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ABSTRACT

CHANGES IN HEMATOCRIT AND THE LEVEL OF THE 

SERUM ENZYMES GOT AND ICD IN FUNDULUS HETEROCLITUS 

SURVIVING LONG AND SHORT TERM EXPOSURE TO THE SURFACTANT LAS

by

GARY HUNNISETT

h e te r o c l i tu s  was exposed to  th e  a n io n ic  s u r f a c ta n t  l in e a r  

a lk y la te  s u l f u r i c  a c id  (LAS) a t  3, 2 , and 1 ppm fo r  48 h o u rs , and , in  

con tinuous flow  fa s h io n , to  0 .8 , 0 .6 ,  0 .5  and 0 .4  ppm LAS fo r  60 days.

Both t e s t s  w ere run in  s e a  w a te r d i lu te d  to  24 p p t w ith  d i s t i l l e d  w a te r. 

Ambient tem p era tu re  was 15°C i  2°.

Changes in  h e m a to c r i t ,  body w e ig h t, and the  a c t i v i t y  o f th e  

serum  enzymes g lu tam ic  o x a la c e t ic  tran sam in ase  (GOT) and i s o c i t r i c  

dehydrogenase (ICD) were m onitored in  b o th  t e s t s .  S h o rt term  t e s t  r e 

s u l t s  (N=180) were analyzed  by u s in g  a Model I I I  a n a ly s is  of v a ria n c e  

(h e m a to c r it)  o r  a K ruskal W allace a n a ly s is  o f v a ria n c e  (SGOT, SICD).

Long term  t e s t  r e s u l t s  (N=42) were ex p re sse d  in  term s o f median and range .

S t a t i s t i c a l l y  s ig n i f i c a n t  graded in c re a s e s  in  h e m a to c r i t ,  SGOT 

and SICD were e v id e n t a t  a l l  c o n c e n tra tio n s  used in  th e  48-hour t e s t s .  

W eight lo s s  was a ls o  p ro p o r t io n a l  to  c o n c e n tra tio n . S t a t i s t i c a l l y  

s ig n i f i c a n t  rho c o r r e la t io n  c o e f f ic ie n ts  w ere found to  e x i s t  between 

SGOT and SICD, b u t n o t  between e i t h e r  o f th e s e  and h e m a to c r i t.  I t  

was concluded th a t  th e  observed  changes w ere no t due to  hem oconcentra- 

t io n .  The r a t i o  o f v a r ia n c e s  from c o n tro l  and t e s t  p o p u la tio n s  was 

s t a t i s t i c a l l y  s ig n i f i c a n t  (p > . 01) f o r  th e  enzymes, b u t n o t fo r  h e m a to c r i t.
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E le v a tio n s  in  h e m a to c r i t ,  SGOT and SICD were a ls o  observed  in  

most f i s h  s u rv iv in g  th e  long  term  exposu re . A low b u t s t a t i s t i c a l l y  

s ig n i f i c a n t  c o r r e la t io n  e x is te d  betw een tim e o f d ea th  and th e  p resen ce  

o f  LAS.

W hether th e  l i v e r  was th e  so u rce  o f  th e  a d d i t io n a l  enzyme 

a c t i v i t y  in  th e  serum  was n o t re v e a le d  in  t h i s  s tu d y . No h i s to lo g ic  

changes in  th e  l iv e r s  o f f i s h  used in  s h o r t  term  t e s t s  were n o te d .

W hile such changes were observed  in  th e  l iv e r s  o f f i s h  su rv iv in g  long 

term  t e s t s ,  s im i la r  changes were obvious in  th e  c o n tro l  f i s h .  The 

ev idence  fo r  a l t e r a t i o n s  in  th e  w eigh ts  o f th e  l iv e r s  o f th e  f i s h  used 

in  th e  long term  t e s t s  was obscured  by changes in  th e  t o t a l  body w e ig h t.

In  l ig h t  o f  s im i la r  e le v a te d  serum enzyme l e v e ls  d e sc r ib e d  in  

th e  l i t e r a t u r e  r e s u l t i n g  from d is e a s e  and i n s e c t i c id e s ,  i t  seems th a t  

th e se  p aram eters  a re  s e n s i t iv e  in d ic a to r s  o f  a v a r i e ty  o f  s t r e s s e s .

x
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SECTION I  

INTRODUCTION

Modern household  d e te rg e n ts  c o n ta in  from  8-12% s u r f a c ta n ts  

(D u th ie , 1966). These compounds se rv e  to  low er the  s u rfa c e  te n s io n  o f  

w a te r , and to  lo o se n , s o lu b i l i z e ,  and suspend o i ly  s o i l .  L in e a r  A lk y la te  

S u lfo n ic  Acids (LAS) a re  compounds most common to  such s u r f a c ta n ts .

Because o f th e  r a p id  b io d e g ra d a b i l i ty  o f  LAS by a wide v a r ie ty  

o f  n a tu r a l ly  o c c u rr in g  b a c te r i a  (Heyman and M olof, 1967) th e  l e v e l  in  

most s u r fa c e  w a te rs  i s  low. The d i s t r i b u t io n  o f  s u r f a c ta n t  components 

i s  w id esp read , how ever, s in c e  as Hahn (1966) has p o in te d  o u t ,  th e  sewage 

from only  33% of th e  p eop le  in  the  U nited  S ta te s  i s  s u f f i c i e n t l y  t r e a te d  

to  remove a l l  d e te rg e n ts .  The r e s u l t s  o f  th e  in v e s t ig a t io n  o f  Muzzi e t  

a l .  (1968) in d ic a te  t h a t ,  l i k e  the  u b iq u ito u s  co lifo rm  b a c te r i a ,  s u r f a c 

t a n t  c o n c e n tra tio n  can be used as an index  o f  sewage tre a tm e n t e f f e c t iv e 

n ess  .

The U.S. P u b lic  H ealth  S e rv ice  p e rm is s ib le  s ta n d a rd  f o r  a n io n ic  

s u r f a c ta n t  in  d r in k in g  w a te r  i s  0 .5  mg/1, as in d ic a te d  by a s ta n d a rd  

m ethylene b lu e  c o lo r im e tr ic  assay  (L ie b e r , 1969). S u lliv a n  and Sw isher

(1968) have shown th a t  t h i s  l e v e l  i s  10 tim es th e  c o n c e n tra tio n  found in  

th e  I l l i n o i s  R iv e r, which in  p rev io u s  y e a rs  had been shown to  be  r e l a t i v e ly  

con tam inated . The le v e l  o f  s u r f a c ta n t  in  th e  w e l ls ,  la k e s ,  and stream s 

o f  W isconsin were even low er (Lawton, 1967).

I r r e s p e c t iv e  o f t h i s  type o f  c o n s id e ra t io n , the  B avarian  B io lo g i

c a l  I n s t i t u t e  in  Munich saw f i t  to  recommend th a t  a zero  to le ra n c e  f o r  

LAS be e s ta b l is h e d  f o r  ou tflow s le a d in g  in to  th e  s u rfa c e  w a te rs—o f the
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German F e d e ra l R epublic  (Liebmann; 1966). The main reaso n  f o r  such a 

d e c is io n  was th e  h igh  to x ic i t y  o f LAS to  f i s h e s .  The fo u r day LD50 

v a lu e s  f o r  f iv e  sp e c ie s  o f f is h e s  were found to  range from 3.3  mg/1 , to  

6 .4  mg/1. (T hatcher and S a n te r , 1967). These c o n c e n tra tio n s  were two 

to  fo u r tim es h ig h e r  than  co rrespond ing  v a lu e s  fo r  an o th er a lk y l  benzene 

s u lfo n a te  type s u r f a c ta n t  (ABS) used p r io r  to  1965.' The l a t t e r  compound, 

however, i s  r e l a t i v e ly  n o n -b io d eg rad ab le .

In  a s tu d y  by S w isher, O 'R ourke, and Tomlinson (1964) th e  24 hour 

LD50 f o r  b lu e g i l l s  to  th e  12 and 14 carbon homologs o f LAS was found to  

be 3 mg/1, and 0 .6  mg/1, r e s p e c t iv e ly .  Due to  th e  ra p id  b io d e g ra d a tio n  

o f  LAS, th e  f in g e r l in g s  were a b le  to  s u rv iv e  in  e f f lu e n t  from a continuous 

flow  a c t iv a te d  s lu d g e  system  b e in g  fed  100 mg/1. Toxic in te rm e d ia te s  d id  

n o t accum ulate d u rin g  th e  b io -d e g ra d a tio n  p ro c e s s . The in v e s t ig a to r s  

concluded th a t  LAS d id  n o t c o n s t i tu te  any added th r e a t  to  th e  n a t io n 's  

f i s h  l i f e .

S tu d ie s  on the  c h ro n ic  e f f e c t s  o f LAS on th e  w e ll-b e in g  o f f is h e s  

a re  more e q u iv o c a l. At c o n c e n tra tio n s  c lo s e  to  th a t  found in  th e  s u rfa c e  

w a te rs  o f I t a l y ,  b o th  C12 and Cllt LAS have been shown to  a f f e c t  th e  swim

ming a b i l i t y  o f f is h e s  (M a rc h e tti ,  1968). F a i lu r e  o f  th e  l a t e r a l  l in e  

system  of I c ta lu r u s  n a t a l i s  (B ardach , F u j iy a ,  and H a l l ,  1965), and an 

in c re a se d  s e n s i t i v i t y  to  e n d rin  p o iso n in g  (S o lon , L in c e r , and N a ir ,  1969), 

have a lso  been d e sc r ib e d  as r e s u l t i n g  from c h ro n ic  exposure to  LAS.

A l te r a t io n s  in  th e  feed in g  b e h a v io r  o f th e  f la g f i s h  J o rd a n e l la  

f lo r id a e  ( F o s te r ,  S c h e ie r , and C a irn s , 1966); lo s s  o f sperm atocy te  m obil

i t y ,  reduced growth r a t e ,  and in c re a s e d  s u s c e p t ib i l i t y  to  e p i t h e l i a l  

in v as io n  in  t r o u t  (Mann, 1967); and in c re a s e d  s e n s i t i v i t y  to  DDT p o iso n in g  

in  g o ld f is h  (Dugan, 1967) have a l l  been shown to  r e s u l t  from c h ro n ic  

exposure  to  ABS.
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A more d i r e c t  response  o f  f is h e s  to  b o th  LAS and ABS ty p e  a n io n ic  

s u r f a c ta n ts  i s  a d e g en era tio n  o f g i l l  t i s s u e .  This i s  w e ll  documented, 

p a r t i c u l a r ly  a t  acu te  l e v e l s . Such changes a re  u s u a lly  c h a ra c te r iz e d  b y : 

a l t e r e d  le v e ls  o f mucus s e c r e t io n ,  th ic k e n in g  o f  th e  la m e lla  and e p i th e 

l i a l  t i s s u e s ,  and the  p resen ce  o f  b lood  c lo ts  in  th e  c i r c u la to r y  v e s se ls  

/Schm id  and Mann, 1961; Mann, 1967; Dooley, 1968; C airns and S c h e ie r , 

1966). The l a t t e r  in v e s t ig a to r s  dem onstrated  a ls o  th a t  th e  g i l l  damage 

r e s u l t in g  from th e  exposure o f  Lepomis g ibbosus to  the  s u r f a c ta n t  ABS a t  

le v e ls  c lo se  to  the  p h y s io lo g ic  l im i t  d id  n o t im p a ir  th e  a b i l i t y  o f  t h i s  

f i s h  to  r e g u la te  c h lo r id e  io n . E x tensive  g i l l  damage r e s u l t i n g  from 120 

d ay s ' exposure to  ABS was shown a ls o  in  Salmo g a ird n e r i  (H a ss le r , 1965). 

