarh ip  bmcrrrro cbrooic toxicity and ch8 YICU 

qua l i ty  ch8r8ccerircic,  it mithe b. appropriate LO arr- char che 

chronic rlog. i r  the m a n  .I) the acuta r lop. ,  rrhich i r  aquivalanc 

20 a r r u i q  chat che rcutm-chrooic r a t i o '  ir indapendenc of cha 

wacrr qua l i ty  c h I r a ~ c e r i S t  ic. Alcemarively , recurn co Scccion 

VZ.E, wing the ruulC8 of C 0 8 C 8  conducted under condicionr and i n  

wacmro rimitat t o  thore c c l y  u r d  for rox ic i ty  casea with t he  
f 

rpcier .  

1. Individually f o r  each rpecima ca lcu la te  the #comectic mean of chc 

avai lable  chronic valuer and than div ide  each chronic value for a 

rpocier by chr me80 fo r  che rpecier.  Thir o o m r l i t e r  chc chronic 

valuer 00 chat cha g.OE8triC mLm of the oormaliid valuer for  each 

specier individually rad for any cornbiartion of s p e c i d  is 1.0.  

Similarly aoW#diZe che v d u e r  of thr water qualicy chbrrcceri6cic 

fo r  each apecicr individually.  

P. 
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C. Iad iv idur l ly  f o r  each BpeCieS perfora  a 1euC equares regresoion of 

cha n o r u l i r a d  chronic coxicicp valuer on che corresponding nomal- 

ised valuer o f  the weer qual i ty  c h a r a c t s t i r t i c .  l’ha reaulcing 

slopes and chc 952 confidence limier d l 1  be i den t i ca l  eo chore 

obtained i n  Socrioa 1 rbovo. 

a c t u a l l y  plocced, the  Line of beoc f i e  for each individual apecier 

Vi11 go thro@i the ooiac 1,l i n  the cancer of the graph. 

Treat a11 the o o m d i r d  da ta  a0 i f  they ware a l l  f o r  the amnu 

rpecier  and pe t fo r s  a Leare squarer r ea re r r ion  of a11 che normal- 

irad chronic value. 011 the c o r r e r p d h g  aormalited valuer oE the 

water qualicy cha racce r i r t i c  LO obcaia the pooled chronic riope, t, 

and i t a  952 confidence L i d c r .  I f  a11 the o o n u l i r d  data ara 

ac tua l ly  plottad, the l i n e  of beat f i t  vi11 go through che point 

1,l i o  che can ta r  of tha  graph. 

For each species ca l cu l r e r  che geometric meanI M, of chs t o x i c i t y  

valuer and t h 8  geometric mean, P, of rhe veluer  of the water 

qua l i t y  characce t i r r ic .  

above. 

For each rpec ier  ca l cu la t e  che logariclm, Q B  of che Speciar &lean 

Qronic 9.1- at a re lec ted  value, 2, of cha water qual i ty  

c b u r c t e t i r t i c  u r h s  the equation: 

loon: Alrhough it is noc uecareary, Le vi11 urua l ly  be beoc co u a c  

tha r m  vrlua of the  water qual i ty  c h a r a c t e r i r t i c  ha t e  a8 wa8 ured 

i n  reccion V.X. 

For each s p e c k  calculaca a Specier Mean Chronic Value ac 2 ueing 

the equation: SHCV eQ. 

bf, however, i f  che daca are 

9. 

I. 

(There =re ca lcu lared  i n  rcapr E and P 

J.  

Q = 1n ?f - L( ln  P - In Z). 

It. 
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VIII. 

L. 

n. 

R. 

Hen: u t e m a t i v e l y ,  t h e  Specie, Ibao Chrooic v8lUer ac 2 can be 

obtained by rkipping reap J .boYe, uring chr equation8 i n  gceps  J 

md K LO adjur t  each r c u t s  value individual ly  Lo 2 and then calcu- 

l a t i n g  che geometric memr of che rdjurcad values fo r  each species 

individually.  Tbir a l c r rna t iva  procedure allova an e ~ r n i n a c i o n  of 

the  raage of the rdjur ted chronic v#luer for aach rpecies. 

Obcain the Fina l  C k O d C  Vafue af 2 by u r i n s  the procedure 

described in  Section 1V.J-O. 

tf cha Speciar t h o  Qronic Value a t  Z of comerc ia l lp  or 

recreacional ly  iopot tmc rpacier ir  1ovrr chm the calculacad Final  

Cbtoaic Value ac 2, chen chat Specier llrrrr Qlroaic Value ahould be 

used ar eha Fiaa l  Chronic Value at 2 i n r t r d  of the  calculated 

F ioa l  Chrooic Value. 

'Ihe Fina l  Chtoaic Uquacioa i d  n i c e e n  a#: 

e(L[ln(vacet qual i ty  char .c te r i rc ic ) l  + la S - L(ln 211, *era 

L 0 pooled chronic rlope and S 0 Final Chronic Value ac 2. Because 

L, S ami 2 a r e  kmmm, che lin.1 Chrmic Value can be crlculaccd for  

a7 rrlecced value of  che water qua l i t y  characccr i rc ic .  

F ina l  Chronic Value - 

Final P l a n t  Value 

A. Appropriare warurer of the r o d c i t y  of the marerial  eo aquat ic  

planer are u8.d t o  c o q a r e  the relaeive r s n r i c i o i c i e r  of aquatic 

olaatr  md m i u l r .  

i o t e rp re t i ag  the r e r u l t r  of toxicity c e r c i  uich planer are OOE well 

developed, rmrulcr of cere8 6 t h  p lan ts  urual lp  indicare  cha t  

c r i t e r i a  vbich 8dequacr1y ptocecc aquat ic  aaimalr rad t h e i r  usee 

w i l l  probably a180 procect aquaric p l an t s  and t h e i r  ures. 

Although procedure8 for coaducciog and 
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B. A plant value i r  the  result of a 96-hr cere conducted uich an a lga  

or a chronic cere conducted wich 88 aquat ic  varcular  plane.  

NOTU: 

sot be u r d  i f  the  medim contained an exc r r r iv r  mOunc of a 

complexins ageut, ruch 

ehe metal. 

probably be coaridered u c o r r i v o .  

The Final  Plant  Value rhould br  obtained by r e l ec t i ag  the lowerc 

r e s u l t  E r a  a cerc uirh an ieporcaoe q u a c k  plant  rpecier in  which 

the c ~ ~ ~ c e n c r a c i o n r  of cere aatrrial were wuured .bd the endpoint 

war b io loq ica l ly  imporrant. 

A cere of the tox ic i ty  of a u t a 1  t o  a p l u r e  u s u r l l y  should - 
EDTA, tha t  n ight  a f f o c t  the coxic i ty  of 

Concearracion8 of EDTA above rbour 200 ua/L should 

C. 

XX. l i a d  Earidue Value 

A. Tbe Final  &.midue Value i r  hceudrd  t o  (a) prevrnt  coocencracions 

i n  c-rcial'ly or r e c r o a c i o o a ~ y  iaportant rquacic species from 

a f fec t ing  aa rkecab i l i ry  becaure of uceedeace of appl icable  FDA 

act ion l e v e l r  md (b)  protect  v i l d l i f e ,  includiog firher and birdr ,  

thac coorume aquatic o r g d m r  I r a  dewar t r aced  unacceptable 

e f f ec t s .  'Lhe Vinal Reridue Valur i r  tho lmmrt of rhr res idue  

va lur r  chat  are o b c a i u d  by d iv id ing  aaxirur pero i8r ib le  c i ssue  

corrceatraciow by appropriate biocoaceutracioa or bioaccumulac ion 

f r c o r r .  A m a x i m u m  parmirr ible  rirrur coacoucracioo i s  either (a )  

an ?DA .ctbu lave1 [121 fo r  f i r h  o i l  or  for  tho ed ib le  p o r c h  of  

f i r h  o r  r h e l l f i r h ,  o r  (b) a maximum acceptable d i e t a ry  intake based 

on observatioar oa surv iva l ,  g r o v ~ h ,  or reproduceion i n  a chronic 

w i ld l i f e  feediaq study or  r lonq-cerm w i l d l i f e  f ie ld  rcudy. If no 
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0-i- perp i r s ib l e  cirrue conceneracion i r  ava i lab le ,  80 eo 

k c t i o n  X becaure no Final  Reridue Value can be derived. 

b. Bioconcantracioe f ac to r s  (BCFr) and bioaccwulacioo Lactors (Bus) 

are quot ientr  of che conceacracion of a a r c e r i a l  in one or more 

c i r r u e r  of aa aquacic organha divided by the average coneeatrat ion 

in  che rolucioa i n  wbich che organism had been l i v ing .  A BCP is  

i n r e a d d  co account oaiy for nmt uptaim diractiy irom vacet, ana 

thur almoet h u  t o  be mearured in  a laboratory ta re .  Some uptake 

during ehr bfocoacencracioa cere migbc ooc be d i r e c t l y  from vacet  

i f  cbe food rorbr some of cbe cert macerial  beforr i c  is eacen by 

the  cere orgrnimr. A B M  ir  intended co accoune for  aec uptaka 

f r ao  boch food and wafer in a r e a l l r o r l d  ricuacion. A BAF a h o r e  

bar co be 1r8rur.d i n  8 f i e l d  ricuacioa in crbicb predators 

accl)r'lace %he material d i r e c t l y  from vacmr a d  by conruming prey 

chae i t s e l f  could have accuulaced  the material from boch food and 

wacet. The BCI, rad BAF are probably r i m i l u  for a macerial vich a 

lav W ,  but che bAt i r  probably hiqher than the BCP f o r  l u t e r i a l a  

vich high B a r .  Although BCFr are aoc coo d i f f i c u l t  eo determine, 

very feu BA?m have been Iwaaured rccepcably brcaure it is  necessary 

LO u k e  .not& mearuremencr of che coaceatr8cion of che macerial  ia 

period of ti# over che range of t e r t i c o r y  iuhrbiced by cha 

o r g a a i r r .  Bec,aore ao fav  acceptable BAFr a r e  ava i lab le ,  only BCFr 

vi11 be dircu88.d further. Eouavrr, i f  an accepcablr BAF i r  

avai lab le  for a macerial ,  it rhould be ured inrcead o f  any 

avai lab le  BCFa. 
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c. If I auinrn p e r d r r i b l e  c i r r u e  concanerrt ion is available for a 

rubrt .nce (e.g.. , parent macerial, paranc m a t e r i d  p l u r  mecaboliter,  

etc.), the c ia rue  conceacracion urad i n  t h e  c a l c u ~ a c i o a  of the BCF 

should be for the  rrraa substance. Otherwise che t issue 

~ ~ a ~ e n c r a e i o u  ured i n  the  ca lcu lac ioa  of the BCF rhould be chat of 

che u c e r i a l  and i t 0  w c a b o l i c r r  uhicb are rc ruccura l lp  s imi l a r  and 

are  aot auch more ro lubla  i n  water thm the pareuc aacerirl. 

