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FOREWORD 

Sect ion 304( a ) ( 1 ) o f  the C lean Wat e r  Ac t o f  1 9 7 7  (PoL. 9 5-2 1 7 )  
requ ires the Admini s t rat o r  o f  the Envi ronment a l  Prot e c t ion Agency t o  
pub l i sh wat e r  qua l i t y  c r i t e r i a  that accurat e l y  r e f l e c t  the l at es t  
s c ient i f ic knowl edge on the k ind and ext ent o f  a l l ident i f i ab l e  ef fec t s  
on health and wel fare that migh t  be  expec t ed f rom t h e  presence o f  po l l ut ant s 

: in any body o f  wat er , inc l ud ing ground wat er .  Th is document is  a revis ion 
o f  proposed c r it er i a  b ased upon cons iderat ion o f  comment s received from 
o ther Federal  agenc ies , St at e  agenc ies , spec i a l  int ere s t  groups , and 

i ind ividual s c ient i s t s . C r i t e r i a  cont ained in t h i s  document rep l ac e  
any previou s ly  pub l ished EPA aquat ic l i fe c r i t er i a f o r  t h e  s ame pol lutant ( s ) . 

The t e rm "wat er qua l it y  c ri t e r i a "  i s  u s ed in t wo s ec t ion s  o f  the 
C l ean Wat er Ac t ,  s e c t ion 304( a ) ( 1 )  and s e c t ion 3 0 3 ( c ) ( 2 ) .  The t erm has a 
d i f ferent program impact in each sect ion . In sect ion 304 , the t erm 
represent s a non-regu l at o ry , s c ient i f ic as ses sment o f  eco l o g i c a l  e f fec t s . 
C r i t e r i a  present ed in t h i s  document are such s c ient i f ic as s es sments . I f  
water  qual i t y  c r i t er i a  as soc iated  with  s pec i f ic st ream uses are adopted  
by a S t at e as  wat er qual i t y  s t andards under sect ion 30 3 ,  they b ecome 
enforceab l e  maximum ac cep t ab l e po l lutan t  concent rat ions in amb i ent wat ers 
w i thin that St at e .  Wat er qua l i t y  c r i t e r i a  adopted in St at e  wat er qua l it y  
s t andards c o u l d  have the s ame nume r i c a l  va lues a s  c r i t er ia developed 
under s e c t ion 304 . However , in many s it uat ions S t at e s  might  want to adjus t  
wat e r  qua lit y c rit e r i a  deve loped under s ec t ion 304 t o  re f l ec t  loc al  
environment a l  cond i t ions and human expo sure pat t e rns before  .incorpo rat ion 
int o wat e r  qua l it y  s t andards . I t  is not unt il the i r  adopt ion as part o f  
S t at e  wat er qual ity. s t andards that c r i t e r i a  become regulat ory . 

Gu idel ines t o  as s is t  S t at es in the mod i f icat ion o f  c r i t e r i a  pres ent ed 
in this  document , in the development of wat er qual i t y  s t andards , and in 
o ther wat er-re l at ed programs o f  t h is Agency , have been deve loped by  EPA . 

Wi l l iam A .  Wh i t t ing t on 
D i re c t o r  
O f f ice  o f  Wat er Regu l at ions and S t andards 
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Introduct ion* 

Z i nc is the fourth mos t  wid e ly used met al in the  wor ld ( C ammarot a  

1 9 80 ) ,  and i t s  major u s e s  are for galvaniz ing s t ee l , f or produc ing 

a ll oys , and as an ingre d i ent in rubber and paint s . Becaus e z inc ( I I )  

subst itutes  to  some ext ent for magnes ium in  the s i l ic at e  minerals  of 

igneous rocks , weather ing o f  bedrock g ives r is e  to z inc in sur face wat er . 

Z inc always has the oxidat ion s t at e  o f  + 2 in aqueous s o lut ion . Z inc ( II )  

i s  ampho t er i c , d is s o lv ing in ac ids t o  form hyd rat ed Zn ( I I )  c at ions and 1n 

s t rong b a s es to form z inc at e anions , usua l l y  Zn ( OH )4
- 2 . Comp l exes o f  

z inc with the common l igands o f  sur f ace wat e r s  are solub l e  in neut ral  and 

ac idic  so lut ions , s o  that z inc is read i ly t rans port ed in mos t  nat ural  

wat ers and i s  one o f  the mos t  mob i l e  of  the heavy met a l s . Concent r at ions 

o f  z inc 1n unc ont aminat ed fresh wat er are typic a l ly in  the range o f  0 . 5  t o  

1 0  �g/L  (Tre fry. and Pres l ey 1 9 79 ) ,  whereas concent rat ions 1n clean sea 

wat e r  r ange f rom 0 . 00 2  t o  0 . 1  � g /L and increas e with depth ( Sa lomons and 

For s t ner 1 9 84; Wal lace et al . 1 9 8 3 ) .  

Z inc oc curs in many forms in natural  wat ers  and aquat ic s ed iment s . 

At pH = 6 . 0  in f resh wat er ,  the dominant forms o f  d is s o lved z inc ar e 

the free ion ( 9 8% )  and z inc sul fat e ( 2% ) ,  whereas at pH = 9 .0 ,  the dominant 

forms ar e the mono-hydroxide lon (78% ) ,  zinc carbonate ( 1 6% ) ,  and 

the free ion ( 6% )  ( Turner et al . 1 9 8 1 ) .  In s e a  wat er at pH = 8 . 1 ,  

the dominant s pec ies o f  so lub l e  z inc are z i nc hydrox ide ( 62% ) ,  the 

f ree ion ( 1 7% ) , the mono-ch lor ide ion (6 . 4% ) ,  and z inc carbonat e ( 5 . 8% )  

* An unde r s t and ing o f  the "Guide l ines for Der iving Nume r i c a l  Nat iona l Wat er 
Qual i t y  C r i t e r i a  for  the Prot ect ion of  Aquat ic  Organisms and The i r  Us e s "  
( St ephan e t  al . 1 98 5 ) , here a f t e r  re ferred to  as the Gu ide l ines , and the 
response to  pub l ic comment ( U . S .  EPA 1 9 8 5 a )  is nec e s s ary in order to 
underst and the fol lowing text , t ab l e s , and c a lcul at ions . 
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(Zirino and Yamamot o  1 97 2 ) . At pH • 7.0, the  percent age o f  d is s olved 

z inc present in s ea wate r  as the free ion incr eases  to 50% . In the  

pres ence of  d i s s o lved organic mat erial s , par t icular ly humic sub s t anc es , 

the major fract ion o f  d i s s o lved z inc is  in the form o f  z inc-organic 

comp l exes ( Lu and Chen 1 9 7 7 ) . 

Zinc can b e  pre s ent in sediment s in s evera l forms , inc luding prec i

p i t at ed Zn(OH ) 2 , prec i p i t at es with ferr ic and manganic oxyhydroxides , 

insolub l e  organic compl exes , ins o lub l e  sul f ide� , and res idual forms 

( Pat r ick et  a l e 1 9 7 7 ) .  As s ed iment s change from a reduced t o  an oxi d i zed  

s t at e ,  mor e  z inc i s  mob i l i zed and rel eas ed in a s o l ub l e  form (Lu  and Chen 

1 9 7 7 )0 The b ioavailab i l ity of d i f ferent forms of z inc in s ed imen,t var ies  

sub s t ant i a l ly and i s  poo r l y  under s t oo d  ( Luoma and Bryan 1 9 79 ) . Bacc ini 

( 19 8 5), Krant zberg and S t okes (198 5) , and Salomons ( 1 98 5 )  repo r t ed that 

b ench ic organisms influenced the par t it ioning o f  z inc betwe en s ed iment 

and the wat er column . 

Mo s t  o f  the  z inc int roduced int o the  aquat ic  envi ronment 1S part i

t i oned i n t o  s ed iment by s o rpt ion ont o hydrous iron and mangane s e  ox ides , 

c l ay mine ra l s ,  and o rgan ic mat e r i a l s ( Lu and Ch en 1 9 7 7 ; Luoma and B r yan 

1 9 8 1 ; Parke r et a l e  1 9 82 ; Warren 1 98 1 ) .  Prec ipit at ion o f  t h e  sulf ide is  

an  impo r t ant cont ro l on t h e  mob i l i t y  o f  z inc in reduc ing env i ronment s ,  

and prec ip it at ion o f  the hydroxide , c arbonat e, and bas ic sul fat e s a l t s  can 

o c c ur when z inc is  pre s ent in h igh concent rat ions . Fo rma t ion o f  compl�xes 

w i th organ i c  and inorganic l i gands can 1nc reas e the so l ub i l it y  o f  z inc 

and might  increas e or dec rease  the  t endency for Z lnc t o  be s o rbed ( S a lomons 

and Fors t ner  1 984 ) . 

The tendency o f  z inc t o  b e  s orbed is af fect ed not only b y  t h e  form 

o f  the Z lnc and the nat ure and c oncent rat ion o f  the s orbent b u t  a l s o  by pH 
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and sal ini ty .  In a s tudy o f  heavy met a l  sorpt ion by two oxides and t wo 

s o i l s , z inc was comp l e t e l y  removed f rom solut ion when pH exceeded 7, but 

l it t le or no z inc was s o rbed when pH was be low 6 .  Add i t ion o f  inorganic 

complexing l igands enhanced s orpt ion (Huang et a l e  1 977) . Hel z  et ale 

( 1 975) and So lomons ( 1 980) found l e s s  s orpt ion o f  z inc to  part icul ate  mat t er 

and s ed iment as s a l inity  inc r e ased . Th i s  phenomenon was exh ib i ted by many 

other met a l s  as we l l  and apparent ly is due t o  d is p lacement o f  the s o rbed 

z inc ions by alka l i  and alkal ine earth c at ions , wh ich are abundant in 

brackish and s a l ine wat er s . An increas e in  pH c an inc r eas e s orpt ion o f  

z inc even i f  s a l in i t y  inc reas es  ( M i l lward and Moore 1 982 ; Solomons 1 980 ) . 

Wat anabe et  al e ( 1 9 85) report ed that sorpt ion o f  z inc was a l s o  dependent 

on the organic c arbon content of r iver s ed iment s . 

Z inc is an e s s ent ial  micronut rient for a l l  l iv ing organisms (Le land 
; 

and Kuwabara 1985) .  Because z inc is  e s s ent iar ,  aquat ic  organisms have 

evolved e f f ic ient mechanisms for accumu l at ion o f  z inc from wat er- and 

food . The c oncent rat ion o f  z inc in t i s sue s of aquat ic o rganisms is far 

in exc e s s  of that requ ired for var ious met abo l ic func t ions ( Wo l fe 1 9 70 ) . 

Much  o f  the exc e s s  z inc is  bound t o  mac romo l ec u l e s  or  is  p res ent as 

ins o lub le  met al inc lus ions in t is sues ( S imk is s et a l e 1 9 8 2 ) . Induc ib le 

low mo lecular  we igh t  met a l -b ind ing p r o t e ins , met al l o t h ione ins , are thought 

t o  func t ion , in part , in t h e  int rac e l lu l ar s eques t rat ion and regu l at ion 

o f  the ess ent i a l  met al s  z inc and copper ( Koj ima and Kog i  1 9 78 ; Roes i j adi  1 98 1 ) .  

Above s ome theoret ic-al maXlmum bene f ictal c oncent rat ion o f  zinc  in 

wat er , there ex i s t s  a range of zinc conc ent rat ions that is read i l y  to lerat ed 

through each o rganism ' s  c apac ity  t o  regu l at e the upt ake , int ernal dis t r ibut ion , 

and exc ret ion o f  z inc ( We ine r and Giesy 1 9 7 9 ) .  Th is  range undoub t ed ly  

var ies  among ind iv idual s ,  spec ies , and l a rger phy logenet ic  groups . In 
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addit ion , this  tolerated range p robab ly varies with the r ange o f  z inc 

c oncent rat i ons to wh ich v ar ious popul at ions have been h i s t orically exposed  

and acc l imat ed . Thus , b iolog ic a l  var i ab i l it y  in t o lerance of  ZLnc 

is probab ly  the result of phyl ogenet ic d i f ferences and historic  e�:posure 

pat t e rn s , both short-term and geo logic  In  s c a le . 

Paramount t o  the ques t ion o f  the t ox i c it y  o f  z inc are the phys ic a l  and 

chem ical  forms o f  z inc , the t ox i c i t y  o f  each form , and the degree o f  

int erconver s ion among the var ious forms . Presumab ly ,  a l l  f orms 01: z inc 

that c an be sorbed o r  bound b y  b io l o g i c a l  t is sues are pot ent i a l ly t ox i c . 

Mos t  l ike ly , z inc wi l l  not b e  sorbed or  boun� unl e s s  it i s  d i s s o lved , but  

s ome d is so l ution of  zinc can  reasonab ly b e  expect ed to  occ ur i n  the 

a l iment ary c anal f o l lowing i nges t ion o f  part icul at e s  cont aining und i s s o lved 

z inc . Thu s , the t ox i c i t � of und is so lved z inc to a p art i c u l ar s peci e s  

probab ly  depends o n  feed ing h ab it s :  The re for e , p l ant s and mos t  f ish a r e  

prob ab l y  r e lat ive l y  una f f e c t ed by suspended z inc , but · many inver t eb r at es  

and s ome f ishes  migh t  be  adver s e ly a f fect ed by inges t ion o f  s u f f ic i ent 

quant it ies o f  part iculat es cont a ining z inc . 

The t ox i c i t y  o f  z inc , as  we l l  as othe r heavy met al s , i s  apparent ly  

i n f l uenc ed by a numbe r  of  chemical  fac t o rs inc lud ing c a l c ium ,  magnes ium , 

h ardne s s , pH , and ionic  s t rength . The s e  f ac t ors appe a r  t o  a f fect  the 

t oxic ity o f  z inc e ither by influenc ing the ava i l ab i l it y  o f  ZLnc clr by 

i nh ib it ing the s orpt ion or b i nd ing of ava i l ab l e  Z lnc by b io log ical t is sues . 

In fresh wat e r  Z lnc appears t o  be l e s s  t ox i c  at h igh h ardne s s  for a 

var i e t y  o f  reas ons , such as : 

1 )  The ions cont ribut ing t o  hardnes s ,  p r ima r i l y  c a lcium and magnes ium , 

are d ivalent and c ompet e  with  z inc , wh ich lS a l s o  d ival ent, for 

s it es of upt ake and b ind ing 1n b io log ical  t i s sues . 
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2 )  Harder waters have h ighe r  ionic s t rengths due t o  the grea t er quant it y  

o f  charged ions ( p rimari ly  mono- and d ivalent c at ions and anions ) i n  

solut ion , and the s e  ions elect ros t at i c a l ly i nh ib it the ab i l it y  o f  

other ions , such a s  zinc , t o  approach the sorpt i on o r  b inding s ites  

of  the o rganisms . Thus z inc ions have lower ac t ivi t y  in harder 

wat er s . 

3) Genera l ly ,  harder wat er s  have h i gh e r  alkal ini t ies  and h i gher pHs , 

result iQg i n  the format ion o f  ins o l ub le , and pos s ib l e  so lub l e, z inc 

c arbonat e and hydroxide c ompounds that are not s orbed by many s pec i es . 

Thus , hardness  appears t o  be the s ingle b e s t  wat er qua l it y  charac t e r i s t ic 

t o  re f lec t the var i at ion i n  z inc tox i c i t y  induced b y  d itferences in 

general wat e r  chemistry . 

Bec aus e o f  the var i e t y o f  fo rms o f  �lnc ( Ca l l ahan et a l . 1 979; Hem 

1 972; Salomons and Fors t ne r  1 98 4) and l ack  o f  d e f in i t ive informat ion 

about the i r  re lat ive t ox i c i t ies , no ava i l ab le analyt i c a l  measurement 1S 

known to  be ideal for express ing aquat ic l i fe c r it e r i a  for z inc . Prev ious 

aquat ic l i f e c r i t er i a  for z inc ( U . S .  EPA 1 98 0 ) were expre s s ed 1n t erms o f  

t o t a l  rec overab l e  �inc ( U . S .  EPA 1 9 8 3a),  but  t h is measu rement 1 S  p rob ab l y  

t oo r 1 gorous 1n some s ituat ions . Ac id-s o lub le z inc ( operat iona l ly d e f ined 

as the z inc that pas s es through a 0 . 45 �m membrane f i l t e r  a f t e r  the 

s ample is ac id i f ied t o  pH = 1 . 5 t o  2 . 0  with nit r i c  ac i d ) is probab ly the 

b e st measu rement at the p r esent f o r  the fo l lowing reasons: 

1 .  Th is measu rement i s  compat ib l e  w i t h  near ly a l l  ava i l ab l e  dat a conc e rn i ng 

t ox i c i t y  o f  Z lnc t o , and b ioaccumu l at i on o f  �lnc b y ,  aquat i c  organisms . 

No t e s t  results  were rej ec t ed just  becaus e it was l ike ly  that they would 

h av e  b een sub s t ant i a l l y  d i f ferent i f  they had been repo r t ed in  t e rms 

o f  ac id- s o lub le z inc . Fo r examp l e , r e su l t s  r e por t ed in t e rms o f  d isso lved 
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z inc would not h ave b een used i f  the c oncent rat ion o f  p re c ip itat ed z inc 

h ad been sub s t antial . 

2 .  On s amp les o f  amb i ent wat e r ,  measurement o f  ac id-so lub le z �nc w i l l  

probab ly measure all f orms o f  zinc that a r e  t ox i c  to  aquatic life or 

c an b e  read i ly convert ed to toxic  forms under natural cond i t ions . In 

add i t ion , t h i s  measurement probab l y  wi l l  not measure several forms , 

such  as z inc that is occ luded in  m i ne ra l s , c lays , and s an d  or  i s  

s t rong ly  s orbed to  particulat e  mat t e r , that are n o t  t ox i c  and are not 

l ikel y  t o  become toxic under  nat ura l  cond i t ions . Although t h i s  

measurement ( and many other s ) wi l l  measure solub le comp l exed forms 

o f  z inc , such as the E DTA complex o f  z inc , that probab l y  have low 

toxic it ies to  aquat i c  l i fe , concent rat ions of these  forms probab ly  

are  ne gl i g i b l e  1n mos t  amb ient wat er . 

3 .  Al though wat er qua l i t y  c r it er i a  app ly  t o  amb ient wat e r , the measurement 

used to  expres s  c r i t e r i a  is  l ikel y  t o  b e  used t o  measure z inc in  

aqueous e f f luent s . Measurement of  ac id-solub le z inc probab ly wi l l  

b e  app l ic ab le t o  e f f luent s b ecaus e i t  wi l l  meas ure prec ip i t at es ,  such 

as c arbonat e and hydrox ide prec ip i t at e s  of z inc , that might ex i s t  in 

an e f f l uent and d is solve  whe n  the e f f luent 1 S  d i lu t ed with  re:c e iv ing 

wat e r . I f  des ired , d i l ut ion o f  e f f luent with  rec e iv i n g  wat er be fore 

measurement of ac id-so l ub le z inc might be  us ed t o  det ermine �,hether 

the rec e iv ing wat er c an decrease the concent rat ion o f  ac id-so lub l e  

z inc b ec ause  o f  sorpt ion . 

4 .  The ac id-s o lub le  me asureme nt is  probab ly us e fu l  for mo s t  met a l s , thus 

minim i z i ng the number o f  s amp les and procedures that are neCE!S Sary. 

5 .  The ac id-s o l ub l e  measu rement does  not requ ire f i l t rat ion at the t ime o f  

col l ec t ion , a s  does the d is s o lved meas urement . 
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6 .  The only t reatment requi red at the t ime o f  collect ion i s  pre s ervat ion 

by ac id i f i c at ion t o  pH = 1 . 5  t o  2 . 0 , s imilar to that requi red for the 

t ot al recoverab l e  meas urement . 

7 .  Durat ions o f  1 0  minutes  t o  2 4  hours between ac id i f ic at ion and f il t rat ion 

of mos t  s amples of amb ient wat e r  probab l y  wi l l  not affect  the result  

s ubs t ant ially . 

8 .  The carbonat e s ys t em has a much higher  buffer  c apac i t y  from pH = 1 . 5  

t o  2 . 0 than it  does from pH = 4 to  9 (W�ber  and S t umm 1 9 6 3 ) .  

9 .  Di ff e rence s in pH with in the range o f  1 . 5  t o  2 . 0  probab ly w i l l  not 

a f fect the result  sub s t ant i al l y .  

1 0 . The ac id-s olub l e  measurement does not require  a d ig e s t ion s t ep ,  as 

does the t ot al recover ab l e  measurement . 

1 1 .  Aft er ac id i f i c at ion and f i l t ra t ion o f  t h e  samp l e  t o  is o la t e  the ac id

so lub l e  z inc , the analys is  c an be per formed us ing e ither atomic abs orpt ion 

spec t rophot ome t r i c  or reP-at omic emi s s ion spect rome t r ic ana lys is  ( U . S . 

EPA 1 9 8 3a ) , as with the t ot a l  recover ab l e  mea s urement . 

Thus , expres s ing aquat ic l i fe c r i t er i a  for z inc in t e rms o f  the ac id

so luble mea s u re ment h as both  t ox ico log i c a l  and prac t i c a l  advant ages . On 

the ot her h and , b e c ause no measurement is known t o  be ide a l  for exp ressing 

aquat ic l i fe c r i t e r i a  for z inc or for meas u r ing z i nc i n  amb i ent wat er or 

aqueous e f fluent s ,  meas urement of both ac id-so l ub l e  z inc and total  

rec overab l e  z i nc i n  amb i e nt wat er o r  e f f l uent or b o t h  m i gh t  b e  u s e f u l . 

Fo r examp l e , t h e r e  might b e  c au se for  c o nc ern i f  tot a l  rec o v e r ab l e  z i nc 

is much above an app l i c ab l e  l im i t , even tho ugh ac id-so l ub l e  zinc is  be low 

the l imit . 
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Unless otherw ise not ed , a l l  c oncent rat ions repo r t ed here in from 

t ox i c i t y  and b ioconcent r at ion t ests are expected  to  be  essentia l l y  equivalent 

to  ac id-so lub l e  z inc conc ent rat ions . Al l c oncent rat ions are  expres s ed as 

zinc, not as the chemi c a l  t ested . The c r it eria present ed herein Supers ede 

previous aquat ic l if e  wat e r  qua l i t y  c r i t er i a  for z inc (U.S. EPA 19 7 6 , 1 980 ) 

because t hes e new c r i t e r i a  wer e  derived us ing improved procedureli and 

add it ional informat ion . Whenever adequat ely  j us t i f ied , a nat ion.!l c r i t er ion 

may be rep laced by a s it e- s pe c i f ic c r it er ion (U.S . EPA 1983b ) ,  wh ich may 

inc lude not only s it e-s pec i f ic c r i t er i on concent rat ions (U.S . EP,\ 1983c ) ,  

but also s it e-s pec i f ic durat ions o f  ave rag ing per iods and s ite-spec i fi c  

f requenc ies  o f  a l l owed excurs ions (U.S. EPA 1 98 5b ) . The l a t e s t  comprehe ns ive 

l it erature s e ar ch for i nformat ion for t h i s  document was conduct ed in 

July , 198 6; some more  r ecent informa t ion might  hav e  been i nc l uded . 

Acut e Tox i c ity t o  Aquat ic Anima l s  

Avai l ab le dat a ,  wh ich a r e  us ab l e  accord ing t o  t h e  Gu ide l ines , o n  

t h e  acute  t oxic i t y  o f  z inc t o  aquat i c  anima l s  a r e  p r esented  in T ab l e  1 .  

Acu t e  values fo r freshwat er invert ebrat es ranged from 32 to 40,930 �g/L  

(Tab le 1 ) , and tho s e  f o r  f i shes ranged from 66  t o  40 , 900 �g/L , exc ept for  

two values  that appeared h igh for  t h e  guppy . The t wo ranges are! very 

s imilar and very wide , probably  due a t  leas t in part to hardne s s-re l a t ed 

fact ors . 

Although many fac t ors might affect the re su l t s  o f  t es t s  o f  the  

toxic ity  of  z inc t o  aquatic organi sms ( S prague 1 98 5 ) , wat er  qual i t y  

c r iteria  c an quant i t at ive ly take int o ac count o n l y  fac t ors f o r  lJh ich 

enough data  are ava i l ab le to show that the fac t o r  s imi l a r ly a f fe c t s  the 
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res ul t s  o f  t e s t s  with a variety o f  s pec ies . Hardnes s  i s  o f t en thought  o f  

a s  having a major e f fe c t  on the t oxicity  o f  z inc i n  fresh wat er , although 

the obs erved e f fe c t  i s  probab ly due to one or more o f  a number of usual ly 

interrelat ed i ons , s uch as hydroxide , carbonate ,  calc ium, and magnes ium .  

Hardne s s  ( expre s s ed a s  mg CaC03 / L ) i s  used here as  a s ur rogat e f o r  t h e  

ions  that a ffect  the resul t s  o f  toxic i t y  t e s t s  o n  z inc . An analy s i s  o f  

covar i ance ( D ixon and Brown 1 9 7 9 ; Net e r  and Was s e rman 1 9 74 )  was per formed 

us ing the natur a l  loga r ithm o f  the acu t e  value as the dependent var iab l e , 

s pec ies  as the t reatme nt or  group ing var i ab l e ,  and the natural  logar i thm 

of hardnes s  as the covar i a t e  or independent var i able . Th i s  analys i s  o f  

covar iance  model  was f i t  t o  the dat a in Tab le 1 f o r  t h e  e i ght s pec i es for 

wh i ch acute  values are ava i l ab l e  over a range of hardness ·  such that the 

h ighe s t  hardnes s  i s  at least th ree t imes the lowes t  and t h e  h i gh e s t  1S 

also  a� l e as t 1 00 mg /L h i gher than the l owe s t . The e ight s lopes are 

between 0.56 and 1 . 65 ( s e e  end of  T ab le 1 )  and mos t  are c lo s e  to the 

s lope o f  1 . 0 t hat is  expec t ed on the bas i s  that z i nc ,  c alc ium ,  magnes ium ,  

and c arbonate  a l l  have a charge o f  two . An F-t e s t  showed that , und er the  

assumpt ion of  equa l i t y  of  s l ope s , the probab i l ity of  obt a i n ing e ight 

s lopes as d i s s imi lar  as t h e s e  is P = 0 . 7 7 .  Th i s  was interpreted as 

indicat ing t h at it is reasonab l e  to as s ume that the  s lopes  for t hes e 

e i ght spec i e s  are the s ame . 

Where pos s ib le ,  t h e  poo led s l ope o f  0 . 84 7 3  was u s ed t o  ad just  the 

f reshwat er acu t e  values i n  Tab l e  1 to h ardne s s  = SO mg/L . Spec ies  Me an 

Ac ute Values were calculat ed as geomet r ic means o f  the  ad j us t ed ac u t e  

values . F ive  o f  the s even mos t  res i s t ant s pec i e s  ( T a b l e  3 )  were t e s t ed 

�n  a s e r ies o f  experiment s  report ed by Rehwo ldt et al . ( 1 9 7 1 , 1 9 7 2 , 1 9 7 3 )  

us ing Hudson  River wa t er , and h igh acut e  values were obt a i ned 1n two 
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other t es t s  whos e  resul t s  wer e  p laced in T ab l e  6 because  the organ i sms wer e  

not ident i fied t o  genus . It  i s  not known whether the r iver wat e r  reduced 

the toxi c i t y  of z inc or  i f  the s pe c i e s  wer e  inherent ly res is t ant . Rehwol dt 

et  a le ( 19 7 1 , 1 9 7 2 )  also  repo rted LCSOs o f  6 , 700 and 6 , 800 �g/L for the 

s t r iped bas s , Morone s axati lis . These  were cons iderab ly higher t han the 

LCSOs reported  by Hughes  ( 1 9 70 , 1 9 73 ) and Pa1awski et a 1 . ( 1 98 5 )  for  the 

s ame species , although the values reported by Hugh e s  were not used due to  

inadequat e acc l imat ion o f  the  t e s t  organ i sms . 

Genus Mean Acute  Values ( GMAVs ) at hardne s s  a 5 0  mg/L (Tab le: 3 )  were 

then calcul at ed as geome t r ic means of the avai lab le freshwat e r  Species 

Mean Acute  Values . The GMAV for Morone was bas ed only on the SMAV for  

the s t riped bas s bec ause  of  the  probab i l i ty that the  LCSOs reported by 

Rehwo ldt e t  ale ( 1 9 7 1 , 1 9 7 2) wer e  two h igh for both s pec i e s  i n  this genus . 

O f  the 3 5  gener a  for which  acute values are ava i l ab l e ,  the mos t  !iens itive 

genus , Cer i od aphni a ,  � s  about 950  t imes more sens i t ive than the IDos t  

res i s t ant genus , Argia .  Acut e values are ava i l ab le for more than one 

spec ies in each o f  s even genera and the range o f  S pec i e s  Mean Acut e 

Values w i th i n  each genus  i s  l e s s  than a fac tor  o f  3 . 7 .  The freshwat er 

Final Acu t e  Value for z inc at hardne s s  = SO mg /L  was c a l c u l at ed t o  be 

1 30 . 1  �g/L us ing the procedure des c r ibed in the Guide lines and the  Genus 

Mean Acut e Values in T ab le 3 .  Th i s  value is above the Spec ies  M:e an Acute  

Value for  a c l adoceran and fo r the s t r iped bas s , b u t  the res ults for  the 

s t r iped bass we re not o b t a i ned in a f low- through t es t  1n wh ich  the 

concent rat ions o f  t e s t  mat e r i a l  were measured . Thus , the fre shwa t e r  

Crit er ion Maximum Concent rat ion ( in �g/L ) = ( 0 . 84 7 3[ln(hardness ) ]+0 . 8604 ) 
e 

Acu t e  t e s t s  cons idered use ful in the der ivat ion o f  a s a l twat e r  

c r i t er ion f o r  z inc have b een conduc t ed w i t h  26 spec i e s  o f  invertebrates  
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and 7 s pe c ies o f  f is h  ( Tab l e  1 ) . The range o f  Spec ies  Mean Acute Values 

f or s altwat er invert ebrat es ext end s  f rom 1 95 �g/L for embryos o f the 

quahog c l am ,  Mercenar i a  mercenari a , ( Ca l abres e and Nel son 19 7 4 )  to  3 20 , 400 

�g /L for adu l t s  of the c lam Macoma balthica  ( Bryant et  ale 1 9 85 ) . The 

range o f  Spe c ies  Mean Acut e Values for f ish is  narrowe r , ext end ing from 

19 1 . 4  �g/L for l arvae o f  the cabezon , Scorpaenichthys marmorat us , ( Dinne l 

et ale 198 3 )  to  3 8 , 000 �g /L for j uven i l e  s pot , Le iost omus xanthurus 

( Hans en 198 3 ) .  As a general  rule , early  l i fe s t ages o f  s a l twater  invert e

brat es and f ish  are more s ens it ive t o  z inc than j uven i les and adu l t s .  

Both t emperature and sal inity af fec t the resu l t s  o f  acute  t es t s  on 

z inc . The e f fect  o f  t emperature has been s tud ied with  four b ivalve 

mo l luscs and one amph ipod , whe reas the e f fec t o f  s a l i n i t y  has been st ud ied 

w i th a worm , c lam , amph ipod , two i s opods , and a f is h  (Tab l e  1 ) . In 

genera l , the  LC50 inc reas es  as sal inity increases ( pr es umab ly bec aus e 

c omplexat ion by chlor ide i nc reas es ) and as t emperature decreas es . Howeve r ,  

the LCSO for a s pe c i es a l s o  seems to dec rease as s a l i n ity and temperature 

dev i at e  from the opt imum for the s pe c i e s . 

O f  the 28  genera for wh ich s al t wat e r  Genus Mean Acut e Val ues are 

avai lab l e  ( Tab l e  3 ) , the most  sens it ive genus , Scorpaen ichthys is about 

1 , 700 t imes more s e ns i t ive than the mos t  res ist ant , Macoma . C lams are 

both s ens it ive and res i s t ant to ZLnc . Acut e values are avai l ab l e  for 

more than one spec i e s  in e ach of f ive g e ne r a  and the range o f  Spec ies 

Me an Acute Va lues w i t h i n  each genus is l es s  than a f ac t or of 5 . 2 .  The 

s altwat er F i na l  Ac ute Value for z inc was c a l c u l at ed t o  be 1 90 . 2  �g/L , 

wh ich is s l i ght ly lowe r than the ac ute value for the mos t  s ens it ive 

s pec ies . 
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Chronic Toxic ity t o  Aquat ic Animal s  

Although mos t  o f  the chronic t oxic ity t es t s  conduct ed o n  z inc: with 

freshwat er s pec ies wer e  in soft wat er rang ing in hardne s s  from 2 5  to  52 mg/L , 

Chapman et  a1 . (Manusc r ip t ) studied the chroni c  t ox i c ity o f  unc to Daphnia 

magna at h ardnesses o f  5 2 ,  104 , and 2 1 1  mg/L (Tab l e  2 ) . They found that the 

chronic tox i c ity o f  z inc decreased whe n  hardness  inc r eas ed from 5:2 to 1 04 

mg/L . When hardne s s  was further increas ed t o  2 11 mg /L , the t ox i c ity o f  

z inc did  not change . N o  other data a r e  ava i l ab l e  c oncerning the relat ionsh ip 

between h a rdne s s  and the chronic toxic ity of z inc . 

The chronic values for the two spe c ies o f  freshwat e r  invert ebrat e s  

ranged from 46 . 7 3 t o  )5 , 243 �g /L , whereas those f o r  s ix s pec i es o f  f ish 

r anged f rom 3 6 . 4 1  t o  8 54 . 7  �g/L . 