This in v e s t ig a to r  documented changes in  plasm a p r o te in  l e v e l s ,  numbers 

o f le u c o c y te s , and h e m a to c rit v a lu e s . When Fundulus h e te r o c l i tu s  was 

exposed to  s im i la r  s u r f a c ta n t  s t r e s s ,  th e re  were no s ig n i f i c a n t  changes 

n o ted  in  h e m a to c rit v a lu e s , gonadosom atic in d ex , growth r a t e ,  o r  l i v e r  

c o n d itio n  ( E is l e r ,  1965). The to x ic i t y  o f  ABS was shown to  be p a r t i a l l y  

a fu n c tio n  o f s a l i n i t y .

I t  i s  thought th a t  a n io n ic  s u r f a c ta n ts  l ik e  ABS and LAS a c t on 

f is h e s  p r im a r i ly  v ia  t h e i r  s u r fa c e  te n s io n  reduc ing  p ro p e r t ie s  (Gloxhuber 

and F is c h e r , 1968). This view has n o t been com pletely  accep ted  by 

M a rc h e tti (1968). A l te r a t io n  o f  pH i s  c i t e d  by th e  l a t t e r  a u th o r  as one 

im p o rta n t s y n e rg is t  causing  m o r ta l i ty ,  in  s p i t e  o f  th e  e a r l i e r  observa

t io n s  o f  Dooley and C a v ill  (1964). These in v e s t ig a to r s  exposed f is h e s  

to  th e  same c o n c e n tra tio n  o f  d i f f e r e n t  a n io n ic  s u r f a c ta n ts  w ith  pH ranges 

from 6 .4  to  9 .5 . They found no r e la t io n s h ip  betw een m o r ta l i ty  and pH a t  

a g iven  s u r f a c ta n t  c o n c e n tra t io n , and concluded th a t  s u r fa c e  te n s io n  

re d u c tio n  was p r im a r ily  re s p o n s ib le  f o r  th e  observed  m o r t a l i t i e s . In  

e i t h e r  c a se , i t  seems to  be g e n e ra lly  ag reed  th a t  m o r ta l i ty  i s  due to
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anox ia  r e s u l t i n g  from  g i l l  t i s s u e  damage.

The problem  o f  d e te rm in in g  th e  s u r f a c ta n t  c o n c e n tra tio n  which 

j u s t  causes g i l l  a l t e r a t io n s  i s  compounded by th e  e x is te n c e  o f s u s c e p t ib le  

and r e s i s t a n t  in d iv id u a ls  (S w isher, e t  a l . , 1964).

I t  i s  th e  purpose o f  t h i s  i n v e s t ig a t io n  to  examine th e  e f f e c t s  o f

LAS on p a ram ete rs  which a re  d i s t r ib u t e d  in  a continuum  fa s h io n , and which

may be r e l a te d  to  th e  more d i s c r e te  p h y s io lo g ic  changes such as m o r ta li ty

o r  g ro ss  h is to lo g y . Such p a ram ete rs  a re  commonly used in  c l i n i c a l  s i t u a 

t io n s  to  e v a lu a te  p h y s ic a l  w e ll-b e in g  and in c ip ie n t  damage, and to  fo llow  

the  co u rse  o f  t re a tm e n t. The p o te n t i a l  v a lu e  in  ap p ly ing  such an approach 

to  th e  problem s o f  f i s h e r i e s  w orkers has been a llu d e d  to .b y  W aldichuk

(1969) and Bouck and B a ll  (1965).

The p a ram ete rs  s e le c te d  fo r  th e  p re s e n t  in v e s t ig a t io n  a re  hemato

c r i t ,  and th e  b lood  f lu i d  le v e ls  o f  th e  enzymes g lu ta m ic -o x a la c e t ic  t r a n s 

am inase (GOT) and i s o c i t r i c  dehydrogenase (ICD). Changes in  th e  le v e l  

o f th e se  pa ram ete rs  r e s u l t i n g  from s t r e s s e s  s im i la r  to  th o se  r e s u l t in g  

from LAS exposure  have been d e sc r ib e d  in  many v e r t e b r a te s .  The fo llo w in g  

i s  a rev iew  o f  su d i s tu d ie s .

In  a d d it io n  to  th e  ABS s u r f a c ta n t  induced  h e m a to c r it  a l t e r a t io n s  

a lre a d y  c i t e d ,  changes in  h e m a to c r it  l e v e l  have been shown to  r e s u l t  from 

s u b - le th a l  exposure  o f  carp  to  m ercu ric  c h lo r id e  (Tamura, Yasuda, and 

F u j ik i ,  1962); rainbow  t r o u t  to  chromium (Schiffm an and Fromm, 1959); 

g o ld f is h  to  low oxygen (Sum m erfelt, Lew is, and U lr ic h , 1967); t r o u t  to  

low oxygen ( P h i l l ip s ,  1947); and v a r io u s  f is h e s  to  g e n e ra l d ise a s e  (Young, 

1949; B e l l ,  1968). A rev iew  o f  th e  use o f h e m a to c r i t  to  f is h e ry  re s e a rc h 

e r s  i s  g iven  by Snieszko  (1960).

The use o f  th e  serum  enzyme le v e ls  o f  GOT and ICD in  c l i n i c a l  and 

v e te r in a r y  s i t u a t io n s  i s  r o u t in e  (Annino, 1964; Hoe and S ah a ra , 1967:
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C a rd in e t , 1963). Such an approach i s  p o s s ib le  in  homeotherms g e n e ra lly  

due to  th e  constancy  o f th e  enzyme l e v e ls  in  th e  serum  and o f th e  demon

s t r a t e d  s p e c i f i c i t y  o f  t h e i r  response  to  th e  d ise a s e  o r  traum a causing  

an e le v a t io n .  A p p lic a tio n  o f c l i n i c a l  p ro ced u res  used w ith  th e se  enzymes 

to  the  problem s o f  f i s h e r i e s  w orkers has been slow , and h in d e re d  by a 

la c k  o f b a s ic  in fo rm a tio n  r e l a t i n g  to  "norm al" c o n d it io n s .

In  an e f f o r t  to  e s t a b l i s h  norms f o r  SGOT in  immature rainbow 

t r o u t ,  B arn h art (1969) showed th a t  th e  l e v e l  o f  th i s  enzyme was r e l a te d  

to  age , b u t  n o t to  sex  o r  e i t h e r  o f  two comm ercial d i e t s .  Presum ably 

b o th  d ie t s  were s u f f i c i e n t  in  V itam in Bg, as th i s  s tro n g ly  a f f e c t s  th e  

l e v e l  o f  SGOT in  carp  (Ogino, 1965).

No response  to  th e  f a t ig u e  o f  b e in g  caught on a hand l i n e  was 

e v id e n t in  sh a rk s  w ith  r e s p e c t  to  SGOT, a lth o u g h  the  le v e ls  o f  a second 

serum  enzyme ( l a c t i c  dehydrogenase) were a f f e c te d  (Rasmussen, 1967).

N a tu ra lly  o c c u rr in g  k idney  d is e a s e ,  and e x p e rim e n ta lly  induced 

l i v e r  n e c ro s is  each caused  an in c re a s e  i n  the  le v e l  o f  SGOT in  th e  P a c i f i c  

Salmon (B e ll ,  1968). Such d a ta  confirm  th e  p o s s ib i l i t y  th a t  enzyme le v e ls  

r e f l e c t  o rgan  p a tho logy  as they  do in  hom eotherm s. A l te r a t io n s  in  the 

l e v e l  o f  f iv e  l i v e r  t i s s u e  enzymes o f  ]?. h e te r o c l i tu s  r e c e n tly  have been 

shown to  r e f l e c t  s u b le th a l  m eta l s a l t  p o iso n in g  (Jackim , Ham lin, and 

S o n is , 1970). I t  would seem th a t  such a l t e r a t i o n s ,  o r  th e  r e s u l t s  o f 

such  a l t e r a t i o n s , may be r e f l e c t e d  in  th e  serum .

The c la s s i c  s tu d y  in  th e  developm ent o f  a b io a ssa y  b ased  on 

a l t e r e d  t i s s u e  enzyme a c t i v i t y  was th a t  o f  W eiss (1959). The i n h ib i t i o n  

o f  b r a in  c h o l in e s te ra s e  a c t i v i t y  by organophosphorous in s e c t ic id e s  which 

he f i r s t  d em onstra ted , became th e  b a s is  o f  a b io a s sa y  f o r  th e s e  compounds 

(H o lland , Coppage, and B u t le r ,  1962). Serum le v e ls  o f  c h o l in e s te ra s e  

w ere a ls o  shown to  be a f f e c te d  by organophosphorous i n s e c t ic id e s  (Hayama



6

and Kuwabara, 1962).

A nother s tu d y  on th e  r e l a t i o n  o f  serum  enzymes o f  f is h e s  to  th e  

chem ical environm ent in  which th ey  l iv e  i s  t h a t  o f  Lue-Hing (1966) .

This in v e s t ig a to r  was a b le  to  show th a t  tim e and c o n c e n tra t io n  dependent 

changes in  SGOT and ICD l e v e l  o f  g o ld f is h  o cc u rre d  in  resp o n se  to  t r a c e  

le v e ls  o f  th e  o rg an ic  p e s t i c id e s  e n d rin  and g u th io n . The s p e c i f i c i t y  o f  

such a change, o r  th e  s t a t i s t i c a l  r e l i a b i l i t y ,  have n o t been  y e t  d e te r 

mined.

In  l i g h t  o f th e  p rec e d in g  s tu d ie s ,  th e  fo llo w in g  in v e s t ig a t io n  

was un d ertak en  to  de te rm ine  th e  c h ro n ic  and a c u te  e f f e c t  o f  v a rio u s  con

c e n tr a t io n s  o f  LAS on h e m a to c r i t ,  and th e  serum  enzymes GOT and ICD. I t  

may be th a t  the  serum enzyme response  in  f is h e s  i s  n o t s p e c i f i c  to  in s e c 

t i c i d e s ,  d i e t ,  and d ise a s e  c o n d itio n s  d e sc r ib e d  in  t h i s  l i t e r a t u r e  rev iew . 

I f  i t  p roves to  be a s e n s i t iv e  n o n - s p e c if ic  re sp o n se , i t  may p ro v id e  th e  

b a s is  f o r  th e  developm ent o f  " a p p l ic a t io n  f a c to r s "  to  be used  w ith  mean 

to le ra n c e  l im i t  (TLM) d a ta  to  a r r iv e  a t  " s a fe "  le v e l s  o f con tam inan ts  in  

th e  env ironm ent. C onversely , i t  may prove to  be u s e fu l  i n  e s tim a tin g  

th e  g e n e ra l w e ll  b e in g  o f  f is h e s  exposed to  w a te rs  whose f a c i l i t i e s  do 

n o t in c lu d e  equipm ent f o r  rem oving a n io n ic  d e te r g e n ts ,  o r  in  w a te rs  where 

th e  i n te r a c t io n  o f  many s u b s ta n c e s , each in  them selves below to x ic  l i m i t s ,  

may combine to  im p a ir th e  norm al fu n c tio n in g  o f  p h y s io lo g ic  p ro c e s s e s .
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SECTION I I  

MATERIALS AND METHODS

1. Care and C o lle c tio n  o f  Test F ishes

Fundulus h e te r o c l i tu s  i s  found lo c a l ly  in  th e  sha llow  w a te rs  

b o rd e r in g  th e  e s tu a r ie s  and b a y s . In  two y ea rs  o f  c o l le c t in g  w ith  b rea d  

tra p  and s e in e  i t  was found th a t  th e se  f is h e s  f re q u e n t t h i s  a re a  from  th e  

l a s t  days o f  May to  th e  end o f  November. During th e se  m onths, J?. h e te ro 

c l i t u s  was ro u t in e ly  c o l le c te d  from two s i t e s :  th e  mouth o f Crommet

Creek a t  th e  le v e l  o f th e  Durham P o in t  Road; and a t  an i n l e t  o f N ew castle 

I s la n d  fa c in g  th e  n o r th - e a s t  s id e  o f  P e s t  I s la n d .