D. 1. A BC? r h w l d  be u r d  only i f  the  cesc was florchrough, che BCP 

war c r l cu la t ed  b88ed on u a r u r e d  couceatraciour  of che  t e a c  

aacerial in tiriue rad i n  chr cere aolucion, and the exporure 

concinurd at leare u n t i l  e icher  apparenc rceady-rcace or 26 

day, v u  reached. 

noc change r i g n i f i c r a t l y  met a pori4 o f  tiu, ruch as c y 0  

Ste.dy8caee i r  teachdvhsn the BCP does 

d a p  o r  16 percrac of the lensch of the  exporure, whichever i r  

longer. The BCF u a d  froa 8 cere rhould be the higharc of ( A )  

the  apparent r teadyr tace  SCF, i f  apparent r t e d y - s c r e e  waa 

reached, (b) the high.8~ bcI O b d U d ,  i f  apparene stcady-acace 

war noc reached, and (c) che projected reedy-scree BCP, i f  

calculaced. 

Vhenwor 8 W? i r  datemined  fo r  8 l i p o p h i l i c  macerial ,  the 

percoat l i p ida  rhould 8180 be determind i n  che cirrue(r)  for 

which the war c8lcu l r ted .  

A B C I  obtained f roa  ma exporure chat advetrely affecced the  

tare  orsaniow may be ured only i f  i c  i o  r ini lar  co r BCP 

obtained vich un8ffacced orgrnirru of chr 8-  rpcciee r e  lover 

c o n c e n ~ r ~ c i ~ r  rhrc  d id  not c a m e  adverse e f fecc r .  

2. 

3. 
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4 .  

5. 

p u h m  parn i r r ib l e  t i r r u r  coacentracions are almorc 

never barad oa dry weigher, 8 BC? C8lCUhCed using d r y  r i ssue  

w i e h c r  mat be converted co a Y.C t irrue weight basis .  

converrian factor i r  reported wich che BCP, multiply the dry  

m i g h t  BCF by 0.1 for plankton and by 0.2 fo r  individual  

rpecier of f i rhe8  a d  invertebratea f171. 

If more than oue accepc8ble BCF i r  av8i lable  fo r  a rpec ier ,  t he  

geamtric mean of ehe m a i l a b l e  valuaprhould be used, axccpc 

that if chr BCPr are f r a  d i f fe ren t  leugchr of exporure aad the  

BQ iocrauer 4 t h  hU6Ch of axporure, the BCP for  the  Loagerc 

exposure rhould be wed. 

I f  no 

E. If eoough pertiaeac dacr u i r c ,  revetal  rer idue valuer can be 

calculated by d iv id i ry  aaximn permissible c i r rw coacentrations 

by apptoptirta BClr:  

1. 

! 

Pot each avai lab le  maximum 8cceptrble diecary imcaka derived 

f t a  8 chronic frediry study or a l o a y c e r o  f i e l d  rcudp wich 

v i l d l i f e ,  including b i rdr  and aquacic otltanismr, cha 

appropriacr dcI i r  b r a d  O(L the whole body of aquacic rpecier  

which coartitute or  reprereac a major portiota o f  che d i e t  of 

tho certed w i l d l i f e  rpecier. 

2. lor m FDA accioa l eve l  for  fish or aha l l f i sh ,  the appropriate 

ECI ir the highere geometric me= species BCP for che cdibie 

porcion ( au rc l e  €or decapodr, mrrcle with or  withouc skin fo r  

f i rba r ,  adductor wrrcle for  reallopr, aud t o t a l  soft r i ssue  f o r  

other  bivalve mollurcs) of 8 coaruoed species.  The highest  

rpecier  BCF is u r d  becaurr FDA act ion levels  are applied on a 

specier-by-species bar i s .  

51 



\ 

p. tor l i p o p h i l i c  mater ia l s ,  i c  might be po r r ib l a  eo ca lcu l ice  

d d i r i o o a l  rar idue valuer .  h C 8 U r 8  the  rceady-scare BCF for a 

l i p o p h i l i c  aucerial 8ee- EO be proport ional  t o  percent l i p i d s  from 

one c i r r u e  t o  aaocher and E r a  one specie, eo aaocher (18-201, 

excrapolacioar can be made from c e r e d  c i r r u e r  or species co 

uncerced t i r r u e r  or  rpac ier  ou Che b a r i r  of percent l i p i d s .  

1. For each BW C o r  which che percent l i p i d r  is known for che 

r a e  c i r rue  for uhich cha bcT Uar w a r u t e d ,  normalize rhc BCP 

eo a one petcenr l i p i d  b a r i r  by dividing che BCP by che percenr 

l ip id$ .  Thir djurcwet eo a me mrcaac l i p i d  b a r i s  i r  

intended eo raka a11 the measured BCFa for a a a r e r i a l  cmpara- 

ble reqardlrrr of che rpec ier  or c i s rue  d c h  uhicb che BCP war 

rearured 

2. Calculace cho qeomeeric man nomalitad BCP. Data for  boch 

salcuacer  rad fterhvater rpecier  rhould be used  t o  decermine 

che wan norualbsed BCFs uaslers she dacr rhov chac the 

aormalited B C t r  are probably UOL 8iUL.r. 

Calculate a11 po8rible  res idue vr luer  by div id ing  che a v r i l r b l e  

m u i a u  permirr ible  t i r o u e  coaceocracionr by che aarn 

normdisod BC? and by t h e  porcaoc l i p i d r  va luer  appropriace eo 

the u x i u  p e d r r i b l e  tirow coocentracioar,  i . e . ,  

3 .  

(auxhm pemirrible cirrue coaceacration) 
E.ridue - 1 1  
a. For m FDA accioa l eve l  for f i s h  o i l ,  t he  appropriace 

perceac l i p i d #  value is LOO. 

For an FDA accioa l eve l  for  f i s h ,  chc appropriace percenc 

l i p i d s  value is 11 f o r  freshwacet c r i t e r i a  and 10 f o r  

b. 
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C. The 

the 

raltvater c r i t e r i a  becaura FDA accioa revela a r e  applied ou 

a rpecier-by-rpecies barir to COmwalp consmad species .  

The highert  l i p i d  concents i n  che ed ib le  portions of 

important conrcIpcd species a r e  about 11 percene f o r  boch 

the frerhuater chinook 8al1800 and lake crout md about 10 

percrat  f o r  the raltwacar Arlancic herr ing [ZLJ. 

For a ouiwm accapcabie dimear7 itstah derived from i 

chronic feeding rtudy or a long-cam f i e l d  rcudy vich 

u i l d l i f e ,  the appropriate  percent l ipid.  i r  char of an 

aquat ic  s p e d e r  or group o f  aquacfc rpeciar uhicb 

conrc i ru te  a major port ion of chr d i e t  of the w i l d l i f e  

C. 

8P8Ci.8. 

Final Reridue Value ir obtained by rrlectiry che lovarc of 

available t e r i d w  valuer 

N m :  In ran  ca re r  the Final  b s i d u e  Value V i l l  not be low 

enough. 

level V s l l  probably rerul t  i n  an #@rage coaceucrrciou in che 

ed ib l e  pot t ioo  of a f a t t y  rpecier chac i r  ae che act ion leve l .  

Some individual  orp.nirrr ,  and porr ibly some rpec io ,  w i l l  have 

r e r i d w  ~ ~ ~ ~ r n t r a t i o n r  higher thrn tha meam value buc no aachmirm 

h8S been drvired to p r d d e  appropriate  addir ional  procaction. 

Also, s o w  chronic feeding rcudies  rad long-cmrm f i e l d  scudies wi th  

d l d l i f e  i d m c i f y  conceacrationr char caure ulverre  effaccs  but do 

not i den t i fy  conceacrationr which do noc caure advarre ef faces ;  

again no mechanism has been devired t o  providr appropriate 

rdditioaal protection. 

arm aoc prorecced a t  a l l  rimas i n  a1.1 placer.  

?or e x q l e ,  a t e s idu r  value calculated f r a  UI FDA accion 

'Chase are aome oL the rprc ie r  and uses chac 
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X. Other D m C 8  

Perc imnt  i n t o r u c i o a  that could ~ o C  be u r d  i n  e a r l i e r  seccions might 

be  mila able coocerning rdvarre  effaCCr on aquat ic  organisma and t h e i r  

uses. 

t o x i c i t y ,  f lavor  impaimear, reduction i n  su rv iva l ,  g t m h ,  or  

reproductioa, o r  any ocher d v e r r e  effect thac ham been rharm eo be 

b io loq ica l ly  iPoorranL. 

vbich no ocher d8ca are w a i l a b l e .  

p h p r i o l g i c a l ,  aicroco8a, and field rcudier eight 81.0 be w a i l a b l e .  

Daca mishe be rnailrble from CeaCr conducced io uaurual diluciou tracer 

(aee 1V.D and VI.D), frcm chromic cesc8 i n  which che concencraciona 

were not warured (see VI.B), Lra terrr v i c b  praviourlp expored 

oraruismr (raa XI.V),  and f r a  c e r c i  on fotarherd mixcurer or 

The mort important of there are daca on cumulative and delayed 

Especial ly  imWrtaac a ro  data for  rpacier for  

D 8 r 8  f r a  bahavioral ,  biochemical, 

amr l r i f i ab le  concencracer (ram 1I.D). 

c t i c e r i o a  i f  che drc8  w t e  obtrined vich an irawrcanc rpacier, che cede 

cmcencrat ione were measured, and cbe sndvoinc was bio lopica l ly  

iaportant  . 