A l if e-cyc le tox i c i t y  t est h as b een conduc t ed with  the sal twat er 

mys i d ,  Mys idops is bah i a  ( L�s s i e r  et  a l .  198 5 ) . Surv iva l ,  days to. f i rst 

b rood , and young/ female reproduc t ive d ay were a l l  a f fec t ed at 2 31 �g/L , 

but no e f fects  wer e  det e c t ed at 1 20 �g /L . 

Acu t e -chron i c  rat ios are ava i l ab l e  for S1X freshwat e r  and one saltwat e r  

s pec ies . The freshwa t e r  Spec i es Mean Ac ute-Chronic Rat ios r ange from 

0 . 70 2 7  t o  4 1 . 20 , 'Whereas the sal t wat e r  rat io 1S 2 . 99 7  (Tab l e  3) . Bec aus e  

the Final Acut e-Ch ronic Rat io i s  meant t o  apply t o  sens i t ive s pe(: ies , 

wh ich o f t en have lower acut e-chronic rat ios than res i s t ant s pec il:!s , it 

was calcul at ed as the geome t r i c  mean of the rat ios for t h e  fresh'oJater  

Daphnia magna , chinook s a lmon , and ra inbow t rout and the s a l twater mys i d .  

The resul t ing value o f  2 . 208 i s  lower than a l l  the other Spec ies Mean 

Acut e-Chronic Rat ios (Tab l e  3 ) .  Div ision of the f reshwa t e r  and saltwat e r  

F ina l Ac u t e  Values b y  2 . 208 resu l t s  in freshwater  and s a ltwa t e r  F ina l 

Chronic Values o f  5 8 . 9 2 �g /L ( at hardne s s  = 50 mg/L )  and 8 6 . 14 �g/L , 
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respect ively . In sp i t e  o f  the data on the  e ffect  o f  hardness on the 

chronic t oxic ity o f  z inc t o  Daphnia magna , the freshwat er chronic s lope  

is assumed t o  b e  the same as the acut e s lo pe , resu l t ing in  a freshwat er 

F inal Chroni c  Value a e 
( 0 . 847 3[ln(hardneSS )]+0 . 76 14 )

. 

Tox i c i t y  t o  Aquat ic Plant s 

Toxi c i t y  t es t s  on z �nc have b een conduc t ed with 20 s pec ies o f  freshwat e r  

p l ant s , wh ich were af fec t ed by  Z 1nc concent rat ions rang ing f rom 3 0  t o  

>200 , 000 �g/L  (Table 4 ) . Alt hough t es t s  h ave been conduc t ed with s everal  

vascular p l ant s , both the h ighes t and lowe s t  values were obt ained with 

algae . 

Few dat a are avai lab l e  concerning t h e  e f fec t o f  h ardnes$ on t oxic i t y  

t o  plant s . One s t udy w i t h  t h e  d i atom ,  Nav icula  s eminu l um ,  ( Ac ademy o f  

Natural  Sc ienc e s  1 9 60) t es t ed z inc t oxic i t y  at two hardnes s e s . At 

h ardne s s  = 58 . 46 mg/ L , z inc was more t oxic , on the average , than in  t es t s  

a t  hardne s s  = 1 74 mg /L . Howeve r ,  there was overlap  1 n  E C50s between the  

hardnes s es t es t ed . The t oxic ity of  z inc t o  a l g ae. migh t be  rel at ed t o  the  

concent rat ion of  pho s phat e or  n i t ra t e  (Kuwab ara 1 9 8 5 ;  Rao and Subramani an 

1 9 8 2) . 

The t oxic i t y  of Z lnc t o  s a l t wat er plant s has been t es t ed w i t h  18 

s pec ies o f  phytop l ankt on and 8 s pec ies o f  macroalgae (Tab le s  4 and 6) . 

The d iat om ,  Schroedere l l a  schroeder i , was the mos t  s ens it ive phytoplankt er , 

with  a 48-hour E C 5 0  o f  19 . 0 1  �g/L . Othe r s p ec i e s  a f fec t ed at  concent rat ions 

l e s s  than the Fina l Chronic Va lue are Cr icosphaera c a r t erae , Isochrys is 

gab ana , Thalas s io s ira rot u la , Gl enod in ium hal l i , and Gymnod inium splendens . 

Macroalgae were a f f e c t ed at conc ent rat ions �100 �g/L . There fore , a l though 

d at a  on mos t  s al twat e r  p l ant s ind ic a t e  that they w i l l  be p rot ect ed by a 
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salt wat er c r i t e r ion derived from dat a on animals , some phytop1ankt ers 

might  be  a f fected under c e rt ain envi ronment a l  c ondit ions . 

B ioaccumu 1 at ion 

Six f reshwat e r  s pec ies wer e  exposed to Zlnc and had t issue conc ent ra

t ions measured after suff ic ient t ime to achieve s t e ady-st at e (Tab le 5 ) . 

B ioconcent rat ion fac t ors ( BCF ) ranged from 5 1  for the At l ant i c  s�11mon 

( Farmer et a1 . 1 9 7 9 )  t o  1 , 1 30 for a may f ly ( Nehr ing 1 9 76 ) . A mean BCF o f  

100 was obt ained in  three t est s with a c lam ( Gr aney e t  al . 1983 ) ,  and the 

BCF of 106 for a s t one f l y  was much lower than that for  the may fl :f . Both 

the f l ag f ish and the guppy had BCFs between 400 and 500 . At ch inson e t  a l . 

( 19 7 7 ) , Mc Intosh and B i shop ( 1 9 76 ) ,  and Mur phy e t  a l . ( 19 7 8a , b )  lneasu�ed 

the conc en t rat ions of z inc in s everal  s pe c ies  of f ish obt ained f rom a 

pond cont aminated with z inc . D i rect accumu l at ion f rom wat er  d i d  not 

appear t o  be  a major  r ou t e  o f  upt ake o f  z inc by two spec i es o f  f ish in a 

l ake (Klaverkamp e t  a l . 1983 ) .  Cush ing and Ros e  ( 19 70 ) , Cushing and 

Wat son ( 1 9 7 1 ) ,  ' and Cush ing et al . ( 1 9 7 5 )  s t ud ied the upt ake o f  Zlnc by 

periphyt on and f ish  in mic rocosms . Van der Wer f f  ( 1984 ) found that humic  

and fulvic  ac ids reduc ed  the upt ake of  Z lnc by an alga . 

B ioaccumu l at ion dat a for z inc are ava i l ab le for  s ix s pec ies o f  s a l twat e r  

algae and seven spec ies o f  s a l twat er  anima l s  (Tab l e  5 ) . S t eady·-s tate  BCFs 

der ived from l abo rat ory exposures of s a l twat er algae for p e r iodl; of 0 . 5 to 

140 days ranged from 7 5 . 5  for the brown mac roalga , Lam inar i a  d ig i t a t a  

(Har i tonidis  et  a l . 1 98 3 ) t o  1 0 , 7 6 8  for ano ther b rown mac roa l g a ,  Fuc u s  

serrat us ( Young 1 9 7 5 ) .  BCFs based on dat a der ived from f ie l d  co l le c t ions 

of macroalgae ranged f rom 1 , 02 7  to 2 , 029 for a third  brown mac roalga , 

Fucus ves iculosus  ( Fo s t e r 1 9 7 6 ; Fos t e r  and Bale  1 9 7 5 ) . 
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BCFs derived from l aboratory exposures o f  s a l twate r  animals  for 

period s  of  1 4  to 126 days range from 3 . 69 2  in the who l e  body o f  the 

shrimp , Pandalus mont agui ( Ray et a le 1 980 ) t o  2 3 , 8 20 in t he total  

soft  t is sue o f  the eas t e rn oys t e r , Cras s o s t rea v irgin i c a  ( Shus t e r  and 

Pr ingle 1 9 68 ) . 

For the mummichog , Fundulus het eroc l it us , the BCF for both who le 

body and sc ales  dec r eased with increas ing concentrat ion in wat er between 

2 10 and 7 , 880 �g/L ( Saue r  and Wat abe 1 9 84 ) . At a l l  concent rat ions , the 

s c a l es had a h igher BCF than the who l e  body . Seque s t rat ion o f  z inc In 

s c a le s , wh ich is  accompanied by a decreas e in s cale  c a lc i f icat ion ( Sauer 

and Wat abe 1 984 ) , might b e  a mechanism o f  z inc s t orage or detox i f ic at ion 

in f ish . - O ' Grady ( 1 98 1 )  showed that s e a  t rout , Salmo t rut t a ,  mob i l i zed 

z inc s t ored i n  i t s  s c ales  dur ing the ups t ream spawning migr at ion . 

For both algae and anima l s , there i s  a def in i t e  t rend toward an 

inverse r e l at ionsh ip b etween concent rat i on in wat e r  and BCF . Th is is 

bes t exemp l if ied by the dat a in Tab l e  5 for the brown mac roa lga , Laminar ia  

d igitata  ( B ryan 1 9 69 ) and the  mummichog , Fundulus het eroc l it us ( Sauer 

and Wat abe 1 984 ) . Se ip ( 1 9 79 ) d eve loped a mathemat ic a l  mod e l  for the 

accumulat ion of z inc and other met a l s  by the brown mac roalga , As cophyl lum 

nodosum .  The c oncent r a t i on of zinc i n  the alga was found t o  be an approx imat ely 

l inear func t ion o f  the mean concent rat ion o f  z inc in wat e r  up t o  about 

1 00 �g /L . Becaus e the s lo pe o f  the curve was l e s s  th an 1 ,  BCFs t ended to 

decrease with increas ing c onc ent r a t i on In wat e r .  

No U . S .  FDA action level  o r  other maximum accept ab le c once nt r a t ion 

In t is sue i s  ava i l ab l e  for Z lnc , and , there fore , no F ina l Res idue Value 

c an be calculat ed . 
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Other Dat a 

A wide var iety o f  other dat a is present ed in  T ab le 6 .  I n  a t est 

on z inc phosphate ,  growth o f  a freshwater green alga was inhibited  

during a 1 4-day exposure t o  64 �g/L  ( Gart on 1 9 7 2 ) . Growth o f  Scenedesmus 

quadricauda was inhib i t ed dur ing exposur e to 1 , 200 �g/L 1n r iver wat er  

(Bringmann and Kuhn 1 9 59 a , b ) . The primary product iv ity of  p l ankt on was 

reduced when exposed t o  1 5  �g/L for 1 4  days ( Marshal l  et al e 1 9 83 ) . 

Sever a l  st udies h ave  been conduc t ed on the e f fect  o f  t emperature on t he 

acut e t oxic ity o f  z i nc (Braginskiy and Shcherban 1 9 7 8 ;  Cai rns et a l e 1 9 7 5 a , 

1 9 7 8 ; Pickering and Henderson 1 966 ; S ee et al e 1 9 74 ;  Smith and HE!ath 1 9 79 ) . 

Except for the rainbow t rout and golden sh iners , the spec ies werE� more  

sensit ive t o  z inc at h i gher t emperatures . Snails  were mor e  s ensi.t ive t o  

therma l shock a f t e r  exposure t o  zinc (Ca irns e t  al e 1 9 76 ) . 

Concent rat ions o f  d isso lved oxygen down t o  3 . S  mg/ L  did  not affect  

the t oxic ity of  z inc t o  the b lueg i l l ,  but  l ower concent rat ions did 

( P ickering 1 9 68 ) . Anderson ( 1 9 7 3 )  and Anderson and Weber  ( 1 9 7 5 )  found that 

the acute  sensit ivity of the guppy t o  z inc depended on the we ight of the 

fish . Sabodash ( 1 9 74 )  s t ud ied the e f fec t s  of  z i nc and c al c ium on s urv ival 

and growth of l arval gras s car p . 

Most insects  were  more resist ant t o  Z lnc than the other fre shwa t e r  

s pec ies t es t ed . May f l ies ,  damse l f l ies , s t one f l i es , and c add is f l ies h a d  LC SOs 

rang ing from 1 , 330 t o  5 8 , 100  �g/L (Tab l e  6 ) . One midge ( Ch i ronomous s p . )  h ad 

a 96-hr LC 50 o f  1 8 , 200 �g / L  ( Rehwo ldt et  al . 1 9 7 3 ) , whereas another  (T anyt arsus  

d issimi l i s ) had a 1 0-day LC 50  o f  36 . 8  �g/ L  ( Anderson et  al e 1 980 ) . The 

T .  d issimil is value is very low compared to other values obt ained with ins ec t s .  

Although mos t  LC 50s  for ra inbow t rout ranged from 2 , 000 t o  5 , 000 

�g/ L ,  Gart on ( 1 9 7 2 )  obt ained an LC50 of 90 �g/L in a t es t  on z inc phosphat e .  
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A 7-d ay EC50 o f  10 �g/L was obt ained with emb ryos and l arva o f  the narrow

mouthed t oad ( Birge 1978; B irge et a 1 . 1979 ) .  

Cairns et a1 . ( 19 7 5b ) and Khangarot ( 1982 ) examined the e f fect o f  

feeding o n  the resu l t s  o f  acut e t e s t s  o n  z inc , whe reas McLeay and Munro 

( 1 979 ) and Sp arks et a le ( 1 9 7 2b ) s t ud ied the e f fects  o f  pho t o period and 

shelters , respec t ive l y .  Brafield  and Mat t ies s en ( 1 9 76 ) , Hughes ( 1 9 7 5 ) ,  Hughes 

and Tort ( 19 85 ) , and Thompson et al e ( 1 983 )  s t ud ied the e f fect  o f  z inc on 

respirat ion o f  f ishes . A l len et  a1 . ( 1 98 0 )  and Muramot a ( 19 7 8 )  found 

t hat var ious c he 1at ing agent s reduced the acute  t ox i c ity  o f  z inc . Several 

s tud ies examined the use  of  f ishes as  b iomonitoring organisms for z inc 

( Ca irn s  and Wa l ler 19 7 1 ;  Cairns et al e 1 9 7 3a ;  Sparks et a l . 197 2 ; Wa l ler 

and Cairns 1 9 7 2 ) . 

Many s tud ies have examined z �nc as a d iet ary req u i rement for freshwat er 

p l ants  ( e . g . , Vaughn et a le 198 2 )  and f ish ( e . g . , Barash et a 1 .  1 98 2 ; 

B e l l  et a l e 1984 ; Dabr owski et  ale 1 981 ; Gat l ina and W i l s on 1 9 83 , 1984 ; 

Jeng and Sun 1 98 1 ; Ket o l a  1 9 79 ; Knox et a l e  1 98 2 , 1 9 84 ;  Og i no and Yang 

1 978 , 1 9 79 ; Richardson e t  a le 1 98 5 ; Rodgers 1 982 ; Satoh et a l e  1983a,b,c; 

Takeda and Sqimma 1977). 

Armit age ( 1 980 ) , Armit age and B l ac kburn ( 1 985 ) ,  Aus t in and Munt eanu 

( 1 984 ) , Car lson et a l e ( 1 986 ) , E ichenberger ( 1981), E ichenbe rge r e t  a l .  

( 198 1 ) , Fos ter ( 1982a ) , Hard ing et  ale ( 19 8 1 ) , Hughes ( 1985 ) ,  Lang and 

Lang-Dob ler ( 1 9 7 9 ) , Maas ( 1978), Meyer ( 1 9 7 8 ) ,  Ric e ( 1 9 7 7 ) , Ro l i ne and 

Boehmke ( 1 98 1 ) ,  Rut hven and Ca irns (1973), Say and Wh it t on ( 1983), Say 

et a le ( 1 9 7 7 ) , Sh eehan and Kni gh t  ( 1 98 5 ) ,  Sheh at a  and Wh i t t on (1981), 

So lbe ( 19 73 ) ,  Swain and Whit e ( 1985 ) ,  Swi ft  ( 1 985 ) , Wehr and Wh it t on 

( 1 9 8 3b , c ) ,  Went s e l  and Mc Int osh ( 1 9 7 7 ) , Wi l l iams and Mount ( 1 965 ) ,  Yan 
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et  ale ( 1 98 5 ) , Yasuno e t  ale ( 1 98 5 ) , and Zane l l a  ( 1 9 8 2 ) invest igated 

rel at ionships  b etween the abundance and d ivers ity o f  f reshwat er spe c ies  

and the conc ent rat ion of  z inc in wat er and sed iment . 

The detox i f ic at ion o f  z inc was s t ud ied  by Kito et  a le ( 19 8 2 ), Kl averkamp 

et al e ( 1 9 85 ) , Ley et ale ( 1 983 ) , Maro fant e ( 1 962 ) , P ierson ( 1 985a , b ) , 

Roch and McCarter  ( 1 984a , b ) ,  and Takeda and Sh imi z u  ( 1 98 2 ) . 

Low c oncent rat ions o f  z inc s t imul at e  the rat e o f  g rowth o f  saltwat er  

microalgae . Conc ent rat ions equal to o r  l e s s  than 1 00 � g /L s t imul,at ed growth 

o f  N i t zchia long i s s ima dur ing exposures  las t ing one to f ive day s  ( Subramanian 

e t  ale 1 980 ) . S imi larly , growth o f  Ske let onema cos t atum was both s t imu l at ed 

by z inc conc ent rat ions equal to or lower than 200 �g/L  dur i ng one to f ive 

days of exposure ( Subramanian et  a le 1 98 0 )  and reduced by 20% dur ing 

exposure for 10 to 14  days to 1 00 �g/L z inc ( B r aek et  ale 1 97 6 ) . Wik for s 

and Uke les  ( 1 9 8 2 )  report ed a 6 . 7% increase in the growt h o f  Phaeodac tylum 

t r icornutum dur ing exposure for 1 2  days to  4 , 800 �g/L . There fore the 

d i f fe rence  b etween bene f i c i a l  and det r iment a l  conc ent rat ions of  z inc to  

phytopl ankt on might b e  sma l l  and dependent on the s pec i es and exposure . 

St romgren ( 1 9 7 9 )  s t ud ied the e f fect  o f  z inc on growth o f  f ive s pe c i e s  

o f  s a l twat e r  mactoalgae . Growth was r educed a t  1 , 400 , b u t  n o t  1 0 0 , 

�g / l  for As cophy l l um nodosum ,  Fucus s erratus , Fucus spira l i s , and Pe lve t ia 

c ana l iculat a ,  and at 7 , 000 . but not 3 , 500 , �g/L for Fucus ves i c ulosus . 

Bryan ( 1 9 6 9 )  reported reduc ed growth o f  Laminar ia  d ig i t at a  durin�; exposure 

for 24 days t o  conc ent rations as low as 1 00 �g/L . A concent rat ion 

o f  250  �g/L reduced growth o f  sporophytes o f  Laminar i a  hyperbor i�� , whereas 

5 , 000 �g/L induced abno rmal mat urat ion of  gamet ophy t es of  the s ame s peC les  

, ( Hopkins and Ka in 1 9 7 1 ) . Z inc concent rat ions as low as 8 . 8  �g /L a l t ered 

l ip id met abo l i sm i n  Fucus ser ratus ( Smith  and Harwood 1 984 ) . 
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Two c i l iat e protozoans exh ib it ed markedly d i f ferent s en s it iv it ies to 

z inc . Growth of Crist ige r a  s p . was reduced b y  exposure f o r  four to  f ive 

hours to concent rat ions as low as 5 0 . 63 �g /L ( Gray 1 97 4 ; Gray and Vent i l la 

1 973 ) , but a concent rat ion o f  10 , 000 �g /L only reduced the growth o f  

Euplotes  vannus by 10% ( Pers oone and Uyt ters prot 1 9 7 5 ) .  

Bryan and Hummers t one ( 1 9 7 3 )  compared the s ens it ivity o f  the 

po lychaet e ,  Nereis  d iver s icolor , from s ed iment s heav i l y  c ont aminated with 

z inc and other met al s  t o  t hat o f  the s ame s p ec i es from c le an s ed iment s at 

three s a l init ies (Tab le s  1 and 6 ) . At a l l  three s a l init ies , worms from 

the contaminat ed sediment s were l e s s  than a fac tor of two mo re res i s t ant 

t o  z inc than those f rom c l ean sed iments .  Worms from the cont aminat ed 

s ed iment s a l s o  had s omewhat lower BCFs than worms from c lean s ed iments 

when expos ed t o  z inc in the l�borat ory for 34 days . These  resu l t s sugges t 

that acc l imat ion or genet ic adapt at ion o f  the worms t o  cont aminat ed 

sed iment s prov ided only a minor ab i l ity t o  regulate  z inc more e f f ic ient ly 

than worms from u ncont aminated sed iment s .  

The po lychaet es , 0phryot iocha d i adema and Ct enod r i lus serratus , were  

exposed to  z inc in  part ial l ife-cyc l e  t es t s  . that b egan with adu l t s  and 

examined e f fe c t s  on s urv ival and reproduc t ion ( Re ish and Carr 1978). 

Populat ion s ize was reduced  500 �g/L i n  both s t at ic t es t s  b u t  e f fec t s  o f  

z inc were not det ect ed at 1 00 �g /L . 

A var i e t y  o f  res pons es were obs erved in mud s na i l s , Nas sar ius obs o l etus , 

during exposure for 7 2  hr t o  progress ive l y  h i gher c oncent rat ions o f  z inc 

(Mac Innes and Thurberg 1973). At 2 , 000 �g/L , there was a dep re s s ion o f  

oxygen consump t ion . Locomo t or behavior was inh ib it ed at 1 0 , 000 �g /L , 

and death ensued at 50 , 000 �g/L . S imi l a r l y , she l l  depo s it ion by adult s 

o f  the b lue mus se l ,  Myt i l us edul is , was i nh ib it ed by 50% fo l l ow ing exposure 
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for t wo t o  s ix days t o  26 0  �g/L ( Manley e t  al . 1 984; S t romgren 1 9 82 ) . 

The EC50 based on r educed byss a l  thread product ion was 1 , 800 )g/L, whereas 

the 7-d ay LCSO was 5 , 000  �g/L (Mart in et al . 19 7 5 ) .  The 7 2-hr ECSO for 

deve lopment of mus s e l  embryos to the vel iger s t age was between 9 6  and 3 1 4  

�g /L ( Dinne l e t  al . 1 98 3) .  

D i f fe rent l ife  s t ages and deve lopment al  proc e s s es o f  gamet es , embryo s ,  

and l arvae o f  Pac i f ic oys t ers have d i f ferent s ens it iv i t ies t o  z inc . The 

ab i l it y  o f  oy s t er sperm t o  fert i l ize  eggs was depres s ed by 5 0% a ft er 

exposure for 6 0  min t o  443 . 6  �g/L ( Dinne l et  al . 1 9 83 ) . The 4 8-hr LesO 

for embryos was 24 1 . 5  �g /L ( B reret on e t  al . 1 97 3 ) . Larvae developed 

abnorma l l y  and grew more s lowly  than c ont ro l s  at z inc c oncent r at ic)ns 

between 1 25 and 5 00 �g /L ( B rereton e t  a l . 1 973 ) ,  whe reas .E�SOs for growth 

o f  6-day-o l d  and 1 6-day o l d  l arvae expos ed for four days  wer e  80 and 95 

�g/L , respect ively (Wa t l ing 1 98 2 ) . Th e 9 6-h r Le 50 for 6-d ay and l6-day 

l arvae was in excess  o f  1 00 �g /L , whereas that for 1 9-day 1arvae was be�ween 

3 0 and 35 �g/L (Wat l ing 1 98i ) .  S i gni f icant delay o f , and reduc t ion i n ,  

s ucces s fu l  set t l ement w�s obs erved a f t er 5 days in 1 25 � g /L ( Boyden e t  a l . 1 9 7 5 ) 

and a f t er 20 d ays  in 1 0  t o  20 �g/L (Wat l ing 1983). Juv eni le oyster spat  

h ad a 23-d ay Le50 of  75  �g /L (Wat l ing 1 983 ) . 

Exposure t o  1 76 �g/L for 7 2  hr  c aused a 50% reduct ion in  the  r a t e  o f  

c a l c ium upt ake by l arvae o f  t h e  c l am ,  Mul inia  l at er a l is , whe reas a concen

t rat ion o f  200 �g/L c au s ed 5 3% mor t a l i t y  among the c l am l arvae in the s ame 

t ime period ( Ho and Subo f f  1 98 2 ) . Th e 8 to IO-d ay LCS O  was 195.4 �g/L 

for l arvae o f  the quahog c l am , Mercen ar i a  mercena r i a  and growth of  surv ivor s 

was es t imat ed to  be  reduced by 3 8 . 4% ( C a labrese  et  a l .  1 97 7 ) . 

At c oncent rat ions as low as 2 5 0  � g /L , z inc cau s ed s igni f icant d e l ays 

1n  mo l t ing and deve lopment rate of l arvae of the gras s shrimp , Pal aemonetes  
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pugio , part i cular ly under s t res s fu l  t emperature-s a l inity  regimes (Mc Kenney 

1 979 ; McKenney and Ne f f  1 9 79 , 1 98 1 ) . Concent rat ions o f  2 5  t o· 50· �g/L 

were without e ffect on the development rate of larvae of the mud crab , 

Rhithropanopeus harr i s i i  (Benijt s-C l au s  and Benijt s 1 9 75 ) .  However ,  

i n  the presence o f  l ead at 2 5  t o  50 �g/L , the s e  concent rat ions o f  z inc 

produced a s igni f icant de l ay i n  the rat e  o f  larval  deve lopment of mud 

crab s . Rat e  o f  l imb regenerat ion by adu l t s  o f  t he f idd ler c r ab , � 

pugilator ,  was inh ib it ed at z inc c oncentrat ions o f  1 , 000 (We i s  1 980 ) . 

Th is inh i b i t ory e f fect  was amp l i f ied at l ow s al init ies . 

Mot i l it y  o f  the s perm o f  the s e a  urch ins , Arbac ia punct ulata and 

S t rongylocentrotus purpurat u s , was s t imul at ed b y  b r i e f  exposure t o  z inc 

c oncent rat ions at or below 1 , 6 34 and 6 54 . 8  �g/L , respect ive ly  (Timour i an and 

Watchmaker 1 9 7 7; Young and Ne lson  1 9 74 ) . At conc ent r at ions o f  3 , 26 9  and 

6 , 53 8  �g/L , respec t ive l y , sperm mot i l it y  was inh ib it ed . Reduce ion o f  the 

ab i l ity of ech inoderm s perm to fert i l i z e  eggs appeared to be more s ens i t ive 

than sperm mot i l it y  to the t oxic e f fe c t s  o f  z inc ( Dinnel et  a l . 1 98 3 ) . 

EC50s aft er one hour o f  exposure o f  s perm ranged from 2 8  t o  3 8 2 . 8  

� g /L . In t e s t s  with the s and do l l ar ,  Dendras t er excent r ic us , and two sea 

urch ins , Strongyl ocentrotus droebachiensis and � .  purpuratus , development 

t o  the plut eus s t age was l es s  s ens i t ive than fert i l izat ion . Wat erman ( 1 9 3 7 ) 

f ound that 8 10 � g /L inhib i t ed gas t rulat ion and that 2 , 3 14 �g/L was l ethal t o  

embryos o f  Arbac i a  punc t u l at a .  

Somasundarum et al . ( 1 984a , b , c , d; 1 98S )  ident i f i ed several deve lopment al  

anoma l ies and h i s topatho l o g i c a l  les ions in deve lop ing embryos and l arvae 

o f  At lant ic  herr ing , Clupea harengus , that were exposed t o  50 t o  1 2 , 000 

�g /L . Zinc conc e nt rat ions be low 6 , 000 �g/L d id not a f fect embryo 

vo l ume . Be low 2 , 000 �g/L , z inc acc e l erat ed embryoni c  develo pment , but 
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6 , 000 �g/L i nh ib it ed deve lopment . At z inc concent rat i ons  as low as 5 0  

�g/L, there �as a s igni f ic ant increas e in  t h e  incidence o f  jaw<and branchial  

abnorma l it i e s . Concent rat ions above 5 00 �g /L inc r eas ed the  inc idence o f  

vertebral abnormal i t ies . S ignif icant decreases in the Slze o f  the ot i c  

c apsules and eyes were ob s erved a t  Z lnc  concentrat ions h i gher than 2 , 000 

and 6 , 000 �g/L , respec t ively . U l tras t ructural  changes in brain  c e l l s  and 

somat ic mus c ul ature were obs erved in herring larvae that wer e  a llowed to 

d eve lop for 14 days in sea wat e r  cont aining 5 0  to 1 2 , 000 �g /L . 

In cont rast  t o  the t oxic  e f fe c t s  noted above , Wei s  et a l . ( 198 1 )  

found that exposure t o  1 0 , 000 �g/L ame l iorated terat o genic  e f fects  on 

Fundulus het eroc l i t us exposed t o  methyl mercury . Al s o ,  z inc c once�nt ra

t ions of 1 , 000 �g /L or  great er enh anced regenerat ion of the t ai l  fin and 

ame l i orat ed e f fe c t s  o f  methyl mercury on f in regene r at ion in adu lt 

mummichogs (We is  and We is  1980 ) . 

Exposure o f  adu l t  mummichogs t o  2 , 200 �g /L resu l t ed in incrells ed 

act ivity o f  the h epat ic enzyme amino levul inic  ac id dehydrase ( Jaclt im 

197 3 ) , whereas exposure to 60 , 000 �g/L c aus ed 30% mort al i t y  and 

h is topatho l o g i c a l  l e s ions in the o r a l  ep ithe l ium o f  s urv ivors ( E is ler and 

Gardner 1 9 7 3 ) .  Ca lc i f ic at ion o f  the s cales o f  j uven ile mummichogs was 

i nh ib i t ed at 760 to 7 , 100  �g/L ( Sauer and Wat abe 1984 ) . 

Crust ac eans and f ish are ab l e  t o  accumu l at e  z inc f rom both wat er and 

food . For adu l t  green c rab s , Carc inus m�enas , the BCF for z inc f rom 

wat er was 130 and the b ioac c umulat ion fac tor ( BAF ) for z inc from wat e r  and 

food was 2 10 ( Re n fro et  al . 197 5 ) , but t he BAF was not s ig n i f ican tly h i gher . 

However the BAF was s t at i s t ically  h igher than the BCF with  adu l t  mosqu it o  

f ish , Gambus ia  aff inis , and j uven i le s pot , Le iostomus xanthurus ( W i l l is 

and Sunda 1984 ) .  At 120 days , the BAF and BCF for upt ake o f  z inc: from 
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wat er alone and wat er plus  food by mosquit o  f ish were 4 5  and 8 ,  res pect ively .  

The BAF and BCF for  s pot a f t e r  a 28-day exposure were 2 8  and 1, res pec t ively . 

These result s  sugges t  that these f ish obt a i n  f ive t o  n ine t imes more z inc 

from food than f rom wat e r . It  mus t  be recognized , however ,  that the re l at ive 

magni t ude o f  the cont r ibut ion from bo th sources to the concent rat ion of Z lnc 

1n s al twat e r  animal s  w i l l  depend on the re l at ive conc ent rat ions of z inc 

1n the wat e r  and food . E i s ler  ( 1 967 ) and E i s l e r  and Gardne r ( 1 9 7 3 )  have 

shown that BCFs for adu l t  mumm ichogs , Fundulus het eroc l it us , are inversely  

relat ed to  t h e  concen trat ion o f  z inc i n  the  water . 

Unus ed Data 

Some dat a on the � f fe c t s  o f  z inc on aquat ic organ isms were not used 

because the s tud ies were c onduct ed with spe c i es that are not res ident in 

North Ame r i c a  (e . g . , Abbas i and Soni 1 98 6; Ahsanul 1 ah and Arno t t  1 978; 

B audoi n  and Scoppa 1 9 74; . B eng t ss o n  1 914a , b , c , d , e; Car t er and N ichol as 

1 978; Chapman and Dunlo p 1 98 1; Dunlop and Ch apman 1 98 1; Greenwood and 

F i e l der 1 9 8 3; Harr ison 1 9 6 9; Howe l l 1 98 5; Jones and Wacker 1 9 79; Jones et 

a l . 1 984 ; Karbe et a l . 1 9 7 5; Kh angarot 1 98 1 , 1 984; Khangarot et al . 1 982 , 

1 9 8 5; Kumar and Pant 1 984; Lomt e and Jackhar 1 982; Lyon et  a 1 . 1 983; 

Mart in et a l . 197 7; Mathur et a l . 1 98 1; McFeters  et a l .  1 98 3; Mecham 

and Ho l l iman 1 9 7 5; Mi l l ingt on and Walker 19 83; Mi lner  1 9 8 2; Murt i and 

Shuk l a  1 984; Nat araj an 1 98 2; Nazarenko 1 9 70; Pent reath 1 9 73; S artory and 

Lloyd 1 9 7 6; Sas t ry and Subhadra 1 984; Saxena and Parashar i 1 983; Se i f fer  

and Sc hoo f 1 96 7; Shaf f i  1 9 79; Shehat a and Wh it ton 1 9 8 1; Shuk l a  et  a 1 . 

1 9 8 3; So lbe and F l ook 1 9 7 5; Spe ranza et a l . 1 9 7 7; Sr ivas t ava et a l . 1 98 5; 

S t ary and Krant zer 1 982; Subhadra and Sas t ry 1 98 5; Thorp and Lake 1 9 74; 

Verma et a l . 1 984; Wagh et a 1 .  1 9 8 5; Wh i t e  and Rainbow 1 9 82; W i l l i s  1 9 8 3 )  
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or  becau s e  the t es t  spec ices  was not obt ained in North Amer i c a  and was 

not ident i f ied  wel l  enough to det e�ine whether it i s  res ident' in North 

America  ( e . g . , Gre ichus et al e 1 9 7 8 ; Jennet t et a1 . 1 98 1 ; Pommery et a 1 . 1 98 5 ; 

Tishinova 1 97 1 ) .  Result s ( e . g . , Bagshaw et a 1 . 1 9 8 6 ; B rown and Ahs anu l l ah 

1 9 7 1 )  o f  t es t s  conduct ed w i t h  br ine shr imp , Art emia s p . , were not used 

because these spec ies  are from a unique s a l twat e r  env i ronment . 