A f te r  Fundulus had d isa p p e a re d  from  th e  c o l le c t in g  s i t e s ,  they  

w ere o b ta in e d  from a b a i t  d e a le r ,  who tra p p e d  in  th e  deeper w a te rs  a t  

th e  mouth o f  th e  Cocheco R iv e r. These f is h e s  were s to re d  in  la rg e  con

tin u o u s  flow  h o ld in g  ta n k s , and were a v a i la b le  f o r  pu rchase  th roughou t 

th e  p e r io d  December to  May. F ish  from t h i s  p o p u la tio n  were used e x c lu 

s iv e ly  f o r  th e  s t a t i c  48-hour t e s t s  w ith  LAS. S to rag e  in  th e  U n iv e rs i ty  

co ld  room h o ld in g  f a c i l i t i e s  was l im ite d  to  a two day a c c lim a tio n  p e r io d .

F ish  m ain ta in ed  fo r  more th an  f iv e  days in  th e  U n iv e rs i ty  h o ld in g  

f a c i l i t i e s  ( i . e .  th o se  used in  long  term  s tu d ie s  w ith  LAS, o r  th o se  used 

as a so u rc e  o f  serum  f o r  w orking ou t a ssay  tec h n iq u es)  were fed  a com

m e rc ia l m arine f i s h  d i e t  o f B io r e l l*  supplem ented w ith  chopped b e e f  l i v e r .  

The c o n te n t o f  th e  comm erical p r e p a ra t io n  i s  g iven  in  Table I .

* S te m c o  I n d u s t r ie s ,  H a rriso n , N. J .
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Table I .  C ontent o f comm ercial f i s h  food p re p a ra tio n *  

fed  to  F. h e te r o c l i tu s  m ain ta in ed  in  th e  co ld  room

In g re d ie n ts A nalysis

F ish  Meal Minimum Crude P ro te in 45%

F ish  Roe Meal Minimum Crude Fat 4%

F ish  L iv e r Maximum Crude F ib re 9%

C ra y fish  Meal Maximum Ash 15%

In s e c t  Larvae Meal Maximum M oisture 8%

D ehydrated Kelp Meal

M ussel Meal

B rine  Shrimp Meal

Wheat Germ Meal

Cod L iv e r  Meal

* B io r e l l , S te m c o  I n d u s t r ie s ,  H a rr iso n , N., J .

V itam in Bg, a coenzyme o f tra n sa m in a tio n  r e a c t io n s ,  has been 

shown to  in f lu e n c e  t i s s u e  le v e ls  o f  GOT in  carp  (Ogino, 1965). In  ad d i

t io n ,  i f  d ie ta r y  anemia r e s u l t s  from e a t in g  a dry food d i e t  in  F. h e te ro 

c l i t u s  as i t  does in  t r o u t  ( P h i l l ip s  and Brockway, 1957), t h i s  e f f e c t  

would a ls o  be circum vented  by th e  a d d it io n  o f  th e  f re s h  chopped l i v e r  

supplem ent.

With th e  p rec e d in g  d i e t ,  con tinuous a e r a t io n ,  and a s a l i n i t y  

l e v e l  o f  24 p a r t s  p e r  thousand , m o r ta l i ty  was n e g l ig ib le  over th e  course  

o f  th e  s tu d ie s .
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2. Hematology

Blood Sam pling:

The f is h  were r e s t r a in e d  by w rapping t h e i r  a n te r io r  end w ith  

p aper tow eling . The caudal peduncle was th en  se v e re d  c le a n ly , and the  

exposed t i s s u e  q u ick ly  b lo t t e d  to  remove excess  f lu i d s .  The end o f a 

c a p i l la r y  tube (p rep ared  as d e sc r ib e d  l a t e r )  was th en  p lac e d  d i r e c t l y  

over th e  open d o rs a l  b lood v e s s e l .

No a n e s th e t ic  was used in  th e  s tudy  as i t  tended to  reduce th e

r a t e  o f  b lood  flow . This o b se rv a tio n  was a ls o  n o ted  by S l ic h e r  (1961).

Blood c o l le c t io n  was com pleted w ith in  60 seconds. The c a p i l la r y  

tube was s e a le d  and c o lo r  coded w ith  m odelling  c la y ,  and spun a t  11,500 

rpm fo r  2 1 /2  m inutes in  an I n te r n a t io n a l  M ic ro -c a p il la ry  C e n trifu g e .

Ic e  packs were used to  keep th e  c e n tr ifu g e  head coo l betw een runs.

Follow ing c e n t r i f u g a t io n ,  th e  h e m a to c r it  was determ ined by use 

o f  a m il lim e te r  r u le  and th e  sample prom ptly r e f r ig e r a t e d .  I f  enzyme 

a n a ly s is  was to  be delayed  more than  s ix  h o u rs , th e  samples were fro z e n .

P r io r  to  a n a ly s is ,  a f i l e  c u t was made 3 mm above th e  e ry th ro c y te  

l e v e l ,  th e  tube b roken , and th e  serum drawn in to  a lambda p ip e t te .  The

sample was d isc a rd ed  i f  c lo t s  were p r e s e n t ,  i f  b lo o d  flow was slow , o r

i f  hem olysis was v i s i b l e  by in s p e c t io n .

P re v en tio n  o f  C lo t t in g :

The b lood  o f  f is h e s  c lo t s  r a p id ly  (V ars , 1934) and th e  b lood  o f 

]?. h e te r o c l i tu s  i s  no e x c e p tio n .

H eparin  i s  th e  recommended a n tic o a g u la n t  f o r  f is h e s  (H esser, 

1960). When s ta n d a rd  c a p i l la r y  tubes*  c o n ta in in g  a t  l e a s t  two USP u n i ts

* S c ie n t i f ic  P roducts D iv is io n  o f  American H o s p ita l  Supply Corp.
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o f  h e p a r in  w ere u sed , c l o t t i n g  o c c u rre d . U sua lly  th i s  was w ith in  90 

seconds o f  th e  tim e o f  th e  i n c i s io n .  The c lo t t i n g  p ro cess  was h as te n e d  

by exposure  to  body f l u i d s ,  an o b se rv a tio n  a lso  n o ted  by Wolf (1959) in  

f re s h  w a te r  f i s h e s .  L arsen  and Snieszko (1961) have observed  th a t  when 

10% h e p a r in  s o lu t io n s  a re  a llow ed to  e v a p o ra te  to  dryness in  s ta n d a rd  

c a p i l l a r y  tu b e s , no c lo t t i n g  r e s u l te d  when th e  tu b es  were used w ith  t r o u t  

b lo o d . As th i s  p rocedu re  was n o t e f f e c t i v e  w ith  F . i h e t e r o c l i t u s , th e  

fo llo w in g  m o d if ic a tio n  was adop ted .

Powdered sodium h e p a rin *  was a llow ed  to  drop through a microhema

t o c r i t  tube  (1 .1  mm X 75 mm) so  th a t  m inute g ra in s  adhered to  th e  i n te r n a l  

s u r fa c e  o f th e  tu b e . Tubes so  p rep ared  w ere s u c c e s s fu l  in  p re v e n tin g  

c lo t t i n g ,  and were used th roughou t th e  s tu d y .

Both Wolf (1959) and Yuki (1960) have p o in te d  ou t t h a t  th e  g e la 

t io n  o f  e ry th ro c y te s  c o n tr ib u te s  to  th e  c o a g u la tio n  p ro cess  in  f i s h e s .  

S ince th e  enzyme c o n te n t o f  th e  e ry th ro c y te  i s  h ig h , hem olysis could  

le a d  to  sp u rio u s  serum enzyme v a lu e s . Some in v e s t ig a to r s  have n o ted  such 

v a lu e s  in  f i s h  b lood  assay ed  a f t e r  c lo ts  had o c c u rred  (B a rn h a rt, 1965; 

B e l l ,  1968). O thers have allow ed  c lo t t i n g  to  o c cu r (Lue-H ing, 1966; 

Rasmussen, 1967).

R e p lic a te  enzyme assa y s  were perform ed on the same I?, h e te r o c l i tu s  

b lood  sample t r e a te d  to  a llow  c lo t t i n g  in  one p o r t io n ,  and no c l o t t i n g  in  

the  o th e r .  The mean v a lu e  o f  the  GOT serum  sam ple (N=10) was 37% h ig h e r  

th an  th e  plasm a c o n tr o l ,  and 4% h ig h e r  th an  th e  plasm a sam ple c o n tro l  

f o r  ICD. The s ta n d a rd  d e v ia t io n s  o f  th e  serum  sam ples were 31% and 27% 

h ig h e r  than  th e  plasm a sam ples fo r  GOT and ICD r e s p e c t iv e ly .  On the

*Sigma Chemical Company, S t .  L o u is , Mo.
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b a s is  o f th e s e  r e s u l t s ,  i t  was dec ided  th a t  c o n tro l  o f c lo t t i n g  was e s 

s e n t i a l  bo th  to  in s u re  th a t  only th e  a c t i v i t y  o f th e  enzymes in  th e  b lood  

f lu id  was b e in g  m easured, and to  o b ta in  homogeneous r e s u l t s .

The more common term  "serum  enzymes" i s  used th ro u g h o u t r e f e r r in g  

to  th e  b lood  f lu id  le v e l  o f GOT and ICD, a lth o u g h  th e  assays were perform ed 

on h e p a r in iz e d  b lood  f lu id  c o n ta in in g  serum w ith  c lo t t i n g  elem ents o r  

p lasm a.

E r r a t i c  h e m a to c r it  v a lu es  have a ls o  been  shown to  r e s u l t  from 

th e  p resen ce  o f  even sm a ll c lo t s  in  th e  serum o f  f is h e s  (S n ie szk o , 1960).
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3. The Serum Enzymes SGOT and SICD

Theory o f  A n a ly s is : GOT

GOT i s  in v o lv ed  w ith  the  c a ta ly s i s  o f th e  fo llo w in g  r e a c t i o n : 

H2C-COOH H,C-COOH
I I

h2c- cooh ch2 h2c- cooh ch2
I + I ;---- ^  I + I

h2n- c- cooh o=c- cooh o=c- cooh h2n- c- cooh
H H

a s p a r ta t e  k e to - .g lu ta ra te  o x a la c e ta te  g lu tam ate

The r e a c t io n  can be fo llow ed  by any o f th e  fo llo w in g  methods:

1. P aper chrom atograph ic  a n a ly s is  o f the  r e a c t io n  p ro d u c ts  a f t e r  incuba

t io n .  Q u a n t if ic a t io n , however, i s  d i f f i c u l t .

2. D ire c t  s p e c tro p h o to m e tr ic  measurement o f o x a la c e ta te  fo rm ation  a t  

280 mp. I n s t a b i l i t y  o f th e  o x a la c e ta te  in  s o lu t io n  makes t h i s  ap

proach u n r e l ia b le .  (Karmen, W roblewski, and LaDue, 1955).