Such d a t a  a igh r  affecc a 

X I .  Cticer ioa  

A. A c r i t e r i o n  c o n r i r t r  of c w  coocancraciona: che Cricer ion Maximum 

bacmntracioa and che Cricet ion bac inuour  Coacencracioa. 

1. Cri te r ion  Haximum Concenrr8cion (Q4C) i r  equal co oue-half che 

tin81 Acute Value. 

The Cricmrion Continuour Concencr8cion (CCC) i r  equal co che Lowesc 

of t he  Pine1 Chronic Value, the P h L  Plane Value, and the  P i n e l  

Ueridue Value, unlerr  ocher darr (see Section XJ rhow chac a lover 

value should be used. 

C. 

If coxicicy i r  relaced co a w e e r  qualicy 
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Char8CCOrirCLC, t h e  CCC i r  obcrinad from rha F ina l  Chronic 

Equation, cha Final Planc Value, red cho Final  Uesidue Value by 

r a l ec t inq  cho one, or  the  combiaation, chac t e r u l t r  in  che lowerc 

concencracioar in  the  usual range of the  water q u a l i t y  

characce t i rc ic ,  unlcrr ocher daca ( roe  Secrioa X)  rhou chrc a lover 

valur  rhould be  ured. 

b u n d  I l k !  bosh chr cI(C m d  cha CCC LO cwo a i q a i f i c r a c  digicfi .  De 

E. Iba cr i ter ion i a  reread a#: 

I h a  procadurar darc t ibad  i n  the "Guideliaor fo r  Deriving Numerical 

National Wacer Qualicp Cr iccr ia  f o r  cho Proraceion of Aquatic 

OrqatirPr tad 'Ibofr Uaar" indicae. chic ,  excopc por r ib lp  where a 

local ly  irportaac spocior i r  vary r en r i c iva ,  (1) aquat ic  organi ra r  

rad choi r  uror rhould not  bo affoccod waccepcably i f  tho four-day 

meraqa concaacration of  (2) door not dxcoed (3) ;rg/L more chan 

once o v e v  chrre yearr on tho averrqe rad i f  tho ooo-hour averape 

concentration doer not exceed (4) &L mora chaa once every rhree 

year# on tho .vora;o. 

vhore (1) 0 inrorr "frorhwater" or "Lrlcvacer" 

(2) - i n ro rc  na#  o f  material 

( 3 )  = i a r o r t  cbe Cricer ion Concinuoua Cooccncrrcion 

(4) inrere t h e  Cr i te r ion  nPilara Concracracioa. 

A. 'Iha derivrcion of cha c r i t e r i o n  should bo c r r e f u l l p  revieued by 

rrchockinq &acb rce'p of the Guideliner. Item that should be 

e r m c i r l l y  chocked are:  



1. If unpublished daca a re  used, a t e  chcp well documented? 

2. &a required drca avai lable? 

3. I# the  ranqe of acuce VrlUes for any rpacicr ~ r a a c e r  than a 

fac tor  o f  107 

1r cha randc of Species b a n  Acute  Values for  any genua grea te r  6 .  

chrn A faccor Of 101 

5 .  tr  t he t a  mora chan r f rccor  of cen d i f f a r m c r  batmen the four  

lawrsr Genua Mean k u c r  Values? 

Are any of che four lorn8t  Canus *an Acute Values 

quest ionrb lo? 

Is che Final  kure  Value reasonable i n  corpariaoo d c h  cha 

Species b a n  Acuce Va1u.s and Genus Mean Acuce Valuer7 

6 .  

7. 

8 .  For any copwrcially or recrmacionally impottaar specier ,  i r  

the geosacric n a n  of che r u c a  valuar f r m  f l o r t h r o u g h  t e r c e  

i n  uhich cha concencracions of c a r t  macerLa1 Yare measured 

lovat than che Fina l  &ut@ Value? 

Ate m y  of che chrenit valuer  qurseionable? 9. 

10. Are chronic valuer ava i lab le  for r u c e l y  scns ic iva  species? 

11. Is the raaqe of acucechronic  racior  greacar ehan a frccor of lo? 

12. fr t h e  Final  Qlrorric Value reasonable in comparison with che 

W 8 i h b h  .cum and chronic data? 

13. Is cho moarured o r  prediccrd chronic value for  any cormcrcially 

or recreationally imporcant species below che Final Chroaic 

V8 1 UO? 

14. Are any of the  ocher daca impotcmc? 

15. Do any daca look l i k e  chey mipht be oucliers? 

56 



16. k r  there any deviatioar from the Guidelines? Are they 

acceptable? 

1. On the barir of a l l  ava i lab le  pertinent laboratory aod f i e l d  

information, determine i f  the cr i ter ion i r  consircent with sound 

s c i e n t i f i c  evidence. If it i r  noc, ruocher cr i ter ion,  e i ther  

higher or Louer, rhould b. derived uring appropriate modifications 

Sf :he:= &id8bil,l,S. 
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Lipid Coatelre of tha l k u a t i a e  Clam, Ransi8 cuueaca. 
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Toxicology md Hazard Aarermtnt. AS'M STP 766. American Sociecy Ear 

Tertinq and thcerialr, Phi lade lphia .  pp. 302-313. 
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Incroduccion 

mere l i s c r  idenc i fy  spec ier  of aquacic animals vhich have reptoducinq u i l d  populo- 
cion8 i n  North America and hwr been U r d  i n  coxic icy  O r  bioconceacracin cescr .  "Xgrch 
~ ~ r i c a "  includar  only Che 48 conCiguou8 SCacerD Cat&., and Alaska; lhva i i  and Pucrco 
Rieo are noc included. Salcvacer (ice., e#CUarine a d  c r u e ' s a r i n r )  rpeciar  a r e  
coar idered rc r idenc  in Notch h r i c a  i f  chap i nhab i t  o r  regularly encet  shore vacers on 
or above cha coacinencal  she l f  t o  a dapch o f .200  meterr. 
native co be rc r idenc .  Un1irc.d rpecier should be conridered r e s iden t  Noreh h e t i c a n  
rp . c i e s  i f  chey c m  be r h i l a r l y  conf imed  or if cha cast o r t a a i r ~ l r r n r e  obcained from a 
v i l d  populacion i n  Norch k . r i C a .  

The requaace for f i r h a r  is cakan from A Li re  of Caasoa and S c i e n c i f i c  Names of 
F i rher  from the  Oniced SCat.8 and Canada. For ocher  rpacioa,  che sequence of phyla ,  
clrrrer, and fami l ies  is caken from che NOW Taxonomic Code, Third Edicion, Aacional 
Oceanographic h e 8  Canter, NOM, Waahiqcoa, DC 20235, July, 1981, and the oumberr g iven  
are frar chat source t o  f r c i l i c a c e  v a r i f i c a t i o a .  V i rh in  a Camily, qeaera are  i n  
a lphabocical  odor,  u are spec ier  i n  a genur. 

Species  do noc have co be 

- 

ihe referencar given are chore ured 'co  c o n f i r a  chat che rpec ie r  La a r e r idcue  Notch 
American rpecier. 
rpeciea.) If no rucb rrfereocr could ba found, cbe #gocia8 w8 Judgad LO be noare8idenc. 
So refetenee i r  given f o r  orpanisam noc i d e n t i f i e d  t o  r p e c i e r ;  there are cooaidered 
r e r i d r a t  only i f  obeained, from v i l d  torch b e r i c a n  populacionr.  
are l i r c e d  i o  brackec8 and a o c d  ar "nonrerideoc" becaure chey wore d a r a k ~ n l y  i d e n c i f i c d  
as re r idenc  ia che pare or  co rave ocher inveac iqa tor r  from d o h a  l i t e r a t u r e  raarcher  on 
Che #.ID. SwCi.8. 

(The # O X  Taxonomic Code coacaiaa fo re ign  as -11 u b r t h  Aarrican 

A feu noarer idcnc rpcc iee  

Specier  
Clara P a i  11 coloa N u n  S c i e n t i f i c  lime Reference 

Bydrotoa Rydtidae Wrr 
3701 370602 

Hydra 

E318, P112 

11321, e112 
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Spec ies 
Class P d  l y  common Name Sc i eac i f  ic Name Ref erenca 

PHYLUn: PLAIPHELHINTHES (39) 

Pl mar i idae  

- 
Turbe 11 ar Ia PL ana? iaa 

Planarian 
3901 

bendrocoalidre Planarian 
39 1501 

PBYLIM: GAsmTBIcRA (44) 

4402 440201 

- 
Chreronotoida Chaacoaocidae G.8crocrich 

P ~ U M :  ROTIFERA (ROTATORIA) ( 4 5 )  - 
Bdelloidea Phi lodinidae Uoc iter 

Roc i fer 
4503 450402 

Uoloaogonoat Br rchionid ae . Rotifer  

ILorifet 
4506 450601 

k c b i m n e l i d a  .Aaoloramcidae worm 
5002 300301 

Ollgochaeca .Lumbriculid.d worm 
5004 300501 

Tub i ficidaa 
500902 . 