Babich and S t ot zky ( 1 9 8 5 ) , B i dd inger and G l o s s  ( 1 984 ) , Cairns ( 1 9 57 ) ,  

Campbe l l  and S t okes ( 1 98 5 ) ,  Conno l l y  ( 1 98 5 ) , Doudoro f f  and Kat z ( 195 3 ) , 

Duxbury ( 1 9 85 ) , E i s l e r  ( 1 98 1 ) ,  Hartman ( 1 980) , Kai s e r  ( 1 98 0 ) , LeB l anc 

( 1984) , Lim ( 19 7 2 ) , L l oyd ( 196 5 ) , Mac ek and S l e i gh t  ( 19 7 7 ) , Manc i ni 

( 1 983 ) , McKim ( 1 97 7 ) , Pagenko p f  ( 19 7 6 ) , Pat rick et a l e ( 1 9 68 ) , Ph i l l ip s  

and Rus s o  ( 19 7 8 ) , Pol ikarpov ( 19 66 ) , R a i  e t  a 1 . ( 1 98 1b ) , &io rdan ( 19 7 6 ) , 

Sk idmore ( 1 964) , Sk idmor e  and F i rth  ( 1 9 8 3 ) , S l oo f f  e t  al e ( 1 986 ) , Sprague 

et  a l . ( 19 6 4 ) , St ru f e  ( 1 964) , Tay l o r  et a 1 . ( 1 98 2 ) , Thomson and MacPhee 

( 1 985 ) , . Vernon ( 1 954) , Vymaza1 ( 1 9 8 5 ) , Weat h e r l ey e t  a 1 . ( 1 980 ) , and 

Wh i t t o n  ( 1 9 7 0 )  only  c ont ain dat a that have been pub l ished e l s ewhe re . 

Re su l t s  were not u s ed i f  e i ther  t he t es t  proc edure s , t es t  mat e r i a l , 

or d i l ut ion wat e r  was not adequat e l y  des c r ibed ( e . g . , Bac k 1 9 8 3 ; B at es et  

a l . 1 98 1 ; Baud i n  1 9 8 3a , b ; Berg and B r az z e l l  1 9 7 5 ; B i egert  and V a l kovic 

1 98 0 ; Birge and Jus t 1 97 3 , 1 9 7 5 ; Brad l ey and S p rague 1 9 8 3 ; B r auwe r s  1 9 82 ; 

Brkovic-P opovic and Popovic 1 9 7 7 a , b ;  B r own 1 9 68 ; Carpent e r  1 9 2 7 ; Coburn 

and Friedman 1 9 7 6 ; Dani l ' c henko 1 9 7 7 ; Darna l l  e t  a l . 1 98 6 ; D i l l ing and 

He aly 1 92 7 ; F l eming and Richards 1 982 ; Hut ch inson and Sprague 1 9 8 5 ; 

I s h i z aka e t  a l e 1 9 6 6 ; Joraensost rorasks and McLaugh l in 1 9 74; Kn i t t e l  

1 980 ; Labat e t  a1 . 1 97 7 ; Mi l l e r  e t  a 1 . 1 98 5 ; Muramot o  1 980 ; Pav i c ic 1980 ; 

Pet ry 1 9 8 3 ; Rao and S axena 1 9 8 1 ; Sabodas h 1 9 7 4 ; S e e  et  a l . 1 9 74 , 1 9 7 5 ; 
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Sicko-Goad and Laz insky 1 98 1 ; Tokunago and Kishikawa 1 982 ; Vinot and 

Larpent 1 984) . 

Dat a were not used i f  z i nc was a c omponent o f  an e f f luent ( e . g . , 

B a i l ey and Liu 1 980 ; Cherry et a 1 . 1 979 ; F inlay s on and Ashuch i an 1 9 7 9 ; 

F r az ier 1 9 7 6 ; Grushko et a l . 1 980 ; Guth r i e  et al . 1 97 7 ; Jay and Muncy 

1 9 7 9 ; Lew i s  1 9 8 6 ; Lu et al . 1 9 7 5 ; Nagy-Toth and Barna 1 9 8 3 ; Nehring and 

Goet t l  1 9 74 ; Neufeld  and W a l l ach  1 984 ; Newman et al . 1 98 5 ; O ' Conner 1 9 7 6 ; 

Olad ime j i and Wade 1 984 ; Oz Imek 1 98 5 ; Ph i l l ip s  and Gregory 1 980 ; Rana and 

Kumar 1 9 7 5 ; Roes i j ad i  et a l . 1 984 ; S aunders  and Sp rague 1 9 67 ; Sp recht et  

al . 1 984 ; Wang 1982 ; Wh i t t on et  a l . 1 9 8 1 ; Wong and Tam 1 984a , b ;  Wood 

1 9 7 5 ) , mixt ure ( e . g . , Bake r and Bo ld igo 1 984 ; B e s s er 1 98 5 ; B i es inger et 

a 1 . 1 974 ; B i rge et  a 1 . 1 9 7 8 ; Borgmann 1 9 80 ; Brown et a l . 1 9 69 ; Cai rns and 

Sc h e i e r  1 9 68 ; C e ar l ey 1 97 1 ;  Ch ang e t  al . 1 98 1 ; Ch r i s t ens en e t  al . 1 9 8 5 ; 

Cowg i l l  et a l . 1 986 ; Dani 1 ' chenko and St roganov 1 9 7 5 ; Dav i e s  1 9 8 5 ; Dav i e s  

and Woodl ing 1 980 ; Doudo r o f f  1 9 5 6 ; Doud or o f f  e t  a l . 1 966 ; Eaton 1 9 7 3 ; 

E is l e r  1 9 7 7b ; F i nl ayson and Verrue 19 80 ; G i esy  et a l . 1 980 ; Hedtke and 

Pugl is i 1 980 ; Henry and At ch i son 1 9 79a , b ; Hu tch inson and C zyrska 1 9 7 2 ; 

Hu t c h i ns on and Sp rague 19 8 3 ; Lub inski  and Sparks 1 9 8 1 ; Markar i an et  a l . 

1 980 ; Mark i ng and B i l l s  1 985 ; McLe e s e  and Ray 1 984 ; Mul l e r  and P ayer  

19 80 ; Muska 1 9 7 7 ; P at ri ck and Lout i t  1 9 7 6 , 1 9 78 ; Pope 1 9 8 1 ; Roc h  and McC a r t e r  

1 984c , 1 9 8 6 ; Roch et al . 1 98 5 , 1 986 ; Rodgers and Beam i s h  1 98 3 ; Sp rague 1 9 6 5 ; 

St romegce n  1 980 ; Vymaz a l  1 984 ; Wong e t  a l . 1 982 a , b , 1984b) , or  a sed iment 

( e . g . ,  Ar rud a e t  a l . 198 3 ; B r obe r g  1 984 ; B r y an et a 1 . 1 9 8 3 ; D e an 1 9 74 ; 

Kr ant zberg 1 983 ; Laskows k i -Hoke and P r at e r  1984 ; Lew i s  and Mc I nt osh  1984 , 

1 986 ; Luoma and Jenne 1 9 77 ; Malueg 1984 ; McMurt ry 1 984 ; Munawar e t  al . 

1 985 ; Oakden e t  a 1 . 1 984 ; Ray et  a l . 198 1 ; S e e l ye et  a l . 1 982 ; Went s e l  

e t  a 1 . 1 97 7 ; Wong and Kwan 1 98 1 ; Wong and Tam 1 984 ; Wong e t  a 1 . 1 984a ) . 
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Dat a were not used if  the organisms were exp o s ed t o  z �nc by inject ion 

or gavage or in food ( e . g o � Barash et  a l e 1 9 8 2; Baudi n  1 985 ; Be l l  et a l e 

1 984; Canca lon 1 98 2 ;  Cowg il l et al e 1 9 8 5 ; Da l l inger and Wies er 1 984 ; 

Dixon and Compher 1 9 7 7; Gat l in and Wil son 1 9 8 3 , 1 9 84; Hib iya and Oguri 

1 96 1 ; Jeng and Sun 1 98 1 ; Knox et  al e 1 984 ; Lyon et  a l e 1 984 ; Mans our i

Aliabadi  and Sharp 1 98 5 ; Marafont e 1 9 76 ;  Og ino and Yang 1 9 7 8 , 1 9 7 9 ; Pat r ic k  

and Loutit 1 9 7 8 ; Richardson e t  al e 1 98 5 ; Saiki and Mori  1 955 ; Sat oh e t  

a l e  1983a , b ;  Smith-Sonneborn e t  a l e 1 98 3 ; Suzuk i  and Eb ihar a 1 984 ; Suzuk i  

and Kawamura 1 984 ;  Suzuki e t  al e 1 98 3 , 1 984 ; Taked a  and Sh iroma 1 9 7 7 ; 

Vaughan et a l e 1 9 8 2 ; Windom et a l e 1 9 8 2 ; Young 1 9 7 5 ) .  

Adragna and P r iv i t era ( 1 9 7 8 , 1 9 79 ) , Akberal i and Earnshaw ( 1 982 ) , 

Anderson et  a l e ( 19 78 ) , B ab ich e t  a l e ( 19 8 5 , 1 9 8 6a , b ) , Brown ( 19 7 6 ) , Bu r t on 

and Peterson ( 1 979 ) ,  Cenini and Turne r ( 1 983 ) ,  Crespo ( 1 984 ) ,  Cr i s t  et 

al . ( �98 1 ) , Doyle  et  a l e ( 1 9 8 1 ) , - Everaart s et  a l e  ( 1 9 79 ) ,  Fleming et  a l e 

( 1 98 2 ) , George ( 1 983 ) , H i l ler and Per lmut t er ( 1 9 7 1 ) ,  Hi lt ibran ( 1 9 7 1 ) ,  

Kodama et  a l e ( 1 982a ) , Nemosok et a l e ( 1 984 ) , Rach l in and Per lmut t e r  

( 1 969 ) ,  S ir over and Loeb ( 1 97 6 ) , and Wat s on and Beam i s h  ( 1 98 1 )  only 

exposed enzymes , exc i s ed or  homogenized t is sue , or c e l l  c u l t ures . 

Resu l t s  o f  some l aboratory t es t s  were no t used bec au s e  the t es t s 

were conduct ed in  d is t i l led or dei on ized wat e r  wi thout add i t ion o f  appropr i at e  

s a l t s  ( e . g . , Af flect  1 9 5 2 ; Cart er and Came ron 1 9 7 3 ; Eddy and Fras er 1 98 2 ; 

Mat th iessen  and B r a f i e l d  1 9 7 3 ; McDonald et al e 1 980 ; Port er  and Hakanson 

1 9 76 ; St ary and Krat zer 1 982 ; S t ary et al e 1 983 ; Tay lor 1 9 78 ; V i j ayamadh avan 

and Iwa i 1 9 7 5 ; Wang 1 9 59 ) or we re c onduc t ed in c h l o r inat ed or " t ap " wat e r  

( e . g . , Goodman 1 9 5 1 ; Grande 1 96 6 ; Ha ider and Wunder 1 98 3 ; Hughes and 

Adeney 1 9 7 7 ;  Jones 1 9 3 5 , 1 9 3 8 , 1 939 ; Mat th ies sen and B r a f i e l d  1 9 7 7 ; Rahel 
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1 9 8 1 ; Shcherban 1 9 7 7 ; Skidmore 1 9 70 ; Skidmore and Tove 1 1  1 9 72 ) . D ilut ion 

water was at t oo l ow a pH in t e s t s  by Michnowic z and Weaks ( 1 984 ) , whereas 

t empe rature f l uc t ua t ed t oo much �n t he t e s t  report ed by Mil l s  ( 1 9 7 6b ) . 

Al lan e t  al e ( 1 980 ) , Bat es et al e ( 1 983 ) , Buikema e t  a l e ( 1 9 74a , b ,  

1 9 7 7 ) , Cairns and Dickson ( 1 9 7 0 ) , Fayed and Abd-E l-Sh a fy ( 1 98 5 ) , Kuwabara 

( 1 985 ) , Mi l l s  ( 1 9 7 6 a , b ) ,  Pet e r s en ( 1 982 ) ,  Rainbow et  a l e  ( 1 980 ) , Ruthven 

and Cairns ( 1 9 7 3 ) , S ay and Whi t t on ( 1 9 7 7 ) , Sul l ivan et al e ( 1 9 7 3 ) , and Z it ko 

et  al e ( 1 973 )  used d i lut ion wat er  that c ont a ined t oo h igh a c onc ent r at ion o f  

che lat ing agent o r  other  organic mat t e r . Mukhopadhyay and Konar ( 1 984 ) used 

a phosphat e b u f fer , wh ich might have detox i f ied z inc , al though the i r  LC SOs 

for two inver t ebrate  s pec i e s  were qu i t e  low after  adj us tment for hardnes s .  

Benson and B irge ( 1 9 8 5 ) , Bergl ind and Dave ( 1 984 ) ,  and B irge et  a l e 

( 1 98 3 )  cult ured or  acc l ima t ed o rgan i sms �n  one wat er  and conduc t ed t es t s  

1 n  another . Hughes ( 1 970 , 1 9 7 3 )  d i d  not acc l imat e organ i sms for a l ong enough 

t ime . T e s t s  conduc t ed w i th t oo few t e s t  organisms ( e . g . , Applegate et 

a1 . 1 9 5 7 ; Gardner 1 9 7 5 ; McLeese 1 9 76 ; Sprague 1 964a ; T ishinova 1 9 77 ) 

were not used . H igh c ont r o l  mort a l it ies  occurred in t e s t s  r e por t ed by 

C a i rns and Sche ier  ( 1 964 ) and Havas and Hut ch inson ( 1 98 2 ) . The wat e r  

qua l i ty var ied t oo much dur ing t e s t s  c onduc t ed b y  C a i rns e t  a l e ( 1 9 8 1 ) ,  

Nehr ing and Goet t l  ( 1 9 74 )' ,  and Thompson et a l e ( 1 9 80 ) .  Tox i c i t y  t e s t s  

conduct ed without cont r o l s  were not u s ed ( e . g . , Grah am et al e 1 9 86 ) . 

The 9 6-hr v a lues  r eport ed b y  Bu ikema .e t  a 1 . ( 1 9 74a , b )  we r e  sub j e c t  to 

e r ror  b e c a u s e  of pos s ib l e r e p roduc t i ve i nt e rac t ions ( B u ikema e t  al e 

1 9 7 7 ) . The t e s t  o r g a n i sms we re pos s ib ly s t r e s s e d  b y  d i s e a s e  o r  p a ras i t e s 

dur ing t e s t s  repo r t ed by Boyc e and Yamada ( 1 9 7 7 ) ,  Guth e t  a l e ( 1 9 7 7 ) , and 

Sakanar i et al e ( 1 984 ) . Hub lou et a l e ( 1 9 54 )  c ondu c t ed t e s t s  on z inc 

l e ached from galvan i z ed t r ay s . Anudu ( 1 9 8 3 ) , B r ad l ey e t  a l e ( 1 98 S a , b ) , 
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Cairns ( 19 7 2 ) , Cairns et a l . ( 19 7 3a , b ) , DeF i l i p p is and Pal l aghy ( 1 9 7 6 ) , 

Duncan and K1averkamp ( 1 980 ) , Fos t�r  ( 1 982b ) ,  LeB lanc ( 1 982 ) ,  and Wang 

( 1 986b ) conduct ed s tudi e s  of acc l imat ion to z inc or used organisms that 

had been exposed or were  res i s t ant to z inc . 

B iochemical  and h i s t o lo g i c a l  s tud ies were  not used ( e . g . , Anderson 

and Sparks 1 9 7 8; Canalon 1 9 82; Cen ini  and Turner 1 9 7 9; Eddy and T a lbot 1 98 5 ; 

Kearns and Atch i s on 1 9 7 9; Kodama et  a1 . 1 9 82a , b ; Nemc sok et  a1 . 1 9 84; 

Rachl in et al . 1985 ; S a i ler  et al . 1 980 ; Schmit t  et al . 1 9 8 4 ;  Tab an et 

a1 . 1 9 8 2 ; T homas e t  al . 1 9 8 5 ; V i j ayamadhauan and Iwa i  19 7 5 ; Wat son and 

Beamish 1 980 ; Wat s on and McKoewn 1 9 7 6 ;  Yamamot o  et a l . 1 9 7 7 ) . 

Res u l t s  o f  chronic  t e s t s  were not used i f  the c oncent rat ion o f  t e s t  

mat er i a l  was not measured ( e . g . , W inner and Gau s s  1 98 6 )  or  i f  thE! t es t  

so lut ions were only renewed onc e a week ( e . g . , Crandal l and Goodnight 

1 9 62 , 1 96 3 ) . Dat a on t ox i c i t y  or accumu lat i on or both from m�cro(:osm or 

model  ecosy s t em s tud ies  were not used if the concent rat ion of z inc ih  

wat er dec reased with t ime ( e . g . , Bachman 1 963;  Dav i s  and Neg i l ski 1 9 7 2) . 

Resul t s  o f  laborat o ry b i oc onc ent rat ion t e s t s  were not used i f  the t e s t  

was not f low-through or renewal ( e . g . , Dean 1 9 74 ; Evtushenko e t  a l . 1 9 84 ; 

Fayed e t  al . 1 9 8.3; Hughes  and Flos  1 9 7 8 ; Joyner 1 9 6 1 ;  Joyner and E is l er  1 9 6 1 ;  

Lyngby et a l . - 1 9 8 2 ; S k ipnes et  a1 . 1 9 7 5 ; Sklar 1 9 80; S l at er 1 96 1 ; Young 

1 9 7 7) or i f  the concent rat ion of  z inc �n  the t es t  s o lut ion was not adequa t e ly 

measured ( e . g . , Me l l inger 1 9 7 2 ;  Munda 1 9 7 9 , 1 984 ; Ph i l l ips  1 9 7 6 , 1 9 7 7 ) . 

Hardy and Raber ( 1 9 8 5) d id not me asure the c onc ent rat ion o f  z inc i n  t i s sues . 

Van Hoo f and Van San ( 1 9 8 1 )  found h igh c onc ent rat ions o f  z i nc in  the i r  

cont rol  f ish . Harvey ( 1 9 74) s tud ied depurat ion , b u t  not upt ake , o f  z �nc 

by a freshwat er c l am,  and Ferguson and Bub e l a  ( 1 9 7 4) s t ud ied upt ake by 

homogenized algal sus pens ions . The c onc ent rat ion of  z inc f luc t u,at ed t oo 

mucn �n the t e s t s  report ed by Ko rmondy ( 1 9 6 5 )  and O ' Grady and Obdul l ah ( 1 9 8 5 ) . 
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Reports o f  the  c oncent rat ions o f  z inc in wild aquat ic organ i sms 

( e . g . ,  Abdul l ah et a l . 1 9 7 6 ; Abo-Rady 1 97 9 , 1 9 83 ; Adams et ale  1 980 , 1 98 1 ; 

Amemiya and Nakayama 1 984 ; Anderson 1 9 7 7 ; Anderson et  al e 1 9 7 8 ; Arnac and 

Las sus 1985 ; Badsha and Gol d s pink 1 9 82 ; Bailey and St okes 1 98 5 ; B arber 

and Tre fry 1 9 8 1 ; Bohn and F a l l i s  1 97 8 ; B o s s erman 1 9 8 5 ; Bradley  and Mor r i s  

1 986 ; Brez ina and Arno ld 1 97 7 ; Brooks e t  a l e 1 9 76 ; B rown 1 97 7 ; Brown and 

Chlow 1 9 7 7 ; Burrows and Wh it t on 1 9 83 ; Bur t on and Peterson  1 9 7 9 ; Bus s ey et 

al e 1 9 7 6 ; Caines et a 1 . 1 9 85 ; Chapman 1 985 ; Chas s ard and Ba1vay 1 9 7 8 ;  

Cought rey and Mart in  1 9 7 7 ; Cover and Wi 1hm 1 982 ; Cowx 1 9 8 2 ;  Dal l inger 

and Kaut zky 1 985 ; EIFAC 1 9 7 7 ; Elder  and Mat t raw 1 984 ; E l l io t t  et  al e 

1 9 8 1 ; E lwood e t  al e 1 9 7 6 ; E s t abrook et  al e 1 985 ; F e l a t  and Mel z er 1 9 7 8 ; 

F letcher and K ing 1 9 78 ; F let cher et al e 1 9 7 5 ; F ranz i n  and McFar l ane 1 980 ; 

Fraz ier 1 9 7 5 ; F r i ant and Koerner 1 98 1 ; Fr iant and Sherman 1 9 80 ; Ga l e  et 

ale 1 9 7 3a , b ; Giesy and We iner 1 9 7 7 ; Gre ichus et a l e 1 9 7 8 ; Guil l i zzoni 

1 9 80 ; Hakanson 1 9 84 ;  Harding and Wh i t t on 1 9 7 8 ; Hei:t and Klusek 1 98 5 ; Ho lm 

1 980 ; Howard and Brown 1 983 ; Hugget t et al e 1 9 7 3 ; Jeng and Lo 1 9 74 ;  

Johanness an et al e 1 983 ; Jones et  al e 1 9 85 ; Kle inert et a l e 1 9 74 ; 

Ko 1e  et  a l e 1 9 7 8 ; Korda et al e 1 9 7 7 ;  Lee et al e 1 984 ; Lewi s 1 980 ; Lobel 

and Wr ight 1 98 3 ; Lord et  al e 1 9 7 7 ; Lowe et al e 1 985 ; Luc as and Edgingt on 

1 9 70 ;  Lundho lm and Ander s son 1 98 5 ; Maas 1 9 7 8 ;  Mc Farl ane and F ranz i n  1 9 7 8 ;  

McHardy and George 1 9 8 5 ; Moreau e t  al e 1 983 ; Mor r i son  e t  al e 1 985 ; Nab rzyski 

1 9 7 5 ; Nabrzyski and Gaj ewski 1 9 7 8 ;  Namminga and Wi lhm 1 9 7 7 ; Ney and 

Mart in 1 9 8 5 ; Ney et a1 . 1 9 8 2 ; Norr is  and Lake 1 984 ; O ' Gr ady 1 98 1 ; Paul 

and P i l l a i  1 983 ; Pennington et al e 1 98 2 ; Percy and B o r l and 1 985 ; Pever ly 

1 9 8 5 ; Rabe e t  al e 1 97 7 ;  Ranta e t  a 1 . 1 9 78 ; Ray and Wh i t e  1 9 7 9 ; Rehwo ldt 

et al e 1 9 7 6 ; Romberg and Re fro 1 9 73 ; S a lank i et al . 1 98 2 ; S a l t es and 

B a i l ey 1 9 84 ;  Seag l e  and Ehlmann 1 9 74 ;  Shearer 1 984 ; Sh imma et  a l e 1 9 84 ;  
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Shuman et  a1 . 1 97 7 ;  S impson 1 9 79 ; S t ar y  et a1 0 1 98 2 ;  S t okes et .a 1 .. 1 98 5 ; 

S t ru f e  1 964 ; Teherani et a 1 . 1 9 79 ; Tes s i e r  et  a l . 1 984 ; T is a  and Strange 

1 9 8 1 ; Tsui  and McCart 1 98 1 ; Uthe and B l igh 1 9 7 1 ; Van Co i l l ie and Rouss eau 

1 974 ; Van Loon and Beamish 1 9 7 7 ; Vi l l arreal-Trevino et  a l e 1986 ; Vinikour 

et al . 1 980 ; Wachs 1 982 ; Wa lker et al . 1 975 ; Wehr and Whi t ton 1 983a , b ; 

Wehr et a l . 1 983 ; Wh it ton et a l .  1 98 1 , 1982 ; W i ener and Giesy 1 979 ;; Winger 

and Andrea s en 1 98 5 ; W i ssmar et a l e 1 98 2 ; Young and B l ev i ns 1 98 1 , Zadory 

1 984)  were not used to c alculat e  b ioaccumul at ion fac t ors  because E! ither 

the number of measur ement s of the concent rat ion in wat er was too 

sma l l  or the range o f  the measured concent rat ions i n  wat er was too l arge . 

Summary 

Acute t oxic i t y  values are ava i l ab le for 4 3  s pec i e s  o f  freshwat er 

anima l s  and dat a for e ight s pec ies i nd i c at e  that acut e toxic i t y  dec reas e s  

a s  hardne s s  increas e s . When adj u s t ed to a h ardne s s  o f  50  mg/L , s l!ns i t  ivi t ies  

range from 5 0 . 70  �g /L for  Ceriodaphnia  re t iculat a to  88 , 960 � g /L Eor  a 

dams e l f ly . Add it ional dat a ind icate  that t oxic i t y  inc reases  as t l!mperature 

1nc reas es . Chronic  t ox i c i t y  dat a  are ava i l ab le for n i ne freshwat er 

s pec ies . Chroni c  values for two invert ebrat es ranged from 4 6 . 7 3 IJg /L for 

Daphnia magna t o  > 5 , 243  � g /L for the c add i s f l y ,  C l i s t o ron i a  magn i E i c a . 

Chroni c  values for seven f ish  s pec ies ranged f rom 3 6 . 4 1  � g /L for the f l ag f ish , 

Jordanel l a  f l o r idae , t o  8 54 . 7  �g/L for the brook t rout , Salvel inus font inal i s . 

Acut e-chron i c  rat i o s  ranged from 0 . 26 1 4  t o  4 1 . 20 ,  but the rat ios  for  the 

sens it ive s pec ies were  a l l  les s than 7 . 3 .  

The s ens i t iv it y  range o f  freshwat er p l ant s t o  z inc 1 S  g reat er than 

that for anima l s . Growth o f  the a l ga , Se lenast rum c apricornutum ,  was 

i nh ib i t ed by 30 � g /L . On the other hand , with s everal other s pec i e s  o f  
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green algae ,  4-day EC50s exceeded 200 , 000 �g /L . Z inc was found to b ioac cumu 1at e 

in f reshwat e r  animal t is sues f rom 5 1  t o  1 , 1 3 0  t imes the concentrat ion 

present in the wat er . 

Acceptab le acut e toxicity  values for z inc are ava i l ab l e  for 33 

spe c ies  of s a l twat e r  animal s  inc l ud ing 2 6  invertebrat es and 7 f ish . 

LCS Os range f rom 1 9 1 . 5  �g/L for c abezon , .  Scorpaenichthys marmoratus t o  

3 20 , 400 �g/L for adul t s  o f  another c l am ,  Macoma balth ic a .  Early l ife  

s t ages o f  s a ltwater inver t ebrat es and f i shes are generally  more sens it ive 

to z inc than j uveni les  and adul t s . Temperature has vari ab l e  and incons is t ent 

e f fects  on the sens i t iv it y  of s a l twater  invet eb rat es to z inc . The sens i t iv it y  

o f  s al twat er anima l s  t o  z inc decreas es w i t h  inc reas ing s al i n i t y , b u t  the 

magnitude o f  the ef fect is spec i e s -spec i f ic . 

A l if e-cyc le t es t  w i t h  the mys id ,  Mys idops ia  bah i a , found unac ceptab l e  
. 

e f fec t s  at 1 20 �g/L , but not at 2 3 1  � g /L , and the acut e-chroni c  rat io  was 

2 . 99 7 .  Seven s pec ies  o f  s altwat er plant s were af fec t ed at c oncent r a t i ons 

r ang ing f rom 19 to 1 0 , 1 00 �g/L . B ioacc umu l at ion data  for z inc are ava i l ab l e  

for seven spec ies o f  s al t water  a lgae and f ive s pec ies o f  s al twat er animal s .  

St eady-s t at e  z inc b ioconcent rat ion fac t or s  for the twe lve spec i es range 

from 3 . 69 2  t o  2 3 , 820 . 

Nat ional Cr i t e r i a  

The procedures des c r ibed in the " Gu idel ines f o r  Der iv ing Nume r i c a l  

Nat ional Wat er Qua l ity Cri t e r i a  f o r  t h e  Pro t e c t ion o f  Aqua t i c  Organisms 

and The ir  U s es "  ind i c at e that , except  poss ibly whe re a locally  import ant 

s pe c ies is very sens i t ive , freshwater aquat ic organisms and their  uses 

should not be a f fec t ed unacc ept ab ly if the four-day average c oncent rat ion 

( in � g /L )  of z inc does no t exc eed the nume r i c a l  value g iven by 
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( 0 . 847 3 ( ln(hardnes s ) }+0 . 7614 )  more than once  every three years on the  e 

average and i f  the one-hour average concent rat ion ( i n �g/L) do�s not 

exceed the nume r ic a l  value g iven by e 
( 0 . 84 7 3 [ ln(hardne s s )]+0 . 8604) mor e  

than once every three years o n  t h e  average . For examp l e , at h ardne s s e s  

o f  50 , 1 00 ,  and 200 mg/L as CaC03 t h e  four-day average concent rat ions o f  

z inc are 5 9 ,  1 10 ,  and 1 90 � g /L ,  res p e c t ive ly , and the one-hour average 

concent rat ions are 65 , 1 20 ,  and 2 10 � g / L .  I f  the s t r ip ed b a s s  is  as 

s ens it ive as  some dat a i nd i c at e ,  it  w i l l  not be  prot ec t ed by t h i s  c r it erion .  

The procedures des c r ibed in  the  " Gu i de l ines for  De riving Nume r i c a l  

Nat i onal Wate r  Qua l  ity  C r it e r i a  f o r  the Pro t e.c t ion o f  Aquat i c  Org .anisms 

and The i r  U s es "  indicate  that , except  poss i b ly where a loc a l ly import ant 

speci es is  very sens i t iv e , s al twater aquat i c  org an isms and t h e ir uses 

should not be a ffec t ed unaccep t ab ly if the four-d ay average concent rat ion o f  

z inc doe s  not exce�d 8 6  �g /L more than once every three years on the 

average and if the one-h our average concent rat ion does not exc eed 95 �g/L 

more  than onc e every t h ree years on the  average . 

"Ac id- s olub l e" is  probab ly the  bes t measu rement at pres ent for 

expres s ing c r i t e r i a  for met a l s  and the c r it e r i a  for z inc were developed 

on t h is bas is . Howeve r ,  at t h i s  t ime , no E PA app roved method for such a 

measurement is  ava i l ab le t o  imp l ement c r i t e r i a  for me t a l s  t hrough the 

regulat ory programs o f  the Agency and the S t at es . The Agenc y  i s  

cons ide r ing development and approval  o f  a method f o r  a measur9ment such 

a s  " ac id- s o l ub l e . "  Unt i l  one is app roved , however , E PA rec ommends app ly ing 

c r it e r i a  for met a l s  us ing the t o t a l  recoverab le me thod . Th is has two 

impac t s : ( 1 )  cert a i n  spec ies o f  s ome met a l s  cannot be measured becaus e 

the t o t a l  recove rab le method c annot d is t ingu ish between ind iv idua, l ox idat ion 

3 2  



s t at es , and ( 2 ) i n  s ome c a s es · these c r i t e r i a  might be overly protec t ive 

when b as ed on the total  recoverab l e  met hod . 

Three years i s  the Agency ' s  best  s c ient i f i c  j udgment o f  the average 

amount of t ime aquat ic  ecosys t ems shoul d  be provided b etween excurs ions 

( U . S .  EPA 1 98 5b ) . The res i l ienc ies o f  ecosy s t ems and the i r  ab i l it ies to 

recover d i f fe r  great l y ,  however ,  and s it e-spec{ f ic a l lowed excurs ion 

f requenc ies may be e s t ab l i sh�d if adequat e just if icat ion is prov ided . 

Use  o f  c r it er i a  for deve lop ing water qual ity-b a s ed permit l imits  and 

for des igning was t e  t reatment fac i l it ies requires s e le c t ion o f  an 

appropriat e  was t eload a l lo c at ion mode l .  Dynamic mod e l s  are p re ferred for 

the appl icat ion of the s e  c r i t er i a  ( U . S .  EPA 1 98 5b ) . Limited dat a or 

other cons iderat ions might make the ir  use impract ica l , in �h ich case one 

must rely on a s t eady-s t at e  mode l  ( U . S .  EPA 1 986 ) . 
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w .f:-

Species 

Wonn , 
L umbr l cu l us var legatus 

Tub l t l c ld wonn, 
L Imnodr l I us hof fme l ster l 

Wonn ,  
N a l s  sp.  

S na i l  ( embryo) • 
Amn l co l a  sp. 

Sn a i l  ( ad u l t) , 
Amn I co l a sp .  

Sn a I I  ( ad u I t) , 
H e l l soma campanu l at um  

S n a i l  ( ad u l  t) , 
H e l l soma campanu l atum 

S n a i l  ( ad  ul t) , 
He l l soma campanul atum 

S n a i l  ( ad u l t) , 
H e l l soma campanu l at um  

S na i l  ( ad u l  t) . 
P hysa gyr I na 

S na i l , 
P hysa heterostropha 

Table 1 .  