3. Enzym atic d e c a rb o x y la tio n  o f one o f th e  p ro d u c ts  and subsequen t mano- 

m e tr ic  measurement o f carbon d io x id e . Karmen e t  a l . , (1955) have 

p o in te d  ou t th a t  th e  h ig h  b ic a rb o n a te  c o n te n t o f the  b lo o d , a long  

w ith  a low le v e l  o f  tra n sa m in a se , makes t h i s  p rocedure  d i f f i c u l t  to  

app ly  to  serum  a n a ly s is .

4. Measurement o f the  o x a la c e ta te  formed by use o f :

a . A coupled r e a c t io n  c a ta ly z e d  by m alic  dehyd rogenase ..

O x a la c e ta te  + NADPH + H"^-----------*■ M alate  + NADP*

The NADPH abso rbs s tro n g ly  a t  340 mp, and th e  p ro g re ss  of th e  

r e a c t io n  can be fo llow ed  by re c o rd in g  lo s s  o f  absorbance w ith  

tim e . A lthough th i s  p rocedure  i s  th e  b a s is  fo r  th e  d e f in i t io n  

o f  tran sam in ase  u n i t s ,  Annino (1965) s t a t e s  th a t  i t  i s  " te d io u s  

and tim e consuming, employs u n s ta b le  r e a g e n ts ,  and re q u ire s  th e
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use o f  an u l t r a v i o l e t  s p e c tro p h o to m e te r ."

b . 2-4  d in itro p h e n y lh y d ra z in e  as a ke tone  tra p p in g  re a g e n t.  This 

method ( to  be d e sc r ib e d  in  d e t a i l )  was s e le c te d  fo r  u se  in  the 

s tu d y  because :

(1) I t  seems to  be th e  p ro ced u re  most f re q u e n tly  used in  c l i n i c a l  

and e x p e rim e n ta l s i t u a t i o n s ,  as re p o r te d  in  th e  l i t e r a t u r e .

(2) The assay  i s  r e l a t i v e l y  s t r a ig h t f o rw a r d ,  and i s  a v a i la b le

in  k i t  form.

(3) I t  i s  r e p o r te d  (Sigma T ech n ica l B u l le t in  505) to  be  th e

most r e l i a b l e  p ro ced u re  f o r  the  assay  o f  SGOT.

(4) S tandard  u n i ts  o f  a c t i v i t y  can be o b ta in e d . This i s  u s e fu l  

f o r  com parisons w ith  r e s u l t s  o f o th e r  s tu d ie s .

The Sigma 505 p rocedu re  f o r  SGOT a n a ly s is  (Sigma T ech n ica l Bul

l e t i n  505) coup les th e  r e a c t io n  p ro d u c t o x a la c e ta te  formed in  a  u n i t  tim e 

w ith  2-4 d in itro p h e n y lh y d ra z in e . Inasmuch as th e  a lk a l in e  s t a b l e  h y d ra - 

zones o f p y ru v a te  (formed from  th e  spon taneous breakdown of o x a la c e ta te )  

a lp h a  k e to g lu ta r a te  and o x a la c e ta te  a re  found in  th e  r e a c t io n  m ix tu re  

(Bergm eyer, 1963), sp e c tro p h o to m e tr ic  m easurem ents a re  made a t  505 my 

where th e  g r e a t e s t  d i f f e r e n t i a t i o n  betw een th e  o p t i c a l  d e n s i t ie s  o f  the  

th re e  hydrazones occu r.

T ra n s la tio n  o f  o p t i c a l  d e n s ity  to  u n i ts  o f  enzyme a c t i v i t y  i s  

accom plished  by use o f  a s ta n d a rd  curve  ( o p t i c a l  d e n s ity  -  o r d in a te ,  GOT 

a c t i v i t y  -  a b c is s a )  rec o rd e d  in  Sigma F ra n k e l U n its .

These u n i t s  a re  d e f in e d  as fo llo w s :

"One th e o r e t i c a l  Sigma F ran k e l U n it o f  G lutam ic O x a la c e tic  

Transam inase w i l l  form  4 .82  X 10-lf ym o f g lu tam a te  p e r  

m inu te , a t  pH 7.5  and 25° C ."

(Sigma T echn ica l B u l le t in  505)
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Theory o f  A n a ly s is :  ICD

I s o c i t r i c  dehydrogenase i s  an enzyme which c a ta ly z e s  th e  

fo llo w in g  r e a c t io n :

HoC-COOH HoC-COOH HoC-COOH
I I I

HC-COOH NADP HC-COOH NADPH HoC +  CO,
| (Mn++ I  CD)' | |

OHC-COOH 0=C-C00H 0=C-C00H
I
H

d - I s o c i t r a t e  o x a ls u c c in a te  a lp h a  k e to g lu ta r a te

I t  i s  p o s s ib le  to  m on ito r th e  cou rse  o f  th e  above r e a c t io n  by:

1. Follow ing  NADPH a c t i v i t y  by n o tin g  th e  in c re a s in g  o p t ic a l  d e n s ity  a t  

340 my as th e  r e a c t io n  p ro ceed s.

2. Complexing th e  a lp h a  k e to g lu ta r a te  p ro d u ct w ith  2-4  d in i t ro p h e n y l-  

h y d ra z in e . The r e s u l t i n g  hydrazone i s  h ig h ly  c o lo re d  in  a lk a l in e  

s o lu t io n ,  and absorbs s tro n g ly  a t  410 my.

A k i t  form (Sigma T ech n ica l B u l le t in  #175) o f  th e  c o lo r im e tr ic  

method was s e le c te d  f o r  use  in  t h i s  s tu d y  b ecause  o f  i t s  te c h n ic a l  sim 

p l i c i t y  and r e p r o d u c ib i l i ty .

The o p t ic a l  a c t i v i t y  o f  th e  c o lo re d  r e a c t io n  p ro d u c ts  i s  t r a n s 

l a t e d  i n to  enzyme u n i ts  by th e  use o f  s ta n d a rd  s o lu t io n s  whose o p t ic a l  

d e n s ity  co rresponds to  known enzyme c o n c e n tra tio n s  as de term ined  by u l t r a 

v i o l e t  m ethods. Thus, one Sigma U nit o f  ICD a c t i v i t y  w i l l  produce one 

m illim ic rom o le  o f  NADPH p e r  hour a t  pH 7.5  and 25° C.

M o d if ic a tio n  o f  Sigma T e s t P ro c e d u re s :

The serum  volumes which can be o b ta in e d  from th e  t e s t  f is h e s  i s  

l im ite d  by the  fo llo w in g  f a c t s :

1. As a c l a s s ,  th e  bony f is h e s  have a t o t a l  b lood  volum e/body w eig h t 

r a t i o  2-5  tim es low er th an  th a t  o f  the  o th e r  v e r te b r a te  c la s s e s
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(C onte, Wagner, and H a r r is ,  1963).

2. The maximum s iz e  o f  th e  f is h e s  which can be o b ta in e d  lo c a l ly  in  s u f 

f i c i e n t  numbers was found to  be 6-10 grams. Only 40 lambdas o f  serum 

cou ld  r o u tin e ly  be o b ta in e d  a f t e r  c e n tr i f u g a t io n .

Thus, serum  volume c o n s id e ra t io n s  n e c e s s i ta te d  th e  use o f  m icro 

p ro c e d u re s .

The "norm al" GOT and ICD le v e ls  in  th e  plasm a of f \  h e te r o c l i tu s  

were found, on p re lim in a ry  in s p e c t io n ,  to  be in  th e  o rd e r  o f  te n  tim es 

the  accep ted  norm al range fo r  humans. These h ig h  v a lu es  a re  in  acco rd  

w ith  th e  h igh  norm al v a lu es  o f GOT and ICD found in  th e  b lood  f lu i d  o f 

carp by Zimmerman e t  a l .  ( 1 9 6 5 ) , ,and o f  GOT in  th e  b lood  f lu id  o f  rainbow 

t r o u t  by B arn h art (1969). I f  enzyme t e s t s  designed  f o r  humans were to  be 

used , i t  became a p p a re n t t h a t  an i n i t i a l  d i lu t io n  o f serum  would a ls o  have 

to  be made to  o b ta in  p ro p o r t io n a te  o p t ic a l  a c t i v i t y  from th e  p ro d u c ts  o f  

th e  t e s t  system .

T h iers  and V a llee  (1958) have p o in te d  o u t th e  dangers in  comparing 

enzyme v a lu e s  o b ta in e d  when d i f f e r e n t  s u b s t r a te  volum e/serum  volume r a t i o s  

a re  used . More s p e c i f i c a l l y ,  Annino (1964) in  a c h a p te r  on SGOT a n a ly s i s ,  

s t a t e s  th a t  a p re lim in a ry  d i lu t io n  o f  serum does n o t alw ays r e s u l t  in  

v a lu es  in  e x a c t p ro p o rtio n  to  th e  m agnitude o f th e  d i lu t io n .

N o n e th e le ss , p re lim in a ry  d i lu t io n s  o f serum  in  humans w ith  e l e 

v a te d  enzyme le v e ls  i s  a common lab  p r a c t ic e .  (Sigma T echn ica l B u l le t in s  

505 and 175 .) F u rtherm ore , S te rk e l  e t  a l .  (1958) r e p o r t  th a t  the  amount 

o f serum  added to  th e  ICD t e s t  system  was l in e a r  in  every  case  s tu d ie d , 

and Reitman and F ran k el (1957), who developed th e  p rocedu re  on which the  

Sigma p rocedure  i s  b a sed , su g g e s t th a t  d i lu t io n  o f  th e  serum by a f a c to r  

o f one to  te n  i s  co n v en ien t in  cases  where a h ig h  SGOT e x i s t s .
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Assay p ro ced u res  m odified  from s ta n d a rd  t e s t s  most s u i t a b le  fo r  

use w ith  F_. h e te r o c l i tu s  were developed in  accordance w ith  th e  fo llo w in g  

p r i n c i p l e s :

1. Serum d i lu t io n  shou ld  be m inim al, and d i r e c te d  tow ards o b ta in in g  

average  o p t i c a l  d e n s ity  rea d in g s  in  th e  more r e l i a b l e  p o r tio n s  o f  th e  

sp e c tro p h o to m e tr ic  s c a le .

2. S ca lin g  down o f  re a g e n t volumes shou ld  be a d ju s te d  so th a t  th e  t o t a l  

volume o f  re a g e n ts  in  th e  t e s t  shou ld  j u s t  be s u f f i c i e n t  to  o b ta in  an 

o p t ic a l  d e n s ity  rea d in g  in  th e  sp e c tro p h o to m ete r c u v e tte , o r  c e l l .

3. R e p l ic a b i l i ty  o f  th e  t e s t  shou ld  be h ig h .

Four d i lu t io n  sch ed u les  b ased  on th e se  c o n s id e ra tio n s  were p re 

pa red  by a l t e r i n g  th e  Sigma Schedule f o r  SGOT and SICD. Each schedu le  

was used ten  tim es w ith  d i f f e r e n t  s u b je c ts  to  de te rm ine  th e  o p t ic a l  den

s i t y  which would be o b ta in e d  w ith  "norm al s u b je c t s ."

These d a ta  a re  p re s e n te d  in  Tables 2 and 3.