Tub i f  i c i d  wrm 

Tub i t i c  i d  wna 

Tubificid wnn 

Dugesia dorocoeephal a 022 

Dueesia lugubria 
(Duster i a  polychroa) 

D26 

[Poocnoce 11 Planar i r  Ronocephala 

[Polyee l i s  f c l i n a l  (nonteridenc 1 

E334, P132, Procoryla f l u v i a t i l i s  
(Dendrocoelm lacreurn) 06 3 

t e p i d a d e m e l l a  aquamacum E4i3 

Phi lodina acuc i c o r n i s  Y 

Philodin. ro reo la  E487 

Keracel la  cochlear ia  E442, Pl88 

I tereeel la  8p. [Poocnore 21 

h d o r o m a  headleyi  E528, 9284 

Lui&riculur var iegarur  tS33, P290 

Branchiura roverbyi 8534, P289, 
cc 

Limaodrilur hoffmeiscer i  E536, CC 

Quiatadri1ua mulcirerosus E535, CC 
(Pelorcolax mulriaecosua) 
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\ Prerhvacer ( h r i n u e d )  

S pee i er 
C l a r a  I d  1 p Common Nme Sc iear i f i c  Name Reference 

#r id  idae 
500903 

Rirudiaea trpobda 11 idaa 
50 12 501601 

pBKm: ltoufJSCA (5085) - 
Cartropoda Vivipuidae 

5 1  510306 

Plouroc e t  idae 
510340 

Tub i f i c  i d  worm 

Tub i f i c id wrm 

Tubificid worm 

Tubificid vorm 

Tubificid worm 

Tubificid VOIP 

worn 

vo rm 

wo ra 

Leech1 

Snail  

Sori1 

Soail  

Snail 

%ai 1 

Sari1 

Rhyacodrilur moutrna 

Spiroruerma fcrox 
(Pelorcolax f . t o x )  

Spitorparma aikolrkyi 
( P 8 1 0 r C O h ~  vrrianrcur 1 

Sty lodr i lu r  beringiaaur 

Tubifex cubifex 

9AriCha.C. pacif ica  

Hair rp. 

Parauaia rp. 

Prircina rp. 

- 

[ Brpobda 1 1 a oc c ocu 1 ar  a 1 

Cmpoloma decirum ' 

h i c o l a  rp. 

Couiobarir l ivercenr 

Coniobmir v i r s i a i c r  

Le t o r i r  c r r i n a r r  
Nirocrir  crr inac I )  

l i t o c t i r  rp. 

cc 

Gc 

E534, GC 

cc 
E336, P289, 
cc 
GG 

[Footnote 2 1  

[Poornote 2 1  

[Poocnoce 21 

(nonresidenc 1 
(BB16) 

P731, n216 

[Foocnoce 21 

P732 

E l l  37 

X. E1137 

[Foocnoce 21 



Freshvacer (Conc inued) 

Spec ies  
Sc ienc i f ic  Hama Ref arencc Class Family Common Name 

Lgamae idae [ Snai 1 I 

S n a i l  
511610 

Plaaorbidaa 
511412 

Phyrid8q 
511413 

S a d 1  

Snai 1 

S a a i l  

Snai 1 

S n a i l  

S n a i l  

[Snail]  

%ai 1 

S a i l  

S u a i l  

Sna i l  

Biva lv ia  t Iarpar . ic i fer idae Uursel 

lkpb 1 emid &a Murre1 

(Pelecypods) 551201 
55 

[Lymnaea acuninac a I 

5ymnaea cacarcopium 
( Lymnaea emarn inrt a) 
( S c agn i c  01 a emarq i n r  c a ) 

Lymnaea acaana l i s  

Lymnaea rp. 

[ B i m p h a l a r i a  g labraca]  

C ~ r a u l u r  c i r c w u c r i r c u r  

Helirooa campanulacum 

Heliroaa c r i v o l o i r  

Aplexa hnnorum 

[Phyra f o n c i n a l i s  I 

P h ~ r a  hecarorcropha 

Phyra iocegra  

Physr rp. 

U r ~ a r  it i f e ra  
rrrg ar i c i f e ra 

Amblema p l i c a c a  

[oonrar i dan t  I 

E1127, -51 

[nonrcr idenc 1 
(X266) 

E1127, P726, 
M 9  6 

[Foocnoce 21 

[aonrrr ideac]  
(M390) 

P729, W97 

x445 

P729, S 5 2  

E1126, P727, 
x373 

(nonres ident  I 
(I43731 
81126, P727, 
t u73  

n37a 

P727 

[Foocaote 21 

E1136, P748, 
J11 

aa122 
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Unionidae 
551202 

nurse1 Anodonca imbecillus J72, AA122 

% r e e l  Carunculina parva J19, Ml22 
-(TOXOla8rPa cexorensis) 

Corbicul idaa 
551545 

P i s  i d i i d u  
(Sphaariidae) 

5SlS46 

PHYLUM: ARTHROPODA (58-69) - 
Crurracaa Lfnceid.4 
61 610701 

Sidid.8 
610901 

Dmha ida8 
610902 

Murre1 Cyrconains campicoenis 

k 8 S 8 1  

b i a t i c  clam Corbicula f luminea 

k i a c i c  c l an  Corbicula maoilcnrir 

Fing8rnail c lan Eu 8ra  cubensir 

Fingarnail  clmm Xusculium rraosvar~um 

El 1 i pc io  comp lanar a 

&a siagleyi)  

(Sob.rriM e raarvcrrum) 

Fiaqeroail  c lan Sphaarium cornaum 

P759, M 1 2 2  

313 

E l  159 

P749 

E1158, P763, 
G9 

X160, C 1 1  

c12 

Conchor c r  ac an Lyaceus b r a c h ~ u r u s  ~580, 13344 

Cladoceran Diaphmoroma rp. [Foocaoce 21 

Cladoceran 

CSadocetm 

Cldocerm 

Cladocaran 

[ C l  .doc era0 1 

Cladocaraa 

C l  d o c  c r  an 

C 1 &doc r 80 

Ceriodaphaia acanchina E618 

Cariodaphnia r c r i cu la ra  E618, P368 

Dapp ia  a b i n u a  I C607, P369 

Daphnia catinaca (Foocnoee 31 

[Daphnia cucul laca 1 [nontcridenc 1 

Daphnia grlcaca mendocae E610, P370 

D8phni a hyal inn [Foocnoce 41 

Daphoia l o n ~ i r p i a a  [Foocnoce 51 
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Freshwacer ( Continued) 

Spec ier 
Claas Pami l y  -on Name Sc ien t i f i c  Hame Re f ere nc e 

Borainidaa 
610903 

Po lyphemidae 
6 10905 

Cypridibae 
( Cypr id r e )  
6 1 1303 

D i  apemid am 
61 1818 

Taoridre 
611820 

Cyclopidaa 
6 12008 

Cladocrr PO 

Cladocrrao 

C l  adocaran 

Cladocrraa 

Cladoceran 

Cladoceran 

C 1  .doc er m 

Cladoceran 

Cladoceran 

Cladoceran 

Cladoceran 

Oacracod 

Daphnia 08Qna 

Daphnia prrvula 

Daphnia vulex 

Daphait p u l i c a r i a  

Daphnia a imil ia  

Moina rrmcrocopa 

\ k i n a  racciroaer is  

- 
Simocephalua rerrulacur 

Simoccuhalur vatulur 

Borminr lonqirorcr is - 

E605, P367 

E611 

E613, P367 

A 

E606, P367 

E622, e372 

E623 

E617, P370 

E617. P370 

E624, P373 

Falyphrmw pediculus €399.  P385 

[ Cfprett  a kruac a i 1 [ nonrer ident  1 
( V I  

E720, P630 

[nonre r  idcnc 1 [Cop.podI [Cudiaptomur padanuri 

t 7 5 1 ,  P407 

[Copepod] [Cyclopr abyaaotum] [nonrer idenc 1 

Copepod 9 ~ 1 0 ~ 8  bicurpidatur E807, P405 

CoP.Pod Cyclops vernal i r  eaok, P ~ O S  

Copepod ~803, ~ 3 9 7  

Copepod hcanchocyc~op8 8p. [Foocnoce 2 1  
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Prerhuacer (Cone inued) 

Species 
CL r s a  Pmi 17 Cocplpon Name Sc ieac i€ i c  Name Raference 

b 1 1 idar 
616302 

C m a t  id48  
616921 

hoped 

Isopod 

1~0pod 

Ampbipod 

[Amphipod] 

Amphipod 

hiphipod 

Direyelope sp.  

Eucpclopr a s i l i r  

~ s o e ~ e l o p r  leuckarri  

b o r l l u r  rquat icur l  

Asel lu8 bicraaac a 
(Caceidocea b icrenac a) 

Asell118 brevicaudu8 

Asrl lur  coannuais 

bar l l u r  mridi .IIUI] 

Aarllur racovicrai  

Lircrur r labama 

[Foocnocrr 21 

P403 

ea12, ~ 4 0 3  

[oonrueideae] 
(12)  

E875, P4b7, 
f 

[noares idene 1 

e449; x 
E875, I 

Craagoayx vrrudogracil ie P659, T68, 
PP28 

C m u r u r  fare i a tu r  

K877, P458, 
-23 

13377, ~ 4 5 8 ,  
r4e" 

[ noartr ideat  I 

LS1,  PFl7  

[Foocnoce 21 
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Fre shwacer ( b a r  inued) 

Spec i c r  . _ -  
Clrsr  Pmi l y  Common Name Scicncif ic  Urma Reference 

-. 

h 8 8 C C a  
62-65 

Hy a1 e 1 1 i d  ae 
(Ta 1 i c r  id r e )  

616923 

P a l  aemorridra 
617911 

I b c u i d a a  
618102 

Eepc rg eni id at  
621601 

Barc id- 
62 1602 

Amphi pod R a l r l l r  izcecr E876, P457, 
h a  knickerboekeri) T154 

Halayriro pram 

[Macrobraehim Iamrrrei] [ nonresidencf 

Macro b t r c  h i m  [Poocnoce 61 
roseaberxi i- 

Palreaoneces k r d i a k e a r i s  

Cambrrur laciaanur 

Paxone 11. c lypercus 

Orcoaeecer immuair 

Orcqnecces limosur 

Orconectea propinquw 

Orconrcter 

Orconacres ~ r c i c u r  

Orconacter v i r i l i r  

Pacifarcacur trowbridnii 

Procambarus acucus 

Procambarus rimulaos 

E881, P484 

E897 

E890 

E894, P482 

C893, P482 

E894, P482 

E894 

E893, P482 

E894, P483 

E883 

P482 

E88f, P482 

E888, P482 

P r o c d a r u r  sp. [Poocnoce 21 

Seenonema ichrcr  S173, 0205 

Scanonma rubrum S178,' 0205 

C a  1 1 ib  aa c i r  8 koki anua 5116, N9 
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Preshwacar (bneiaued) 

Spec iar 
c 1 are Pmi l y  Cormon Nune Sc ienc i f  i c  Name Reference 

hpcophiebi  i d u  
621701 

tphaaarell  idae 
621702 

Caeaidae 
621802 

Cphemeridae 
622003 

Libel tu1 id.. 
622601 

P t e  ronarcidar 
(P1 eronar cy idae) 
625201 

D a a e l f l y  

[ D a r  e 1 f l y  1 

Dmr e 1 f 1y 

Dauel f l y  

Seoaef l y  

sc ona f l y  

Scone f l y  

Callibaecir rp. 