Me'thod* Ct._leal 

5 , U Z inc ch l or ide  

5 , U Z i nc su i fa te 

5 , M 

5 , M 

5, M 

5, U Z i nc su i fate 

5, U Z i nc sui tate 

5, U Z i nc sui tate 

5, U Z i nc sui fate 

f, M Z i nc Ch l or ide  

5, U Z i nc ch l or ide 

Acute Tox ic ity of Zinc to Aquatic A. I_l s 

Hardness LOG Adj usted Spec l. Mean 
(.-giL .s or �  LOG or � Acute Vel_ 
caCO� (!S/l)" (I!S/l)··· (I!S/U···· R.ference 

fRESHWATER SPEC I ES 

30 6 , 300 9, 71 2 9, 71 2 Ba I I  ey and L l  u 1 980  

1 00 >2 , 274 >1 , 264 >1 , 264 Wurtz and Br idges 
1 961 

50 1 8 , 400t 1 8 ,400 1 8 , 400 Rehwo l d't at al . 1 973 

50 20, 200t 20, 200 Rehwo l dt at al . 1 973 

50 1 4, 000t 1 4, 000 1 6 , 82 0  Rahwo l dt at a l . 1 973 

20 870 1 , 891 Wur tz 1 962 
0 2.8 -C ) 

20 1 , 270 2 , 760 Wurtz 1 962 
(22.8 ·C ) 

100 3, 030 1 , 684 Wur tz 1 962 
0 2.8 ·C ) 

100 1 , 270 705.9 1 , 578 Wur tz 1 962 
(22.8 ·C ) 

36 1 , 274 1 ,683 1 ,683 Nebeker et al • 1 986  

45 1 , 800 1 , 968 Ca i r ns and Scha l er  
(20 ·C ) 1 958 b; Acadany of Nat &ra l 

Sc l ances 1 960 
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Tebl. 1 .  (Continued) 

SJ)!CI .. 

Sna i l ,  
P hysa heterostropha 

Sna i l ,  
P hysa heterostropha 

Sna i l ,  
P hysa heterostropha 

Sna I I  ( ad  ul t) , 
P hysa heterostropha 

Sna I I  ( ad  u I t) , 
P hysa heterostropha 

Sna I I  ( young) , 
P hysa heterostropha 

Sna i l  ( yo ung) , 
P hysa heterostropha 

Sna I I  ( yo ung) , 
P hysa heterostropha 

Sna I I  ( young) , 
P hysa heterostropha 

Sna I I  ( yo ung) .  
P hysa heterostropha 

Sna I I  ( young) , 
Physa heterostropha 

AS i at i c  c l am  ( 1 0-21  
Corb l c u l a  t l uml nea 

nun) , 

Method* 

S ,  U 

S, U 

S, U 

S ,  U 

S, U 

S ,  U 

S ,  U 

S,  U 

S,  U 

5 , U 

5 , U 

S, M 

Herdn ... 
(1ig/L e. 

Ch_lcel C9J) 

Z i nc  ch lor Ide 45  
no·C)  

Z i nc ch lor Ide 1 70 
(20·C)  

Z i nc  ch lor Ide 1 70 
CSO·C)  

Z inc su i  tate 20 

Z i nc su i  fate 1 00 

Z i nc  s u i  fate 20 
( t o.6·C )  

Z inc s u i  tate 20 
C 1 2.8·d 

Z i nc  s u i  tate 20 
n2. 2 °C )  

Z i nc  s u i  tate t OO  
n O.6"C )  

l l nc  su i  tate t oo 
( 1 2. 8·C )  

Z i nc  su i  fate 1 00 
(}2 . 2 ·C )  

Z i nc sui tate 64 

• 

LC50 Adjusted Specl .. ...... 
or EC50 LC50 or EC50 Acut. V.I ... 
(I!s!U" (I!s!L)··· (I!s!U .... R.f ...... c. 

1 , 000 l , 09} Ca irns  and Sche ler 
1 958b; Acad_y of 
Nat ", . 1  Sc iences 1 960 

6 ,200 2 , 1 98 Ca irns and Sche ler 
1 958b; Academy of 
Nat tr a l  Sc iences 
1960 

7 , 1 00 2, 51 7 Ca irns and Sche ier 
1 958b; Academy of 
Nattr a l  Sc iences 
1960 

1 , 1 1 0 2,4B Wurtz and Br I dges 
1961 . wurtz 1 962 

}, 160 1 , 756 Wurtz and Br I dges 
1961 ; wurtz 1 962 

}O} 658.6 Wurtz 1 962 

4}4 94}.} Wurt z 1 962 

}50 760.8 wurt z 1 962 

4}4 24 1 .2 Wurt z 1 962 

l , }9O 172.6 Wurt z 1 962 

1 , 1 10 · 61 7.0 1 ,OU8 Wurtz 1 962 

6,040t 4 , 900 4 ,900 Charry at al . 1 980; 
Rodgers at lSI . 1 980 
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Tabl. 1 .  (COII't lnued) 

Se!!:I •• 

CI adocer an ( <24 hr) , 
C er lodaphn l a � 
C l adoceran , 
Cer lodaphn l a  ret l cu l ata 

C I adocer an , 
Cer l odaphn l a  ret lcu lata 

CI adoceran , 
Cer l odaphn l a  ret lcu l ata 

CI adoceran , 
D aphn i a  magna 

C I adocer an , 
D aphn I a magna 

C l adoceran ,  
D aphn i a  magna 

C l adoceran , 
D aphn I a magna 

C l adoceran . 
Daphn I a magna 

C l adoceran .  
D aphn i a  magna 

C I adocer an . 
D aphn I a magna 

C I  ad ocer an , 
D aphn i a  magna 

C l adoceran ,  
D aphn i a  pu lex 

C I adoceran , 
Daphn i a  pu lex 

Me'thod-

R, M 

S, U 

S,  U 

S, M 

S, U 

S,  U 

S,  M 

S,  U 

S,  M 

S. M 

S, M 

F, M 

5 , M 

S, U 

Hardn ... 
(IIg/L •• 

Ch_lcal C!!COJ) 

Z inc ch lor Ide" 52 

45 

Z i nc ch l or ide 45 

Z inc ch l or ide 45 

Z i nc ch l or ide 

Z i nc ch i or lde 45.3  

Z i nc sui tate 45 

45 

Z I nc ch l or Ide  54 

Z I nc ch l or ide 1 05 

Z i nc ch i or lde 196 

Z i nc ch l or ide no 

Z i nc sui tate 45 

45  

1.C50 AdJus'ttMI Specl .. ..... 
or EC50 LC50 or EC50 Acut. V.I ... 
(es!U" (eS/U••• (eSIL)···· R.t ..... c. 

1 80 1 74 . 1  1 74 . 1  Car I S)fI _'t Itl . 1 986 

16 83 . 1 0  Moun t and Norberg 
1 984 

4 1  44 .82 Car l son end Roush 
1 985  

32 34.99 50 .10 Car l son end Roush 
1 985 

<1 1 .95 And erson 1948 

1 00  1 08. 1  B I _s l ng er  and 
C hr i stensen 1 912 

280 306. 1 Ca i r ns et a' . 1 97 8  

68 14 .35  Mount and Norberg 
1 984 

334 3 1 2.9 Chapman at al e 

Manuscr i pt 

525 280 .0 Chapman et al e 

Man user I pt 

655 205.8 Chapman at 151 .. 
Manuscr i pt 

198.9  355.5  355.5 Attar 5l d  Mal Y 1 982 

500 546. 1 Ca irns at at . 1 918 

1 01 1 1 7 .0 252.9  Mount and Norberg 
1 984 



T.bl e  1 .  (CotItlllued) 

Herd .. es. LC50 AdJIISted Specie . ...... 
'IIQ/L •• or EC50 LC50 or EC50 Acute V.I ... 

Se!£les Method· Ch_lc.1 ceCO;S) 'eS/U" (I!SIL'··· 'I!sl!:, .... Ret.-ence 
I so pod  ( 3-7 mm) , f, M Z i nc sui fate 220 20 1 1 0tt , 5 , 73 1  5,731  Bosnak and Morgan 
A se l l us b l crenata 1 98 1  

I sopod ,  5, U Z i nc sui fate 20 1 2, 134 27 , 680 Wur tz and Br Idges 
A se l l us commun i s  1 96 1  

I sopod , 5, U Z i nc sui fate 100 8, 755 4 , 866 1 1 ,61 0 Wur tz and Br idges 
Ase l l us commun i s  1 961  

I sopod ( 3-7 mm) , f, M Z i nc sui fate 1 52 8 :S15tt , 3 , 265 3 , 265 Bosn ak and Morg an 
L l rceus a l abamae 1 981  

Am ph I pod , R, U Z i nc sui fa te 50 1 9 , 800 1 9 , 800 1 9 , 800 Mar t i n  5ld Ho l d lch 
C ran9on�x eseudo9rac i l i s 1 986 

Am ph I pod , 5, M ·  50 8 l OOt 
, 8 , 1 00 8, 1 00  Rehwo l dt et al . 1 973 

Gammarus sp. 

Damsel t I y,  5, U Z i nc sui fate 20 40,930  88, 960 88, 960 Wur tz and 8r Idges 
\..oJ A rg l a  sp . 1 96 1  
-.-J 

Bryozoan , 5, U 1 90- 4 , 31 0 1 , 307 1 , 307 Pard ue and Wood 1 980 
P ect l nate l l a  magn i f i ca 220 

Bryozoan , 5, U 1 90- 5 ,630 1 , 707 1 , 707 Pard ue 5ld Wood 1 980 
L ophopode I I a carter I 220 

Br yozoan , 5, U 190- 5, 300 1 , 607 1 ,607 Pard ue and Wood 1 980 
p l umatel l a  emarg l nata 220 



Teb l e  , .  (Contln_' 

Herd "e •• 
(1ig/L •• 

S!!!:les Method· Ch_leal ceC01' 
Amer lean eel , S, M 55 
Angu i l l a rostrata 

Amer ican eel , S ,  M Z i nc n i trate 53 
Angu i l l a rostrata 

Coho sa l mon ( year l lnq ) , R ,  M ZI nc ch i  or Ide 94 
Oncorh�nchus k l sutch 

Coho sa' mon , F ,  M Z i nc ch l or id e  25 
Oncorh�nchus k l sutch 

Soc keye sa Imon ( par r) , F ,  M Z i nc ch l or ide 22 
O ncorh�nchus nerka 

Ch i nook sa l mon ( a l ev l n ) , F ,  M Z i nc ch i or lde 23 
Oncorh�nchus tshawytscha 

w Ch i nook sa l mon ( j UlI en  l i e) ,  F ,  M Z inc sui fate 2 1  
(Xl O ncorhynchus tshawytscha 

Ch inook sa l mon F, M Z i nc chl or ide 23 
( sw i m- up aI 8ll I n) , 
Oncorh�nchus tshawytscha 

Ch i nook sa l mon ( parr ) , f ,  M Z i nc chi or Ide 23 
Oncorhynchus tshawytscha 

Ch i nook sa l mon ( smol t) ,  F ,  M Zi nc ch l or ide 23 
Oncorhynchus tshawytscha 

Cutthroat trout R, M ZI nc su i fate 
( t  I nger l l ng) , 
S a l mo c l ar k i  

R a  Inbow trout ( j uven I I  e )  , F, M Z i nc sul fate 330 
S a l mo ga l rd ner l 

Ra I nbow trout ( j  UII en I I  e) , F,  M Zinc sui tate 25 
S a l mo ga l rdner l 

Ra inbow trout ( 3 0. 5 g) , F ,  M Z i nc sul fate 30 
S a lmo Qa l rdner l 

Ra i nbow tro ut (22 . 6  g )  , F,  M Z i nc sui ta te 30 
.S e l mo ga l rdner l 

LC50 
or EC50 
(l!stU" 

1 4 , 500t 

1 4 , 600t 

4 , 600 

90 5  

749 

>661 ttt 

84 

97 

463 

70t 

90 t 

7 , 2 1 0  

. .. " .. ..IV 

4 3 0  

81 0 

Adjust .. Specl_ ..... 
LC50 or EC50 Acut. V.lue 

(!stU••• (!S/U .. •• 

1 3, 380 

1 3, 900 1 3,630 

2 , 694 

1 , 628 1 , 628 

1 , 502 1 , 502 

1 75 . 2  

1 87 . 3 

894 . 0  

1 , 354 446.4 

1 , 4 5 7  

"'"1"" &.. 
, ' ..l e U 

662 . 9  

1 , 249 

R.terence 

Rehwo l d t  et al . 1 972 

Rehwol d t  et al . 1 973 

Lorz and McPherson 
1976 , 1 977 

Chapman end Stevens 
1 978 

Chapm«1n 1 975 , 1 978a 

Chapman 1 975 . 1 978b 

f I n l ayson end Verrue 
1 982 

Chapman 1 975 . 1 978b 

Chapman 1 97 5 . t 978b 

Chapman 1975 , t 978b 

Rabe end Sappl ng ton 
1 970 

S i n l ey et a l • 1 974 

C; l n i AV @t /!I! • 1 974 - _  . .  - - ,  

Go ettl et a l . 1 974 

Go ettl et a l . 1 974 



Table  1 .  (Continued) 

Hardn .. s LC� Adjust .. Specl .. ...... 
(IIg/L as «" EC50 � «" £C5O Acute V.I ... 

Sl!!S: les Method· Ch_lca l caCOJ)' (I!SIl'" (I!SIl)··· (esll)···· Reterence 

Ra i nbow trout (29 .7 g) , F, M Z i nc  su i  tate 30 410 632.1 Goettl et al . 1 974 , 
S a llllO ga l rdner l 1976 

Ri'l l nho\Ol tro l 1t ( 1 8 . '3 0) F .  M Z inc s il l  tl'lte �p 4 'i?() Q,\ A () Goettl  et al . 1 974 , 

Ra I nbow trout (2.0 g) , F, M Z inc su i  tate 31 2 1 , 1 90 252.2 Goettl at al . 1 914 , 
S a l mo ga l rdner l 1976 

Ra i nbow trout (}4.6 9) , F, M Z i nc  s u i  tate 23 560 1 ,081 Goett l e  at al .. 1 914 
S a lmo ga l rdner l 1976 

Ra i nbow trout (4.9  g) , F, M Z i nc su i  tate 22 240 481 .2 Goettl at al . 1 914, 
S a l mo ga l rdner l 1976 

Ra I nbow trout ( 52. 1 g) , F, M Z i nc  su i  tate 30 830 1 , 280 Goettl et al . 1 914 , 
S a l mo ga l rdner l 1916 

l;J Ra i nbow tro ut ( 1 5.4 g) , F, M Z i nc su i  tate 314 7 , 21 0  1 , 520 Goett l  et al . 1 974 , 
\0 � ga l rdner l 1976 

Ra I nbow tro ut ( 72 g) , F, M Z i nc s ui tate 1 02 1 ,000 546.6 Goettl et al . 1 974 , 
� ga l rdner l 1916 

Ra I nbow tro ut ( J !Nen I I  e) , R, U Z inc su i  tate 5 280 1 , 970 Melea y 1 976 
� ga l rdner l 

Ra inbow trout ( a l � ln) , F,  M Z inc ch i or Ide 23 81 5 1 , 574 Chapman 1975 , 1918b 
� ga l rdner l 

Ra Inbow trout F, M Z i nc ch i or lde 23 93 1 79.6 Chapman 1915 , 1978b 
( sw 1 m- up al fH I n) , 

� ga l rdner l 

Ra inbow trout ( parr) , F, M Z i nc ch l or ide 2} 1 36  262 .6 Chapman 1 915 , 1978b 
� ga l rdner l 

Ra inbow trout ( smol t) , F ,  M Z inc ch i or lde 23 X)51 ttt Chapman 1975, 1 978b 
� ga l rdner l 

Ra Inbow trout ( ad  ul t mal e) , F, M Z i nc ch i or lde 83 1 , 755 1 , 1 42 Chapman and Stevens 
� ga l rdner l 1 978 



Tabl.  1 .  (Contl,,_) 

Hard" •• LC50 Adjusted Specl .. ...... 
CIIg/L e. or EC50 lC50 or EC50 Acut. V.I ... 

Se!!!:'.s Method· Ch.'cel C!!C!b) (1!9A)" Cl!S/L)··· CI!sl!, .. •• R.f ..... ce 
Ra I nbow tro ut ( j wen l l e) ,  F, M Z Inc su i  tate 4 6 .8 310 391 .3 Holcombe end Andrew 
� ga l rdner l 191 8 

Ra i nbow trout ( j wen l l a) ,  F, M Z i nc  su i  tate 4 1 .0 51 1 544 .8 HolcOIIIbe end �ndrew 
S a l mo  ga l rdner l 1918 

Ra i nbow tro ut ( j wen l l a) ,  F, M Z i nc sui  tata 44.4 156 836.0 HolcOIIbe and Andrew 
S a l mo ga l rdnar l 191 8 

Ra I nbow tro ut ( j  wen I I  a) , F, M Z inc su i  tate 1 18 2 , 510 855.9 Holcombe and Andrew 
.i!.!.!!!2 ga I rdner I 1918 

Ra I nbow trout ( j  wen I I  e) , F, M Z Inc sui  tate 1 19 2 , 960 1 , 005 HolcOIIbe and Andrew 
� ga lrdner l 1918 

Ra I nbow tro ut ( J  wen I I  e) , F, M Z i nc sui  tate 1 10 1 , 91 0  6 1 1 .2 Holcombe and Andrew 
� ga lrdner l 1918 

Ra I nbow tro ut ( t  Inger l l ng) , S, M Z inc su i  tate 1 4  560 1 , 641 Spry and IiWod 1 984 
� 0 

S a lmo ga l rdner l 

Ra inbow trout ( fr y) , F, M Z Inc ch l or Ide 9 . 2  66 211 .0 689 . 3  Cus I mano at a l . 1 986 
� ga l rdner l ( pH=1.0 ) 

At l an tic sa l mon ( parr) , F,  M Z I nc sui tate 1 4  14 0 2 , 1 16 2 , 1 16 Carson and Carson 1 912 
�� 
Brook trout ( j wen  I I  e) , F ,  M Z inc sui tate 46. 8 1 , 550 1 , 639 Ho i  COlI be and Andrew 
S a l ve l l nus font l na l l s  1 91 8  

Brook trout ( j  wen  I I  e) , F, M Z inc sui tate 4 1 . 0  2. 1 20 2 , 234 Ho i  can be and And rew 
S a l ve l l nus font l na l l s  1 91 8  

Brook trout ( jwen I I  e) , F, M Z i nc sui fate 44.4 2. 420 2 , 616 Hol canba and And rew 
S a l va l l nus tont l na l l s  1 91 8  

Brook trout ( j uven I I  a) , F, M Z i nc sui fate 1 7 8  6 , 1 40 2 . 094 Ho I  can be lIld .  Andrew 
S a l va l l nus font l na l l s  1 91 8  

Brook trout ( J uven i l e) ,  F ,  M Z inc sui fa ta 1 7 9  6 , 980 2 , 369 Ho i  can be and Andrew 
S a l ve l l nus font l na l l s  1 91 8  



Tab l. 1 .  (Continued) 

Hard ... ss lC50 Adj usted Specl .. .... 
(1lg/L a. or EC50 lC50 or EC50 Acut. V.I ... 

Species Method· Ch_Ica l  caCO,3L (I!S/U·· (I!S!!;)"· (I!S/l)· .. • R.t ..... c. 

Brook trout ( J w en l l e) ,  f, M Z i nc s u i  tate 1 70 4 , 980 1 , 166 2 , 1 00 Ho I cOlllbe and Andre" 
S a l ve l lnus  tont l n e l l s  1918 

Long t i n  dace ( Jw en l l e) ,  R, M Z i nc sui tate 21 7 790t 221 . 8  221 . 8  Le" l s 1 918 
Agos l a  chr�sogaster 

Go l d t l  sh , 5, U Z inc sui tate 50 7, 500 1, 500 Ca ir ns et al . 1 969 
Carass l us auratus 

Go l d t l sh ( 1 -2 g) , 5, U Z i nc sui ta te 20 6 , 440 1 4 , 000 1 0 , 250 P I C ker ing and Henderson 
Carass l us auratus 1 966 

Common c ar p  « 2 0 on) , 5, M Z i nc n i tr ate 53 1, 800t 1 , 424 RehlijO l dt et al . 1 911 
Cyp r l nus carpi o  

Common c ar  p , 5, M 55 7 , 800t 7 , 1 94 RehlijO l dt et al • 1 912 
C�pr l nus carp io  

Common car p ( 2 .  1 g) , R,  U Z i nc sui tete 19  3 , 1 20 7 , OIB 7, 233 Khang arot at al . 1 983 
"'" Cypr l nus carp i o  ...... 

Go l den sh i n er , 5 ,  U Z inc sui tate 50 6 , 000 6 , 000 6, 000 Ca I rns at al • 1 969 
Notem lgonus cr�so l eucas 

fathead m innow ( em bryo ) , f, M Z inc sui tate 1 74 - 1 , 82 0  599 .0 P I C ker Ing and V I g or  
P l mepha l es proma l as 1 98 1 965 

fathead m i nnow ( embryo) , f, M Z i nc sui tate 1 74 - 1 , 850 608 .9 Pi c ker I ng  and ·V l gor 
P l mepha l es promel as  1 98 1 965 

Fathead m l nno" ( tr y) , f ,  M Z i nc sui fate 1 74 - 810 286 . 3  P i c ker Ing and V i gor 
P l meph a l es prome l as 1 98 1 965 

f athead m innow ( 1 -2 g) , 5, U Z inc su i ta te 20 2 , 550 5, 543 P I C ker i ng 5ld Henderson 
P l mepha l es prome l as 0 5 "C )  1 966 
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Tabl e  1 .  (CofttBnued) 

Species 

Fat head m i nnow 0 -2 g )  
P lmepha l es prome i as 

Fat head m i nnow 0 -2 g ) , 
P lmepha l es prome l as 

Fat he ad  m i nnow 0 -2 g ) , 
P lmepha l es prome l as 

Fat head m i nnow ( 1 -2 
P l mepha l es prome l as 

Fat he ad  m i nnow ( 1 -2 
P l mepha l es prome l as 

Fathead m i nnow ( 1 -2 
P lmepha l es prome i as 

fathead m innow ( 1 -2 
P l mepha l es prome l as 

fathead m innow ( 1 -2 
P lmepha l es prome l as 

fathead m i nnow ( 1 -2 
P lmepha l es prome l as 

fa thead m i nnow ( 1 -2 
P lmepha l es prome l as 

fathead m innow ( 1 -2 
P l meph a l es prome i as 

g) , 

g ) , 

g) , 

g) , 

g) , 

g) , 

g ) , 

g) • 

Hardness 
(.-gIL as 

Method· Ch_leal caCO�) 

S ,  U 20 
( 1 5-C)  

S,  U Z inc sui  tate 20 
( 2 5 -C )  

S,  U Z inc su i  tate 20 
( 2 5-C) 

S, U Z inc sui  tate 360 
(2 5-C)  

F,  M Z inc s ui tate 63 

F,  � Z i nc sui tate 54 

F, M Z i nc sui fate 97 

f, M Z inc sui fa te 103 

f, M Z i nc sui fa te 21 2 

F, M Z inc sui tate 208 

F, M Z i nc sul fate 54 

LC50 AdJYsted S.,.cle . ..... 
0(" EC50 lC50 or EC50 Acute h' ue 
(l!S/U·· (I!U/U"· 'es/U .... Reter8RCe 

2 , 330 5 , 064 P Ie k8l" I IQ  and Henderson 
1 966 

770 1 , 6 74 P Ie k8l" I IIJ  and Henderson 
(780 ) 1 966 

960 2 , 087 P Ie k8l" I IQ  and Henderson 
1 966 

.H,400 6 , 2 71 P Ie k8l" I IQ  and Henderson 
1 966 

1 2, 500 1 0, 280 Mount 1 966 

1 3, 800 1 2 , 930 Mount 1 966 

1 8, 500 1 0, 550 Mount 1 966 

2 5 , 000 1 3, 550 Mount  1 966 

29 , 000 8, 528 Mount 1 966 

35, 500 1 0, 61 0 Mount 1 966 

1 3, 700 1 2, 84 0  Mount 1 966 



Tabl.  1 .  (CotItlnued) 

Herdn ... LC!50 Adjusted Specl .. ..... 
(IIg/L •• or EC50 LC50 0/1' EC50 Acut. V.I ... 

Spec'" Method· C"-lc.1 C1IIC03) (I!S/U" (I!sl!:' ••• (l!ilL)···· R.t ... e. 

fat head m .  nnow ( 1 -2 g) , f, M Z I nc  s u I  fate 63 6,200 5,097 Mo�t 1 966 
P lmepha l es promel as 

fathead m Innow ( ' -2 g) , f, M Z I nc suI ta te 1 00 1 2, 500 6, 94 8  Mo�t 1 966 
P lmeph a l es prome l as 

fathead m Innow ( 1 -2 g) , f, M Z Inc suI tate 99 1 2, 500 7 , 007 Moun t 1 966 
P lmepha l es promel as 

fathead m Innow ( 1 -2 g) , f, M Z i nc suI ta te 166 1 9 , 000 6, 242 Moun t 1 966 
P lmepha l es prome l as 

fathead m i nnow ( 1 -2 g) , f, M Z i nc suI tate 195 1 3.600 4 . 293 Mount 1 966 
P lmepha l es prome l as 

fathead m i nnow 0 -2 g) , f, M Z I nc sui ta te 54 4 . 700 4 . 403 Mount 1 966 
P lmepha l es prome l as 

fathead m i nnow ( 1 -2 g) , f, M Z Inc sui ta te 49 5 , 1 00 5. 188 Mo� t  1 966 � P l mepha l es prome l as w 

fathead m i nnow ( 1 -2 g) , F, M Z I nc sui tate 98 8 , 1 00 4 . 580 Moun t  1 966 
P 'mepha l es promel as 

fathead m innow ( 1 -2 g) , f, M Z i nc sui ta te 102 9 , 900 5. 4 1 1 Mo� t 1 966 
P lmepha l es prome l a s  

fathead m innow 0 -2 g) , F, M Z i nc sui tate 193 8, 200 2 , 61 1 Mo�t 1 966 
P lmepha l es prome l as 

fathead m innow ( 1 -2 g) , f, M Z i nc su i ta te 21 6 1 5, 500 4 , 486 Mount 1 966 
P lmepha l es prome l as 

fathead m i nnow ( 4 4 . 6  mm) , 5, U Z i nc sul fate 166 1,630 ' 2 . 760 Rach l In Md 
P lmepha l es prome l as Per lm utter 1 968 



T.bl. 1 .  (CoIIt.n "In 

Hard ..... LC50 AdJ_ted Specl .. ..... 
(.-giL •• «" EC50 LC50 «" EC50 Acut. ,.1_ 

Specl •• Method· Ch_lcal caCOJ) (I!s!U" (I!SIL)··· (l!slU .... R.ference 
fathe ad  m innow (2-3 g) , f, M Z inc sui  tate 203 6,400 2 ,563 Br ung s  1 969 
P lmepha les prome l as 

fathead m innow ( 2-3 g) , f, M Z i nc su i tate 203 1 0, 000 3, 051 Br ung s 1 969 
P l mepha l es prome l as 

fathead m innow ( 2-3 g) , 5 , U Z inc sui tate 203 1 2, 000 3 , 661 Brung s 1969 
P l mepha l es prome l as 

fathead m innow ( 2-3 g) , 5,  U Z i nc sui tate 203 1 3, 000 3 , 966 Brungs 1969 
P lmepha l es promel as 

fathead m innow (4 wk) , f, M Z i nc sui tate 46 600 643 . 9  Beno I t and Ho I COlI be 1978 
P lmepha l es promel as 

fathead m innow ( 1 -2 g) . 5, M Zi nc sui tate 4 5  3, 1 00 3 , 389 Judy and DaV ies 1 97 9  
P l mepha l es promel as 

fathead m innow ( j uven i l e) , f, M Z i nc sui tate 220 2 , 61 0  743 .6 Broder I us and SIll I th .j::-- P lmepha l es prome l as 1 979 .j::--
fathead m i nnow ( l arv a) , 5 , M Zi nc ch l or id e  4 5  396 433.0 Car l  son end Roush 1 985 
P lmepha l es prome l as 

f athead I\\ lnnow « 2 4 hr) , 5 , M Z i nc chl or id e  52 551 533.0 3,630 Car l son at a l . 1986 
P l mepha l es prome l as 

Norther n squawf I sh f, M Z i nc ch l or ide 20-30 3, 498 6, 404 Andros and Garton 1 980  
( J uven i l e) , 
P tychoche l l us oregonens l s  

Nort her n sQua w f  I sh f, M Z i nc ch l or ide 20-30 3, 693 6, 761 6, 580 And ros and Garton 1980 
( j wen l l e) , 
P tychoche l l us oregonens l s  

Wh i te suc ker « 1 7 . 7  g) , f, M Z i nc ch i or Ide 18 2 , 200 5, 228 5 , 228 Duncan end K I av or kaIII p 
Catostomus commerson l 1 983 



.p. 
VI 

Tabl. ' .  (Continued) 

S�les 

Banded ki l l  I fI sh « 20 
F undu l us d l aphanus 

Banded ki l l  I f f  sh ,  
F undu l us d l aphanus 

F l ag  t I sh ( J  IN en I I  e) , 
J ordane l l a t l or ld ae 

Guppy (6 mo) , 
P 09c l l l a ret l cu l ata 

Guppy , 
P09c l l l a ret l cu l ata 

Guppy ( tr y) , 
Poec i l i a ret l c u l ata 

Guppy ( ad  ul t mal e) , 
Poec i l i a ret l c u l ata 

Guppy ( ad ul  t tema l e) , 
P 09c l l l a ret Icu l ata 

Guppy ( ad ul t mal e) , 
P oec l i i a rat l c u l ata 

Guppy ( ad  ul  t fema l e) , 
Poec i l i a ret l c u l ata 

Southern pl atyt l sh 
(20.8 mm) , 
X l phophorus macu l atus 

Wh I te perch « 20 em) , 
Morone amer i cana 

Wh l te perc h ,  
Morone amer i cana 

em) , 

Str I ped bass ( f i nger l i ng ) , 
Morone saxat i l i s  

Hard ... _ 
(1lg/L •• 

Method· Ch.lcal caCO�1 

5, M Z i nc n i tr ate 53 

5, M 55 

F, M Z i nc sui fate 44 

5, U Z i nc sui tate 20 

5, U Z i nc sui tate 120 

5, M Z i nc sui tate 30 

5 , M Z i nc sui tate 30 

5, M Z i nc sui tate 30 

5, U Z i nc su i tate 1 1 8 

5, U Z i nc sui tate 1 1 8  

5, U Z i nc sui tate 166 

5, M Zi nc n i tr ate 53 

5,  M 55 

5 , M Z i nc n i trate 53 

LC50 Adjusted Specl . ...... 
or EC50 LC50 or EC50 Acut. , .... 
(I!S/U" (I!SA)"· (l!slU .... R.ter.c:e 

1 9 , 1 00t 1 8 , 1 80 Rahwo l dt at al . 1911  

19, 200t 1 7 , 71 0  1 7 , 94 0  Rehwo l dt et fli . 1 912 

1 , 500 1 , 612 1 ,612 Spehar 1 916a .b 

1 , 270 2 , 160 P i c ker ing and Hend.-son 
1 966 

30,000 1 4. 290 Ca ir ns at al . 1 969 

1 , 740 2 , 682 P i erson 1 981 

5 , 050 7, 785 Pi erson 1 981 

6 , 400 9,866 P i erson 1 981 

300 ,OOOtttt 

¥3t'8al and Saxena 

2 7 8  oootttt , 6, 053 �3�al  and Saxena 

1 2 , 000 4 , 341 4, 341 Rac h l in and Par llllutt.r 
1 968 

1 4 , 300t 1 3. 61 0 Rehwo l dt at al • 1 911 

1 4 , 400t 1 3, 280 1 3  4 50ttttt , Re hwo l dt et al • 1912 

6, 100t .t ttt Ra hwo I dt at aJ . 1 971 



Tebl .  1 .  (Continued) 

S�I •• 

Str l ped bass , 
Marona saxat I I I  s 

Str i ped bass ( 6 3  d )  • 
Morona saxat i l i s 

Str l ped bass ( 6 3  d) . 
Morona saxat I I  I s  

Pumpki n seed « 2 0 an) . 
L aeom l s  g l bbosus 

Pumpkl  n seed , 
L aeom l s  g l bbosus 

B I ueq I I I ( 3 . 5-3.9 g) , 
L eeom l s  macroc h l rus 

B l ueg i l l  ( 3 .5-3.9 g) , 
L eeom l s  macroch lrus 

B I  ueg l l l  n . 5 -3.9 g ) , 
L aeom l s  macroch l rus 

B I  ueg I I I  n. 5-3.9 g) , 
Lapom l s macroch lrus 

BI ueg l l l  ( 2 .5-3.9 gl , 
L eeom l s  macroch l rus 

B l ueg I I I  <0 . 96  g) , 
L eeom l s  macroch i ru s  

B t  u eg  I I I  ( 2 . 80 g) , 
L eeom l s  macroch l rus 

Method· 

5 , M 

5, U 

5, U 

5, M 

5, M 

5, U 

S, U 

S, U 

S, U 

S, U 

F, M 

F, M 

Herd .... 
(lig/l •• 

Ch_lcel ceCO;s.) 
55 

Z i nc ch i or lde 4 0  

Z i nc ch l or l d a  265 

Z i nc n itrate 53 

55 

Z i nc ch i or ld e  4 5  
( 1 8  ·C )  

Z i nc chlor Ide 45 
no·C ) 

Z i nc C h l or i de 1 70 
U 8 ·C )  

Z i nc c h l or I de 1 70 
no·C ) 

Z i nc c h l or Ide 45 

Z i nc c h l or Ide 45 

Z i nc c h l or Ide 45 

LC50 Adj usted Specl .. ...... 
or EC50 lC50 ar EC50 Acut. '.1_ 
'eS/U•• (eSl!:'··· (egA)···· R.t ..... e. 