Table 2. T est Schedules f o r  SGOT

Schedule No. Sigma I I I I I I IV

S u b s tra te *  (ml) 1.0 0 .5 0 .4 0 .1 0.2

Serum (ml) 0.2 0.02 0 .01 0.02 0.02

Albumen (ml) - 0 .08 0.09 - 0.02

In cu b a tio n  (min) 60 60 60 60 60

C olor reag en t* *  (ml) 1.0 0 .5 0 .4 0 .1 0 .2

0.4N NaOH (ml) 10.0 5 .0 4 .0 1.0 2.0

T o ta l volume (ml) 12.2 6 .1 4.9 1.22 2 .44

OD a t  505 m p - 0 .4 8 0 .40 0.68 0 .60

Serum d i lu t io n — X5 X8 _ X2

I
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* A sp a r ta te  a lpha  k e to g lu ta r a te  (pH 7 .5 )

** 2-4 d i n i t r o  pheny lhydrazine

Table 3. T est Schedules f o r  SICD

Schedule Sigma* I I I I I I IV

Serum (ml) 0 .2 0 .01 0 .01 0 .01 0 .0 2

0.9% Albumen (ml) - 0 .04 0 .04 0 .01 -

I s o c i t r a t e  (ml) 0 .4 0 .10 0 .20 0 .04 0.04

MnCl2 (ml) 0 .2 0 .05 0.10 0 .02 0 .02

W ater o r TPN (ml) 0 .2 0 .05 0.10 0 .02 0 .02

In cu b a tio n  (min) 60 60.00 120.00 60.00 60.00

2-4 DNPH (ml) 0 .5 0.125 0.25 0.05 0 .05

EDTA (ml) 0 .4 0 .10 0 .20 0 .0 4 0 .04

NaOH (ml) 5 .0 1 .25 2.50 0 .50 0 .50

T o ta l v o l .  (ml) 6 .9 3.40 3.40 0.69 0.69

D ilu tio n - X5 X5 X2 -

OD a t  410 my - .1 7 - .2 7 .1 9 - .3 2 .1 8 - .2 7 -

* Sigma Chem ical Company T ech n ica l B u l le t in  #175 

Legend:

TPN -  T rip h o sp h o p y rid in e  n u c le o t id e  

2-4 DPNH -  2 -4 -d in itro p h e n y lh y d ra z in e  

EDTA -  E th e le n e d ia m in e te tra a c e ta te  

NaOH -  Sodium hydrox ide  

MnCl2 -  Manganese c h lo r id e  

OD -  O p tic a l d e n s ity
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R e l ia b i l i ty  o f  M odified  Assay  S c h ed u le s :

GOT; Schedules I  and I I :  From each o f  10 la rg e  F. h e te r o c l i tu s

a t  l e a s t  0 .06  ml o f serum w ere o b ta in e d . SGOT t e s t s  were run  in  d u p l ic a te  

u s in g  b o th  a ssay  sch ed u le s  I  and I I .  No d if f e re n c e  in  s e n s i t i v i t y  was 

a p p a re n t. The mean d if f e re n c e  betw een r e p l i c a t e  t e s t s  w ith  th e  same 

a ssay  sc h ed u le  was app rox im ate ly  th e  same as th e  mean d i f f e r e n c e  betw een 

m ethods. Schedule I  was used th roughou t th e  experim ent w henever s u f f i 

c ie n t  serum  was a v a i la b le .

ICD; Schedules I  and I I :  When egg albumen was s u b s t i tu te d  f o r

d i s t i l l e d  w a te r  used  as a serum  d i lu e n t ,  th e r e  was no a p p a re n t d i f f e re n c e  

betw een th e  s e n s i t i v i t y  o f  th e  two s c h e d u le s . When d i s t i l l e d  w a te r was 

used as th e  d i lu e n t ,  r e s u l t s  tended  to  be e r r a t i c ,  p a r t i c u l a r l y  w ith  

Schedule I I I .  This was though t to  be r e l a t e d  to  the  long  in c u b a tio n  

tim e. A bso lu te  v a lu e s  o b ta in e d  by bo th  methods were app rox im ate ly  e q u a l.

The r e a c t io n  was ap p rox im ate ly  l i n e a r  over th e  two hour in c u b a tio n  in  

Schedule I I .

M ic ro -c e ll  p ro ced u res  f o r  Schedules I I I  and IV: The p o s s ib le

advan tage  o f  n o t r e q u ir in g  e x te n s iv e  serum  d i lu t io n  d id  n o t com pensate 

f o r  the  in h e re n t  slow ness and la c k  o f  p r e c is io n  o f  th e  m ic ro c e l l  p ro ce 

d u re s . F u rtherm ore th e  mean OD v a lu es  o b ta in e d  w ith  "norm al" f i s h  (T able 2, 

3 ) were r e l a t i v e l y  h ig h . O ther s p e c i f ic  o b je c t io n s  n o te d  w ere :

1 . The m ic ro c e l l  assem bly had to  be perm anen tly  i n s t a l l e d  i n  the  s p e c t r o 

pho tom eter to  o b ta in  th e  b e s t  r e l i a b i l i t y .

2. The c e l l  was ex trem ely  s u s c e p t ib le  to  s c ra tc h in g .

3. P ro p e r f i l l i n g ,  em pty ing , and c le a n in g  o f  th e  c e l l  was v e ry  tim e

consuming.

4 . The v a r ia n c e  betw een rea d in g s  (N=10) o b ta in e d  w ith  th e  m ic ro c e l l  was

g r e a te r  th an  th a t  betw een th o se  o b ta in e d  w ith  s ta n d a rd  c u v e t te s .
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5 . The s ta n d a rd  curve was f l a t t e r ,  and c o n seq u e n tly , th e re  was a reduc

t io n  in  p r e c is io n  in  t r a n s la t in g  o p t ic a l  d e n s ity  in to  enzyme u n i t s .  

For th e s e  re a so n s , the  use o f  th e  m ic ro -c e l l  was abandoned.
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**' L in ea r A lk y la te  Sulphonic  Acid (LAS)

P h y s ic a l C h a r a c t e r i s t i c s :

R eference  sam ples o f LAS were o b ta in e d  from th e  Soap and D e te r

g en t A s s o c ia t io n .*  These a n a ly t ic a l l y  s ta n d a rd  sam ples a re  a  " ty p ic a l  

comm ercial l in e a r  a lk y la te  in  c u r r e n t  use  in  th e  U n ited  S t a t e s . "  The 

sam ples were i d e n t i f i e d  as fo llo w s :

Lot # 2-5 

A c tive  LAS 3.96%

Mean M olecu lar W eight 316 

B io d e g ra d a b il i ty  90% (shake f la s k  t e s t )

95% (a c t iv a te d  s ludge  t e s t )

The average  ch a in  le n g th  o f  t h i s  sample was 1 1 .8 . (R. Sturm , P ro c to r

and Gamble, p e rs o n a l com m unication) The f r e e  s u l f o n ic  a c id  form  o f  

th e  LAS in  th e  ampoules i s  c o n v e rted  to  th e  sodium s a l t  a c co rd in g  

to  th e  fo llo w in g  e q u a tio n :

NaOh + 10 ---- “ 0  + Hj.0
SQjH SOgNa

Stock s o lu t io n s ,  w ith  a  s ta b l e  s h e l f  l i f e  o f 6 m onths, were p re p a re d  

as fo llo w s :

1. 25 .2  grams o f  th e  f r e e  a c id  s o lu t io n  was d is s o lv e d  in  500 m l. o f  

d i s t i l l e d  w a te r .

2. The pH o f  t h i s  s o lu t io n  was a d ju s te d  to  9 .5  w ith  0 .4  N NaOH. A 

Coleman M e ttrio n  111 pH m ete r was u sed .

*The Soap and D e te rg en t A s s o c ia tio n , T ech n ica l and M a te r ia ls  D iv is io n : 

485 Madison A ve., New York, N. Y. 10022.
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3. The s o lu t io n  was b rought to  a t o t a l  volume o f 1 l i t e r  w ith  d i s 

t i l l e d  w a te r  to  make a 1000 ppm s o lu t io n ,  o r  to  0 .75  l i t e r s  to  make 

a 1500 ppm s o lu t io n .

The r a t e  o f b io d e g ra d a tio n  o f th e  t e s t  sam ple o f LAS under th e  

t e s t  c o n d it io n s  o f s a l i n i t y  and tem p e ra tu re  was t e s te d  by co n sec u tiv e  

an a ly ses  o f th e  same sample (F ig . 1 - ) .  On th e  b a s is  o f  th i s  breakdown 

r a t e ,  i t  was decided  th a t  th e re  was l i t t l e  advantage to  be gained  in  

runn ing  th e  48-hour t e s t s  w ith  the  con tinuous flow  a p p a ra tu s .

LAS A ssay:

C o n s id e ra tio n s  o f  proven r e l i a b i l i t y ,  s im p l ic i ty  of o p e ra t io n , 

low re a g e n t c o s ts ,  and a v a i l a b i l i t y  of equipm ent suggested  use o f a 

m ethylene b lu e  c o lo r im e tr ic  method. P rocedu res  u s in g  th e  m ethylene 

b lu e  a ssay  in v o lv e :

1. Form ation  o f an io n ic a l ly  bonded, h ig h ly  s o lu b le ,  dye complex.

i . e . ;

a
+  -

NMe.

m ethylene b lue

Na

a lk y l  s u lfo n a te

_+

2. E x tra c tio n  o f  complex from th e  aqueous phase in to  ch lo roform .

3. S e p a ra tio n  o f th e  aqueous and ch lo ro fo rm  p h ases .

4. D e te rm in a tio n  o f s u r f a c ta n t  c o n c e n tra tio n  by comparing th e  o p t ic a l  

d e n s ity  o f  th e  m ethylene b lu e - s u r f a c ta n t- c h lo ro fo rm  complex a g a in s t  

a s ta n d a rd iz e d  curve of th e  m ethylene b lu e . ( s u r f a c ta n t-d y e  concen

t r a t i o n  v s . o p t ic a l  d e n s ity )

The p rocedu re  o f Panow itz and Renn (1965) was m od ified  fo r  use
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in  th e se  t e s t s  by o m ittin g  th e  use o f a m otor e x t r a c to r ,  and u s in g

se p a ra to ry  fu n n e ls  in  i t s  p la c e . The volume o f a l l  re a g e n ts  was a ls o

reduced  by a f a c to r  o f 5 to  cu t rea g e n t c o s ts .

The e x a c t p rocedu re  fo llow ed in  th e  la b o ra to ry  was:

1. A 5 ml sam ple o f t e s t  w a te r was added to  a 100 ml. s e p a ra to ry  fu n n e l.

2. 1 ml o f m ethylene b lu e - a lk a l in e  b o ra te  s o lu t io n  was added and th e  

r e s u l t in g  m ix tu re  shaken g e n tly  fo r  10 seconds.

3. 2 ml o f ch lo ro fo rm  were added, a t e f lo n  s to p p e r  was in s e r te d ,  

and the  fu n n e l shaken rh y th m ic a lly  f o r  3 m inutes and 45 seconds.

The fu n n e l was allow ed to  s ta n d  u p r ig h t fo r  15 seconds w h ile  th e  

two phases s e p a ra te d , and th e  ch lo roform  la y e r  was c o l le c te d  from 

th e  bottom  o f  th e  fu n n e l.

4. 1 ml of ch lo ro fo rm  was added to  th e  aqueous p h ase , shaken f o r  two 

m in u tes , and th e  ch lo roform  la y e r  was th en  added to  th e  co rresp o n d in g  

la y e r  from s te p  3.

5. Same as s te p  4.

6. The t o t a l  ch lo ro fo rm  volume o b ta in e d  in  th e  l a s t  th re e  s te p s  was 

added to  a second , c le a n , s e p a ra to ry  fu n n e l.

7. 5 ml of a c id  m ethylene b lu e  wash s o lu t io n  was added, th e  m ix tu re  

shaken fo r  3 m inutes and 45 seconds, a llow ed to  s e p a ra te  fo r  15 

seconds, and th e  ch lo roform  la y e r  c o l le c te d  in to  a c lean  t e s t  tu b e .