Cloeoa dipcartnu - 
Prtriepcophi&ia 
ptrepedica 

Kphemerella $oddmi 

Epbeaere 11. grand is 

Ephemeralla rubvaria 

tvhemenl la  8p. 

Caeair dimiaucr - 

liexaneni a b i  l ineaea 

Bexagenia rp. 

Enal lagu  aamrsum 

[Irchnurr elegaor] 

IrchnUt8 verc iqhl i9 

Irchnura 8p. 

Pt aron'ar c e 11 a badia 

P e er onar CY r E a 1 i f o mi c a 

Pteroaarcyr dorsaca 

[Foocnoca 2 1  

0173 

0245 

0245 

N9, 0218, 
57 1 
[Foocnoca 21 

S S l ,  0268 

S36, 19, 
0283 

N9, S39, 
0290 

0290, S41, 
w9. 

(Foocnoce 21 

N15, V603 

DD 

[noarerideac 1 

N15, E918 

[Poornote 21 

L172 

L173 

E947 
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Species 
Ref erenca Class Fami 1 y CoPnaoa Name S c i e n t i f i c  Hama 

Henour i d  ae 
625204 

Per l i dae  
625401 

Pet1odid.s 
625402 

Napidas 
627206 

Dytircidm 
630506 

tlmidae 

63 1604 
(Elmiathidre) 

ayd ropaychidae 
641804 

Liwepbil  i d u  
641807 

Br acbyceacr idaa 
641815 

9c one f ly 

t S t  oae f 1yl 

Stonef l p  

Scone f ly 

Scooaf l p  

Stone fly 

S t  onef 11 

Wacer rcorpioa 

Beetle 

&.el. 

Caddir f l y  

Caddir f l y  

C d d i d l y  

C d d i r  f ly 

C.ddirflp 

Caddis f 1 p 

Cadd i r  f ly 

Crane f l y  

Peerooarcys sp .  

[Nemoura cinerea 1 

[Foocaoce 21 

nonresidaac 

Acroneuria lycoriar N4, e953 

Acrodeuria pacifica E953, L180 

Claarrenia sabulosa E953 

Heophargraophora ea i c a t a  E953, CC407 
(Phar~anophora Cavitaca -ET- 
Arcynopcaryx p a r a l l e l r  E954 

Raaatra I l O U R r t  8 [no are8 idem 

[Poocnote 21 

Stenelmir rex1 inere a Vzl 

Arccopryche gtaQdi8 L251, I198 

Bydroprycha b a t t e d  N2b 

Brdrovrwhe ca l i fo rp ica  L253 

Hydrovrycbe rp. [poocnote 21 

C l i r t o m i a  magnifica LIZ06 

Philrrccur quraris 11272 

Brachycencrus sp .  [Foocooct 21 

7 1  



Caratopogonidw Bicing oidgr 
650S04 

[Foocnoce 21 - 
cu: ieidec Xealqllita Aedm aegpdci 

Culex piri ienr 
:P 

650503 
Plorquico - 

eE3 

EE3 

Q i t o n o d d  u Midge 
( Tand ipad i d a d  

650508 

Mdga 

L423 
(Tendirier P l W E U 8  

Chiroaomr centanr  Q 
[ Ch ironolaur ch-i 1 [nonrarideac I 
Cbironoanrr rp. [Poocnoca 21 

Parae anytar rus  [Foornoce 71 
p a t t h m o g r a r r i c u r  

Rhaq ioaid 88 stlip. f ly  Acherix rp. 
( h p t i d a a )  
6S1603 

[Foornoce 21 

- PHYLUH: tCTOPB6CIA (BRYOZOA) (78) 

Phylacc* Pec t inaes lc idae  B ~ o z o a a  Pectinatella manoifica E502, P269 

Lophopod id a. Bryozoan Lophopodellr c a r c e r i  E502, P271 

Pl-cal l idw Itpaom P l u u t e l l a  mrainrca  E505, P272 

Lamuer 
7817 

761701 ' 

4nacha 
86 

Petrayrontidar Sea lampreg P e c r o ~ r o a  oa r i au r  
860301 

Osc d c h  chpe8 h g u i  l l i d a a  
8717 874101 

h a t i c a n  eel Anmilla r o r t r a t a  

F1 i 

P15 

Sa lwa idae  Pink salmon Oacorhmchur gorburcha Pld 

Coho ralnoa Oncorhynchu8 k i ru t cb  F18 
875501 

72 



Freshwater (Continued) 

Species 
Class  Family Common Name Sc ienc i f i c  Name Reference 

+., 

Sockeye salmon Oncorhynchus nerka 

Chinook salmon Oncorhynchus cshawvciche, F19 

8s oc i d  ae 
875801 

Cyprinidae 
877601 

muncain  
mice f i s h  

F19 
w 

Prosopium wil l iamsoni  

Salmo qguabonica - < .  Golden t r o u t  

Cucchroat crouc Salao c l a r k i  

Rainbow trouc Salmo g a i r d n e r i  
(Sceelhead t touc)  

A t l a n t i c  salmon 

Brovn t r o u t  

Brook t r o u t  

toke c r o w  

Northern pike 

Ch i se lwu th  

Longfin dace 

Central  
r sonero l le r  

Coldf i s h  

brrar carp. 

[Zebra danio] 
[ ( Zebraf i r h )  1 

Salmo s a l a r  

Salmo t rucca  

Sa lve l inur  f o n t i n a l i s  

Salvel inur  namaycush 

Bsox l uc ius  

-- 
-- 

-- 
Acrocheilus a lu taceus  

Agoria chrysogascer  

Camporsoma anomalum 

Carar r iur  au ra tu r  

Cyprinur carpio 

[Danio r e r i o ]  
l(8r.ch-o r e r i o )  I 

F19 

F19 

F19 

F19 

F19 

F19 

F19 

F20 

F2 1 

F2 I 

F2 1 

F2 1 

P21 

[nonres iden t  1 
(F96) 

S i l v e r j a v  minnow Ericymba buccaca F2 1 

Colden sh iner  Notemigonus crysoleucar  F23 

Pugnose rh iner  Notropir anogenur F23 
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Frarhvacer (Coatinuad) 

Spec ie r  
Ref erenca  C l 8 8 8  Pami ly Cormnoa Name Sc i enc i f  i c  Name 

h e r a l d  rh ine r  

S t r iped  r h i n e r  

W o n  rh ine r  

Pusnore a i n u w  

Spaceai l  r h i n e r  

b d  8hiO8t 

Spocf in  rb ine r  

Sand rh ine r  

sc 8e l c o l o t  
rhioer 

Nocropir achcr inoides  

Hoc ropir ChtY8OCaBh a Lus 

Nocropir coruucua 

l o c r o p i r  d i a e  

Notropir hud80Uiur 

Plorropir l u c r e n r i r  

Nocropir r o i l o p t e r u r  

l o c r o p i r  rcramiaeur 

Hotropir whipplei  

tlorthera 
redbelly dace 

B l u n c n o r ~  ainnov 

Fathead minnou 

Norcham 
8 qUUf i 8h 

Blackaore dace 

Speckled dace 

Dieterling 

Rudd 

Creek chub 

Pearl dace 

Tench 

74 

Phoxinur 

Ptrchochei lur  
oregonena i r  

Bhinichchrr  a c r a t u l u r  

Rhioicbrhyr orcu lur  

aodatu r e t f c e u r  

Samoci l u r  ac romaculacus 

Sa roc i lu r  margr t ica  

Tinea c inca  -- 

F23 

F2 3 

P23 

P24 

F24 

P20 

P25 

F25 

F25 

F25 

P25 

F2 S 

P25 

P2 5 

P25 

t26 

P26 

P26 

F2 6 

F26 



Fre rhvacer (Continued) 

Spec i r r  --- 
Common Name Sc i enc i f i c  Yame Re f e re nc e cross Family 

Car or  colnidae 
8 7 7604 

I cca lu r idae  
877702 

Cla r i idae  
877712 

m i c e  sucker ' Cocorcomur commersoni F26 

Mouncuin sucker  C&ICOSCO~LIS placyrhynshus F26 

Black bullhead I cca lu ru r  melar 

Yellow bul lhead Ieeal \ r rur  n a t a l i s  

Brown bullhead I cca lu ru r  nebulorus 

Channel c a c f i r h  I cca lu ru r  punccrcur 

Walking c a c f i s h  C l a r i a r  bacrachus 

Oryr i idae  thdaka [ o r y t i a s  ~ a c i p c r ]  

Cyprinodoncidae 8anded k i l l i f i s h  Fundulus diaphanus 
880404 

Poec i li idae  
880408 

Plagf i s h  

.Yorquicofirh Cumburia af f i n i s  

Amazon molly P o e c i l i a  lormoss 

S a i l f i n  molly 

-1 1y P o u c i l i a  rp .  