6, 80ot ,t ttt Rahwol dt at 01 . 
1 912 

1 20 1 4 5.0 Pa l aws kl at al . 1 985 

430 98 . 4 0  1 1 9 . 4  Pa l aws kl at al . 1 985 

20, oOOt 1 9 , 040 Rahwo l dt at al . 1 971 

20, l OOt 1 8 , 54 0  1 8 , 190 Rehwo l d t  at al . 1 972 

4 , 200 4 , 592 Ca irns and Scha l er 
1 95 1 ,  1 96 8 ;  Acad aay o f  
Nat� al SC lences 1 960 

3 , 500 3 , 827 Ca irns and Sche l er  
1 957;  Acad an y  of Na t� al 
Sc lances 1 960 

1 2 , 900 4 , 514 Ca Irns and SCM ler 
1 951; Acad _y of Na t� al 
Sc l ancas 1 960 

1 2 , 500 4 , 432 Ca Irns and SCM l er  
1 951; AcadelllY of Na t� al 
SC i ences 1 960 

8 , 020 6 , 769 Ca irns and Sche l er  
1958a; Acad _V o t  Na t � al 
Sc l encas 1 960 

3 , 5 13 3, ':XJ7 Ca irns and Sche l er 
1959 

3 , 4 53 3 , 1 75 Ca irnS lind Sche l ei 
1959 



Tab'. 1 .  (Coftt'nued) 

Hardnes. LC50 AdJu.ted Specl .. ..... 
(II9IL •• or EC50 lC50 or EC50 Acut. V.I ... 

S2!£I .. Method· Ch_lca' caC01) (I!SIl)·· (l!sl!:) ••• 'l!s!U"u R.ferenc. 

B l ueg i l l  ( 54 .26 g) , F, M Z i nc  c h l ar Ide 4 5  3 , 31 4  3, 623 ca irns and Sche l er 
L eeom l s macroch l rus  1959 

BI ueg I I I  ( 1 -2 g) , 5, U Z i nc  sui  tate 20 6 , 44 0  1 4, 000 P ic ker 1 119  and Henderson 
L eeom l s  macroch l rus 0 5·C) 1 966 

Bl ueg i l l  ( 1 -2 g) , 5, U Z i nc  s u i  tate 20 5 ,460 1 1 , 870 P ic ker  1 119  and Hend er so n  
L e�l s macroc h l rus ( 2 5·C )  1 966 

BI  ueg I I I  ( 1 -2 g) , 5, U Z i nc  sui  tate 20 4 ,850 1 0, 540 P ic ker 1 119  and Hend er so n  
L eeom l s  macroch lrus ( 2 5·C )  1 966 

BI ueq I I I  ( 1 -2 g) , 5, U Z i nc s u i  tate 20 5, 820 1 2 ,650 P icker 1 119  and Hender so n  
L eeom l s macroch l rus ( 2 5 -C )  1 966 

Bl ueg i l l  ( 1 -2 g ) , 5, U Z i nc  c h l or Ide 20 5, 370 1 1 , 6 70 P le ke.- 1 119  and Hender so n  
L eeom l s  macroc h l rus  ( 2 5 ·C) 1 966 

+- 9 1  ueg I I I  ( 1 -2 g) , 5 , U Z i nc sui  tate 360 4 0 , 900 7 ,679 P ic ker 1 1'9  and Hend er so n  
...... L eeom l s  macroch l rus ( 2 5·C) 1 966 

B I  ueg I I I ,  F, M Z i nc sui  tate 46 9 , 900 1 0, 620 ca Irns et al . 1 97 1  
L eeom l s  macroch l rus 

B l ueg i l l ,  F, M Z i nc sui tate 46 1 2, 1 00 1 2, 990 5, 93 7  Ca Irns e t  al . 1971 
L eeom l s  macroch l rus 

Mozam b i que ti l api a  ( 1 6  g )  , 5, U Z i nc ch i or Ide 1 1 5  1 600tt , 7 90 . 0  790 . 0  Qur esh i and Saksena 
T l l ae l a mossamb l ca 1 980 



Table 1 .  (Conti nued) 

l.C50 Species Naa. 
Sal i n ity or EC50 Acut. Value 

Spec ies Nathod* Ch_lcal (glkg) (�U- (IJg/U'" R.fereftCe 
SALTWATER SPEC I ES 

Po l ychaete worm ( j uv en i l e ) ,  S .  U Z i nc su i f ate 900 Re i sh et . 1 . 1 91 6  
Neanthes arenaceodentata 

Po l ychaete worm ( adu l t ) ,  S ,  U Z i nc su I f ate 1 , 800 1 , 213 Re i sh at a l . 1 916 
Neanthes areanceodentata 

Pol ychaete worm ( adu l t ) ,  R, U Z i nc su l f ate 0 . 35 1 , 500 Bryan and Hummerstone 
Nere l s  d l vers l co l or 1 9 73 

Po I ychaete worm ( adu I t ) ,  R ,  U Z i nc su l f ate 3 . 5  1 1 ,000 Bryan and H ummerstone 
Nere l s  d l vers l co l or 1 913 

Po l ychaete worm ( adu l t ) ,  R ,  U Z i nc su l f ate 1-1 . 5  55, 000 9,682 Bryan and Hummerstone 
Nere l s  d l vers l co l or 1 913 

Po l yc haete worm ( adu I t) ,  S, U Z i nc ch l or i de 20 8 , 1 00 8 , 1 00 E i s l er and Hennekey 
Nere l s v I rens 1 911 � (Xl 
Pol yc haete worm ( adu l t) ,  S,  U ZI nc su l f ate 1 , 400 1 , 400 Re i sh and Carr 1 918 
Ophryotrocha d l adema 

Po l ychae te worm ( adu I t ) ,  S ,  U Z I  nc su i f ate 1 , 1 00 1 , 1 00 Re i sh and Carr 1 9 18 
Ctenodr l l us serratus 

Po l yc haete worm ( l ar va) , S, U ZI nc su l f ate 1 , 100 Re i sh et a l . 1 916 
Cap i te l l a  cap l tata 

P o l ychaete worm ( adu l t) ,  S ,  U Z i nc su l f ate 3 ,500 2 , 4 39 Re i sh at al . 1 976 
Cap i te l l a  cap l tata 

Mud sna i l ( adu l t) ,  S ,  U Z i nc ch l or i de 20 50 , 000 50,000 EI sl .... and Hannekay 
N assar l us obso l etus 1 911 

B l ue mu sse l , R, M . Z I  nc ch l or i de 34 2 , 500 Ah sanu l l a h  1 916 
Myt l l us edu I I  s e l an u l atus (21 "C ) 

B l ue IlkJ sse I ,  F,  M Z i nc ch l or i de 3 ,600 Ahsonu l l ah 1 976 
Myt l l us edu l l s  p l anu l atus (1 B OC )  

B l ue mu sse l , F ,  M Z i nc cH l or I de 4 , 300 3 , 93 4  Ah sanu l l ah 1 916 
Myt l l us edu l I s  p l anu l atus < 1 8  °C ) 



Tab l e  1 .  (Coni' I n ued' 

LC50 Specl .. ...... 
Sal in ity Of" EC50 Acut"e Vel ... 

Sl!!!:les .-thod· CIa_ l ca l ' (SilkS' (PglL'" ( I!SllP ••• Refer..c:e 

Pac i f i c  oyster ( embryo) , S ,  M Z i nc Ch l or id e  26} . 5*·*" Ne l son 1 912 
Crassostrea Jl!.9.!!. 

Pac I f  Ic oyster ( embryo) , S, M Z I nc ch l or id e  }O 206. 5 23} . }  D l nnel et al . 1 98) 
Crassostrea Jl!.9.!!. 

Ea stern oyster ( embryo) , S,  U Z i nc ch l or id e  25 } t o  Ca l  abrese et al . 1 973 
Crassostrea v lrg ln l ca 

Eastern oyster ( embryo) , S, U Z i nc ch l or id e  26 205 . 7  Mac i nnes and Ca l abrese 
C rassostrea v l r9 1 n l ca 1 978 

Eastern oyster ( embryo) , S, U Z i nc ch l or id e  26 }24 . 5  Mac innes and Cal abrese 
Crassostrea v lrg l n l ca (25 ·C )  1 918 

Eastern oyster ( embryo) , S, U Z i nc ch l or id e  26 229 .6 262 . 5  Mac in nes and Ca l abrese 
Crassostrea v l rg l n l ca (3Q·C )  1 918 

C I an ( ad ul  t) , S ,  U Z i nc su i fate 1,5 1 40 , 000 Br yant et al • 1 985 
.p. Macoma ba l th l ca ( 5 ·C )  -0 

C I  an ( ad ul t) , S, U Z i nc sul fate 25 700 ,000 Br yant et al • 1 985 
Macoma ba l th l ca ( 5 ·C )  

C l an ( ad ul t) , S, U Z i nc sui fate }5 750 , 000 Bryan t et a l • 1 985 
Macoma ba l th l ca (5 ·C )  

C I an ( ad  ul t )  , S, U Z i nc sui fate 1 5  21 0 , 000 Bryant et al . 1 985 
Macoma ba l th l ca ( I O ·C )  

C I  an ( ad ul t) , S, U Z i nc sui tate 25 900 , 000 Br yant et 01 . 1 985 
Macoma ba l th l ca ( l O ·C )  

C I  an ( ad u l  t) , S, U Z i nc sui fate 35 950 , 000 Br yant et al . 1 985 
Macoma ba l th l ca ( l O ·C )  

CI IIII ( ad ul t) , S, U Z i nc su i tate 1 5  60 , 000 Bryant et . a l . 1 985 
Macoma bal th l ca C 1 5 ·C )  



Tob ie 1 .  (Cont I nued) 
l.C5O Species MlNn 

Sal i n ity or EC50 Acute h i  ue 
S�l es Method- Chelli c a l  (g/ka' (�U- (l!I!U"· R.f.ence 

C l lrlI  ( adu l t ) ,  S ,  U Z i nc s u l f ate 25 1 80 , 000 Bryant at al . 1 985 
Macoma b a l th l ca ( 1 5 °C )  

C l am  ( adu l t) , 5. U Z i nc su i f ate 35 250 ,000 320 , 400 Bryant at al . 1 985 
Macoma ba l th l c a  C 1 5 °C )  

Quahog c l am  (embryo ) , S ,  U Z i nc ch l or i de 25 1 95 1 95 Ca I Dbrese end He I son 
Mercenar l a  mercenar l a  1 914 

Sof t-she l l c l IP  ( adu l t) , S ,  U Z i nc ch l or i de 20 1 , 100 E i s l er and Hennekey 
Mya arenar l a 1 97 1  

Sof t-she l l c l am ( adu I t) , S ,  U Z i nc Ch l or i de 30 5 , 200 6 , 3 28 E I  s l er 1 977a 
My a aren a r l  a 

Sq u i d  ( l ar v a ) , 5 ,  M Z i nc Ch l or i de 30 >1 , 920 >1 , 920 01 nnel at al . 1 983 

Lo l l go opa l escens 

Copepod ( ad u l  t ) . S ,  U Z i nc chl or i de 30 4 , 074 4 , 074 lu ss i er end C ard i n  
E urytemora a t t l n l s  1 98 5  

Cope po d  ( adu l t) ,  S ,  U Z i nc ch l or i de 30 1 , 501 1 ,501 lu ss i er and Card i n  
Acart I a c I a u s l  1 98 5  

Copepod ( adu l t > , 5 , U Z i nc ch l or i de 30 294 . 2  294 . 2  Lus s i er and Card i n  
A cart l a  tonsa 1 985 

Copepod ( ad u l t) ,  5 ,  U Z i nc ch l or i de 7 1 , 450 1 , 450 Beng tsson 1 978 
N l tocra sp l n l �es 

Mys l d  ( J uven i l e ) . S ,  M Z i nc ch l or  I de 30 520. 8 Luss i er  and Gent i l e  
Mts l dops l s  b ah l a  1 985 

Mys l d  ( J uven i l e) ,  S ,  M Z i nc ch l or i de 30 547 . 2  Lu ss i er and Gent i l e  
Mys l dops l s  bah l a  1 985 

Mys l d  ( j uven i l e) ,  F .  M Z i nc ch l or i de 30 499 499 lu ss i er et al . 1 985 
Mts l dop s l s  b ah l a  



VI 
� 

Table 1 .  (Coatlnueei) 

Si!!!:les 

Mys l d  ( J lN en  l i e) , 
Mys l dops l s  b lgel ow l 

Am ph I pod ( ad u l t) , 
Coroph l um  vol utator 

Am ph l pod ( ad ul t) , 
Coroph l um vo l utator 

Am ph l pod ( ad ul t) , 
Coroph l um vol utator 

Am ph l pod ( ad ul t) , 
Coroph l um v o l utator 

Amph I pod ( ad ul  t) , 
C oroph l um vo l utator 

Amph l pod ( ad ul t) , 
Coroph l um v o l utator 

Am ph I pod ( ad ul  t) , 
Coroph l um vo l utator 

Am ph I pod ( ad u l t) , 
Coroph l um vol utator 

Am ph I pod ( ad ul t) ,  
Coroph l um vo l utator 

Amph l pod ( ad u l t) , 
Coroph l um  vol utator 

Amph I pod ( ad ul t) , 
Coroph l um  vol utator 

Am ph I pod ( ad u l  t) , 
Coroph l um vo l utator 

Method· 

S, M 

S ,  U 

S, U 

S, U 

S ,  U 

S ,  U 

S, U 

S, U 

S, U 

S ,  U 

S, U 

S, U 

S, IJ 

Sel ln lty 
Ch_ l ca l  (alkS) 

Z i nc chi  or l d e  30 

Z i nc su i tate 5 
(S ·c ) 

'Z I nc sui tate 1 0  
( S OC )  

Z i nc su i ta te 1 5  
(5 ·C )  

Z i nc sui tate 25 
(5 ·C ) 

Z i nc sui tate 35 
( 5 ·C )  

Z i nc sui tate 5 
( t o ·C )  

Z i nc sui tate t o  
( to °C )  

Z i nc sui tate 1 5  
( lO ·C )  

Z i nc sui ta te 25 
( t o ·C )  

Z i nc sui tate 35 
( to ·C ) 

Z i nc sui tate 5 
05 OC )  

Z i nc sui tate 1 0  
( 1 5 ·C )  

LC50 
or EC50 
(,gIL)·· 

591 .3 

1 , 000 

4 ,600 

6, 500 

1 2, 000 

1 6 , 000 

>1 28 ,000tttt 

1 , 600 

8 , 500 

1 1 , 000 

1 5 , 000 

1 , 1 00 

3 , 200 

Specie . ...... 
Acute Val ue  

(I!SIL)··· 
591 .. 3 

, ' . 

Retereaa 

Luss ier n Genti l e  
1 985 

Br yant .t al • 1 985 

Br yant .t al . 1 985 

Bryant .t a l . 1 985 

Bryant .t al • 1 985 

Br yant .t al . 1 985 

Bryant .t al • 1 985 

Bryant .t al . 1 985 

Br yant at al . 1 985 

Bryant .t a l . 1 985 

Bryant .t al • 1 985 

Bryant at al . 1 985 

Br yant et al . 1 985 



V1 N 

Tabla 1 .  ( Cont .Rued) 

S!!!!:la. 

Amph l pod ( ad ul t) , 
Coroph l um vo l utator 

hnph l pod ( ad ul t) ,  
Coroph l um vo l utator 

Amph l pod ( ad ul t) ,  
Coroph l um vol utator 

lobster ( ad ul t) , 
Homarus amer lcanus 

lobster ( l arv a) , 
Homarus amer l canus 

lob ster ( l arva) • 
Homarus amer l canus 

Lobster ( l arv a) , 
Homarus amer lcanus 

lobster ( I arlf a) , 
Homarus amer lcanus 

Herm i t  crab ( ad ul t) , 
Pagurus l ong l carpus 

Dunqeness crab ( I arlf a) , 
Cancer mag i ster 

Green crab ( l arv a) , 
Carc I nus maenas 

star f i sh ( ad ul t) , 
Aster l as forbes l l  

Munm lc hog ( ad ul t) ,  
Fundu l us heteroc l l tus 

Munm lchoq ( ad u l t) , 
F undu l us heteroc l ltus 

Method- Ch .. lce l 

S, U Z i nc su i tate 

S ,  U Z i nc suI tate 

: 
S,  U Z i nc sui fate 

F,  U Z i nc sui tate 

S, U Z i nc ch l or i de 

S,  U Z i nc chl or ide 

S ,  U Z Inc ch l or id e  

5 , U Z i nc ch l or i de 

5 , U Z i nc ch l or ide 

5 , M Z i nc ch l or id e  

5 , U Z I nc sui tate 

5 , U Z i nc ch l or ide 

S ,  U Z i nc chi or lde 

5 , U Z i nc chl or id e  

LC50 Specl .. ...... 
Sa' ",Ity or EC50 Acuta ,.1 _ 

'SI/kg) (1!9A)" (1!8l!:'--- Rat..-anca 
1 5  } ,400 Br yant at al • 1 985 

( 1 5  ·e )  

25 4 , 400 
< 1 5 ·C )  

Bryant at al • 1 985 

}5 } , 600 4 , 6lB Bryant at al . 1985 
( 1 5 ·C )  

48, 0001* 
Haye at al . 1 98} 

}O 515 Johnson 1985 

}O 514 .5  Johnson 1985 

}O }62 . 5 Johnson 1985 

}O 1 15 }80 . 5  Johnson 1985 

20 400 400 E i s l er and Hennekay 
1 971 

}O 586 . 1  586 . 1  D l nnel et al . 198} 

1 , 000 1 ,000 Connor 1 912 

20 }9,OOO }9 ,000 E i s l er  and Hennakey 
1 971 

6 . 1 1 1 , 500 Dortman 1971 

24 }1 , 500 Do rtman 1911 



Tabl. , .  (Continued) 

LC50 Species .... n 
Se l in Ity 0#" EC50 Acut. Vel ... 

Specl.s Method· Ch_lcel (S/kS) (I!S/U" (I!SA)··· R.t ..... e. 

fo4umm lchog ( ad ul t) , 5, U Z i nc sul fate 6.0  }2 ,OOO DorfMan 1911 
F undu l us heterc l ltus 

Mumm lchog ( ad u l t) , 5, U Z i nc sui fate 22. 9 27, 500 Do rtman 1977 
F undu l us heteroc l ltus 

Mumm lchog ( ad ul t) , 5, U Z i nc ch l or id e  20 60, 000 E i sl er  Md HennekaV 
F undu l us heterc l l tus 1 977 

Mumm lchog ( l arva) , 5 , U Z i nc ch l or ide  }O 1B , 040 }6,6}0 Card In 1985 
F undu l us heteroc l l tus 

At l an t i c sl l ver s l d e  S ,  U Z I nc ch i or Id e }t . 2  4 , 960 Card In 1985 
(2-wk l arva) , 
Men l d l a men ld l a 

At l an t i c  s l l ver s l d e  S ,  U Z i nc ch l or id e  }O 4 , 1 70 Card in  1985 
( newl y hatc hej I arv a) , 

VI Men l d l a  men l d la 
w 

At l an t i c  s l l ver s l d e  S .  U Z i nc ch l or id e  }0.2 }, 70} Card i n  1985 
( newl y hatchej l arva) , 
Men ld l a men l d l a 

At l an t i c  s l l ver s l d e  5, U Z i nc ch l or ide  }O } ,O60 Card in 1985 
( newl y hatc hej l arv a) , 
Men ld l a  men l d la 

At l an t ic s i l v er s  I d e  S. U Z i nc Ch l or ide  }O 2, 728 }, 640 Card In 1985 
( newl y hatchej l arva) , 
Men l d l a men l d l a  

T i d ewater 5 1 1 v er s l d e  5, U Z i nc su l fate 20 5, 600 5,600 Hansen 1983 
( J uven " e) , 
Men l d l a  pen l ns u l ae 

Str l ped bass (6} day) , S, U Z i nc ch l or Ide 4}0 4 }0 Pa l aws k l" at al . 
Morone saxat i l i s  1 985 

Spot ( J uv en  I I  e) , S. U Z i nc sui tate 25 38 ,000 }8, 000 Hansen 1983' 
l e lostomus xanthuru s  



Tebl .  1 .  (Continued) 

Specl •• 

Cabezon ( l arv a) • 
S �orpaen l chthys marmoratus 

W i n ter f l ounder ( l arv a) . 
P seudopl euronectes amer l canus 

W i n ter f l ounder ( l arv a) , 
P seudopl euronectes amer l canus 

S, M 

S, U 

S, U 

Z i nc ch l or id e  

Z Inc chi or l d e  

Z i nc ch l or Id e  

Sal in i ty 
(g/kg) 
27 

�o 

}O 

* S = stat i c ;  R :: r enewa l ; F ;: f l ow-through ; M ::  meas ur ed ;  U ;: measured . 

..  Resul ts are El)( pressed as  z I nc .  not as the chem Ica l . 

LC50 
or EC50 
"g/U" 

1 91 . 4  

1 8, 201 

Species ...... 
Acut. Val ue 

"g/U··· 
1 9 1 . 4  

* * *  Freshwa ter LC50s and EC50s were �J usted 10 hard ness :: 50 mg/L u s i ng the pool ed  sl ope o f  0.81 95 ( see tex t) . 
g Iv en  as a range , the geome tr ic mean o f  the l im i t s  o f  t he range was used as the hardness . 

* * * *  Freshwater Spec i es Ioban Ac ute Va l ues were cal cul ated at hardn ess ;: 50 mg/L . 

� .. ... Ca l c u l ated by prob l t  an al y s i s  of the authors' data . 

t 

tt 

I n  r iv er  lIII8 ter or str eM! witter . 

Av er ag e  of v a l ues cal cul ated us i ng two d i f ferent method s .  

R.ference 
Dl nnel et al . 1 9B} 

Card i n  1985 

Card i n  1985 

Wheo the hardness I s  

ttt 
lIa l ue not used In  ca l cul at i on of  sl ope or Spec i e s  Ioban Ac ute Val ue because thi s  WB S  a IIgreater than" val ue and a number o f  other 
val  ues ar"e av a i l ab l e  tor th I s spec I e s .  

tttt 

ttttt 

t* 

lIa l ue  not used In ca l cul at ion of sl ope or Spec i es Ioban Acute Va l ue  because val ue appeared 10 be h i g h I n  canpar l son wi th other val ue s  
ava i l ab l e  to r"  thi s spec I e s .  

No t  used I n  ca l cu l at i on of Genus Ioban Ac ute Va l ue ( see tex t) . 

\/lt l ue  not used In ca l cul ation of Spec Ies Ioban Ac ute Vlt l ue because d4ta ar e  8'l a l l ltb l e  tor a more sens i t i v e  l i te stage. 



Teble 1 .  (Cont IRued) 

Re.u lts of Covar iance Ana lys is  of Freshwater Acute Toxicity versus Hard ... s 
Species n S lope Standard Dev iation 95! Con f ld..ce L I. lts D!9!:HS of Freecto. 
P hysa heterostropha 1 2  0.9296 0. 2590 0. 352 1 , 1 . 5071 1 0  

Daphn i a  magna 7 1 .2549 0.4026 0.2206 , 2.2692 5 

Ra Inbow trout 25 ·0.8755 0 . 1 1 52 0.6370 , 1 . 1 1 40 23  

Brook trout 6 0 . 8 1 79 0. 1 243 0.473 1 ,  1 . 1 627 4 
. 

Fathead m innow 36 0. 83 1 0  0. 221 7 0. 3802 , 1 .281 8  34 

Guppy 5 1 .6441 0.4432 0.232 } ,  3.0559 3 

Str l ped bass 2 0.6500 -* - * -* 0 

BI ueg l l l  16 0.5603 0 . 1 461 0.246 7 ,  0.8739 1 4  

A l l of above 109 0. 84 73-- 0 . 0866 0.6754 , 1 .01 92 1 00 
V1 
V1 

• Stand ard dev lat l on and con f Idence I 1m I ts cannot be ca I cu i  ated because degrees of freedom .. O • 

• * P = 0.77 for equal i ty of s l opes. 



V1 
0\ 

Species 

CI adoceran , 
D aphn i a  magna 

C I adocer an , 
Daphn i a  magna 

C I odoceran , 
Daphn i a  magna 

C l odoceran , 
Daphn i a  magna 

Cadd l st l  V ,  
C l l storon l a  magn i f i ca 

Sockeye sa l mon , 
Oncorhynchus nerka 

C h i nook sa l mon , 
Oncorhynchus tshawytscha 

Ra I nbow trout , 
� ga l rdner l 

Ra Inbow trout , 
� ga l rdner l 

Brook trout . 
S a l ve l l nus font l na l  I s  

Fathead m i nnow , 
P lmepha l es prome l as 

F i ag f l sh ,  
J ordane l l a t l or l dae 

GupPV . 
P oec i l i a ret l cu l ata 

, 

� 

l.C 

l.C 

l.C 

lC 

l.C 

ElS 

ELS 

ELS 

ELS 

l.C 

l.C 

l.C 

lC 

Tabl. 2. Chronic Toxicity of Zinc 10 Aquatic An i_I. 

Herdne ... 
(II9IL as LI.lts Chronic Val .. 

Ch_lca l  Cam�) 'eS/U" ' eS/U Reference 
FRESH�TER SPEC I ES i 

Z i nc 4 5  < 1 40. 3t <1 40.3 B l es l ng er et 01 e 
Chl or i de 1 986 

Z i nc 52 97- 1 90  1 35.8 Chapman et 01  e 

c h l or Ide Man uscr i pt 

Z i nc 1 04  43-52 47. 29 Chapman et 01 .. 
chl or Ide Man u scr i pt 

Z i nc 2 1 1 42-52 46. 13 Chapman et 01 . 
Chl or ide Manuscr i pt  

Z i nc 3 1  >5 , 243tt >5, 243 Nebeker et al . 
c h l or Ide 1 984 

Z i nc 32-37 >242tt >242 Chapman 1 97 80 
c h l or Ide 

Z i nc 25  270-5 1 0 371 . 1  Cha pman 1975 
c h l or Ide 

Z i nc 26 1 40-54 7 276 . 7  S i n l ey et 01 . 1974 
sul fate 

Z i nc 25  444-8 1 9 603 .0 Ca Irns at o! 0 1 982 
Ch l or ide 

Z i nc 4 5. 9  534-1 , 368 854 . 7  He I COlI be at 01 . Y 91 9  
s u i  fate 

Z i nc 46 78-1 45 1 06 . 3  Beno i t  and Ho l combe 
sui  fate 1 918 

Z i nc . 44 26-51 36. 4 1  Spe har 1 976a .b 
su i  fate 

Z i nc 30 <t 13 T < 1 13 P i erson '98t  
sui  fate 



T.bl.  2. (Continued) 

Spec'" 

Mys l d .  
Mys l dops l s  bah l a  

� 

LC 

Her-da •• 
(IIg/L •• 

Ch_lc:a l  caOO� 
SALTWATER SPEC I ES 

Z i nc 30ttt 
c h l or Ide 

• LC '" I I f&-cycl e or pert l al I l t&-c yc l e; E LS '" ear l y l i te- stage • 

• •  Re sul ts are based on measured concentr ati ons of z i nc .  

t un acceptab l e  ef fects occurred at al I concen tr ations tested . 

tt The h i g hest concentr at i on tested d id not cause lSl 8Cceptab l e  ef fects . 

t t t  sa l i n  I ty ( g/ kq ) . not hardness . 

L I. lts Chr-oalc: V.I .... 
(I!S/U** CI!S/U R.ference 

1 20-231 166 . 5  Luss i er .t ;sl • 

1 985 



Table  2. (Cont inued) 

Seecles 

C I  ad oc eran , 
Daphn i a  magna 

C l ad ocer an ,  
D aphn I a magna 

C l adoceran ,  
Daphn I a magna 

Soc keye sa l mon , 
Onchohynchus � 

C h I nook sa l mon 
Oncorhlnchus tshawltssha 

Ra Inbow trout , 
S a  Imo ga l rdner I 

Brook trout , 
S a l ve l l nus font l n a l l s  

Fa thead m Innow , 
P lmepha l es prome l as 

F l ag f l sh ,  
J ordane l l a f l or l dae 

Mys l d ,  
Mys l dops l s  � 

Acute-Chronic Rat Io 

Hardness 
CIIg/L 8S Acute Yal ue  Chron ic Velue 
Cm) ( eglL ) 'I!S/U 

52-54 ':B4 1 } 5.8 

t 04-t 05 ,2 5 4 1 . 29 

t96-2 t t 655 46.H 

32-3 7 t , 470 >242 

2 3-25 97-70t II 37t . t  

25-26 430 276 . 7  

45.9 t , 996 -- 854 . 7  

46 600 t 06. 3  

44 t , 500 36. 4 t  

30··· 499 t 66 . 5  

II Ranqe of val ues g Iven In Chapman " 97 5, t 91 8 a .  for J uven i l e s . 

.!!!!.!2. 
2 .459 

H . I O 

t 4.02 

<6 .074 

0. 26t 4-
t .889 

t . 554 

2.3:S5 

5. 644 

4t . 20 

2 . 997 

11 11  Geometr Ic mean of three val ue s  I n  Tab l e  I from Ho l combe and And rew ( t 97 8 ) .  

11 11 11  Sal I n  I t y  ( g/kg • •  



VI 
\0 

Tabl . 3. Ranked Genus .... Acut. Vel ues .It .. Species ...... Acute-ChrOltlc Ratios 

G .... ..... 
Acut. Val ue  

� '!S/U" 

35 88 , 960 

34 1 9 , 800 

33  18, 400 

32 1 1 , 94 0 

3 t  16,820 

30 n,630 

29 1 0 , 560 

28 1 0 , 250 

2 7  9, 7t 2 

26 8, 1 5 7  

S�I.s 

FRESHWATER SPEC I ES 

Danse l f l  y ,  
Arg l a  sp. 

M ph l  pod , 
C rangon�)( esaud2!)rac l l l s 

Worm ,  
� sp. 

Band ed kl  I I I f I  sh , 
F und u l us d l aehanu$ 

Sn a I I  , 
Amn l co l a  sp. 

Mer ICdn eel , 
Angu i l l a rostrata 

Pumpki nseed , 
L apom l s  g l bbosus 

B l ueg i l l ,  
Laeoml s macroch l rus 

Go l d f i sh ,  
C arass l us aurat us 

Worm ,  
L umbr l c u l us var legatus 

I sopod , 
Asal l us b l cranata 

I sopod , 
Asa l l us commun i s  

Specl _ _  • Spec l . ..... 
Acut. Vel ue  Acute-C ..... lc 

'I!sl!:) ••• Ret loll··· 

88, 960 

1 9 , 800 

18 , 400 

17 ,94 0  

16 , 82 0  

1 3,63 0  

18 , 790 

5 , 93 7  

1 0 , 250 

9 , 71 2 

5 , 73 1  

1 1 ,61 0 



Table  1 .  (Coatlnued) 

Genu . ..... 
Acute Vel ue  

� (eS/U" 

25 8 , 1 00 

24 7, n3 

2 3  6, 580 

22  6, 053 

2 1  6, 000 

20 5, 228 

" 1 9  4,900 ) 

1 8  4 , 341 

1 7  3 ,830 

16 3 , 265 

1 5  2 , 1 00 

1 4  1 , 70 7  

Se!5les 

Amph I pod ,  
G ammarus sp . 

Common car p ,  
Cypr l nus carpi o  

Northern sQuawt I sh . 
Ptychoche l l us oregOnens l s  

Guppy, 
Poec i l i a ret l cu l ata 

Go l den sh i ner ,  
Notem lgonus cryso l eucas 

Wh I te sucker , 
Catostomus commerson l 

As i at i c  c l am ,  
Corb l cu l a  f l um l nea 

Sout hern pi atyf l sh , 
X l phophorus macu l atus 

Fathead m i nnow , 
P l mepha l es prome l as 

I so pod , 
L l rceus a l abamae 

Brook trout , 
S a l ve l l nus tont l n a l l s  

Bryozoan , 
Lophopodel l a  carter I 

Spec l .. ...... Specie . ..... 
Acute Val ue AcIlt4H: ...... lc 

(I!S/U··· Rat I all· •• 

8 . 100 

7 , 2 33 

6, 580 

6.053 

6. 000 

5, 228 

4,900 

4, 341 

3,83 0  5.644 

3 , 265 

2, 1 00 2. 335 

1 , 707 



Table 1 .  (Continued) 

6eftus Me ... 
Acut. Value 

Rank- (!9l!:'--

1 3  1 ,672 

1 2  1 ,607 

1 1  1 , 578 

1 0  t , 3 ,3 

9 1 , 301 

0\ 
8 >1 , 264 I-' 

7 1 , 225 

6 1 , 030 

5 7� . 0  

Sl!!!:les 

Fl ag f l sh ,  
J ordane l l a f l or l dae 

Br yo zoan , 
P h llIate l I a rostrata 

Sna I I ,  
H e l l soma campanu l atum 

Sna " , 
P hysa gyr l na 

Sna i l ,  
P hysa heteros tropha 

Br yozoan , 
P ect l netel l a  magn i f i ca 

Tub l f l c ld lIIOnD ,  
l lmnodr l l us hof fme l ster l 

Ra Inbow trout , 
S a l mo ga l rdner l 

At l an t i c  sa l mon , 
S a l mo � 

Co ho  sa l mon , 
Oncorhynchus k l sutch 

Sockeye sa l mon ,  . 
Oncorhynchus narka 

Ch I nook sa Imon ,  
Oncorhynchus tshawytscha 

Mozam b i que ti l api a ,  
T l l ap l a  mossamb l ca  

Specl .. ...... Spec ies ..... 
Acut. Val ue Acute-Cbroalc 

(I!S/U"· R.tlo .. •• 

1 ,6 n  4 1 .20 

1 ,607 

1 ,578 

t ,681 

1 ,088 

1 , 307 

>1 , 264 

689 . 3  1 . 554 

2, 1 76 

1 ,628 

1 , 502 <6 . 074 

446 . 4  0.7027t 

790.0 



Table 1 .  (Continued) 

Genus ..... Species ..... Specl .. ..... 
Acute Vel .. Acute V.lue Acut...c ..... lc 

Rank· 'I!stp·· Se!!:I .. 'I!SA)··· R.tlo .... 