8. The volume o f  th e  ch lo roform -m ethy lene  b lu e  complex la y e r  was 

b rought to  a t o t a l  volume of 5 ml. in  a 5 m l. p ip e t t e .

9. A f te r  s ta n d in g  4 m in u tes , th e  o p t ic a l  d e n s ity  was read  in  a Bausch 

and Lomb S p e c tro n ic  20 C o lo rim ete r a t  650 mp. This v a lu e  was th en  

changed to  LAS c o n c e n tra tio n  by use o f  a S tandard  Curve p rep a re d  

under th e  same t e s t  c o n d it io n s .



R e l ia b i l i ty  o f th e  M odified Assay Used in  D ilu te  Sea W ater:

Seven co n sec u tiv e  assay s were run on each o f  th e  same c a re f u l ly  

s ta n d a rd iz e d  c o n c e n tra tio n s  o f  LAS in  s e a  w a te r d i lu te d  to  24 p p t .

The mean and s ta n d a rd  d e v ia t io n s  o f such t e s t s  a re  r e p o r te d  in  F ig u re  2. 

They s e rv e  to  in d ic a te  th e  h ig h  s e n s i t i v i t y  o f th e  t e s t .

The f a c t  th a t  c h lo r id e s  can i n t e r f e r e  w ith  th e  a ssay  (Evans, 

1950) p robab ly  accounts f o r  th e  h igh  o p t i c a l  d e n s ity  o f  th e  b lan k  

s o lu t io n .  I t  su g g ested  a ls o  th a t  th e  same LAS c o n c e n tra tio n  in  d i f 

f e r e n t  s a l i n i t i e s  could r e s u l t  in  d i f f e r e n t  o p t ic a l  d e n s ity  re a d in g s . 

T his had to  be te s t e d  s in c e  c h lo r id e  le v e l  cou ld  f lu c tu a te  ( p a r t ic u 

l a r l y  in  th e  long  term  t e s t s )  due to :

1. E rro rs  stemming from th e  in h e re n t  l im i ta t io n s  o f th e  s p e c i f ic  

g ra v i ty  method used th roughou t th e  s tu d y  to  m easure c h lo r id e  l e v e l .

2. The e r r o r s  made p o s s ib le  in  th e  m ixing o f th e  se a  w a te r  w ith  th e  

d i s t i l l e d .  In  bo th  s h o r t  and long  term  t e s t s ,  se a  w a te r  o f p re 

determ ined  s a l i n i t y  was in tro d u c e d  to  a l e v e l  l in e  on th e  s id e  of 

th e  r e s e r v o i r  b a r r e l .  D i s t i l l e d  w a te r was added by hand to  b r in g  

th e  t o t a l  volume to  a second l i n e ,  p r e c a l ib r a te d  to  r e s u l t  in  th e  

d e s ire d  s a l i n i t y .  F ine  ad ju stm en ts  were by t r i a l  and e r r o r .

S tandard  curves were run o f  LAS l e v e l  (0 , 1 , 2 , 4 ppm) v s . 

o p t ic a l  d e n s ity  in  18, 24, and 32 p p t c h lo r id e .  D iffe re n c e s  betw een 

o p t ic a l  d e n s i t ie s  o f th e  same c o n c e n tra tio n s  o f  LAS in  th e s e  d i f f e r e n t  

s a l i n i t i e s  were n o t c o n s is te n t ,  and d id  n o t f a l l  o u ts id e  o f 2 s ta n d a rd  

d e v ia t io n  u n i ts  o f th e  24 p p t v a lu e s . I t  was concluded on t h i s  b a s is  

th a t  the  m inor f lu c tu a t io n s  to  be expected  in  s a l i n i t y  over th e  long 

term  t e s t in g  p e r io d  would n o t g ive  r i s e  to  sp u rio u s  LAS assay  v a lu e s .

The e m u ls if ic a t io n  o f aqueous and ch lo ro fo rm  phases in  th e  

e x t r a c t io n  p ro ce ss  has been c i t e d  as a p o t e n t i a l  problem  o f  th e  assay
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Figure 2- Rel iab i l i ty  of LAS A ssa y  P r o c e d u r e s  

Used in S e a  W ater  Diluted to 2 4  ppt 

(Mean OD v a l u e t l S D *  N=IO)
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LAS C o n c e n tr a t io n  (p p m )



procedu re  (S tandard  M ethods, 1965). No such d i f f i c u l t i e s  were ex p er

ien c e d  w ith  th e  d i lu t e  s e a  w a te r , a lth o u g h  th e  v a l i d i t y  of th e  o b jec 

t io n s  was v e r i f ie d  when th e  p rocedu res  d e sc r ib e d  were a p p lie d  to  th e  

a n a ly s is  o f LAS in  f re s h  w a te r. The e m u ls if ic a t io n  in  t h i s  in s ta n c e  

could  be m inim ized by r e g u la t in g  th e  v ig o r  o f th e  m ixing p ro c e s s .
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5. Continuous Flow A pparatus

C o n s tru c tio n  M o d if ic a t io n s :

A P ro p o r t io n a l  D i lu to r  (F ig . 3 ) ,  capab le  o f d e l iv e r in g  f iv e  

to x ic a n ts  and a c o n tro l  s o lu t io n  a t  flow  r a te s  up to  400 ml p e r  m inute 

was c o n s tru c te d  from a d esig n  o f Mount and Brungs (1967). The fo llow 

in g  m o d if ic a tio n s  in  t h i s  d e s ig n  were made:

1. C e lls  WB2-WB5 were made from s o l id  p le x ig la s s  rods d r i l l e d  to  an 

i n te r n a l  d iam ete r o f 2" .

2. The In ta k e  Valve P lug  (IV) in  F ig . 3 was made by d r i l l i n g  a 3/8" 

h o le  in  the  b ase  o f a c o n ic a l  g la s s  c e n tr ifu g e  tu b e . The s e a l ,  

i n to  which i t  i s  wedged- to  sh u t o f f  th e  incom ing w a te r , was made 

by covering  th e  apex o f th e  cone v /ith  p l a s t i c  f ilm , and p lung ing  

i t  in to  a g la s s  tube p a r t i a l l y  f i l l e d  w ith  Dow Com ing G lass 

S e a la n t .  A f te r  the  s e a la n t  had s e t ,  th e  p lu g  was removed, and th e  

p l a s t i c  f ilm  s t r ip p e d  o f f .  The r e s u l t i n g  s e a la n t- c o n ic a l  g la s s  

p lug  v a lv e  proved to  be s u p e r io r  to  the  ru b b er tub ing-b low n g la ss  

v a lve  d e sc r ib e d  by Mount and Brungs (1967) in  p re v e n tin g  leakage 

a t  h ig h  w a te r p re s s u re s .  T h is was accom plished w ith  a minimum of 

fo rc e  on th e  g la s s  rod a c tu a t in g  le v e r .

3. The te n s io n  on the  g la s s  a c tu a t in g  rod  was found to  be more e a s i ly  

c o n tro l le d  when th e  Valve S pring  was re p la c e d  w ith  a loop o f su r 

g ic a l  tu b in g  which cou ld  be a d ju s te d  by low ering  o r r a i s in g  a fou r 

inch  eye b o l t  a tta c h e d  to  th e  b ack sto p  by means o f an L -b ra c k e t.

4. The dead w a te r  spaces betw een th e  ends of th e  siphons and th e  

bottom  o f th e  c e l l s  was m inim ized by in s e r t in g  g la s s  p la te s  approx

im a te ly  1" below  th e  le v e l  o f the  s ip h o n . At slow c y c lin g  sp eed s , 

and maximal d i lu t io n  betw een c e l l s ,  t h i s  was a n e c e s s i ty  to  p rev e n t



F i g u r e  3. C o n t in u o u s  Flow D e l iv e ry  S y s t e m
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excess b io d e g ra d a tio n  o f LAS in  the  D ilu to r  i t s e l f .

M echanics o f  O pera tion  and C a l ib r a t io n :

W ater from a 189 l i t e r  p o ly e th e le n e  s to ra g e  b a r r e l  passed  v ia  

th e  In ta k e  Valve (IV) in to  C e ll Wl. (F ig . 3 ) . I t  overflow ed from C e ll 

W1 to  W2, to  W3, e tc .  When i t  reached  th e  top o f th e  in v e r te d  U-Tube 

in  C e ll W6, i t  siphoned  in to  Bucket V6. The w eight o f th e  w ater e n te r 

in g  V6 d ep ressed  th e  le v e r  a c tu a tin g  th e  in ta k e  v a lv e  sh u t o f f .

W ith th e  in ta k e  flow of w a te r o f f ,  th e  w a te r l e v e l  in  th e  W -series  

o f c e l l s  s t a b i l i z e d .  The w a te r  flow ing  in to  V6 e v e n tu a lly  reached  the  

top o f  th e  in v e r te d  U-Tube, and began to  flow  to  the  C on tro l Tank T6.

In  so do ing , i t  t r ig g e re d  th e  r e le a s e  o f  w a te r from C e lls  W1-W5 by a 

V en tu ri E f f e c t .

As th e  w a te r from C e lls  W1-W5 flow ed p a s t  th e  complementary 

C -C e lls , a p a r t i a l  vacuum was s e t  up which i n i t i a t e d  th e  r e le a s e  of 

th e  s o lu t io n s  in  th e se  c e l l s .

The g la s s  scoop in  th e  Funnel was made to  d e l iv e r  4 .0  cc (N=50, 

SD=0.2) o f chem ical from th e  M a rio tte  B o t t le  to  th e  998 cc (N=10, SD=2.2) 

o f w a te r  in  th e  M ixing Bowl (M l). The r e s u l t i n g  m ix tu re  i s  th e re fo re  

app rox im ate ly  1/250 o f th e  c o n c e n tra tio n  in  th e  M a rio tte  B o t t le .  Sub

seq u en t d i lu t io n s  were made by th e  m ixing o f th e  w a te r from th e  W C e lls  

and th e  to x ic a n t  in  th e  C C e lls  as d e s c r ib e d . The volumes o f th e  c e l l s  

were c o n s tru c te d  so  t h a t  a 50% d i lu t io n  between tanks would r e s u l t .

R e l i a b i l i ty  o f D e liv e ry  System :

The a b i l i t y  o f  th e  a p p a ra tu s  to  d e l iv e r  a c o n s ta n t c o n c e n tra tio n  

each cy c le  was te s te d  s t a t i c a l l y  by c a tc h in g  th e  w a te r  as i t  l e f t  bo th  

th e  W and th e  C s e r i e s  o f  c e l l s .  These volumes were d e te rm in ed , and 

th e  d i lu t io n s  c a lc u la te d .
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An o p t ic a l  p rocedu re  was used to  t e s t  the  c o n c e n tra tio n s  b e ing  

d e liv e re d  w h ile  th e  d i lu to r  was c y c lin g  a t  th e  speed to  be used in  the  

long term  t e s t s .  A s ta n d a rd  curve o f m ethylene b lu e  c o n c e n tra tio n  vs. 

o p t ic a l  d e n s ity  a t  650 my was p rep a re d . The W C e lls  were f i l l e d  no rm ally , 

and th e  In ta k e  Valve was sh u t o f f  a t  th e  le v e l  o f th e  r e s e r v o ir  b a r r e l .

The M ixing Bowl (Ml) was f i l l e d  w ith  th e  m ethylene b lu e  s o lu t io n  ( o p t ic a l  

d e n s ity  = 100%) and th e  ap p a ra tu s  allow ed to  cy c le  no rm ally .