Jord m e  1 l a  f l o r  i dac  

Poeci l i a  1 a t  ip inna  

F27 

F27 

F27 

F2 7 

F28 

833 

F3 3 

F33 

F34  

F34 

h P P Y  P o e c i l i u  r ec i cu laca  F34 
' 7 " s  r e c i c u ~ a t u r .  0138.1 

Southern Xiphophorur macu 1 a t u r  F 3 t  
p l a c y f i r h  

Carcarorce idar  Brook - Culrea inconscans F33 
881801 . r t i ck l eback  

Three rp ine Castcrosccue rcu leacus  F35 
rc ick leback  

Ninerpine Punqicius pungiciua 835 
s t i ck leback  
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Pres hvaeer ( Conc inued) 

Species  
Reference Sc i enc i f i c Name Class  Pami l y  Common Name 

Perc ichthyidae White perch 

Scripcd bas8 

Cenc r arch id ae Rock barr  

Green sun€ i r h  

Pumpkin8 red 

883516 

Otangarpocced 
runf ish 

Perc i d  n 
883520 

Sci  aen i d  be 
883544 

Blueg i l l  

bogtar 8UQfi8b 

-dear s u a t i r h  

SP.1lmourh barr  

Larqcaouth bars  

m i c e  c rappie  

black c rappie  

Rainbw darter 

Jo hnoy d a r  E e r 

Ormgecbrou 
d a r t e r  

Yellw perch 

Walleye 

Frerhvacer drum 

olc ar 

k r o n e  msricana F36 
(Roccur Emcricanus , Obs . I  

Xorone raxacilis 836 
r a x a c i i i s ,  0bs.j 

Aab loo1 i cer .guper  c r  i s 

Lepoois cyanel lur  

Lepooir gibbosur 

Lepomir humi 1 is 

Lepomir aac roch i tu r  

Lepo~air megalocir  

Lepoair s i c r o ~ o p h u r  

Microvccrur dolomieui 

Hicropcerur ra lnoides  

Poaoxis annular io  

PoPPoxir n iqro t~aculacur  

Echcorcosa caaruleum 

eCh808C-a n in tua  

Echeoacou rmccabile 

Pcrcr  f lavescens 

Sc i torccdion  vitreum 

- 
vit reum 

Aplodinotur grunniens 

Arcroaocur ocel lacus  

~ 3 a  

F38 

F38 

F38 

F38 

P38 

F3 8 

F39 

F39 

839 

P39 

P39 

P60 

340 

F4 1 

F4 1 

F4 5 

F47 
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Speci e r  

Amph i b i 8 
89 

COC c id8a 
883102 

Ranidae 
89.0302 

Blue c i l a p i a  

M o t  aub i qua 
c i l a p i a  

Mocclad s c u l p i n  

Bu 1 1 frog 

Green froq 

Pig f rog 

River f rog  

Leopard frog 

Lcomrd frog 

Hicrohylid8e Hartormouthed 
890303 coad 

Bu f on i d  re Amaricm c o d  
890304 

[Tordl 

Green c o d  

louler'r c o d  

Red-spoctad toad 

Woodhouse'r coad 

Hplidac 
890305 

Norchtra cr ickec  
frog 

Soucharn Stay 
creaf roq  

Spring peeper 

T i l a p i 8  8 U C C 8  

T i l a p i a  morsambica 

Ran8 g r y l i o  

R8na hackrchcr  i 

Ran. p i o i e n s  

- 
- 
- 
R8na r g l v r c i c a  
-c 

[m remporial 

- R8n8 rpanocaph8la 

C u r  rophryne 
car0 1 ineno i a 

Bufo anericanus 

[Bu f o buf 01 
- 
Bufo d e b i l i r  

Bufo fovleri 

- 
- 
Bufo puncc8Cur 

Buf o voodhour e i  

Acris  c r ep ican r  

- 
- 
- 
lyl. c h r y r o r c e l i s  

Hyl. c r u c i f e r  

Fb 7 

Fb 7 

F60 

0206 

8206 

B206 

B206 

8205 

B206 

[nonrcs ideac 

JJ 

8192 

8196 

[nonrer i d  enc 

8197 

B196 

8198 

8196 

B203 

020 1 

8202 
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Species 
C1.80 Qrmri l y  Gnmnon N m  Scient i f  ic thme Reference 

Barking cracfrog 

Squirrel 
tree frog 

Gray cramfrog 

Norchara chorus 
frw 

f tog  
P i p i d n  d t i cao  clawed 

Ambys comae idae Spocced 
890502 rblamauder 

. [Xexicm .xolotll 

Marbled 
ralrunaadet 

Salaaadridra Neut 
890501 

891. gratior. 
tIpr. squirellr 

8201 

920 1 

BJl. versicolor BZOO 

Pseudbcris trisariara B202 

Xaaopur lrevir 216 

Ambyaroma maculafum 8176 

Nocophthalmus viridercanr 8179 
(Trirurua v ir id~rccnr)  



P i p i d w  

Errking creafrog grrciorr 8201 

Squirrel squirella 920 1 
t f t .  frog 

Gray trwfrog BJlr verrico’lor B200 

Norcharn chotur Paeudrcrir crirerircr B202 
frog 

f tog 
d r i c a o  clrvrd Xeaopur lrevir 216 

&by8 coma C id.8 Spocced hmbyrcomr uuculatum 3176 
890502 rrlmrnder 

. [Mexiem rxolocl] [hbyacoaa axicrouml [noarerideat I 

B176 A m b t r C o l l .  OP8CUP Xarbled 
ral.rn8nd.r 

Salaaodridre n e w t  
890501 

Nocophchalmur viridercaar 8179 
(Tricurur viriderccnr 1 
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Foo cno c e s : 

1. ~ppparencly c h i s  is a? oucdaced name (D19, 20). 
be used i f  chey verc obcained from Notch America. 

Organisms noc i d m c i f i e d  co s p e c i e s  a r e  cons idered  r e s i d c n c  only i f  chey w r e  obcaincd 
from wi ld  populacions i n  Notch America. 

Orqaaisms i d e n c i f i e d  as such should on1 

2.  

3 .  If from Notch America, i c  i r  r e r i d e n c  and should be c a l l e d  1. r imil is  ( C ) .  
Norch America, i c  should be cons idered  nonrcr idenc.  

I f  noc Prom 

4. If from l o r c h  America, i t  is r e s i d c n c  and may be any oae of a number of s p e c i e s  such as 
0 .  l awi s ,  g. dubia ,  or 2- g r l e a c a  mcndoca ((2). If noc.,from Notch America, i c  should bl 
cons idered  nonrcsidenc. 

If from Notch America, i c  is r c r i d e n c  and may be any one  of a number of s p e c i e s ,  such a: 
6. rmbiqu., E. lonqiremis ,  O r  c. r o r e a  ( C ) .  
considered nonrcsidcnc. 

- 
5 .  

If noc from Norch k e r i c a ,  i c  should be - 
6.  

7. 

This  r p e c i e r  miqhc be established i n  uorciona of chc souchern Uniced Scaces .  

The taxonomy of c h i s  s p e c i e s  and c h i s  and rimilar genera  has noc been c l a r i f i e d ,  buc 
c h i s  s p e c i e s  should be conr idered  res idcnc .  
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Salcvacer Species  

Species  
de fa r enc e Clara Pami 19 Cowon Same Sciencif  i c  Norpa 

PHYLUM: CIVXDARIA (COELENTERATA) ( 3 7 )  - 
Hydrozoa Campaaul a r  i id  re Hgdr oid Campanularia flexuose 8122, E81 

370401 
[ iionre: i d  enc ! U*.A -1: L;e=ede. levani ..,Y. ".d 

Hyd romedu s a Phialidium rp. [Foocaoce 11 

3701 

(E8 11 

Campanu1 I a idae [ Hydro i d  I 
370406 

[E i r ene  .vi r idu  1 a I [noates  idenc 1 

PHYLUn: CTZNOPRORA (38) - 
Tcncacul aca Pleutobrachi idae Cccnophore Pleurobrrchia  p i l e u s  8218, E162 

3801 380201 

Elhad i dae  Cc rnophore h e m i o p r i r  mccrdayi c39, I94 
380302 

pHyLUn: RRYHclIOCOELA ( 4 3 )  - 
Hac erouemrr cea Liae idar  Nemertine worm Cerrbraculur furcur  B252 
4303 430302 

PHYLUM: ROTIFERA (ROTATORIA) (451 . .  - 
Honogoaonca a r rch ionidra  Roc i t a r  Brachi oaus p l  i c  a t  i 1 i s 8272 

4505 150601 

Polychaeca Phfllodocidaa Po lychuce  uorn Ph l lodoce auculaca E334 
M O  I 500113 (b"- 

(Neraiphyl la  auculaca)  

Ikre idae  
5001 24 

Polychaece wro Heaacher arenacaodencaca E377 
(Nereis arenaceodcacaca) 

(Pofgchaece worm] [Ncancher v a a l i )  [ nonrea idenc 1 

Polychaece wna Ncreir  d iva r s i co lo r  E337, F527 
(Neanches d i v e t r i c o l o r )  
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Sal cvrcer (but iaued) 

Spec i ea 
C l a s s  F m i  lg Common Name Sc i snc i f i c  Name Re Patenc e 

Dorvi l le idaa  
500136 

Sp ion i d  a t  
SO0143 

Cir racul  i dae  
5001SO 

Cc raodri l i d a a  
500153 

Capi ce 11 idae  
SO0160 

k a n i c o l i d a e  
500162 

Sabel 1 idae 
500170 

0 1 igochaeC8 ‘hb i f i c idae  
5004 SO0902 

Carcto$wda Eal ioc idar  
sx 5 10203 

Calpptraa id  &e 
5 10361 

Huricidaa 
510S01 

0317, E337, Nereir v i r a a r  -- Sand W D ~ I  

(Naanches v i r c a r )  CS8 

Polycharca yorm Narrir  rp. 