4 299.8 C I  Ddoceran , l55.5  1 .260tt 

O aphn l a  magna 

C I adoceran , 252 .9  
Daphn i a  pu l e)( 

3 227 .8 Long t i n  dace, 227 .8 
Agos l a  chrysogaster 

2 1 1 9.4 str l ped bass , 1 19.4 
Morone sa)(at i l i s  

93 .95 C I  adoceran , 174 . 1  
Car lodaphn I a � 

C l ad oceran . 50.10 
Car lodaphn l a  ret lcu l ata 



Tab le 1 .  (Continued) 

Genus ... an 
Acute Vel ue  

� (!S/U" 

28 320,400 

27  50 ,000 

26 39 ,000 

2 5  38 ,000 

24 36 ,MO 

2} 9,467 
a-
w 

22 7, 100 

2 1  6, 328 

20 4, 683 

1 9  4 . 51 5  

Sl!:!Sles 

SALTWATER SPEC I ES 

C I  am ,  
Macoma ba l th l ca 

Mud so a  I I  , 
N assar l us obsol etus 

Star f I sh , 
Aster l as forbes I I 

Spot , 
L e l ostomus xanthurus 

Mumm l c hog  , 
F undu l us heteroc l l tus 

W i nter fl ound er • 
P seudo� l euronectes 

Po l yc haete 110m . 
Ctenodr I I  us � 

Soft- shel l c l am .  
Mya arenar l a  

Am ph I pod . 
Coro�h l um  vol utator 

amer l canus 

At l an t i c  s l l ver s l d e .  
Men l d l a  men ld l a 

T i d ewater sl l v er s l d e .  
Men l d l a  �en l nsu l ae 

Species ..... Species ...... 
Acute Val ue  Acut...cbroR Ie 

(I!sl!:) ••• R.tlo···· 

320,400 

50 , 000 

39 ,000 

38 ,000 

36 .6}0 

9. 467 

7 . 1 00 

6. 328 

4 . 683 

3.640 

5,600 



Table 1 .  (CcNltlnued) 

Genus lie. 

� 
Acute Vel ue,  

'I!S/U" 
1 8  8 , 856 

1 7  4 , 074 

1 6  3 , 934 

1 5  2, 439 

1 4  >1 , 920 

1 3  1 , 4 50  

1 2  1 , 400 

1 1  1 , 273 

1 0  1 , 000 

9 665 . 9  

8 586 . 1  

Seec:le. 

Pol ychaete worm, 
H erel s  d lvers l co l or 

Po l ychllete wo rm ,  
Nere l s  v l rens 

Cope pod , 
E urxtemora a t f l n l s  

B I  ue musse l , 
Mxt l l us adu l l s 

Po l ychllete worm , 
Capite l l a  cap l tata 

Squ i d ,  
l o l lgo opa l escens 

Co pe pod , 
H l tocra spl n l pes 

Po I yChaate wo rm ,  
Ophryotrocha d l adema 

Po l ychaete worm 
Naanthes arenaceodentata 

Green crab , 
C arc I nus maenus 

Copepod , 
Acart l a  c l aus l 

Copepod , 
Acart l a  tonsa 

Dungeness crab , 
C ancer mag I ster 

Specie . ...... Specl .. ...... 
Acute V.I .,. Acute-ChroR Ie 

'I!S/U"· R.tlo .... 

9,682 ' 

8, 1 00 

4 , 074 

3 , 93 4  

2, 439 

>1 , 92 0  

1 , 4 50 

1 , 400 

1 , 213 

. 1 , 000 

1 , 507 

294 . 2  

586 . 1  
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Tabl. 3. (OoRtlnued) 

7 

6 

5 

4 

3 

2 

• 

• •  

• •• 

• • •• 

t 

t t 

Genus ...... 
Acut. Vel ue 

(.S/U .. 
543. 2  

430 

4 00  

380 . 5  

247 . 5  

1 95 

191 . 4  

Species 

Mys ld .  
Mys l dops l s  � 
Mys I d .  
Mys l doops l s  b lge l ow l  

Str l ped bass . 
Morone sa)(at I I  I s  

Harm I t crab . 
P agurus l ongl carpus 

Lobster . 
Hamarus amer l canus 

Pac i f i c  oyster . 
Crassostrea JL!.9!!. 
Easter n oyster . 
C rassostrea v l rg l n l ca 

Qua hog cI am • 
Mercenar l a  mercenar l a  

Cab ezo n .  
Scorpaen l chthys marmoratus 

Species ..... 
Acut. Value 

(pgIL)". 
499 

591 . 3  

430 

400 

380. 5  

2 3 3 . 3  

262 . 5  

195 

191 . 4  

Specl .. ...... 
Acute-CW'oa Ie 

Ratlott··· 

2 .997 

Ran kaJ fran most res i stant to most sen s i t ive based on Gen us Mean Ac ute V al ue • 

I nc l us i on of "greater than" val ue s  does not necessar i l y  Impl y a 1r oe  ranki ng .  
b ut does al l ow use o f  a l l genera for wh ich usef u l  data are ava i l ab l e  50 that 
the f i nal  Acute Va l ue  15 not lIlnecesar l l y  l owered . 

freshwater Gen us Mean Acute V al ues are at hardness '!' 50 mg/L • 

from Tab l  e 1 ;  freshwa ter val oes are at hardness " 50 mglL • 

from Table 2 .  

Geometr ic mean of ranqe g iven In Tab l e  2. 

Geometr ic mean of t hr ee val ue s  In Tab l e  2 .  

,. 
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Table  J .  (Continued) 

F resh w ater 

F i nal  Acu te V a l ue ; 1 30 . 1  �g/L ( at hardness ; 50 mg/L) 

Cr i ter ion Max i mum Concentrat i o n ; ( , 30 . 1  �g/L) 1 2  = 65 .05 �g/l ( at h ardness = 5 0  mg/l ) 

Pool ed S l ope ; 0 .8473 ( see T ab l e  1 )  

I n ( Cr l ter l on Max imum I ntercept )  = I n ( 65 .05 ) - ( s l ope x I n( 50 » ) 

= 4 . 1 75 - (0 . 84 13 x 3 .91 20 ) = 0.8604 

C r i ter ion Max i mum Concentr at i on ;  e ( 0 .8473 ( I n ( h ardness» ) +O . 8604 ) 

F i na l  Acute-Chron i c  Rat i o ;  2 . 208 ( see text) 

F i na l  Chron i c  Va l ue ; ( 1 30 . 1  �g/ l )  1 2 . 208 ; 58 . 92 �g/l ( at hardness = 50 mg/L ) 

Assumed Chron i c  S l ope = 0 . 84 1 3  ( see text ) 

I n( F l na l  Chron i c  I ntercept ) = I n( 5 8 .92 ) - ( s l ope x I n ( 50 » )  

= 4 .076 - (0 .84 13 x 3 . 9 1 20 )  = 0 . 761 4 

F i na l  Ch ron i c  V a l ue ; e (O . 84 73 l I n( h ar d ness» ) +O . 761 4 ) 

S a l t  w ater 

F i na l  Acute Va l ue ; 1 90 . 2  �g/L 

Cr i ter i on Max i mum Concentrat i on = ( 1 90 . 2  �/L �  1 2  = 95 . 1 0  �/l 

f i na l  Acute-Chron i c  Rat i o = 2 . 208 ( see tex t )  

F i na l  Chron i c  Va l ue ; ( 1 90 . 2  �/l ) 1 2 . 208 ; 86. 1 4  �l 
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....... 

Spec I .. 

BI ue- green al q 8 ,  
C hroococcus par i s  

Green al g a ,  
C h l amydomonas var l ab i l i s  

Gr een al g a ,  
C h l amydomonas .3!.. 
Gr een al qa , 
C h l orel l a  pyreno l dosa 

Green 8l ga , 
C h i ar e l l a  saccharoph l l a 

Gr een al g a ,  
C h l ore l l a  sa l I na 

Gr een al g a ,  
C h l ore l l a  v u lgar i s  

Green al ga.  
C h l orel l a  v u l gar i s  

Gr een al g a ,  
C h l ore l l a  v u l gar i s  

Gr een al g a ,  
S cenedesmus guadr l cauda 

Green al g a ,  
S cenedesmus guadr l cauda 

Green al g a ,  
S e l enastrum capr l cornutum 

Gr een al g a ,  
S e l enastrum capr l cornutum 

Tebl. 4 .  

C .... lc.1 

Z i nc 
sui  tate 

Z i nc 
s u i  tate 

Z i nc 
sui fate 

Z i nc 
c h l or Ide 

Z i nc 
suI  fate 

Z i nc 
sui  tate 

Z i nc 
c h l or Ide 

Zi nc 
c h l or Ide 

Z i nc 
sui  tate 

Z i nc 
s u i  fate 

Z i nc 
C h l or ide 

Z i nc 
c h l or Ide 

Tox icity of Zinc 10 Aquatic Plents 

Hardn •• s 
(ltg/L as Dur.tloa CoRe_trat loa 
c�) (d·X·) Effect 'liSA)· 

FRESH�TER SPEC I ES 

1 0  Red uced growt h >4 00 

6 3 � r ed uct ion In 503 
d Iv I s lon rate 

68 1 0  Red uced growt h 1 5, 000 

4 LC50 >200, 000 

4 EC50 7 , 1 00 

4 lC50 >200 , 000 

4 EC50 2 , 400 
( growt h) 

1 5  EC50 1 1 ,990-
( growt h) 2 3,960 

33 EC50 5, 1 00  
( ce l l d iv i s ion)  

68  5 Red uced growth 20,000 

4 LC50 >200, 000 

7 I nC i p i ent growth 30 
Inh i b i t ion 

1 4  EC95 4 0. 4  
( growth) 

R.f ..... ce 

, . 

Les and Wal ker 1 984 

Bates et al . 1 981 

Ca irns et 81 . 1 918 

Wong et al . 1 979 

Rach l i n  at al . 1 982 

Wong et a l . 1 919 

Rachl in and Farran 
1 974 

Ra l et 81 . 1 981 . 

Rosko and Rach l i n  
1 917 

Ca i r ns et al . 1918 

Wong et al . 1 979 

Bar t l ett et 81 . 1 914 

Gr eene et al . 1 915 



Tabl. 4.  (Continued) 
Hardn ... 
(IIg/L •• Our.tIOll CoaC8Atr.t 1011 

SI!!!:I .. Ch_lca l C�) (da�s) Effect (!S/U· R.f ...... c. 
Green a lga , Z i nc 1 4  EC95 68 Greene et al . 1 975 
S e l anastrum capr l cornutum chl or id e  ( growth) 

Green a lga,  1 4 -21 EC50 50.9 T urbak et al . 1 986 
S e l anastrum capr l cornutum ( b iomass) 

D latan, Z i nc 68 5 Reduc ed  20,000 Ca I rn s  et al . 1 978 
eyc l ote l l a  menegh l n l ana sui tate growt h 

D latan, Z i nc 4 EC50 1 0,000 Rach l in et al . 1 983 
N av i cu l a  I ncerta chi or l d e  

D I  atom , 56 5 EC50 4 , 290 Academy ot Na tural 
N av I c u l a  sem i n u l  um (22 ·C) ( growth) Sc I ences 1 960 

D i atom ,  5 8  5 EC50 1 , 590 Academy of Na tural 
N av i cu l a  sem l nu l um (28 ·C) ( g rowth) Sc i ences 1 960 

Di atom , 58 5 EC50 1 , 320 Academy of Natur al 
0' N av I c u l a  sem l nu l um no ·C) ( growth) Sc i ences 1 960 00 

Di atom ,  1 74 5 EC50 4 ,050 Academy ot Na tur a l  
N av i c u l a  sem l nu l um (22 ·C) ( g rowth) Sc i ences 1 960 

D i atom . 1 74 5 EC50 2, 31 0  Academy ot Natural 
N av i cu l a  sem l n u l um (28 ·C) ( g rowt h) Sc i ences 1 960 

D i atom , 1 74 5 EC50 3, 220 Acl:ld em y  of Na tural  
N av i c u l a sem l n u l um (30 ·C) ( g rowth)  Sc  l ences 1 960 

D i atom, Z inc 294 .6  5 LC50 4 , 300 Patr I c k  et al . 1968 
N i tz sch i a  I i near i s  c h l or Ide 

Duc kweed . Z I nc 70 D i d  not re- 654 Van der Wer t t  and 
� g l bba sui  tate d uce b I allaiSS Pruyt 1 982 

Duc kweed • Z i nc 28 EC50 67 , 700 Brown and R� tt I 9 M . 
� ..!.!!!.2!.. s u i  tate ( t I ss ue  d .snage 1 979 

and death) 

Duckweed , 4 EC50 1 0,000 Wang 1 986 �  
Lemna m i nor ( growt h) 

-- ---



Tabl. 4.  (Continued) 

Hardn ... 
(IIg/L •• Duration 

Specl .. Ch.'cal Caco,' (dal·) 
Duckweed , Z i nc 70 
S e l rode l a  �I�rh l za sui fate 

Macrophyte, Z i nc 73 
C a i l l tr i che el ata�carea sui fate 

Eura s i an  watenn l l to l l ,  32 
Myr l oeh� l l um selcatum 

Macro ph yte, Z i nc 28 
E l odea canaden s i s  s u i  fate 

Macro ph yte , Z i nc 73 
E l odea nutta l i l l  sui ta te 

SALTWATER SPEC I ES 

0\ D i atom ,  Z i nc 4 
\0 Nav i cu l a  I ncerta c h l o,- Ide 

D i atom, Z i nc 4 
N i tzsch i a  c l oster l um s u i  fate 

D i atom ,  Z i nc 4 
N i tzsch i a  c l oster f lR  s u l fate 

D i atom , Z i nc 32 *** 4 
S Chroedere l l a sChroeder I su i  fate 

D i no f l agel l ate , Z i nc 32*** 4 
G�mnod l n l um spl enden s s u i  tate 

D i nof l agel l ate , Z i nc 32*" 4 
P rocentrum m l cans s u i  tate 

Coac.tr.t 1011 
Effect (I!slp· 
O ld not r e- 654 
d uee b iomass 

O ld not re- 654 
d uee b iomass 

EC50 2 1 ,600 
( root we Ight)  

EC50 22, 500 
( t I ssue damage 
and death )  

O ld not r e- 654 
d uee b iomass 

EC50 1 0, 1 00 
( growt h )  

EC50 271 
( g rowt h )  

EC50** 360 
( g rowt h )  

EC50 19 . 01 t 
( g rowt h )  

EC50 3 , 7 1 6t 
( growt h )  

EC50 3 1 9 . 1 t 

' ( g rowt h )  

. '  . 

R.f.,..ce 

Van dar Werff 
Pr uyt 1 982 

Van dar Wertf  
Pr uyt 1 982 

Sta n l e y  1 97 4  

. . 

and 

and 

Brol1Kl and Ratt igan 
1979 

Van dar wertf and 
Pr uyt 1 982 

Rach l i n et al . 1 983 

Rosko and Rach l in  
1 975 

Rosko and Rach l in 
1 975 

Kayser 1 977  

Ka yser 1 97 7  

Kayser 1 977 
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Species 

Coccol l t ho phor l d ,  
C r l cosphaera carterae 

G I ant kel p « young t rond s) . 
Macrocyst . s  pyr l tara 

C .... lc.1 

Z i nc 
sui tate 

* CDncen tr at l on of z i nc .  not the chem ical . 

•• W i th c hal at l rJ;J  agent • 

. .  - Sa l In I ty ( g/ kg ) , not hardness . 

t Ca I cu l atad trom aut hor' s data . 

Herd"es_ 
CII9IL ._ 
ce' 

Dur.tlon CcNIc_tr.tIOlll 
C d·X·) Effect (I!s!!:). R.f ...... c. 

4 EC50 76.69 ** St I I I  wei i 1 911 
( growth) 

4 EC50 1 0,000 C I endeni'! i ng an d  
( photo syn- No rth 1 959 
thet Ic rate) 
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Tabl e  5 .  (Conti nued) 

Speci es 

Green a l ga ,  
Duna l l e l l a  tert l o l ecta 

D l atao, 
Tha l ass l os l ra pseudonana 

Brown macroal ga ,  
Ascophyl l um nodosum 

Brown macroal ga . 
F ucus serratus 

Brown macroal g a .  
F ucus ves lcu l osus 

Brown macroal ga .  
� ves l cu losus 

Brown macroal ga ,  
L am l nar l a  d lg l tata 

Pear l wl nk l e  ( ad u l t) , 
L l ttor l na obtusata 

Eastern oyster ( ad u l t) , 
Crassostrea v l rg l n l ca 

Eastern oyster ( ad u l t) , 
Crassostrea v l rg l n l c a  

Soft- she l l  c l am 
� arenar l a  

So ft-she l l c l am 
Mya an;nar l �  

( ad u l t) , 

( adu  I t) , 

Concentration Sal in ity 
Ch_lcal In .. ter (esA )· 'S/kS' 

SALTWATER SPEC I ES 

Z i nc 7.2-96 , 000 
ch l or ide 

Z inc 7 .2-96, 000 
ch l or i de 

1 1 . 3  

Z i nc 9. 5 
chi  or I de 

5.21 -1 1 . 9 

1 1 . 3  

Z i nc 2 . 4-500 
su i tate 

Z i nc 1 1  
c h l or  Ide 

Z i nc 100 
ch l or  Ide 

Z i nc 200 
c h l or  Ide 

Z i nc 200 
ch lor ide 

Z i nc 200 
ch l or  Ide 

Ollratlon BCf or 
(dal£s' T issue BAf·· R.t.,-... c. 

0 .5 11111111 Who l e  1 0 ,000 F i sher et a l . 1 984 
cel l s  

0 . 511111111 Who l e  1 2 ,000 F I  sher .t al . 1 984 
cel l s  

1111111111 Who l e  1 3 1 8· . .  •t Foster 1 976 • 
p l ant 

1 40 Who l e  10,  768t Young 1 975 
p l ant 

1111.1111  Who l e  2, 029 Morr i s  and Bal e  
p l ant ( 5  ) 1 975 

1111111111  Who l e  1 , 02 711 . .  ,t Foster 1 976 
p l ant 

30-31 tt 
Grollfth 7 5 . 5- Bryan 1 969 
reg ion 295 .01l1lllt 

above 
st i pe 

50 Soft  670t Young 1 975  
t i ssue 

1 26 Sof t  23, 82 0t Sc h uster and 
t i ss ue Pr i ng le 1 968 

1 26 So ft  1 7 ,  640t Schuster and 
t i ssue Pr i ng l e  1 968 

50 Soft 65t Pr I ng l e et al ", 
t i ss ue 1 968 

49 Soft 1 35t Sch uster and 
t i ssue Pr l og I e  1 968 
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Tab l.  5.  (Continued) 

COnc .... tratlon Sal in ity Duration BCf or 
Seecles Ch_lcal I n  wat..- (es/U· (S/kg) (daIs) T issue BAF" Reference 
Barnac l e  ( ad u l t) , l B. 6 30 Sof t  95 1 . 6t Wh i te and Wa l ker 
B a l anus ba l anoi des t i ss ue 1 98 1  

Shr imp ( ad u l t) , Z i nc 65 1 4  Who l e  3. 692 ·  . .  ,t ,ttt ���
o

et a l . 
P anda I us montagu l c h l or fde body 

Mumm lchog ( juv en i l e) ,  Z i nc 2 1 0  56 Sca l es 40. 95t ,ttt 
�g¥:beaf� f undu l us heteroc l l tus c h l or  I de 

Mumm lchog ( J uven i l e) ,  Z i nc 2 1 0  56 Who l e  lB.  l Ot , t tt 
�:¥:be'�84 f undu l us heteroc l l tus ch l or  I d e  body 

Mumm l c hog ( j uv en i l e) ,  Z i nc 6 1 0  56 Sca l es 43. 2 I t ,ttt 
i�¥:be'�84 F undu l us heteroc l l tus ch lor Ide 

Mumm lchog ( juven i l e) ,  Z i nc 81 O 56 Who l e  1 5 . 80 t ,t t t  
��¥:be'� Fundu l us heteroc l l tus C h l or ide body 

Mumm lchog ( j uv en l i e) , Z i nc 1 , 880 56 Sca l es 28. 60t ,ttt 
��¥:be'384 F und u l us heteroc l l tus c h l or  Ide 

Mumm lchog ( Juven i l e) ,  Z i nc 1 , 880 56 Who l e  4 . 461 t , ttt 
�:¥:be'384 F undu l us heteroc l l tus c h l or  Ide body 

• Measured concentrat ion of z i nc .  

• •  Bl oconc en tr at lon factors ( BCFs) and b l oaccumu l at l on factors ( BAFs ) ant based on measured concentratIons at zi nc I n  
water and In  t i ssue. Number o f  exposure concentrat ions t r om  wh ich t h e  geometr Ic  mean factor was cal cu l ated I s  g Iven 
I n  parentheses lokIen I t  I s  greater than 1 . 

• • •  Factor was converted fran dry we i ght to wet we Ight bas I s  • 

• •  lt lt  Stead y-state reached . 

It lt lt  • •  F ie ld stud y .  

t Ca l cu l ated from authors' data or qraph . 

tt Steady-state not reached . 

ttt 
Concentrati on of z i nc .e s  the same In exposed and contro l an ima l s . 

, . 



Table 6 .  other Data on Effects of Zinc on Aquatic Organ l_s 

Hardness 
(IIg/L as Coneentratloll 

S�les Chell ica l Cel Duration Effect (I!S/U- R.ference 
fRESHWATER SPEC I E S 

Green a lga,  Z i nc hr 33% r ed uct ion 1 00,000 "grawlS ' 1 984 
C h l ore l l a  v u l gar i s  sui  tate In surv Ivai  

Green a lg a ,  Z i nc 1 4  d a ys I nh i b i ted growth 64 Garton 1 972  
S e l enastrum capr l cornutum phosphate 

Green a l g a ,  Z i nc " hI" EC50 ( oc ygen 1 , 000 Hendr l e ks  � 978 
S e l enastrum capr l corn utum s u i  tate prod uct Ion) 

Green al ga , Z i nc 3 w k  BCf"2 1 0 Co l eman at at e Y971 
C h l ore l l a  vu l gar i s  s u i  fate 

Green al g a ,  Z i nc 3 w k  BCf=1 33 Co l eman EJt a l .  1 971  
Ped l astrum tetras s u i  fate 

Green al q a ,  Z i nc 96 hr I nc i pi ent In- 1 ,066-1 , 400 Br I ngmann end Kuhn 
....... Scenedesmus guadr l cauda s u l fate h lb l t lon ( r iver ( t  ,200 ) 1 959a , b  
.j:-- water) 

Per l phyton, 3 w ku BAf= 1 , 1  00-6 ,304 John son et a l .  1 978 
M i xed spec i es 

waterweed , Z i nc f day EC50 ( ocygen) 8 , 1 00 Brown and Ratt i g an 
E l odea (Anachar l s) s u i  fate prod uct ion) 1 979 
canadens i s  

Moss , Z i nc 1 -6  days Red uced photo- 1 00  We i se  9t a l . 1 985 
f ont l na l l s  ant i e�ret l ca c h l or Ide synthesi s  

Bac ter I lIII . Z i nc 30 m i n EC50 « In h l b  I t lon  653 .7 Cenc i et al . 1 985 
E scher I ch I a ..s2.U s u i  fate of TOH act i v ity)  

Bacter I lIII , Z i nc I n c !  pl an t  1 , 400-2, 300 Br I ngmanI'! and K uhn 
E scher I ch I a ..s2.U s u i  tate In h I b i t ion 1 959a 

M I xed hetertroph i c Z i nc 0 . 5  he No s ign I f  I c an t  1 , 000 A I  br i g ht et al 0 

bac ter l a  c il l or Ide morrai I ty i 9 72 

M I x ed  heterotroph i c  Z I nc 3 days Red uced growt h 50 A I  br i g ht and W l i son 
bacter la  c h l or Ide 1 974 



Tabl .  6 .  (Continued) 

Species 

Bac ter 1 l1li  , 
N l trobacter sp. and 
N l trosomonas sp. 

Protozoan , 
M l croregma heterostoma 

Proto zoan , 
P aramec i um caudatum 

E ug l en a ,  
E ug l ena v i r i d i s  

P I  an kton ,  
M l x a:l  spec les 

Zoopl an kton,  
M lxa:l s pec les  

Rot l  ter , 
P h l l od l na acut l corn l s  

Worm, 
A eo l osoma head l ey l  

Tub l t lc l d worm ,  
T u b l  tex t ub l  tex 

Tub I t ic Id worm, 
T u b l  tex tub l tex 

Tub I t i c  Id worm ,  
T u b l fex tub l tex a nd  
L lmnodr l l us hoffme i ster I 

Z i nc 
s u i  tate 

Z inc 
su i  tate 

Z i nc 
s u i  fate 

Z i nc 
c h l or Ide 

Z i nc 
su i  tate 

Z i nc 
sui ta te 

Z i nc 
sui tate 

Z i nc 
ch l or ide 

Z i nc 
su i  tate 

Hardness 
CII9IL as 
C!'D>J) 

4 5  

4 5  

34 .2 

224 

Durat ion 

4 hr 

28 hr 

1 . 5  hr 

3 w k  

2 w k  

3 w k  

4 8  hr 

48 hr 

48 hr 

48 hr 

24 hr 

Effect 

EC50 100,000 

Inc i p i ent 330 
I n h i b i t ion 

Rad uca:l v i ta l i ty 3 , 500 

BCf=1 44 

Red uca:l Jr Imary  
product iv i ty 

1 5  

Red uca:l crustacean 100 
d en s i ty and d iv er s i ty 

LC50 ( 5 ·C )  
( t o·C ) 
( t  5·C )  
(20 ·C )  
( 25·C) 

LC50 ( 5 ·C )  
( t o ·C )  
( t  5 ·C )  
(20·C) 
(25 ·C )  

LC50 

LC50 

LC50 

1 , 550 
1 , 300 

780 
600 
500 

1 8 , 1 00 
1 7  ,600 
1 5�600 
1 5, 000 
1 3, 500 

2, 980 

1 3 0,000 

46,000 

. '  . 

Reference 

W i l l i  Ml SOO and 
Me l  son 1 983 

Br I ngmann and Kuhn 
1 959 b 

M i l l s 1 976 a 

, . 

Co l eman et al . 1 971  

Marshal l  at al . 1 983 

Marsha l l et al . 1 981  

Ca Irns et al . 1 97 8  

Ca i rns  a t  al . 1 97 8  

Br kov I e-Popov Ic and 
Po pov Ic 1 97 7 a  

Quresh I a t  al . t 980 

Wh I tl  ey 1 968 
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T.bl e  6 .  (Coatlnued) 

S�I .. 

Sna I I  , 
Gon l obas l s  I l vescens 

Sn a i l , 
N l tocr l s  sp . 

Sna I I , 
L xmnaea emarg l nata 

Sn a i l  ( ad u l  t) . 
P hysa gyr l na 

Sn a i l , 
P hysa I n tegra 

C I ad oc er an , 
Cer l odaphn l a  � 
C I  adoc er an . 
Cer l odaphn I a � 

CI ad oc er an ( <6  hr) . 
C er l odaphn l a  ret l c u l ata 

Ch_lc.1 

Z inc 
sui fate 

Z i nc 
sui  fate 

Z inc 
sui tate 

Z i nc 
c h l or i de 

Z i nc 
s u l fate 

Z inc 
c h l or Ide 

Z i nc 
c h l or Ide 

Z i nc 
ch l or id e  

Hardness 
(IIg/L es 
C!03) D .... t .on 

1 37-1 71 48 hi" 

4S 46 hr 

1 37-1 71 48 Ir 

36 30 days 

1 37-1 71 48 Ir 

36 7 days 

36 48 hi" 
36 46 hr 
68 4 6  hr 
62 48 hi" 
90 48 hr 

353 46 tr 
376 
392 
362 
392 

Coac_1retICHt 
Effect 'I!SIl)· R.t ... nce 

LCSO 1 3, 500 Ca irns at al . 1 916 

LC50 ( S ·C )  4 , 800 Ca i r ns et al . 1 978 
( lO ·C )  4 ,600 
O S·C) 2 , 800 
(20 ·C )  1 , 900 
(2S·C )  1 ,6S0 

LCSO 4 , 1 50 Ca Irns at al . 1 916 

t«> ef fect 570 Nabeker et 81 . 1 986 
LC50 7 71 

LC50 4 , 400 Ca I r ns st al . 1 976 

Chron Ic val  ue 167 Car l son et ill l • 1 986 
( r  Iver water) 

fC50 ( 'mlllOb I I  1- 1 64 Car l son at illi .  1 986 
zat lon ; r 'ver 1 49 
water ) 222 

366 
255 

EC50 ( h  Igh 224 Car l !Dn and Roush 
so l id s) 1 1 4 1 985 

96 
264 
1 9S 
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Tabl.  6. (COnt i nued) 

Specl.s 

Cl adoceran ( ad ul t) , 
Daehn l a  sa l eata mendotae 

CI adoceran ( young) , 
Daehn l a  ga l eata mendotae 

Cl adoceran, 
Daehn l a  magna 

CI adoceran , 
Daehn l a  masna 

CI ad oceran, 
Daehn I a masna 

C I  ad oceran,  
Daphn i a  magna 

CI adoceran , 
Daphn i a  masna 

C I  adoceran , 
Daphn I a magna 

C I  ad oceran <3-5 
Daphn i a  magna 

days) , 

C I  adocer an ( ad ul  t ) , 
Daphn I a magna 

CI adocer an, 
Daphn I a magna 

Hardness 
(lig/L as 

Ch_lca l  C!CO,s' Durat ion 

2 wk 

2 wk 

Z inc 16 hr 
sui tate 

Z inc 48 hr 
sui tate 

Z i nc 45.3 48 hr 
ch l or ide  

Z inc 45.3  21 days 
ch i or lde 

Z i nc 45.3 21 days 
ch l or ide 

Z i nc 288 24 hr 
ch l or ide  

Z i nc 72 hr 
s u i  tate 

Z i nc 72 hr 
sui tate 

Z i nc 45 48 hr 
sui tate 

" . 
, . 

CoIIc.-tr.tlon 
Effect 'I!S/U· R.t ...... c. 

BCF=9 ,400 1 5  Marshal l at al . 1 983 
BCF=5, 833 30 
BCF=6, 333 60 

BCF=9,933 1 5  Marshal l at al . 1 983 
BCF=6 , 933 30 

EC50 <1 9,440 Ander son 1 944 
( Immob l l l zllI t lon)  

EC50 1 ,800 Br I ngmann and K .-. n  
( r iver � ter) 1959a , b  

fC50 280 B les I ngar and 
( Immob i l i zation) Chr i stensen 1972 
( ted ) 

fC50 1 58 B les I ngar and 
( Immob i l i zat ion) Chr i stensen 1 972 

16 . reprod uct ive 70 B les I ngar and 
Impa Irment Chr i stensen 1972 

EC50 1 4 ,000 Br I ngmann and Kuhn 
( sw imm ing ) 1977 

lC50 ( 1 0 ·C )  5,050 Brag Insk ly  and 
( 1 5·C)  1 , 096 Shcherban 1978 
(25 ·C )  565 
no·C )  1 4.0  

lC50 ( l O ·C )  1 , 316  Brag I ns k l y  and 
< 1 5·C )  1 , 100 Shc herban 1978 
(25 ·C )  1 , 010 
no·C)  5 .0  

lC50 (5 ·c )  2 ,300 Ca irns et al . 1 97 8  
( 1 0·C)  1 , 700 
( 1 5  ·C )  1 , 1 00 
( 20·C) 560 
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Tabl. 6 .  (Continued) 

S�I.s 

CI  adoceran .  
D aphn I a magna 

CI adoceran ,  
Daphn i a  pu l ex 

CI adoceran 
80sm l na l ong l rostr l s  

C I  �oceran ,  
E ubosm l na coregon l 

Copepod ( � ul t) , 
T ropocykops pras l n us 

Crayt I sh ( ad ul  t) , 
O rconectes v l r i l i s 

Mayt I y.  
C loeon d lpterum 

May f l  V ( na l ad) . 
E phemere I I  a grand I 5 

Mayf l y ,  
E phemere I I  a subvar I a 

Damsel  f l  V ,  
Un i dent i f i ed 

stonet l y  ( na i ad) , 
p teronarcys cai l forn l ca 

Stonet l  y. 
Acroneur l a  I ycor i as 

Cadd l st l y. 
Hydropsyche batten ! 

Ch_lca l 

Z inc 
sui  fate 

Z inc 
sui fate 

Z i nc 
ch l or ide  

Z i nc 
su i  fate 

Z i nc 
s u i  tate 

Z i nc 
sui fate 

Z i nc 
su i  fate 

Z l flC 
sui fate 

Z i nc 
sui ta ta 

Z i nc 
su i  tate 

Hardness 
CIIg/L .s 
Ce) Duration 

1 30-160 50-70 days 

45 48 hr 

2 wk 

2 wk 

10  48 hr 
1 0  

1 20 

26 1 4  days 

72 hr 

30-70 1 4  days 

54 1 0  days 

50 96 hr 

�o-70 1 4  days 

50 1 4  days 

52 1 1  days 

CoKeRtratlOlil 
Effect 'I!S/U· R.t.,. ... ce 
Reduced 1 00 W inner 1 981 
l ongev I ty 

LC5()(5 ·C )  1 , 600 Ca Irns at al . 1 91 8  
( 1 0·C )  1 , 200 
( 1 5  ·C )  940 
(25·C )  280 

BCf"' 1 1 , 930 1 5  Marshal l et al . 1 98} 
BCf· 6 ,300 30 
BCf- 5, 1 8} 60 

BCf"1 0,870 1 5  Marshal l at al . 1 98} 
BCf'" 6,8:n 30 
BCf- 3,861 60 

EC50 52 Lal ande and P l n al-
(mot i l i ty) 264 Al l oul  1 986 

2, 934 

LC50 84 , 000 M ir end a  1986 

LC50 ( 1 0·C )  35, 71 0 Brag Inskl y and 
05 ·C )  6 , 920 Shcherban 1 978 
(2 5·C )  2 , 84 6  
(lO·C )  1 ,330 

LC5() >9 ,200 Nelr I n9 1 976 

LC50 16, 000 War n Ic k and Bel I 
1 969 

l,C5O 26, 200 Rehwo ldt  et al . 1 913 

LC50 >1 } . 900 Nehr i ng 1 976 

LC50 32 , 000 Wain Ic k and Bel l 
1969 

LC50 32 ,000 Wain Ic k and Bel l 
1 969 
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Teble 6 .  (Continued) 

Sl!!£le. 