The o p t ic a l  d e n s ity  o f each o f th e  volumes d e liv e re d  to  th e  

tan k s  T1-T6 was de te rm ined , and th e  d e liv e ry  c o n c e n tra tio n  determ ined 

from th e  s ta n d a rd  cu rv e . The average o f te n  such t r i a l s  used w ith  each 

o f th e  two p ro ced u res  i s  shown in  F ig . 4. The r e l i a b i l i t y  o f th e  appar

a tu s  was thus confirm ed by th i s  t e s t in g  p ro ced u re .

Use o f  th e  D ilu to r  w ith  LAS;

For th e  long  term  t e s t s ,  a graded s e r i e s  o f  LAS c o n c e n tra tio n s  

le s s  th an  1 ppm in  th e  tanks was d e s ire d . The fo llo w in g  i n t e r r e la t e d  

f a c to r s  a f f e c t  the  le v e l  which w i l l  be o b ta in ed  a f t e r  a s t a b i l i z a t i o n  

p e r io d :

1. C o n cen tra tio n  o f  LAS e n te r in g  th e  ta n k s .

2 . A bsorp tion  and a d so rp tio n  r a t e .

3. M ic ro b ia l breakdown r a t e .

4. Flow r a t e  th rough  th e  ta n k s .

V a r ia tio n  o f th e  c o n c e n tra tio n  o f th e  LAS e n te r in g  th e  tanks 

was th e  only r e a l  c o n tro l  o p tio n . By t r i a l  and e r r o r  i t  was found 

th a t  a M a rio tte  B o tt le  c o n c e n tra tio n  o f 1500 ppm LAS r e s u l te d  in  th e  

approxim ate d e s ire d  eq u a lib riu m  c o n c e n tra tio n s  in  th e  t e s t  ta n k s .

O c c a s io n a lly , a m ic ro b ia l b lo o m ... in d ic a te d  by a c loud ing  o f 

th e  LAS s o lu t io n , produced u n u su a lly  low le v e l s .  In  th e se  in s ta n c e s ,



Calibra t ion  and Reliabi l i ty  of  Dilutor
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W6

L e a e n d :
Theoretical Delivery C oncentration  (%  Ml) 

V 77S7A  S ta tic  Concentration ( % M I ± I S D )  
i i Dynamic Concentration (% M i l l  SD)

Letters refer to individual dilutor cells (Fig- )
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th e  a f f e c te d  system  was re p la c e d  w ith  a p p ro p r ia te  f re s h  p r e p a r a t io n s .

Using th e se  p ro c e d u re s , i t  was p o s s ib le  to  r e g u la te  LAS le v e ls  

in  th e  t e s t  tan k s  w ith in  re a so n a b le  l i m i t s .  The advan tages of u s in g  th e  

con tinuous flow  system  were th a t  c o n s ta n t a e ra t io n  was p o s s ib le  w ith o u t 

b u b b lin g , f re s h  to x ic a n t  was added c o n t in u a l ly ,  and e x c re to ry  p ro d u c ts  

were p rev e n ted  from accum ula ting .
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6. S h o rt Term T est P rocedures

Twenty e ig h t  f r e s h ly  caught _F. h e te r o c l i tu s  w ere acc lim a ted  

to  th e  t e s t  c o n d itio n s  o f s a l i n i t y  (24 p p t)  and tem p e ra tu re  (15°C) 

fo r  48 h o u rs . Oxygen s a tu r a t io n  was m ain ta in ed  d u rin g  t h i s  p e r io d .

Seven f i s h  were then  p lac e d  in  each o f th e  35 l i t e r  tan k s  

T8 through  T i l  (F ig . 3 ) . Both th e  t o t a l  w e ig h t, and th e  range o f 

w eigh ts  (6-11  gm) o f  th e  f i s h  in  each tan k  was e q u a l. The r a t i o  o f 

m ales to  fem ales was a ls o  made c o n s ta n t.

At th e  b e g in n in g  o f  th e se  48 hour t r i a l s ,  th e  oxygen c o n c en tra 

t io n  o f th e  t e s t  tanks was 100%. No f u r th e r  a e ra t io n  was c a r r ie d  on 

d u rin g  the  exposure  to  LAS.

The approxim ate 48-hour LD^q f o r  la rg e  _F. h e te r o c l i tu s  under 

th e  p h y s ic a l  c o n d itio n s  j u s t  d e s c r ib e d , was found to  be betw een 3 and 

4 ppm. The to le r a n c e  le v e l  o f th e  f i s h  v a r ie d  c o n s id e ra b ly  from group 

to  group. The c o n c e n tra tio n  o f  LAS in tro d u c e d  in to  th e  tanks was 3,

2’, 1 and 0 ppm r e s p e c t iv e ly .  I f  a t  l e a s t  5 o f th e  7 f i s h  d id  n o t s u r 

v iv e  t h i s  exp o su re , th e  whole p ro ced u re  was d isc o n tin u e d  and re p e a te d  

w ith  a new s e t  o f f i s h ,  o r a new high  c o n c e n tra tio n  p o in t  e s ta b l is h e d .

A f te r  48 h o u rs , 20 f i s h  were removed from th e  tanks and th e  

fo llo w in g  p a ram ete rs  examined: t o t a l  body w eigh t and le n g th , hem ato

c r i t  and l i v e r  w e ig h t.

Blood plasm a was o b ta in e d  by methods a lre a d y  d e s c r ib e d , and 

fro z e n  a long  w ith  th e  rem ains o f  th e  an im al. P o r tio n s  o f th e  l i v e r  

were p laced  in  10% calcium  fo rm a lin  f o r  l a t e r  h i s to lo g ic  s tu d y . Repre

s e n ta t iv e  l i v e r  t i s s u e  sam ples were p ro cessed  in  a T echnicon. They 

were s ta in e d  w ith  h e ra to x y lin  and e o s in ,  o r M a llo ry ’s s t a i n  by p ro 

cedures o u t l in e d  by Gray (1958). A P e r io d ic  Acid S c h if f  (PAS) s t a i n
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was a ls o  used on some fro z e n  s e c t io n s ,  as w e ll  as th o se  t i s s u e s  f ix e d  

in  fo rm a lin .

The o rd e r  o f enzyme assay s was: (T8-T11) a l t e r n a t in g  w ith

(T11-T8) to  m inim ize th e  type o f e r r o r  which can r e s u l t  when m u lt ip le  

a ssa y s  a re  run c o n c u rre n tly . No more than  12 assays were run  a t  th e  

same tim e . E qual numbers of s u b je c ts  from each tank  were in  th e  same 

a ssay  s e t .  Assay p ro ced u res  were com pleted w ith in  48 h o u rs .

The s ta n d a rd  e r r o r  p e r  u n i t ,  and th e  mean d if f e re n c e s  betw een 

th e  means o f th e  tre a tm e n t and c o n tro l  d a ta  were then  computed from 

th e  d a ta  o b ta in e d  from th e  f i r s t  20 f i s h e s .  This in fo rm a tio n  was 

th en  used  in  c o n ju n c tio n  w ith  T able  2 -1  o f E xperim en ta l D esigns 

(Cochran and Cox, 1950) to  a r r iv e  a t  an e s tim a te  o f th e  number o f r e p l i 

c a tio n s  which would be re q u ire d  to  g ive  s t a t i s t i c a l l y  m eaningfu l 

r e s u l t s  (Table 4 ) .

As a r e s u l t  o f th e s e  c a lc u la t io n s ,  th e  experim ent as d e sc r ib e d  

so  f a r  was re p e a te d  8 a d d i t io n a l  tim es betw een December and March. Be

tween such r e p e t i t io n s  th e  tanks were b rush  c le a n e d , r in s e d  in  d i s t i l l e d  

w a te r  and d r ie d  w ith  a sponge b e fo re  r e in tro d u c in g  f re s h  sea  w a te r .

When th e  d a ta  from th e  l a s t  r e p l i c a t io n  had been o b ta in e d , v a r 

ia n c e  r a t i o s  o f  th e  combined d a ta  from th e  c o n tro l  and ex p e rim e n ta l 

p o p u la tio n s  w ere t e s te d  fo r  s t a t i s t i c a l  d i f f e re n c e  by means o f an F -T e s t.

I f  t h i s  r a t i o  was s ig n i f i c a n t  a t  th e  .01  con fidence  l e v e l ,  d i s t r i b u t io n  

f r e e  s t a t i s t i c s  were used in  th e  com parisons o f c e n tr a l  te n d e n c ie s .

The K ruskal W allace A n a ly sis  o f V ariance from Ranks was used 

e x te n s iv e ly  to  e v a lu a te  th e  p o s s i b i l i t y  a t  a g iven  p r o b a b i l i ty  l e v e l  

t h a t  th e  sample v a lu es  could  have a r i s e n  by chance s e le c t io n  from  th e  

same p o p u la t io n . I t  i s ,  e s s e n t i a l l y ,  a Model I  A n a ly sis  o f  V ariance  fo r  

use w ith  ranked d a ta . The p ro ce d u re , as in d ic a te d  in  S t a t i s t i c s :
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T able 4. E s tim a tio n  o f R e p lic a tio n s  R equired  to  D e tec t a D iffe re n c e  

Between Means as Large as Sample

P aram ater LAS (ppm) ts - e
T_

X

T -C_
x x

C_
X

R e p lic a tio n s
R equired

ICD 3 15.6 30.7 7**

2 11.6 38.6 6***

1 8 .4 16.4 7**

GOT 3 20 .3 28 .4 9*

2 10.4 95 .6 4***.

1 8 .6 23 .0 8***

H em atocrit 3 4 .0 9 .4 7***

2 3 .3 4 .7 9**

1 3 .7 6 .2 9*

* 80% p r o b a b i l i ty  a t  th e  .05  le v e l

** 90% p r o b a b i l i ty  a t  th e  .05 le v e l

*** 95% p r o b a b i l i ty  a t  th e  .01  le v e l
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Methods and A p p lic a tio n s  ( G r i f f in ,  1962) i s  as fo llo w s:

1. Solve th e  fo llo w in g  e q u a tio n :

He =
U r k i > )  I  (4 -) ' 3<N+1)

. i  ■

\ ( n 3- n) /

w ith  (K -l)°F

w here:

N = t o t a l  number o f o b se rv a tio n s  

R-£ = sum o f th e  column ranks 

n^ = number o f  o b se rv a tio n s  p e r  column

K = number o f  columns

t  = number o f  p a i r s  o f t i e d  o b se rv a tio n s

T = ( t - 1 )  ( t )  ( t - 1 )

°F = d eg rees o f  freedom.
2

2. D eterm ine th e  con fidence  le v e l  o f th e  v a lu e  o f  H from Chi T ab les .

In  some o f th e  d a ta ,  a s t a t i s t i c a l l y  s ig n i f i c a n t  r a t i o  between 

tre a tm e n t and c o n tro l  v a ria n c e s  d id  n o t e x i s t .  In  such c a s e s , a Model 

I I I  A n a ly s is  o f  V ariance  was used to  e v a lu a te  d if f e re n c e s  betw een 

means. The com puter program  used in  t h i s  p ro ced u re  was designed  by th e  

H e a lth  S c ience  Computing F a c i l i t y  o f UCLA, and i d e n t i f i e d  by th e  number 

BMD02V. The program  was run  on th e  computer f a c i l i t i e s  o f th e  U niver

s i t y  o f New Ham pshire.