Polychaete wm Opbryocrocha d i adem P23 

[Polychaecr wro] [OphtpocrocbA Labrunica] [nonrcsidcnc 1 

Polycbreca wrm 

Polychaete wrrp 

Polychaece wm 

Polyehaerr worn 

Po lye  haec e yo fo 

Polycharce wfm 

Of igochaece yonu 

Oligochaace worm 

Black abalone 

Red abalooa 

b ~ o u  Aclaacic 
s 1 i ppe r rhe l l  

Oyscer d r i l l  

Polydota uabaceri  E338 

C i r r i f o n n i r  rp i r rb ranch ia  C253 

Cr toodr i lu r  se r racur  CZ 7S 

Capice l l r  cap icacr  8358, E337 

Areaicolr a u r i n 4  B369, E337 

Eudircy l ia  vaacouveri  DD 

Lilnnodr 3 lo ide  s 2 
V a t t U C O 8 U I  

? k t O D p l e O h O t u 8  z 
cue i c u l  ac ur 

Tubificoidrr n r b r i e l h o  Z 

8 a l i o c i 4  c racherodi i  C88, D17 

I la l ioc i r  rufercsns  D1% 

Crepidulr  forn icsca  C90, D141 

Urosrl  inx c inerea  8646, D179, 
&x c i a s r c u r )  €266 
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Sa1cwaccr (Concinuad) 

/ Species 
Pani  l y  Cormpon Name S c i e n c i f i c  Name IL? f erence C l a s s  

~ l o n g p n i d a e  Channeled vhalk Busycoa canaliculacum B655, 0223, 
(Nepcune idae) E266 

510507 

Qtl. OP-PI, I¶ D223, 
E264 

Harsar i idaa Sufi miaii  Kroooriiir obeoteciir 
( Nar 8 i d  a d  ( N a r s r r  o 1 e c a)  
5 10308 ( Icyanarra  o b r o l e c d  

Bivalvia Wyc i 1 idae  Northern horra  t4odiolur modiolur 0434 
( Pc lacypoda) 550701 murre1 

55 
Blue murral H y t i l u r  c d u l i r  8566, C101, 

D428, E299 

[ aoarar  idenc [Mad i c err maan [ tlyc i 1 us 
g a l  loprovinci  a1 lis I murrel l  

Pet c in i d  ae 
S50905 

Osr r r ibae  
551002 

Bay s c a l l o p  Ar~opeccca  i r r a d i  ana D U 7  

P a c i f i c  oyrcer  C r r r r o r t r a a  g i n a r  C102, W56, 
E300 

Easeern oyrcer Crar rorcrca  v i r n i n i c o  D656, E300 

e8C.r Crarrorcrca  rp. [Poocnocc 11 

oJrr car Orcrai e d u l i r  E300 -- 
Cardi i d u  [Cockle 1 (Card im cdulal  [ nonreridanc 
551522 

thcrid.8 c1 .o - h l i a a  l a c e r a l i r  w9 1 
551S2S 

Cosroa rangfa Rangir cuneaca W91, E301 

Surf clam 8599, D689, 
E30 1 

So i ru l a  ro l id i r r ima  

Ta 11 i a i d  .a 
551531 

Vcncridra 
551567 

C l a m  - t¶aeoma inquinaca D50 7 

(Bivalve] [ f e l l i a a  ceaui r  I [ nonrer i d  en c 

Quahog clam Marcanaria mcrcenaria 0523, E301 

85 



Soecier  
Common Name S c i e n t i f i c  lame L f erence / Clara Pmai ly 

Comaon Pac i f i c  
l i t c l e n r c k  

JaoAnGSt 
1 i c f  leneck 

So I c-she 1 1 
clam 

0526 Procorhaca araminea 

D527 

Uyidae 
(Myacidre) 

551701 

8602, 0536, 
E302 

& a r r n a r i t  

PHYLUEI: ARTHROPODA (58-69) - 
Nroscanaca  LimulidAe 

sa 580201 
Hotseahoe crab 8533, E403, 

H30 

Foocaore 2)  

Limulur polyphemus 

(Br ine  rhrirnpl Crus c ace. Arrclai i dae  
61 610401 

[Arcenia aalina] 

Ca 1 anid 8a 
611801 

Copepod 

Copepod 

Copepod 

Copepod 

W e p o d  

Ca lanur  he L rl o 1 and icua 

Undinu la  vu lga r  i a 

Eucalanur elonsacua 

Eucrlanus p i l eacu r  

P8eUdOC8L8nUr m i  nucua 

Euchaeca r a t i n .  

Euc a lan id  &e 
611803 

AA 

hh 

Pieudocal an idae 
611805 

E 4 4 7 ,  1155,  
44 3 

tuthar c i d a r  
611808 

X179, Y Herr idfa  p a c i f i c a  

Parudod i g p c d d a e  Cope pod 
611819 

E447, 1154, 
Q l O l  

Preudodiapromur 
coronacur 

Eurycemora a f f i n i r  Tanor i d a r  Copepod 
611820 

E450, 1155, 
Qlll  

Poncel l idae  Copepod 
611827 

R157 Labidocera aco rc i  

k a r t i i d a e  Copepod 
611829 

E44 7 Acarcia c l a u a i  
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Species 
Pad ly Common Name Scientific Name Re fersnce c 1 ass 

Harpac c ic id aa 
611910 

Ti rbid ad 
611913 

Canrhocampr idra 
611929 

Ampa 1 ir c id aa 
616902 

0a 1.ai.d .e 
613402 

My I id re- 
615301 

Id0 c e id aa 
616202 

Copepod 

Bararcla 

Ba r nac 1 e 

hmac 1. 

Baraacla 

Myr id 

Hyrid 

My8 id 

Myrid 

h o p d  

t Iropod 1 
1 Iropodl 

[tropod] 

[fropod] 

[ Iropod] 

Amphipod 

Acarcia eons. 

Tigriopur crlifornicur 

[T!grf"pu@ jae.nie??r! 

Tirbe holochuriaa - 
Nicocra spinipcs 

0alanur bal .no ides 

balanur Cranacus 

Ba18nu8 eburnaur 

Balaaur improoirur 

Rararomysir formor8 

npridoprir brhia 

Myridoprir bigelovi 

Reomyrir sp. 

Idocoa baltica - 
[Idocea amarsinacr] 

[Idocea aeslactal 

[Jaara albifroaal 

[Jaera albifronr sensu] 

[ Jaara nordmrnni 1 

Ampcliscr abdica 

E U 7 ,  I154 

57 8 

Insnresidenc 

BB 

4260 

B424, E457 

8426, E457 

0424, E457 

B426, E457 

E513, K72O 

u173 

E513, K720 

[Foocnoce 11 

8446, ~ 4 a 3  

[ nonrcs idenc 

[ nonraridanc 

[nonrar ideat 

[nonreridenc 

[nonresidenc 

E488, L136 
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Salcvacer ( h o c  inued) 

Spec i t s  
Family Common N.IDY S c i a a c i t i c  Name Re f etenc e Class 

Bur ir  id ae Amphipod Poacoscncia ap. [Footnore 11 
(Poncoqenai i d a d  

616920 

Cammaridre 
616921 

Lys i a a a r r i d r e  
616934 

Cuphau8iidaa 
(Ihyranopodidaa) 

6 1 7G02 

Pcnra i d l e  
617701 

Palremooidre 
617911 

tuphrur i id 

Brown shrimp 

Pink rhriw 

&ice Bhrimp 

Blue rhriap 

Shrimp] 

[ P r r m l  

Pr m 

Itorera rhrimp 

Crars  shrilnp 

C r  as I' shrimp 

GafkiiirNio ducbsai 156 

C.rrmarur oc e ani  cur E489, L S O  

Cauaarur c iq r inua  L5 1 

[Cammarus raddachi 1 [nonresideocl 

t4ariaoltamnarur obcurrcur L58 

Penaaur rtc ecur 

Peoaeus duorarum 

Penreus r e c i f e t u r  

Peaasus r c ~ l i r o s c r i r  

- 
[Laandar P ~ U C  idenr  1 

(Laradet  s q u i l l a ]  
[-(f.l.uo~ eiegmr) 1 

I(.ctobrrcbiur 
toreuberai i 

Pa l a a w n  macrod rccy  l u r  

Pa 1 aemoae c e r pug io  

PI 1 aemonec er vu l a  e r  i a 

[Poorooca 11 

H15 

E518, N17 

W18, N l 7  

E518, N 1 7  

[nonresident] 

inonre8 idenc ] 

[nonres idenc 1 

E521, N59 

8500, E521, 
N 56 
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Soecics  
Clarr Pami ly Common Name Scientific Name Re f erenc e 

Hippolycidae 
617916 

Panda1 i d a e  
617918 

Crang onid ah 
61 7922 

Nephropr i d a e  
(Mephropidoe) 
(Hamarid a d  
618101 

Pagur i d  60 
618306 

Clncr id  aa 
618803 

Po; t mid ae 
618901 

Sotgasrun shrimp Lactcuccr fucorum 

Coon s c r i p s  Pandalur danac 
shrimp 

Shr imp P and a 1 ua qon i urus 

Pink shrimp Pand i ius  moncagui, 

[Sand shriaapl [Crangon cranqon] 

Bay shrimp Cran an f rmc iaco rum 
&franc ircorrrm) 

Shrimp Crrmgon niRricauda 

S a d  shrimp 

h e r i c a n  lobrcsr H d a r u r  amcricanus 

C r an1 on r e pc ems p i  no r a 

[Lobrter l  

fbrmic c rab  

Rock c rab  

Duag8nerr crab 

Blue crab 

Craan c rab  

Phrd crab 

Cr ab 

Mud c rab  

a9 

(lamarus qramarur 1 

Parrorur lontzicarpus 

Cancer i r r o r a t u s  - 
Cancer masircar - 
Calliorcrer r r p i d u r  

Carcinur  oaenar 

turypanoprur  d r p r c s r u r  

Lapcodiur . f lo r idonus  

N78 

T306, U163 

Ut 63 

B494, E522, 
U163 

[ nonrer i d  enc 

V176, Wl6l 

V176, U164 

8500, E522, 

B502, E532 

[nonrer idenc 1 

B510, €537, 
n125 

8518, E543, 
H175 

T166, V185, 
W177 

8521, C80, 
€543, N168 

C80, E563 

B522, E543, 
N195 

5a0 

Rhichropano~eus  h a r r i s i i  E543,  N187 



~ a l c w a t e r  (Coacinued) 