Cadd I s t l y ,  
Un I d en t l  f l ed 

Mosqu l to ( pupa) , 
� aegypt l 

104 1  dge,  
C h l ronomous sp .  

M i dge ( embryo 10 3rd 
Tanytarsus d l ss lm l i l s 

Coho sa I mon ( fr y) , 
Oncorhynchus k l sutch 

Coho sa l mon ( 2 .9 g) , 
O ncorhynchus k l sutch 

In star) , 

Soc keye sa I mon ( al fIN I n )  
( accl ImatEd 10 z i nc) , 
O ncorhynchus � 

Sockeye sa l mon ( a l fIN In)  
( accl Ima tEd 10 z I nc) , 
O ncorhynchus nerka 

SOC keye sa Imon ( a l ev In )  , 
Oncorhynchus nerka 

Soc keye sa l mon , 
Oncorhynchus nerka 

Ra Inbow trout , 
� ga l rdner l 

Ra I nbow tro ut 
( 1 .62 on) , 

� ga l rdner l 

Ra Inbow trout 
( 1.62 cm) , 

� ga l rdner l 

Ra Inbow trout ( t i ng er I I nq ) • 

� ga l rdner l 

'-rdn ... 
(.-giL e. 

Clt.lcel Ce' 
50 

Z inc 4 
sui  fate 

50 

Z i nc 46.8 
c h l or Ide 

Z I nc 3-1 0 
sui  fate 

Z I nc 30.5 
ch l or ide 

Z inc 
c h l or ide 

Z i nc 
c h l or Ide 

Z I nc 
c h l or Ide 

Z i nc 20-84 
c h l or ide 

Z i nc 320 
s u i  fate 

Z inc 1 5-20 
s u l tate 

Z I nc 320 
sui  fate 

Z i nc 320 
s u i  fi!lte 

, . .  
. . 

eo.c:eIttret 1011 
Duretlon Effect (I!S/U· Reference 

96 hr lC50 58, 1 00 Rehwol dt et el . 1 973 

12 hr 20S IIIOrta l l ty 500 Abba s i  et al . 1 985 
30S mortal I tv 5,000 

96 hr lC50 1 8 , 200 Rehwo l dt at al . 1 973 

1 0  d ays LC50 36. 8  And erson at _ I  • 1 980 

2 4  hr Decrease '" I te 500 McLeay 1 975 
b l ood cel l s  

1 .15 hr !'b ef fect on 654 Re hnberg and Schreck 
01 fact ion 1986 

96 hr LC50 1 , 663 Chapman 1 976_ 

1 1 5  hr LC50 >630 Chapman 1 918. 

1 1 5 hr LC50 441 Chapman 1978a 

3 mo !'bne ( ad  u l t 10 1 1 2 Chapman 1 9781:1 
smol t) 

285 m in LT 50  1 0, 000 L I  oyd 1 960 
1 80 m In 1 1 , 000 
1 62 m in 1 1 , 500 

1 days LC50 ( fed) 560 L loyd  1 96 1 a , b  

3 d ays LC50 ( fed ) 3 , 500 l l oyd 1 961 a ,b 

4 8  hr LC50 3 , 860 Herbert and Sh urben 
1 964 



Table 6 .  (Contl.ued) 
Herdn •• 
(IIg/L a. CoIM:entratlOil 

Sel• Ch_lcal Ce) Duret80n Effect (I!sl!:). Reterence 

Ra I nbolll trout , Z i nc 44 48 tr lC50 ( h ig h  91 0 Herbert and Sh urban 
� ga l rdner l sui tate sod h n  ch l or ide) 1 964 

Ra Inbolll trout , Z i nc 320 4 8  tr lC50 ( low D.O. )  2 , 400 Herbert and Sh ll' ben 
� !:Ia l rdner l s u i  tate 1 964 

Ra lnbolll trout ( 3-4 mol , Z i nc 320 48 hi'" l.C50 2 , 460 Herbert and V anDyke 
� ga l rdner l s u i  tate 1 964 

Ra I nbOlil trout ( yelJr l ing ) , Z i nc 320 48 hi'" lC50 5, 000 Herbert and Waketord 
Sa lmo ga l rdner l s u i  fate 1 964 

Ra Inbolll trout Z i nc 290 5 days l.C50 4 ,600 Bal l 1 967 
(46.7-1 2 5 . 5  g) . s ui tate 

� ga l rdner l 

Ra Inbolll trout ( 1 3. 7  g) , Z i nc 290 1 00  days Damaged g i l l 5 800 BrOIllR et al • 1 96 8  
S a l mo ga l rdner l 5ul tate 

0 
) Ra Inbolll tro ut .  Z i nc 1 3- 1 5 1 0  m in Avo id ance 5.6 Sprague 1 96 8  

� ga l rdner l s u i  fate 

Ra Inbolll trout ( 1  yr) . Z i nc 240 48 hi'" l.C50 4 , 000 Bro"," and Da I to n 1 970 
� ga l rdner i s u i  fate 

Ra lnbolll trout ( 1 00.9 g) , Z i nc 51  T I  ssue hypOlC l a  40, 000 Bur ron at �i � 1 912 b 
� ga l rdner l s u i  tate 

Ra Inbow trout ( try) . Z i nc 20 96 hr l.C50 90 Garron 1 972 
� ga l rdner l phosphate 

Ra InbOlil trout ( embryo) . Z i nc 2 5  5 days l.C50 1 35 S i n l ey et al • 1 914 
� ga l rdner l s u i  tate 

Ra InbOlil trout ( f i ng er l ing Z i nc 333 22 mo lCl 0  1 , 055 S i n l ey et al • 1 974 
to adul t) , s u i  tate 

� ga l rdner l 

Ra lnbolll trout ( 1 5-1 7 . 5  on )  , Z i nc 504 48 Ii"" LC50 4 , 160 So ! � 1 974 
� ga l rdner l sui tate 

Ra I nbolll trout , Z i nc 51 -68 48 hr Decreased bl ood 1 , 430 Se l l ers et a l . 1 975 
� ga l rdner l sui ta te � and pH 

Ra Inbolll trout ( 2 00  mm) , Z i nc 98 1 0  days LC50 800 Goettl et al . 1 976 
� ga l rdner l su i  tate 
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Tab le 6. (Continued) 

S�les 

Ral  nbow trout , 
Sa l mo g a l rdner l 

Ra I nbow trout ( year I I  ng)  , 
� ga l rdner l 

Ra i nbow trout ( 2  
S a l mo ga l rdner l 

Ra I nbow trout , 
S a l mo ga l rdner J 

Rai nbow trout 
( embryo, I Irva) , 
S a l mo ga l r dner J 

Ra I nbow trout ,  
Sa l mo g a l rdner l 

Ra I nbow trout 
(80-1 20 g) , 
S a  lmo ga I r dner l 

R a i nbow trout (50 
S a l mo ga l rdner l 

Ra i nbow trout , 
S a l mo ga l rdner l 

Ra I nbow trout 
(j uven l l e) , 
S a l mo ga l rdner l 

Ra I nbow trout 
(J uven i l e) ,  
S a l mo g a l rdner l 

Ra 1 nbow trout 
( f i nger l i n g) , 
S a l mo  ga l rdner l 

mo) , 

g ) , 

Hardness 
(lIg/l es 

Ch_lcal Caeo,.) Duration 

Z i nc 5 . 1 -1 0 .5 
su l fate hr 

Z i nc 374 85 days 
sui fate 

Z i nc 96 hr 
acetate 

Z i nc 36 24 hr 
s u i  f ate 

Z i nc 1 04  2 8  days 
Ch l or i de (92-1 1 0 )  

Z i nc 1 1 2  40 m i n 
c h l a- I de 

Z i nc 30 days 
su l fate 

Z i nc 1 8. 7  72 hr 
su I fate 

Z i nc 96 hr 
ch l or i de 

Z i nc 6.0-6 . 5  9 days  
su i fate 

42 days 

Z i nc 1 4  96 hr 
s u i  fate ( pH=6 .0 ) 

. .  ' 
. .  

Concentr.t Ion 
E ffect (I§!U· Referenee 

I ncreased 1 5 , 340 Hodson 1 976 
l act i c  ac i d  

I nh i b i ted 1 , 1 20 Watson and McKeown 
growth 1 976 

LC50 550 Hal e  1 971 

LC50 (5 ·C }  2 ,800 Ca i rns et al . 1 978 
< 1 5 ·C }  1 ,560 
no·C } 2 , 1 00 

EC50 ( death and 1 , 060 B i r ge 1 978 ; B i rge et 
deform i ty} " , 1 20 }  al . 1 978 , 1 980 , 1 981 

94% avoi dance 47 B I  ack and B i rge 
1 980a ,b  

I ncreased g i l l  290 Watson and Beam i sh 
enzymes 1 980 

LC50 2 ,000 Lovegrove and Eddy 
1 982 

Ci rcu l atory 1 ,250 Tuural a and 50 l v l o  
vasoconstr i ct ion 1 982 

Hyperg l yc an l a 352 Wagner and McKeown 
1 982 

OG/llaged 431 . 5  Le l and 1 983 
hepatocytes 

LC50 670 Spry and Wood 1 984 



r.bl. 6.  (Contlftued) 
Hardnes. 
(IIQIL •• ConceRtratl_ 

Specl •• Cea-leal C�) O .... tlon E f fect (es/U- Refer_c. 

Ra I nbow trout (gamete) , Z i nc 40 m in Reduct ion In 2 0,000 B i l l ard and Roubaud 
� ga l rdner i sui fate sp8naa1uzoa 1985 

SUN ." a . ;  no 
a f fect on 
tart g I I  zat Io n 

Ra i nbow trout (2. 7-3.3  g) , 385 9.4 hr LT50 1 9, 1 00 Br ad l ey and S prag ue 
S a l mo ga l rdner l ( pH=6 . 99 )  1 985 

30.5 1 0 . 4 hr 5,780 
( pH=6 .96 ) 

390 I t  . 5  hr 1 8 , 900 
( pH=5 .49 ) 

32 . 5  1 6 . 0  hr 5 , 570 
( pH=5 .49 ) 

389 6. 3 hr 26, 900 
( pH=7 . 00 )  

385 9. 4 hr 1 9 , 1 00 
( pH=6.99 ) 

00 368 1 2.9 hr 1 3, 800 
N ( pH=7 .02 ) 

Ra i nbow trout ( embryo) , Z I nc 30 1 0  hr LT50 1 4 , 000 Rombough 1 985 
� ga I rdner I n I trate 9 hr 1 3,000 

20 hr 1 2 ,000 
1 6  hr , 1 ,000 
1 8  hi'" 1 0, 000 
1 6  tlr 9 ,000 
20 hr 8 , 000 
36 hr 6,000 

> 1 68 hr 2 , 000 

Ra i nbow trout ( embr yo Z i nc 30 1 4  hr LT 50 1 4,000 Rombough 1 985 
w I th capsul e removed) , n I trata 1 8  hr 1 3,000 
S a l mo ga l rdner l 36 hr  1 2,000 

30 hr l '  , 000 
37 hr 1 0,000 
56 hr 9, 000 
70 hr 8,000 

> 1 68 ,, - 6 , 000 I II 
>168 hr 2 ,000 
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Table  6.  (Coft�lnued) 

Sp!Cles 

Ra i nbow trout (5 days 
post tert i i  I zat lon) , 

� ga lrdner l 

Ra inbow trout ( 1 0 days 
post tar t  I I I  zat Ion) , 
S a l mo  sa l rdner l 

Ra inbow trout ( 1 5  days 
post tart I I I  zat Ion) , 
S a l mo sa l rdner ' 

Ra inbow trout ( 22 days 
post tart I I I zat Ion) , 
S a l mo sa l rdner l 

Ra inbow trout ( 29 days 
post tart l l l  zat lon) , 
S a lmo ga l rdner l 

Ra inbow trout ( 36 days 
post tart I I I  zat Ion) , 
S a l mo  sa l rdoer l 

Ra inbow trout ( 2  
post hatch) , 

� sa l rdner l 

Ra inbow trout ( 7  
post hatch) , 
S a l mo sa l rdner l 

At l ant ic  sa l mon 
S a l mo  sa l ar 

At l ant ic  sa l mon 
� sa l ar 

A t I an t ic  sa I man , 
� sa l ar 

days 

days 

( parr) , 

< 7 .38 g ) , 

Hardness 
(IIg/L 85 

Ch_lca l ee) 
Z i nc 87 . 7  
su i  fate 

Z i nc 87 . 7  
su i  fate 

Z i nc 87 . 7  
su i  fate 

Z i nc 87 . 7  
s u i  tate 

Z i nc 87 . 7  
su i  tate 

Z i nc 87 . 7  
s u i  tate 

Z i nc 87 . 7  
s u i  tate 

Z i nc 87 . 7  
su i  fate 

Z i nc 18  
su I  fate 

1 4  

1 4  

. '  . 
, . 

CoRc_tra� 10It 
Durat lOfl Eff� CI!S/U- Reterence 

48 hr LC50 24,000 Shaz I I I  and PaSlCoe 
1986 

48 hr LC50 <1 ,000 Shaz l l l  and Pascoe 
1 986 

48 hr LC50 9, 1 00 Shaz l l l  and Pascoe 
1 986 

48 hr LC50 7, 000 Shaz l l l  and Pascoe 
1 986 

48 hr LC50 4 , 300 Shaz l l l  and Pascoe 
1 986 

48 hr LC50 9, 200 Shazl l l  and Pascoe 
1 986 

48 hr LC50 3, 200 Shaz l l l  and Pascoe 
1 986 

48 hr LC50 3, 400 Shaz l l l  and Pascoe 
1 986 

4 hr EC50 ( Il0l0 Idance) 49 .88 Sprague 1964 b  

23-25 hr LT50 954.4  Z i tko and Carson 1976 

Inc i p i ent  1 50-1 ,000 Z i tko and Carson 1977 
lethal 1 811 81  
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Tabl. 6 .  (Coatlnued) 

Specl.s 

At l ant ic sCl lman 
( j ulien I I  e) , 
� � 

At l an t ic sa lmon ( year l i ng) , 
� sa l ar 

Gold t . sh (3-5 g) . 
C arass l us auratus 

Go l d f i sh ( Immature) , 
C arass l us auratus 

Go l d f l  sh 
( embr yo , I arll a) , 
Carass l us auratus 

Go l d f i sh ,  
Carass l us auratus 

COIlIIIon car p ( embryo) , 
Cypr Inus carpi o  

Common car p ( }  50-4 00 
eypr Inus carpi o  

Common car p ( 2 . 1  
eypr l nus carpio 

Go l den sh i n er ,  

g) , 

g) , 

Notem igonus cryso l aucas 

Ch_lcal 

Z inc 
s u i  tate 

Z i nc 
sui  tate 

Z i nc 
sui fate 

Z i nc 
sui  tate 

Z i nc 
e h l or Ide 

Z i nc 
sui  fate 

Z i nc 
sui fate 

Zi nc 
c h l or ide 

Z i nc 
s u i  fate 

Z i nc 
s u l fate 

Hardness 
(IIQIL as 
C�) Durat ion 

' 2.  t -24.4 2' d Cl y5 

14  >168 hr 
58 hr 

1 5.6 hr 
9.4 hI· 
2.6 hr 

1 -4 hr 

29 1 d ays 

195 1 days 

36 24 hr 

360 

2 hr 

1 9  4 8  hr 

36 24 hr 

Cottc:eptrllt lOll 
E ffect (I!sl!;)- R.t ..... ce 
LC50 , ,450 former at al . 1 919 

1 ,600 
51 0 

1 , 460 
340 
350 

LT50 300 Sprag I» and Rcnsay 
4 ' 0  1965 
650 

1 ,060 
4 ,  ' 90 

LT50 ' 00,000 E l l i s 1 9. H  

H I  sto l og  leal  2, 000 Bramage l!Ild fuchs 
d cnage 1 916 

EC50 ( death and 2 , 54 0  B i rg e  1 918 
deform i ty )  

LC50 (5-C)  ' 03 , 000 Ca i r ns et a l . 1 978 
( 1 5 -C )  4 0 ,000 
no·C) 24, 000 

EC50 ( hatch) 1 4, 420 Kap ur and Yadav 1 982 

CDT. GPT a nd 4 , 191 Nemcsok and Boross 
LOH LIlat tected 1 982 

LC50 1 , 280 Khang arot et al . 1 984 

LC50 (5 -C )  1 1 , 4 00 Ca i r ns et a l . 1 918 
( 1 5 ·C )  1 , 160 
n o·C) 8, 330 
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Tabl e  6. (Continued) 

Hardness 
(II9IL as CoReentretl ... 

Se!Sles Ch_lcel CIICOj) Durat ion E ffect (I!S/U· Referellce 

Fat head m innow 0 -2 g) , Z i nc 20 96 1.- lC50 880 P lc ker l � and 
P lme�ha l es erome l as acetate Henderson 1 966 

Fathead m i n now ,  Z i nc 203 1 0  mo EC83 ( fecund I ty)  1 80 Br ungs 1 969 
P lme�ha l es erome l as sui fate 

Fa the ad m innow, Z inc 1 03 96 hr lC50 ( F I  sh from 6 , 1 40 B irg e et al . 1983 
( ad u l t) , ch lor Ide 2 54 -2 1 1  pond contam Inated 5 , 960 
P lme�ha l es promel as w i  th heavy metal s) 

fat head m I nnow, Z i nc 392 96 1.- lC50 ( h  Igh sol id s) < 2,660 Carl 9)ll and Roush 
( I arv a) , ch l or ide <2 ,930 1 985 
P l meeha l es erome l as 

fathe ad  m i nnow ( l arv a) , 48 1 days Red uced growt h 1 25 Norberg cn1 Mount 
P lmeeha l es erome l as 1 985 

fathead m I nnow « 24 hr ) , Z i nc 36 96 hr LC50 ( r iver water ) 393 Car l son et al • 1 986  
00 P lmeeha l es erome l as ch lar Ide 55 440 
Ln 68 556 

82 655 
90 807 

Channel cat f i sh .  Z i nc 206-236 · 4 0 I.- Decreased b l ood 1 2,000 lewi s and Lew l  s 1 97 1  
( t I  n g  er I I n q )  , sui tate osmol ar i ty 
I cta l urus eunctatus 

Channel caU l sh ,  Z i nc 90 5 days I nc reased We stena an and B i rge 
( embr yo ,  l arv a) , ch lor Ide a l ban l sm 1 978 
I cta l urus eunctatus 

Channel cat t l  sh , Z i nc 31 3 1 4  days U::50 ( h ig h  8, 200 Reed at al . 1 980 
( t Ing er l  I ng) , s u i  fate al kal ln  Ity)  
I cta l urus eunctatus 

Guppy ( 5  rno) , Z i nc 4 rno Red uced repr� 880 Uv lovo and Beatty 
Poec i l i a ret l cu l ata s ui tate d uct Ion 1 91 9  

Guppy,  Z i nc 260 96 hr LC50 ( h i g h  54 , 950 Khangarot 1 981  
P oec i l la ret l c u l ata sui  tate sol id s) 
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Tabl. 6 .  (COntInued) 

Se!!:les 

G upp y  ( 1 84 mg) , 
Poec l l i a ret i cu l ata 

Guppy ( tr y) , 
Poec i l i a ret lcu l ata 

Str i ped bass ( embryo) , 
Morone saxat i l i s 

Str I ped bass ( fry) , 
Morone saxat i l i s  

B l ueq l l l  ( 2 . 5-3.9 g) , 
L epom l s  macroch l rus 

BI  ueg I I I ,  
L epom l s  macroch l rus 

BI ueg I I I  ( tr y) • 
L epom l s  macroch l rus 

Bl ueg i l l  ( 1 8. 1  g) , 
L epom l s  macroch l rus 

Bl ueg i l l  (39.97 g) , 
L epom l s  macroch l rus 

BI ueg I I I ,  
L epom l s  macroch l rus 

BI ueg I I I  ( J  wen I I  e) , 
L epom l s  macroch l rus 

BI ueg I I I ( try) • 
L epom l s  macroch l rus 

Ch_lcal 

Z Inc 
sui fate 

Z i nc 
s u i  fate 

Z i nc 
ch l or Ide 

Z I nc 
suI tate 

Z I nc 
sui tate 

Z i nc 
sui tate 

Z i nc 
sui fate 

Z i nc 
sui tate 

Z i nc 
ch i or iae 

Z i nc 
s u i  tate 

Hardn ... 
(.giL •• 
C!fOJ) Durat ion 

260 48 t..-

30 1 67 . 5  hr 

1 37 20-25 hr 

1 37 48 hr 

44. 3 96 hr 

370 20 days 

51 3 days 

68 1 2  t..-
4 . 7  hr 

1 -24 t.-

36 24 t.-

1 1 2  4 0  m In 

31 3 1 4  days 

CoIIcentr.t loa 
E ffect (I!SIL)· Refer_c. 

LC50 7 5 , 000 Khangarot et al . t 981  

LC50 1 , 4 50  P i erson 1 981 

LC50 1 , 850 O 'Rear 1 971  

LC50 1 , 1 80 O'Re ar  1 971 

LC50 ( per lad Ie 4 ,900 Ca irns and SChe Ier 
l ow  D.O . )  1 958a;  Academy o f  

Na tur al Sc I ences 1 96 0  

LC50 (00- 1 .  9 1  ) 7 ,200 P ic ker i ng 1 968 
(00"2 . 1 2 ) 7 , 500 
(00=3.46 ) 1 0, 700 
(00=3. 29 ) 1 0, 500 
(00=5. 50 )  1 2, 000 
(00=5 . 53 )  1 0, 700 

Lethal  235 Ca irns and S parks 
1971 ; Sparks at al o 
1 9n b .  

LT50 (20 ·C ) 32,000 Bur10n et 01 . 1 972a 
(30·C )  32 , 000 

I ncreased cough 3,000 S par ks et 01 . 1 9720 
response 

LC5O ( 5 ·C )  2 3, 000 Ca Irns et al . 1 97 8  
( 1 5"C )  1 9 , 1 00 
(30 ·C )  8 ,850 

1 3 .  avo i d ance 4 3 , 700 B l ac k  and B i rge 1 980 

LC50 ( h I g h  1 1 , 000 Reed et al . 1 980 
al  kal I n  I ty)  
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Tabl e  6 .  (Continued) 

S�les 

Largemouth bass 
( embryo ,  I arlfa) • 
M l croeterus sa l mo l des 

Largemouth bass ( J ulfen I I  e) , 
M l croeterus sa l mo l des 

Largemout h bass 
( embr yo ,  I aN a) , 
M l cropterus sa l mo l des 

Largemout h  bass 
( f lnqerl l ng) , 
M l cropterus sa l mo l des 

Narrow-mouthed road 
( embr yo ,  l arlfa) , 
Gastrophryne caro l l nens l s  

Marb l ed  sa l  amander 
( embr yo , I aNa) , 
Ambystoma opacum 

Hardness 
(IIg/L as 

Ch_lea l  C!!CO,s' 
Z inc 93- 1 05 
ch l or id e  

Z i nc 1 1 2  
su i  fate 

Z i nc 
c h l or Ide 

Z i nc 3 1 3 
su i  fa1a 

Z i nc 1 95 
c h l or ide 

Z i nc 93 -1 05 
c h l or Ide 

· . 

Cone_fr.tIOil 
Duration Effect 'I!S/U· Reference 

8 days EC50 ( death and 5, 1 60 B i rge et al . 1 97 8  
deform I ty)  

40 m i n  57% alfo l d ance 7 , 030 BI ack and B i rg e  1980 

9 d ays fC50 ( death and 5, 180 B l ac k  and B i rg e  1 980 
de form i t y )  

1 4  days LC50 ( h i g h  8, 000 Reed et al . 1 980 
al kal In I ty)  

7 days fC50 ( death 10 B i rge 1978; B i rg e  et 
and deform i t y) al . 1 979 

8 days fC50 ( death 2, 380 B I rg e  et al . 1978 
and deform i ty)  



Tab l e  6.  (Cont inued) 
Sal i n ity CoIIcentr.t 1011 

Specie. Ch_ lca l (a/ks' Durat ion E ffect (I!S/U· R.t .... e. 

SALTWATER SPEC I ES 

Graan al g a .  65Z Inc 35 7 d ays BCf = 2. 184··· Styron at a l . 
Cartar l a  sp. 1 976 

Green al qa , 65Z Inc 34 7 d ays BCF .. 16. 1 2·" Styron at a l . 
C h i  am)!domonas sp. 1 976 

Green al g a ,  Z i nc 1 2  days EC50 ( growt h) >33 ,600 W l ktors and Uka l as 
o una l le l l a  auch l ora c h l or lda 1 962 

Gr een al g a ,  Z i nc 1 2  days EC50 ( growt h) 3 7 , 220t Wl ktors and Uka l as 
o una l l a l l a  euch l ora sui tate 1 962 

Green al g a ,  65z I nc 44 7 days BCf .: 43.86··· Styron at al • 
o una l l a l l a  sa l ina  1 916 

Green al g a ,  Z inc 1 5- m in t«> et tact on 6 , 536 OV ernal l 1 915 
o una l l e l l a  tert l o l ecta s u i  tate potassl Ull r e-

ten t ion 
00 00 Graen a lga,  Z inc 1 5  m in EC50 ( Ol<ygen 6 5 , 360 O ... ernel i i 976 

o una l l e l l a  trert l o l ecta sui tate prod uc t ion) 

Graen a lg a .  Z inc 72 hr EC50 ( growt h )  1 3, 000 F i sher at a l " i 984 
o una l l e l l a  tert l o l ecta Ch l or ide 

Gr ean al g a ,  65z I nc 42 7 days BCf .: 160 1 2  ••• Styron at a! e 

Nanoch l or t s atomus 1 976 

Go l  dan- brown al g a ,  1 2  48 hr Red uced ch l orophy l l 2 , 000 W I I  son and Fr eeberg 
I sochr)!s l s  ga l bana 16 ( 16 ·C)  � about 65% 430 1 960 

20 61 0 
26 1 ,200 

Go l den- brown al g a ,  7 48 hr Red uced ch l orophy l l  4 , 400 W i l so n and Freeberg 
I sochrys l s  ga l bana 1 2 (20 ·C) � abo l.lt 65% l ,lOO 1 980 

16 74 
20 520 
28 1 00  
31 2 , 300 

Gol den- brown al ga , 1 2  48 hr Red uced ch I orophy I I  1 , 000 W I I  son and Freeberg 
I sochr)!s l s  ga l bana 16 (26 ·C) � about 65� 3 , 000 1 980 

20 800 
28 3,000 
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Tab le 6 .  (Conti nued) 

S�les 

Go l den-br�n a l ga ,  
I sochrys l s  g a l bana 

Go l den-brown al g a ,  
I sochrys l s  g a l bana 

Gol den-brown a l g a ,  
Monochrys l s  l uther l 

Go l den-brown a l ga ,  
Monochry s l s  l uther l 

Go l den- brown a l g a ,  
Monochrys l s  I uther I 

01 atom, 
Achn anthes brev l pes 

D i atom , 
. N i tz sch i a  l ong l ss l ma 

D i atom , 
P haeodacty l um tr l cornutum 

D l atoln , 
P haeodacty l um tr l cornutum 

D i atom, 
Phaeodacty l um tr l cor nutum 

D I atan , 
Phaeodacty l um tr l cornutum 

0 1  atom , 
P haeodacty l um tr l cornutum 

D I atom , 
P haeodacty l um tr l cornutum 

o I atom , 
Phaeodacty l um tr l cornutum 

CheMi ca l 
Sal i n i ty 

(g/ka) Durat i on  

Z i nc  1 2  days 
c h l or i de 

Z i nc 
su l f ate 

' 2  days 

Z i nc 1 5  m i n 
s u l f ate 

Z i nc 1 2  d ays 
Ch l or i de 

Z I  nc 1 2  days 
s u i  fate 

65 z l nc 40 7 d ays 

Z i nc 30 1 -5 d ays 
su I f ate 

Z i nc 1 1 -1 5  d ays 
C h l or  I de 

Z i nc 1 3  days 
c h l or i de 

Z i nc 1 4  days 
ch l or i de 

Z i nc ' 5  m i n 
su l f ate 

65z I nc 37 7 d ays 

Z i nc 25 1 0-1 4 d ays 
su i f ate 

Z i nc 1 2  d a ys 
c h l or  I de 

. .  

Concentrat Ion 
E f fect (l!a!U· Reference 

EC50 ( growth) >33,600 W l k fors and Uke l es 
' 982 

EC50 ( growth) 33 , 1 00t Wl k fors and Uke l es 
1 982 

EC50 ( reducted 1 , 308-1 , 961  Overne l l 1 976 
oxygen pro-
duc t i on )  

EC50 ( growt h )  >33 ,600 W l k fors a nd Uke l es 
1 962 

EC50 ( growth) 3 1 ,01 0t W l k fors and Uke l es 
1 962 

BCF = 0 . 04*** Styron et a l . 
1 976 

St imu l ated gr�th <1 00 Subraman i an et a l .  
1 960 

23% reduc t i on 25 , 000 Jensen et al . 1 914 
I n  growth 

BCF = 1 600***, t , 250 Jensen et a l . 
1 974 

BCF = 613*** '  t 1 0 ,000 Je nsen et a l . 
1 974 

No ef fect on >65, 360 Overne l l 1 976 
oxygen evo l ut i on 

BCF a 1 6 . 1 2*** Styron at al . 
1 976 

19% reduc t i on 3 ,000 6raek et a l . 1 960 
I n  growth 

EC50 ( growth) >33 ,600 W l k fors and Uke l es 
1 962 
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Tab l . 6. «COII't I AUaen 

Se!Slas 

D i atom ,  
P haeodacty l um tr l cornutum 

D i atom ,  
S ke l etonema costatum 

D i atom . 
S ke I etonema costatum 

D i atom . 
S ke I etonema costatum 

D i atom , 
S ke I etonema costatum 

D i atom , 
S ke l etonema costatum 

D i atom ,  
S ke I etonema costatum 

D i a tom , 

S ke I atonema costatum 

D i atom ,  
S ke I etonema costatum 

D i atom , 
S ke I etonema costatum 

D i atom . 
S ke l etonema costatum 

D l atOtn , 
Tha l ass los l ra �5eudonana 

D i atom . 
Tha l ass l os l ra (!saudonana 

D i atom ,  
T ha l ass l os l ra (!seudonana 

Ch_ lca l 
Sa l in ity 

(S/kS' DuratlOll 

Z inc 1 2  days 
s u i  tata 

Z i nc t 3  days 
c h l or Ide 

Z i nc 1 2  days 
c h l or Ida 

Z inc t I -I 5 days 
c h l or Ida 

Z i nc 1 0- t 4  days 
s u i  tate 

Z i nc 1 0- 1 4  days 
sui tata 

Z i nc 1 5  m i n 
sui  tate 

Z inc 25 to- t 4 days 
s u i  tata 

Z i nc 30 1 -3 days 
s u i  tata 

Z i nc 3 days 
c h l or Ida 

Z i nc 3 days 
c h l or Ida 

Z i nc 1 1- 1 5 days 
c h l or Ida 

Z i nc t 3  days 
ch l or ide 

Z i nc 1 5  days 
c h l or Ida 

eo.c ... tre't 1011 
Effect 'I!SIL)· R.f ...... ce 

14 . 2. r ed uct ion 48, 000 W l ktors and Uka l as 
I n  growth 1 982 

BCF .. 4 . 000· .. •t Jansen at al . 
1 914 

BCF = t 60· .. . t Jansen at al • 
1 974 

23% red uct Ion 50 Jansen at al . 1 974 
In growth 

EC50 ( growth) t 92 . 9t Braek at a l . 1976 

EC50 ( growth> t 75.6t Braek at al . 1976 

ttl ef fect on >65. 380 Ov ernel l 1 976 
oxygen evol ut Ion 

20% red uct Ion 1 00  Braek a t  a l . 1 980 
I n  growth 

St Imul  ated growth <200 Subnnan Ian at a l . 
1 980 

AI tared cytopl  as- 265 Sm ith 1 983 
m lc mor phol ogy 

BCF .. 765 Sm ith 1 983 

4U r ed uc t ion 500 Jansan at al • 1 974 
In growth 

BCF .. t 48 .. • •t Jansen at a l . 
1 914 

BCF 350 .. • •t Jansen at a l . 
t 9 74 
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Table 6. (Continued) 
Species 

D i atom ,  
Tha l ass los l ra eseudonana 

D i atom ,  
T ha l ass los l ra eseudonana 

D i atom ,  
Tha l ass l os l ra eseudonana 

D i atom , 
T ha lass los I ra rotu l a  

Phytopl an kton ( d  latom) 

D Inot I agel I ate , 
Ameh l d l n l um carter I 

D l no t l  agel  l ate , 
Ameh l d l n l um  carter l 

D l no f l  ag e l  l ate, 
G I enod I n I um !!!!..!. 
D l no t l  ag e l  l ate, 
Gymnod i n i um sel endens 

D i nof l agel l ate , 
Gymnod i n ium se l endens 

Ch_lcal 

Z i nc 
sui  tate 

Z i nc 
c h l or Ide 

Z i nc 
sui  tate 

Z i nc 
sui  tate 

Z i nc 
s u i  tate 

Sa l in ity 
(S/kg) O..-at lon 

t o- t 4 days 

t 4  2 days 
( t 2 -C) 
( l 6 -C) 
(20 ·C )  
( 2 4 ·C) 
(28 ·C ) 

12 hr 

32 5 days 

• •  

to-t  4 days 

1 0- 1 4  days 

28 2 days 

1 4  2 days 
( t 6 ·C) 
no·C ) 

26 2 days 
( t6 ·C) 
(20·C) 
(24 ·C ) 
( 2S ·C)  
(30·C )  

. ' 
. .  