C l a S 8  Fami ly Comaon Name 
Species 

Re f e r  enc e S c i e a r i f i c  Name 

Craps idae 
618907 

Shore crab 

Shore crab 

Dr i f r  line crab  

cc 

cc 

a526, mi, 
N222 

[noaresidenc 1 

0526, E544, 
N232 

semi g r  ap I u I nudu s 

Bedgrap ru r  orcqonenrir  

Serama cinereum 

[Crab] 

F iddler  crab 

(Serami  h a a n ~ ~ c o c h a i r ]  

Uca p u s i l a c o r  - Oc ypod i-d ae 
618909 

k cs ro ide r  k car f idae  
8104 811703 

Scarf i r h  0728, E578, 
0392 

Arcar ias  fo rbea i  

Ophiuroidea Opbiochticidae 

Echinoidea Arb r c i i d a e  

8120 812904 

8136 814703 

0672, T526 

[Sea urchin]  [nonres idenc 1 (Arbacia l . ixula1 

S.8 urchia  

Sea urchin 

[Sea urchiol  

8762, ES72 

T253 

[nonreaidenc 1 

Arbacia pueceulaca 

t r r8ch inur  p i c r u r  Toxopaaur C id.. 
8 14802 

[Preudoceacrocur 
deQr88rU8l 

k h ia i d  o 
814901 

[nooresideor  1 [Pa ruenc rocur  l i v i d u r l  

(Coral reef 
echinoid] 

Sea urchin 

I c h i w r t r i d u  
814902 

Scroaqy- 
locent roc idae  
8 14903 

0576, T202 

Dendra8 t e r i d a e  
815501 

Sand d o l l a r  0537, V363 Dendrarrer excencricur 

Arrou worm E218 
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9 1  1 c wac er ( Coot inued 

Species 
Clare Family kmon Name S c i a n r i f i c  Name Be f erenc a 

PHYLUM: CRORDATA (8388) 

Qondrichchyar Rajidre 
8701 871304 

- 

Oacaichchyrr Angaiilidaa 
8717 871101 

Clup8id aa 
871701 

Ens r au 1 ida8 
874702 

G d i d u  
879103 

Cfprinodoncidaa 
880b04 

[Thornback ray] [RaJ& c l r v a c r l  [nonresidenc 

hmriccii ral Aiiiaui::; m l : f O : i  A: 5 

k l a n c i c  menhaden llr8vadrcia cyrannur A 1  7 6 

Gulf menhaden Bravoorcia pacronus A17 

Aclancic her r ing  Cluper hrrangur har tngur  AI7 

Pac i f i c  herring C1up.a harcnsur p a l l r r i  f i . 7  

€lorring C1up.a baranuur A 1  7 

&rch8rn anchovy Engraulis mordax A18 

( Iehul  [Scolcphorur purpurcus 1 (nonresidenc I 
. [tfavaii cn ly l  

Pink 8.- Oucorhyachur gorburcha A 1 8  

Qun ra1m00 Oacorhynchur A I  8 

cob0 ralnon Oncorbrachur kisucch A18 

Sockeye ra laon  Oncorhpachur ncrka AI9 

Qinaok r a t o n  Oacorhynchur crhavpcrcha A19 

Rainbow trow Sdmo p f r d n r r i  AI9 
(Steelhad crouc) 

Ar laac ic  ralmoo S d m o  s a l a r  A19 

Cadur morhua rU0 k l a o c i c  cod 

Eladdock ~ l a a o g t ~ u ~  aeglcf inus  A30 

-- 

Sheap8he.d Cpprinodon vr r iegacur  A33 
oianov 
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Salcvacar (hne inuad)  

c1arr Family ComrPon Hame S c i e n t i f i c  Name Reference 
Spec i t a  

Huauaichog 

S e t  iped 
k i l l i f i s h  

Longnore 
k i l l  i f  i r h  

nOrquico f i s h  

S a i l f i n  molly 

In 1 and 
a i  l va r s ide  

A33 

A33 

Fundulus heccrocl icus  

Fundulur ma j a l i  s 

A33 r ioi li  I Fundulur 

Poec i l i i dae  
880408 

A33 

A34 

A34 

C a b u r i a  a f f i n i r  

Poec i l i a  lac ip inna  

Hcnidia b e r y l l i n r  - k h e r  in id  as 
880S02 

Ac lmc ic  
r i l v a r s i d e  

T idevr  c er 
a i lve t a ide  

Thrctrpine 
rcicklaback 

Pourrpine 
a e i ck leb  rck 

Nor chern 
pips  f i rh 

S t r iped  bass 

A34 Hanidia menidir 

A34 &nidi. peninrulae 

Caacarorceidac 
881801 

Car E e r O s t e u 8  acu ltat u a 

A35 Apelcas quadtacur 

Synqmchidaa 
882002 ' 

r06 Syngnachur fuscus 

Parcichchpidrc A36 Horoae s u a c i l i r  
(Boccur r a x a t i ~ i r ,  Obs.1 

(Ibuncain b u r ]  [nonrsr i den t  I 
[ H a w a i i  only) 

A4 3 Flor ida  Pompano Trrchinocur ca to l inur  

Spar idae 
883563 

P in f i sh  A45 Laiodoo rhomboidcr 

Sc i a m i d  re 
8835U 

Spoc A46 

A46 

Leiorcomur xanchutur 

Ar l rnc ic  croaker  Plicropogoaias undulaeus 
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Salcvacer (Continued) 

l c i e s  
Clam P d  l y  Common Name Sc i enr  i f i c  Name Re fetence 

Embiococidae 
..803S60 

Pauaceatridae 
883562 

Labr id as 
883901 

Hupi I idae 
883601 

Anmtody t idae 
804S01 

b c r i d u  
883102 

Borhidae 
885703 

Bal i r t idac  
88 6002 

Rad drum 

Shiner perch 

b a r f  perch 

81ackmi ch 

Cunner 

Bluehead 

[ Hu 1 let 1 

Scriped mullet  

'&ice cartlee 

Pac i f  ic sand 
lance 

Sciaenopr ocel lacur  

Cymacoearcer aggregaca 

Hicramerrus minims 

Chromir puncc i p i n n i  I rr 

Taurogolabrus adrpr r rur  

Thalaadoma bifarciacum 

[Aldricherca f o r s r e r i j  

Kunil ccphalus 

r tusi l  curema 

Amodyces hcxapcerur 

tonqjav sudruckar Ci l l ichchyr  mi rab i l i r  

Naked .goby Cobioroma borc i  

f idspool  aculpin O~iqococcur  maculosur 

Spackled randdab Cicharichchvs scimacus 

Summer flouader 

[Dab] 

Pla ice]  

Enqliah mole 

Uincer flouader 

P1 aaeh e d 
f i l e f i r h  

Pa ra l i chch t r  deararur 

[Liarnda l k a n d a ]  

[Plauroneccer p lacer ra]  

Paroph rys ve c u 1 us 

Paeudooleuronectes 
ame r i caaua 

Uoaacanchus hirpidua 

A46 

A47 

*8 

A M  

A4 9 

A19 

(nonrcsidenr 1 

A49 

A49 

1153 

M4 

w 
A6 1 

A64 

A64 

[ aoare r i d e a t  1 

[nonresident] 

~6 5 

Ab 5 

A66 
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Clars  Family 
soeciea 

Common Name S c i e n t i f i c  Name Lference  
~ ~~ 

A66 T e t r a d  on c id a. Northern .puffer Sphoeroider maculacur 
886101 

POOtl lOt .8:  

I .  Organinsr noc ident i f ied  EO rpecier are conridered reridear ddly ' i f  obtained Era v i l d  
populatioar i n  North k a r i c a .  

Thir rpacier should not be u r d  becaure it might be too acypicaL. 

Thir rpecier milhe ba crtablirhed ia pottionr of the aouthern United Sta tes .  

2. 

3. 
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Appendix 2. Exuaple C d C U h C i O n  of Final Acute Value, Cornpurer Program, and 
Ptincoucs 

A. Example calculation 

N coca1 number of  U V s  in data sec - 8 

4 3 a 4  1 e 8563 3.4458 0.44444 0.66667 

3 6.2 1.824s 3.3290 0.33333 0.57 735 

2 4.8 1.5686 2.4606 0.22222 0.47140 

1 0.4 -0.9163 0.8396 0.11111 0,33333 

Sa: 4.3331 10.0750 1.11110 2.04875 

S 9 9.3346 

L = (4.3331 (9.3346)(2,04875)]/4 -3.6978 

A ( 9 . 3 3 4 6 ) ( m )  - 3.6978 0 -1.6105 

PAV - e-1.6105 - 0.1998 
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I ,  

B. Exenpie cor~pucer program i o  BASIC lanquaqe for calculrriog che FAV 

/ 

10 BEn THIS PRocBbn CALCULATES THE PAV WHEN TEERE ME LESS THAN 
20 REn 59 U V S  IN THE DATA SET. 
30 X I 0  
40 X 2 4  
50 Y-0 
60 Y 2 I o  
70 PRINT "HOW MANY M V S  ABH IN TIlB DATA SST?" 
80 ZNPUT 19 
90 PRINT ''WHAT ARE 'TEE POUR LOWEST Urn?" 
100 FOR R=1 To 4 
110 IRrn v 
120 X-X+tOc(V) 
130 xZ-XZ+(U)C(V) )*(LOC(V)) 
140 P=R/( lo+l )  
150 YZ=YZ+P 
160 Y-Y+SQR(P) 
170 NEXT R 
180 S-SQR( (XZ-X*X/4 / (Y P-Y*Y /4 
190 L- ( x - s w  /4 
200 A**sQR ( 0. OS 1 +L 
210 P-EXP(A) 
220 PRINT "PAV - "P 
230 END 

C .  Example ptioroucr fraa program 

BOW MARY HAPS ABB IN TBB DATA SET? 
1 8  
WEAT MIS TFa FOUR W S T  WVS? 
? 6.4 
? 6.2  
? 4.8 
? .4 
PAP - 0.1998 

ECW MANY HAW ARE 1# DATA SET? 
? 16 
WEAT ABt POUR UMBST HAW? 
? 6.4 
? 6.2 

? .4 
PAV - 0.4365 

? 4.a 

B 
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