Coac.tretlOlll 
E ffect (I!S/l)- Re'er.ce 

EC50 ( growth) 410.8t 8raek at II I . t 976 

Red uced ch I orophy I I Wi l son 5'Id Freeberg 
.!. about 65% < 1 00 1 980 

1 10 
<100 
< 1 00  

200 

EC50 ( growth) 8B. t F i sher at al . 1 984 

EC50 ( growt h) 2 5. 80t Kayser 1971  

BAf = I n  Mart in and K n auer 
t 972 

EC50 ( growt h) 559.2t Braek at al . 1 916 

tb sign I t lc an t  200 Braek et al . 1916 
e f fect on growth; 
I n h l b  I ted growt h 
In presence ot 50 
IIg copper/L 

Red uced c h l oroph y l l  20 W I I  son and Freeberg 
.!. about 65% 1980 

Red uced c h l oroph y l l W I I  son and Freeberg 
.!. about 65% 700 1980 

1 ,400 

Red uced ch I orophy I I  W I  I son and Freeberg 
.!. about 65. 392 1 980 

240 
I t O 
1 20 
300 
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Tab l .  6 .  (Coat l n ued )  

Sp!cI.S 
O l nof I agel l ate , 
S cr lpps le l l a  faeroense 

Brown macroal ga ,  
Ascophy l l u. nodosum 

Brown macroal g a ,  
A scophy l l um nodosum 

Brown macroal g a ,  
� serratus 

Brown macroal 9 a ,  
F ucus serratus 

Brown macroa l g a ,  
F ucus spi r a l  I s  

Brown macroal ga,  
� ves l cu l os l s  

Brown macraal q a ,  
� ves l cu l os l s  

Brown macroal g a ,  
L am l nar l a  d lg l tata 

Brown macroa I ga , 
L am l nar l a  hyperbor l a  

Brown macroa l g a ,  
L am l nar l a  hyperbor l a  

Brown macroal g a ,  
P e l vet la  cana l l cu l ata 

Green macroal g a ,  
U l va l actuca 

Green macroal ga ,  
� l actuca 

Z i nc 
sui fate 

Z i nc 
c h l or Ide 

Z i nc 
c h l or Ide 

Z i nc 
c h l or Ide 

Z i nc 
c h l or Ide 

Z i nc 
c h l or Ide 

Z i nc 
sui  tate 

Z i nc 
sul fate 

Z i nc 
su i  tate 

Z i nc 
c h l or ide 

Z i nc 
chlor Ide 

Z i nc 
c h l or Ide 

Sa l in ity 
(glkg) 

32 

33 

33 

33 

33 

33 

Durat ion 

50 days 

** 

10 days 

10 days 

1 hr 

10 days 

*. 

1 0  days 

24 days 

8-1 0 days 

7 days 

1 0  days 

6 d ays 

6 days 

eo.c ... trata. 
Effec1' 

33. red uct Ion 
In  cel l n llllbers 

BAf 5 t ,603 .*. ,tt 

Decreased growth ;  
no ef teet at 100 II glL 

Decreased growth; 
no ef feet at 100 II glL 

AI tered l i p i d  
metabol i sm  

Decreased growth; 
no ef feet a t  t oo  II g/L 

BAF .. 1 , 61 2·*·,tt 

haiL)· R.t ...... ce 

1 0 , 000 Kayser 1 977 

250 

1 , 400 

>6 . 6  

1 , 400 

Stromgren 1979 

Stromgren 1979 

SIll I th and Harwood 
1 984 

Stromgren 1979 

Mel huus et al . 
1 978 

Decreased growt h; 7 , 000 Stromgren 1979 
no ef feet at 2, 900 II g/L 

Red uc ed  growth 

Red uced qrowt h of 
s porophytes 

Abnormal matLratlon 
of gMletophytes 

Decreased growt h; 
no ef feet at 100 11 9/L 

BCF .. 255U* ,t 

BCF .. 5. 1 50*** ,t 

> 1 00  

250 

5 , 000 

1 , 400 

6 5 . 38 

6, 538 

Bryan 1 969 

Hopki n s  and Ka ln  1971 

Hopki n s  and Ka l n  1971  

StrQII gr� 1 979 

Har I to n ld I s  et 
al . 1 983 

Har l to n  Id  I s  et 
ai . i 983 
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Tabl . 6 .  (Continued) 

Seecles 

Red macroa l g a .  
Grac l l ar l a  verrucosa 

Red macroal q a .  
Grac l i ar l a  varrucosa 

Red macroa l g a . 
Grac l l ar l a  verrucosa 

C I I  l ate !X"'otozoan . 
C r l st l gera sp . 

C I I  late !X"'6tozoan . 
E up l otes vannus 

C I I  late \y"otozoan . 
E up l otes vannus 

Po l yc haeta worm ( j uv en i l e) .  
N eanthes arenaceodentata 

Po l yC haete worm ( ad u l  t) • 

Neanthes arenaceodentata 

Po l yc haete worm ( ad u l t ) /tt 
Nere l s  d l vers l co l or 

Po l yc haete worm ( ad u l t) .ttt 
Nere l s  d l vers l co l or 

Pol yc haete worm ( ad ul t) • 

Ophryotrocha d l adema 

Ch_lcal 

Z i nc 
c h l or Ide 

Z i nc 
c h l or i de 

Z i nc 
c h l or Ide 

Z i nc 
s u i  fate 

Z i nc 
C h l or ide 

Z i nc 
c h l or i de 

Z i nc 
s u l fate 

Z i nc 
su i  fate 

Z I n1 
sui  ate 

Z l nl 
s u i  ate 

Z i nc 
ch l or id e  

Sal in ity 
'g/kg' OuratlOD 

6 d ays 

6 d ays 

6 d ays 

34 4-5 hr 

35 48 hr 

35 48 hr 

28 days 

28 d ays 

O��� 96 hr 

17 . 5  

1 7. 5  34 days 

31 48 hr 

· ' 

Cone ... tratlOll 
E f fect 'I!g/L). R.t ..... c. 
BCF 1 07 . 5· ·· .t 65.38 Har I ton Id I s  at 

a l . 1 983 

BCf 1 6 .25*** ·t 653 . 8  Har I ton  Id I s  at 
al . 1 983 

BCF = 3 . 225**· ·t 6 . 538 Har I ton I d  I s  at 
al . 1 983 

Rod uced growth 50 .63 Gr ay and Vent i l i a 
1 973; Gray 1 97 4  

1 0% red uction 1 0. 000 Persoone and ' 
I n  growth u ytters prot 1 97 5  

1 00% r ed uct i on I n  100.000 Persoona Md 
I n  growth Uytters prot 1 975 

LC50 900 Re i sh et al . 1 976 

LC50 1 . 400 Re I sh et al . 1 976 

LC50 l i :�88 It��r moe 1 973 
94 .000 

BCF = 
����t J 8: 888 Ir���rmoa 1 973 
1 9. 71 25,000 
1 5.4 7 2 5.000 
3 . 3 1 4 1 00. 000 
2.867 1 00.000 
1 . 274 2 50 . 000 
1 .204 250.000 

LC50 330- 1 .000 Par ker 1 984 
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Tabl . 6_ (CoRtlnued) 

Seecles 

Pol ychaete worm , 
Ophryotrocha d ladema 

Pol ychae1e worm, 
Ctenod r l l us serratus 

Pol ychae1e worm ( l arv a) , 
Cap ite l l a  cap l tata 

Pol yc hae1e worm ( ad u l  t) , 
Capite l l a  capltata 

Mud 9l a l l ( ad ul t) , 
Nassar l us obso l etus 

Mud sn a i l  ( ad ul t) , 
Nassar l us obso l etus 

Mud sn a i l  ( ad ul t) , 
Nassar l us obso l etus 

B l ue musse I ( ad u l t) , 
Myt I I  us edu I 1 5  

B l ue mussel ( ad ul t) , 
Myt l l us edu l l s  

B I  ue musse l ( ad ul t) , 
Myt I I us edu i 1 5  

B I  ue mussel ( ad u l t) , 
Myt l l us edu l l s  

Sal in ity 
Ch_lca l  (s!kS) Duration 

Z i nc 2 t  days 
s u i  fate 

Z inc 2t d a ys 
sui tate 

Z inc > 1 6  d a ys 
sui tate 

Z inc 26 d a ys 
sui tate 

Z i nc 25 Tl. hr 
c h i or Ide 

Z i nc 25 n h,. 
c h l or tde 

Z inc 25 Tl. hr 
ch l or ide 

Z inc 1 days 
sui  tate 

Z i nc 7 d ays 
s u i  tate 

Z i nc 22 Appro)( • 

c h l or Ide t o  d a ys 
6 days 
4 d a ys 

Z inc 35 t 4  days 
c h l or Ide 

CoIIC ... trat leNa 
E f fect (1!1l!:). R.t ....... ce 
Chron ic val ue • •• •• 223.6 Re I sh and Carr 1 978 
( ac ute-chron Ic rat 10 .. 
6. 26t ) 

Chron ic val ue. ·.·· 22 3.6 Re I sh and Car,. 1 978 
( acut6"" chron Ic  rat 10 :a 

3 t . 15 )  

Abnormal develop- 50-1 00 Re i sh at ei o 1 974 
ment 

lC50 1 ,250 Re i sh et a l o 1 916 

De pr essed oc ygen >2 , 000 Mac i nnes and Th arberg 
cons till pt ion t 9B 

In h lb I ted locanotor 1 0. 000 Mac l nn e!O and Th i.rberg 
behav lor t 973 

�rta l lty 50, 000 Mac innes and Th urberg 
t 973 

LC 50  >5 , 000 Mar t i n  et a l  • 1915 

8::50 ( byssa l thr ead 1 ,800 Mar t i n  et al . 1 975 
product Ion )  

LT50 Cotter et al . ,  1982 
( 10 -C ) 3,000 
( t 6 -C )  3 , 000 
(22 -C )  3 , 000 

Red uc ad res I s- 800-1 , 000 Cotter et al . 1982 
tance 10 thenn a l  
shock 
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Tabl a  6.  (CoRtlnued) 

Se!Slas 

B l ue  musse l ( ad ul t) , 
Myt l l us edu l l s  

B I  ue mussel ( embryo) , 
Myt I I  us edu l  I s  

B I  ue mussel ( ad ul t) , 
Myt I I  us edu I I s  

. Pac l f l c  oyster ( l arva) , 
Crassostrea � 

Pac I t  Ic oyster ( em bryo) , 
Crassostrea � 

Pac i f ic oyster ( l arv a) . 
Crassostrea � 

Pac I t ic oyster 
(6-day l arva) , 

C rassostrea � 

Pac I f  I c  oyster 
(6-day l arv a) . 
Crassostrea � 

Pac I f  I c  oyster 
< t 6-day l arv a) , 
C rassostrea � 

Pac I f  I c  oyster 
< t 6-day l arv a) , 
C rassostrea � 

Pac t l c lc oyster ( sperm) , 
Crassostrea � 

Pac i f iC  oyster 
< t 9-day l arv a) , 
Crassostrea � 

Ch_lcal 
Sa l in ity 

(g/kg) Duratloa 

Z i nc 3} . 1 2-6 days 
ch lor Ide 

Z inc }O 12 hr 
ch lor ide 

} days 

Z inc 29 6 days 
sui tate 

Z i nc 29 2 days 
sui tate 

Z inc 29 5 days 
sui  tate 

Z inc }4 4 days 
c h l or Ide 

Z i nc 34 4 days 
ch lor Ide 

Z i nc }4 4 days 
ch lor Ide 

Z i nc 34 4 days 
c h l or Ide 

Z inc 27  60 m in 
ch lor ide 

}4 20 days 

· ' 

CoIIc ... trat I. 
Effect 

(l!slUe R.t ..... e. 

EC50 ( shel I growt h) 60 StrOlllgren 1 982 

EC50 ( devel opment) >96 <} 1 4  D l nnel et al . 198} 
to vel lger ) 

Red ucecl shel l .?,100 Man l ey et a l . 1 984 
deposit  Ion 

Abnormal devel opment > 1 25 Brereton et a l . 1 913 
and decreased growth 

l.c50 241 . 5t Brereton et al . 
1 9B 

De I ayed and red uced 1 25 Boyden et al • 1975  
l arv al sett l ement 

EC50 ( growth) 80 Watl ing 1 982 

lL50 >1 00 Watl In9 1 982 

EC 50 ( growt h) 95 Watl ing 1 982 

lL50 >1 00 Watl ing 1 982 

EC50 ( fert i l i zat ion) 44}.6 D l nnel at al . 1 98} 
success) 

Red uced larv al 1 0-20 Watl ing 1 98} 
settl ement 
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Tabl. 6. (Coat 'Rued) 

Seecl.s 

Pac I t lc  oyster 
l t 9-day l arv a) , 

. Crassostrea � 

Pac I t i c  oyster ( J  uven I I  e) , 
Crassostrea � 

C I  M! ( I ar"a) , 
Mu l l n l a l atera l l s 

C I M! ( l ar"a) , 
Mu l l n l a  l ater a l  I s  

Quahog cl M! ( l arva) , 
Mercanar l a  mercanar la  

Copapod ( ad u l  t )  , 
P araca l anus parvus 

Cope pod ( ad ul t) , 
P saudod laptomus coronatus 

Copepod ( ad ul t) , 
Acart l a  c l aus l 

Copapod ( ad ul t) , 
Acart l a  s impl ex 

Copepod ( ad u l t) , 
S cuta l l Id l um sp . 

Zoopl an kton ( cope pod 
and auphaus l d )  

Barnac l e  ( ad u l t) , 
Ba l anus ba l ano ides 

Barnac l e  ( ad u l t) , 
Ba l anus ba l ano i des 

Ch.'cal 

Z i nc 
cll ior ide 

Z i nc 
cl\lor Ide 

Z Inc 
ch lor Ide 

Z i nc 
Ch lor ide 

Z inc 
c h l or Ide 

Z i nc 
ch lor Ide 

Z i nc 
cll lor Ida 

Z i nc 
c h l or Ide 

Z i nc 
n i trate 

Z i nc 
n i trate 

Sal in ity 
(i/k9' Duration 

34 6 days 

3 4  2 3  days 

34 n Ilr 

34 n Ilr 

24 8-1 0  days 

35 24 Ilr 

30 72 hr 

30 n hr 

35 24 hr 

35 24 hr 

*. 

2 days 

5 d ays 

CoRe ... tr.t 1011 
Effect (I!S/U· R.f ...... ea 

EC50 ( l arv al  30-35 Watl ing t 983 
sett l ing) 

lC50 15 Wat l ing t 983 

53. morta l i ty 200 Ho and Zubkoff 1 982 

EC50 ( uptake of t76 Ho and Zubkoft t 982 
ca lc i um) 

LC50 t 95 . 4  Cal abrese et  a l . t 977 

LC50 1 , 380 Ar nott and Ahsanu l l ah 
1 979 

LC50 3 ,  ' 50 Luss i er and Card In 
1 985 

LC50 707. t Luss ier 5ld Card I n  . 
1 985 

LC50 1 , 860 Arnott and ' Ahsanul l ah 
1 979 

LC50 1 , 090 Ar nott and Ahsanul lah 
1 979 

BAF = 1 ,670 Mar t i n  and Kn auer 
1 9 72 

LC90 32 , 000 C l ar ke 1 94 7  

LC90 8, 000 C l arke t 94  7 



Table 6 .  (Continued) 
Sa l in ity CoIIc_tr.t loa 

Seeclea Ch_lca l  (g/kg) Durat ion Ef fect 'l!slL)· Reference 
I sopod ( ad ul t) . Z I nc 1 3. 6  4 8  hr LT 50 1 0 , 000 Jones 1 975 
I dotea ba l t I ca sui  fate 20.4 80 hr 

27 . 2  70 hr 

I sopod ( ad ul t) , Z inc 34.0 1 20 hr 40� mortal i ty 1 0,000 Jones 1 975 
I dotea ba l t ica sui ta te 

I sopod ( ad ul t) , Z inc 27 . 2-34 . 0  1 20 hr JIb ef fect on osmo- 1 0, 000 Jones 1 975 
I dotea ba l t i ca sul fate r eg u l a tory ab I I l ty 

I sopod ( ad u l t) , Z I nc 1 3. 6  <24 hr LT50 20,000 Jones 1 97 5  
I dotea ba l t ica sui  fate 20.4 30 hr 

27 . 2  70 hi'" 
3 4 .0 54 hr 

l ospod ( ad u l t) , Z i nc 34. 0 1 20 hr At tected osmo- 20, 000 Jones 1 975 
I dotea ba l t i ca sui  tate r eg u l  atory ab I I l ty 

I sopod ( ad ul t) , Z i nc 1 3. 6  1 20 hr 80� mortal i ty 1 0 , 000 Jones 1 975 
J aera a I b a t rons sui  fate 20.4 30� mortal ity 

\D 27. 2  6J mortal i ty 
-...J 34.0 1 6J morta l i ty 

l ospod ( ad u l t) , Z i nc 1 3. 6  1 20 h r  84 J morta l i ty 20, 000 Jones 1 975 
� a l b a t rons sui  fate 20.4 44J mortal i ty 

27. 2  40J mortal i ty 
34 .0 22J morta l Ity 

I sopod ( ad ul t) , Z i nc 3 . 4  1 20 hr At fected osmo- 20,000 Jones 1 975 
� a l b a trons sul fate r eg u l atory ab I l i ty 

I so pod ( ad u l  t) , Z i nc 1 7-34 1 20 hr JIb effect on osmo- 20, 000 Jones 1 975 
� a l b a trons sui  tate r eg u l a tory ab I I l ty 

Gr ass shr Imp ( I ar" a) , Z i nc 3-3 1 35 days Morta l i ty rel ated ?-,250 McKenney 1 979; 
P a I aemonetes � c h l or Ide to sal In I ty and McKenney and Net f 

temperature; a l  ter ed  1979, 1981 
d 9ll el opment rates 



Tab l.  6 .  (Continued) 

Specl.s 

P i n k  shr imp ( ad u l t) , 
P anda l us montagu l  

Amer I e  an l ob star ( ad u l  t) , 
Homarus amer l canus 

AlRer lean l obster ( ad u l  t) , 
Hamarus amer J canus 

Green crab ( ad ul t) , 
Care l n us maenas 

Green crab ( ad u l  t) • 

C arc I nus maanas 

Green crab ( ad ul t) , 
Care I nus maena s 

Green crab ( adul t) , 
Carc l n us maenas 

Mud a-ab ( I  arva) • 
R h l thropanopeus harr l s l l 

M ud  crab ( l arva) , 
R h l thropanopeus harr l s l l 

F I dd l er  crab ( ad u l t) ,  
Uca pug l l ator 

Star f I  sh ( ad  u l t) , 
A ster l as forbes l l  

Z i nc 
s u i  fate 

Z i nc 
s u i  fate 

Z i nc 
s uI fate 

Z i nc 
s u i  fate 

Z i nc 
sui fate 

65z I nc 
c h l or I de 

65z I nc 
Ch l or ide 

Z i nc 
c h l or Ide 

Z i nc 
ch l or i de 

Z i nc 
ch l or id e  

Z i nc 
sui fate 

Sal in ity 
(g/kg) 

38 

38 

Dur.t lon 

48 hr 

96 hr 

96 hr 

48 hr 

48 hr 

3 mo 

3 mo 

20 1 3-1 8 d ays 

20 1 3-1 8 d ays 

1 5  and 21 days 
30 

2 4  hr 

COIIc:entr.tlon 
E f fect 

LC50 

(,sIl)· R.t .... RC. 

No sign i f i cant ef fects 62 , 000 
on aden y l  ate energy 
Charg e; s ign I f i cant 
d ecrea ses In act Iv I t  Y 
of NaIK-ATPa se and 
ras l d ua l  ATPase I n  g i l l  s 

BCF = 20. 56 ( g l l l ) t 

LC 50 

LC50 

BCF 1 30 

BAF = 2 1 0 

2 5 , 000-
6 2 , 000 

1 4 , 500 

Approx Ot 8 , 1 00 

t-b s lg n l f lcan del ay 25-50 
In d evelopllent rate 

S i gn i f icant del ey In 25-50 
d ev elopment In corab l n-
at l on wi th 2 5-50 119 
l eadA 

I nh I b I ted i 1mb re- �1 , 000 
gallerat,lon; e Uect 
greater at l ower 
sa l in i t Ie s  

loss of aqu l l  !br l um 2 , 2 1 2 

Portman 1 968 

Ha ya et a l  ° 1 983 

Haye et a l . 1 983 

Connor 1 972 

Po rtman 1 968 

Ren fro et a l  • 

1 975 

Ren fro et al • 

1 975 

Ben IJ ts-C l au5 and 
Ben Ijts  1 975 

Ben IJ t s-C l aus and 
Ben l j t s  1 915 

we l s  1 980 

Gal t so t t  and! 
loosano t t  t 9,H 



Tabl. 6.  CContlftued) 
Sal 'n . ty ColIc. frat •• 

S�I.s Ch.lcal CslkS) D..-aflon E ffect Cl!slp· R.t ...... ea 

Sand dol l ar ( sperm) . Z i nc 21 60 m in EC50 ( tert i i 1- 28 D l nnel at a l . 1 98} 
Dendraster axcentr l cus ch lor ide zat 100 success) 

Sand dol l ar  ( embryo) . Z i nc 30 n hr EC50 ( dwel opment 580-82 0 D l nnel et al . 1 98} 
Dendraster excentr l cus Ch lor ide to pI uteus stage) 

Sea urch I n  ( embryo) . Z inc 2 1 -42 hr In h l b  I ted gastr u- 1 . 1 99 waterman 1 937 
Arbac l a  punctu l ata ch lor Ide l a t lon 

Sea urch i n  ( embryo) . Z i nc 21 -4 2  hr �rtal I ty and 3 , 99B Waterman 1 9}7 
Arbac l a  punctu l ata ch lor Ide I n h  Ib l t Ion ot 

g astr ul at lon 

Sea urc h In  ( embryo) , Z i nc 2 1 -4 2  hr I n h I b I ted gastru- 81 0 Waterman 1 937 
Arbac l a  punctul ata sui tate l atlon 

Sea urC h i n  ( embryo) . Z i nc 2 1 -4 2  hr Mortal i ty and 2 , 31 4 Waterman 1 937 
Arbac l a  punctu l ata su i tate I n h l b  I t lon ot 

gastr ul at Ion 

Sea urc h I n  ( embryo) , Z i nc 21 -4 2  hr I n h i b i ted gastr u- 3 , 5 64 Waterman 1 9}7 \0 Arbac l a  punctul ata acetate l litlon \0 
Sea urc h i n  ( g amete) , Z inc 4 - 1 2 m in St im u l ated s perm 1 , 634 Young and Hel son 1 974 
Arbac la  punctu l ata ch lor ide mot i l i ty 

Sea urc h i n ( q amete) , Z i nc 4 - 1 2 m in Red uce:i s perm 3 , 269 Young and Nel son 1 97 4  
Arbac l a  punctu l ata ch l or Id e  motI l I ty 

Gr eEil sea urc h i n  ( s perm) , Z i nc 27 60 m in EC50 ( tart I I  1- 1 4 7 .6 D lnnel et a l . 1 98 3  
S tron9� l ocentrotus ch lor ide  za tlon success) 382 . 8  
droebach Iens I s  

Green sea urch i n  ( embryo) , Z inc 30 5 days EC50 (dwel opment >26 .6<50 .6 D l nnel et al . 1 98} 
S tron9� l ocentrotus ch lor Ide to pi uteus stage 
droebach I ens I s  

Red sea urch I n  ( sperm) , Z i nc 27 60 m I n  EC 50 ( tert I I  a- 31 3 . 3  D l nnel et a l . 1 983 
Stron9� l ocentrotus ch lor Ide zat lon s uccess) 
tranc l scanus 
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Tab l e  6. (Conti nued) 

Species 

Pur p l e  sea urch i n  ( gamete ) , 
S trongy l ocentrotu s 
pur�urafus 

Purp l e  sea ur ch i n  ( gamete ) , 
Strongy l ocentrotus 
purpurafus 

P ur p i e  sea urch I n ( gamete') , 
Strongy l ocentrotus 
puq�urafus 

Purp l e  sea ur ch i n  ( sperm ) . 
S tron gy locentrotus 
purpurafus 

Purp l e  sea urch i n  ( embryo ) , 
Strongy l ocentrotus 
p uq�ur afus 

At l ant i c  t�rr l ng 
C l upea harengus 

At I an t i c  herr i ng 
C l upea harengus 

At l ant i c  herr i ng 
C l upea harengus 

At l an t i c  herr i ng 
and l arva) , 
C l upea harengus 

At l ant i c  herr i ng 
C l upea h arengus 

At l an t i c  herr i ng 
C l upea haren gus 

At l ant i c  tklrr l ng 
C l upea harengus 

( embryo) , 

( embryo) , 

( embryo) , 

( embryo 

( l ar v a) . 

( l arv a )  , 

( ! arv a) , 

Sa l i n i ty 
Ct.-Ical (g!ki' Durat ion 

1 00-400 m l  n 

0- 1 00 m i n 

1 00-400 m i n  

Z i nc 27 60 m i n 
Ch l or i de 

Z i nc 30 5 days 
c h l or i de 

Z i nc 2 1  1 7  d ays 
su i f ata 

Z i nc 2 1  1 7  days 
s u  I fate 

Z i nc 2 1  1 7  days 
su i f dte 

Z i nc 2 1  27 dllYs 
s u i  f ate 

Z i nc 2 1  2 7  dllYs 
s u l fate 

Z i nc 2 1  2 7  d a ys 
su I f ate 

Z i nc 2 \  21 d ays 
su i f ate 

Concentnt Ion 
E f fect 'l:!g/U* Ref..-ence 

Enhllnced sperm 653 .6 T I  mour I a n  and 
mot i l i ty Wlitchmllker 1 977 

No ef fect on 6 ,536 TI mour I lin and 
spenn mot I I I  ty Wlitchmaker 1 971 

I n h i b i ted sperm 6 , 536 11 mour I an and 
mot i l i ty Watchmaker 1 971 

EC50 ( fert l l l - 206 . 1  D l nne l et a l . 1 983 
z at l on s uccess )  261 . 8  

EC50 ( devel opment 23 . 1  D l nnel et al . 1 983 
to p l uteus stage) 

Reduced Embryo > 2 , 000 SomlisundllrMl et al . 
vo l ume 1 984 a 

Fa ster yo l k  > 1 00 SonasundarMl et al . 
ut i I I zat l on 1 984 11 

S l ower deve l opment 6 ,000 Somasundarum et al . 
r ate I 984 11 

Jaw and branch l ll i >50 SomasundMMI et lIl . 
abnorma l i t ies 1 984 a 

Vertebral >500 Somasundar fW1l et al . 
abnorma l i t ies 1 984 a 

Decrease I n s I ze >2 .000 SomasundarfW1l et ai . 
of ot l c

'
cllps u l 1 984 a 

Decrease In eye! >6 . 000 SomllsyndarMl e-t al . 
body l ength rat i o  1 984 a 
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T.bl. 6. (CotItlnued) 

Specl •• 

At l ant i c  herr ing ( l arva) • 
C l upea harengus 

Coin sa lmon ( sperm) . 
Oncorhynchus k l stuch 

Ra Inbow trout ( ye ar I I ng) • 
S a l mo ga l rdner l 

At l ant i c  sa I ilion ( smol t) . 
S a l mo �  

MlMlIII l c hog ( adu l t) . 
f undu l us heteroc l ltus 

Mumm lchog ( ad u l t) .  
f undu l us heteroc l ltus 

Mumm lchog ( ad ul t) . 
f undu l us heteroc l ltus 

Mumm Ichog (ad ul  t) , 
f undu l us heteroc l l tus 

Mumm l c hog  ( ad ul t) . 
f undu l us hataroc l l tus 

Mumm lchog ( ad ul t) . 
F undu l us heteroc l ltus 

C ..... c.1 
Z i nc 
sui  fate 

Z inc 
chi or Ide 

Z i nc 
sui ta te 

Z i nc 
sui fate 

Z inc 
chi or Ide 

Z i nc 
chlor Ide 

Z i nc 
c h l or Ide 

Z i nc 
c h l or Ide 

Z inc 
c h l or Ida 

Z i nc 
chlor Ide 

S.l lIt'ty 
(S/kg) Our.t 'Oft 

21  1 4  days 

27 60 m in 

5 . 8  48 hr 
H . 5  
1 6. 3  
24. 1 

5 . 8  4 8  hi" 
1 t . 5  
1 6. 3  
2 4. 1 

24 1 92 hi" 

24 48 hr 

24 48 hr 

20 96 hr 

20 96 hr 

20 96 hr 

· ' 

CoIIeentr.t 1_ 
Effect (IUllp· R.'er8llCe 

UI trastruct..-al �OO SOIIaslildann et al . 
c hanges I n  bra in 1 984c .d 
eel I s and SlIIIat Ie 
muscle t i ss ues 

EC50 ( fert II 1- 1 .208 D lnnel et al . 1 983 
zat lon success) 

L.C50 t Herbert and 2 7 . 0oot 64. 0oo
t Wakeford 1 964 

64 . 0oot 34.000 

L.C50 t Herbert and 1 6 , OOOt 3 5. 000t Waketord 1 964 
32. 0oo

t 27. 000 

l OO� SUN Iv a i  4 3 .�00 E i s l er  1 96 1  

1 00. IIIOrtal I ty 1 57 . 000 E i s l er  1 96 7  

BCF .. 1.643· .. . t 1 51 . 000 E i s l er  1 961 
( f i sh that d i ed 
dur Ing &C pos..-e) 

BCF .. 35.61 ··· .t 36. 000 E i sl er  and 
Gardner 1 973 

BCF .. 18.83 ··· .t 60. 000 E i sl er  and 
Gardner 1 973 

30� mortal i ty;  60 . 000 E i s l er  and 
h l sto pat ho l og  leal Gardner 1 973 
l es l'ons In oral 
eplthel) 1ft 



Tabl e  6 .  (Continued) 

Species 

M UIlm l c hog  ( ad ul t) , 
F und u l us heteroc l l tus 

Z i nc 
c h l or  Ide 

Sal in Ity 
(g/kg) DuratlOil 

14 d !lYs 

Coneentrat leNt 
E f fect (!S/U· 
I ncreased act l v  I ty 2 , 200 

o f  l iv er  enzyme 

Mumm l c hoq ( ad u l t) , 
F undu l us heteroc l l t us 

Zi nc 
c h l or Ide 

1 0-3 0 1 4  days Enhanced regenerat ion �1 . 000 

MUIlm Ichog ( embryo) . 
F undu l us heteroc l l t us 

MUIlm Ichog ( j  UIIen I I  e) , 
F undu l us heteroc l l tus 

MUIlm l c hog ( j w en l l e) ,  
F undu l us heteroc l l tus 

MosQu l to t l sh ( ad u l t ) , 
G ambus l a  a t t l n l s  

MosQu I to f I  sh ( 8d  ul t )  , 
Gambus l a  a f f l n l s  

..
o N S pot ( j UlI en  I I  e) , 

l e l ostomus xanthurus 

S pot ( j uv en i l e) ,  
l e l ostomus xanthurus 

Z inc 
ch l or id e  

Z i nc 
ch l or id e  

Z i nc 
ch l or id e  

tttt 

tttt 

tttt 

tttt 

* Concentr at i on of z i nc , not the chem ical . 

** F i e ld st ud y . 

30 

25 

30 

30 

30 

30 

30 

* • •  Conver ted trom dr y we ig ht to wet we ig ht bas i s .  

• • •• Stat Ic te st; conc en trat Ions not meas ur ed . 

t Dar Iv ed trom aut hors' data or qraph . 

96 Ir 

70 d a ys 

56 d ays 

1 20 days 

1 20 days 

28 d ays 

28 days 

of ta I I  t i n and 
amel iorated ef fects 
o t  meth y l  mercury 
Arnel loratEd terata-
g an Ic ef fects o f  
mathy I mercory 

I n h i b i ted sca l e  
c a l c i f i cat ion 

BCF = 33.91 -240.0 
( sca l  es) 

Wc .. at ( u'l.take 
rom water on e) 

�F = 45t ( �tak, 
ron tood a wa er ) 

ifrF = 3tJ u�ta ke 
rom wat on e) 

?AF = 28t ( ::stakf rom food a wa er) 

tt Geometr ic mean of d ata trom four stat ions , b ut concen tr at io n s  In water var i ed  w id e l y .  

ttt 
An imal s obta i n ed  trom sed imen t  heav i l y  contam i n ated w i th zi nc .  

tttt 
N l tr l l otr l acet lc a: ld (NTA ) was used 10 but t er the concentr at i o n  of z i nc Ions . 

1 0,000 

760-
7 , 1 00  

2 1 0-
7 , 880 

650 

650 

650 

650 

R.t .... ene. 

J a c k l m  1 973 

We I s and We I s  1 980 

We l s  et lAR . i 98 !  

Sa uer and watabe 1 984 

Sa uer a nd  wa t abe 1 984 

�MJ!s, �� 

��:¥Us, �� 

��:J!s, �� 

��:J!S,�� 
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