The Spearman Rank C o r re la tio n  method o f e v a lu a tin g  th e  deg ree  o f 

correspondence  between th e  v a r ia b le s  t e s t e d  was used . I t  can be ap p lie d  

to  bo th  p a ra m e tr ic  and n o n -p a ra m e tric  d a ta . The p ro ce d u re , as d e sc r ib e d  

by G r i f f in  (1962) in v o lv e s :

1. S o lv in g  th e  e q u a tio n :
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p = 1.00 - 6’ Ed 
n ( n - l )  (n+1)

w here :

d = th e  d if f e re n c e  betw een tre a tm e n t ranks and c o n tro l  ra n k s ,

n = t o t a l  number o f  o b s e rv a tio n s ,

p = Spearm an 's c o r r e la t io n  c o e f f ic i e n t .

2. t e s t i n g  th e  v a lu e  o f th e  c o e f f ic i e n t  by u s in g  th e  c r i t e r io n :

t  = P n-2 r

where:

t  = v a lu e  o f  th e  " t "  d i s t r i b u t io n  w ith  (n -2 ) deg rees of 

freedom .

In  b o th  th e  n o n -p a ra m e tric  (K ruskal-W allace) and p a ra m e tr ic  (Model 

I I I  a n a ly s is  o f v a r ia n c e )  p ro c e d u re s , m u lt ip le  com parisons were b e in g  made. 

I f  th e  r e s u l t s  were s t a t i s t i c a l l y  s ig n i f i c a n t ,  p rocedu res to  e v a lu a te  which 

means, o r  s e t  o f means d i f f e r e d  s ig n i f i c a n t l y  from each o th e r  were im ple

m ented.

A Duncan M u ltip le  Range T est was used in  such cases  w ith  p a ra m e tr ic  

d a ta . Both th e  r a t i o n a l e  and p rocedure  were th a t  o f  J .E . Freund, P .E . 

L iverm ore, and I .  M il le r  (1960). A K ruskal-W allace  A n a ly sis  o f  V ariance 

was used to  compare each  in d iv id u a l  tre a tm e n t and c o n tro l  means w ith  th e  

n o n -p a ra m e tric  d a ta .
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7. Long Term T est P rocedures

A graded s e r i e s  o f  LAS c o n c e n tra tio n s  ( 1 :1 /2 :1 /4 :1 /8 :1 /1 6 :0  ppm) 

was in tro d u c e d  in to  th e  T est Tanks T1-T6. The P ro p o r t io n a l  D i lu to r ,  s e t  

to  d e l iv e r  th e  same c o n c e n tra tio n  s e r i e s  was s t a r t e d ,  and o p e ra te d  

th roughou t th e  t e s t ,  a t  a flow r a t e  o f  31.5 l i t e r s / 6 8  l i t e r  tan k /2 4  hour 

p e r io d . In  60 h o u rs , a volume o f t e s t  s o lu t io n  equa l to th e  tan k  volume 

was added. In  th i s  p e r io d , th e  a c tu a l  rep lacem en t tim e was approx im ate ly  

50% (Sprague, 1969). W hile t h i s  was below th e  minimum recommended by the  

APHA (1965) fo r  con tinuous flow  b io a ssa y s  i t  was though t to  be more appro 

p r i a t e  th an  s t a t i c  t e s t s .

N inety  f is h e s  were weighed in d iv id u a l ly  and in tro d u c ed  in to  the 

s ix  tanks such th a t  th e  t o t a l  w eigh ts  o f  th e  f is h e s  in  each tank  were 

w ith in  1% of b e in g  e q u a l.

Sea w a te r  from a 500 g a llo n  basem ent r e s e r v o i r  was pumped to  the  

p o ly e th y le n e  s to ra g e  b a r r e l s  shown in  F ig . 3. I t  rem ained in  th e  b a r r e l  

24 hours under v igo rous a e ra t io n  b e fo re  b e in g  mixed w ith  th e  LAS w hile  

p a ss in g  through th e  D ilu to r .  Ambient tem p era tu re  was 15°C.

P e r io d ic a l ly ,  th e  pH o f  th e  w a te r  in  th e  tan k s  was determ ined  

w ith  a Coleman M etrion  I I I  pH M eter. Oxygen le v e ls  were checked w ith  a 

Y ellow stone In stru m en t Company Model YSI Probe.

LAS le v e ls  were m onito red  r o u tin e ly  b o th  in  th e  tan k s  and a t  the  

sp o u ts  e n te r in g  th e  ta n k s . The assay  used f o r  LAS was th e  m ethylene 

b lu e  p rocedure  a lre a d y  d e sc r ib e d . I t  was n o t p o s s ib le  to  o b ta in  c o n s is 

t e n t  LAS assay  r e s u l t s  in  the tan k  r e c e iv in g  th e  low est c o n c e n tra t io n  o f  

s u r f a c ta n t  (T5 in  F ig . 3 ) . R e su lts  o f  f is h  from th i s  tank were th e r e fo r e  

n o t  c o n sid e red .

The feed in g  b e h a v io r  and a c t i v i t y  o f th e  f is h e s  th ro u g h o u t th e
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t e s t s  was n o ted  in  th e  course  o f d a ily  o b se rv a tio n s  which u s u a lly  l a s t e d  

about an h o u r. The d i e t  and method o f fee d in g  have been d e sc r ib e d . 

M o rta li ty  checks were made 3-5 tim es betw een 8 a.m . and 12 p.m. The se x , 

w e ig h t, le n g th ,  tan k  number, and tim e o f  d ea th  was re c o rd e d , and th e  f i s h  

d isc a rd e d .

The experim en t was run  f o r  60 days. At t h a t  tim e , approx im ate ly  

50% o f th e  f i s h  in  th e  tan k  r e c e iv in g  th e  h ig h e s t  LAS c o n c e n tra tio n  had 

d ied .

On th e  60th  day, th e  d i l u t o r  was s to p p e d , and th e  f i s h  were 

p rep a re d  f o r  th e  same p h y s ic a l  and a n a ly t ic a l  tre a tm e n ts  re c e iv e d  in  the  

s h o r t  term  t e s t s .

The o rd e r  o f  rem oval from th e  tanks f o r  serum  sam pling and a n a l

y s is  a f t e r  f re e z in g  was: (T6-T1) a l t e r n a t in g  w ith  (T 1-T 6). By th e  end

o f  th e  60th  day, a l l  f i s h  had been removed from  th e  ta n k s , and th e  

serum  sam ples o b ta in e d . Both th e  b lood  f lu i d  sam ple and th e  c a rc a ss  

( in d iv id u a l ly  wrapped in  p l a s t i c  f ilm ) were f ro z e n . Three days l a t e r  

th e  enzyme a n a ly se s  w ere com pleted and by th e  s ix th  day a f t e r  removal 

from th e  ta n k s , th e  p h y s ic a l  m easurem ents had been  ta k e n .

The sm a ll sam ple s i z e  o f  th e  s u rv iv o rs  (N=43) n e c e s s i ta te d  th e  

use o f  n o n -p a ra m e tric  s t a t i s t i c a l  p ro ced u res  in  th e  a n a ly se s  o f th e  d a ta  

c o l le c te d  on serum  enzyme l e v e l s ,  tim e o f  d e a th , h e m a to c r it  and w eigh t 

changes.
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SECTION I I I

RESULTS

1. S ho rt Term T ests

Due to  a b s o rp t io n , a n d /o r  b io d e g ra d a t io n , some lo s s  o f  LAS 

m ethylene b lu e  a c t i v i t y  was e x p e rien ced  over th e  co u rse  o f th e  ex p erim en t. 

The mean le v e ls  (based  on assays o f  th e  f i r s t  fo u r  t r i a l s )  o f  LAS in  th e  

tanks a t  24 and 48 hours a re  shown in  F ig . 5.

Body W eight:

The p ro ce ss  o f  confinem ent under th e  t e s t  c o n d itio n s  was s u f f i 

c ie n t  to  reduce  th e  mean w eigh t o f  f is h e s  in  th e  c o n tro l  tan k . A s im i la r  

w eigh t lo s s  was ex p e rien ced  by s u b je c ts  in  the  1 ppm LAS. At co n c en tra 

t io n s  o f 2 and 3 ppm LAS r e s p e c t iv e ly ,  w e ig h t lo s s  was c o n s id e rab ly  more. 

(F ig . 6)

H em ato crit, SGOT, and SICD:

The v a lu e s  o b ta in e d  fo r  in d iv id u a l  f i s h  f o r  h e m a to c r i t ,  SGOT, and 

SICD a re  p re s e n te d  in  Table 5 , Table 6 , and Table 7 r e s p e c t iv e ly .  Data 

a re  a rran g ed  so  th a t  th e  le v e ls  o f  any o f  th e  th r e e  v a r ia b le s  in  an i n d i 

v id u a l  can be i d e n t i f i e d  by re fe re n c e  to  th e  r e p l i c a t io n  number (abscissa) 

and th e  l e t t e r  ( o rd in a te ) .  The r e s u l t s  o f  s t a t i s t i c a l  tre a tm e n t o f  t h i s  

d a ta  fo llo w s :

1 . H em ato crit:

LAS c o n c e n tra tio n s  o f  3 , 2 , and 1 ppm r e s p e c t iv e ly  cause an in 

c re a se  in  th e  mean h e m a to c r it  l e v e l  o f _F. h e t e r o c l i t u s . This resp o n se  i s  

p ro p o r t io n a l  to  c o n c e n tra tio n  over t h i s  range (F ig . 7) and th e  mean in 

c re a se  o f  th e  ex p e rim e n ta l p o p u la tio n s  o v e r  th e  c o n tr o l  i s  s t a t i s t i c a l l y
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Figure 5 .  LAS Levels  During Sta t ic  T e s ts
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Figure 6. Mean Body Weight Loss  in F. he te ro c l i tu s  

After 4 8 - H o u r  Test  P ro c e d u re s  With LAS

LAS C oncentration (ppm )
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Table 5 . H em atocrit L evels in  F. h e te r o c l i tu s  A f te r  48-Hour

T est P rocedures

R e p lic a tio n s
I  I I  I I I  IV V VI VII V III IX

3 ppm LAS

A) 346 500 545 508 402 470 330 340 475
B) 360 354 492 420 384 396 325 520 385
C) 346 310 362 344 340 400 380 320 405
D) 420 423 418 410 400 520 450 400 400
E) 348 465 450 435 402 340 385 485 450

364 410 453 423 385 425 374 413 423

2 ppm LAS

F) 374 374 344 320 370 378 376 500 320
G) 326 429 413 388 440 380 418 395 500
H) 375 402 451 320 384 376 394 328 420
I) 330 358 412 348 334 448 372 515 340
J) 328 310 360 321 402 425 304 328 348

347 375 396 339 386 401 373 413 386

1 PPm LAS

K) 386 386 384 316 402 326 306 314 315
L) 330 383 413 370 320 445 242 354 355
M) 329 364 448 326 326 390 304 378 265
N) 380 372 378 368 330 375 455 460 380
0) 328 362 318 313 348 404 339 378 385

351 372 388 339 345 388 329 377 340

0-PP.®, LAS

P) 364 334 450 364 304 379 280 318 320
Q) 298 298 372 353 342 280 273 395 380
R) 283 380 326 351 370 346 329 384 372
S) 388 350 308 323 308 358 306 380 325
T) 321 340 388 370 330 216 338 384 355

331 340 369 352 331 316 305 372 350
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Table 6. Serum L evels o f  GOT (Sigma F rankel U n its)  in  

F. h e te r o c l i tu s  A f te r  48 Hour T est P rocedures

R e p lic a tio n s
I I I I I I IV V VI VII V III IX

3 ppm LAS

A) 460 875 1072 465 740 740 950 800 980
B) 350 600 750 735 900 345 1010 850 560
C) 880 345 1310 610 550 1010 550 1200 430
D) 295 400 345 670 434 850 745 385 385
E) 485 1100 475 1150 340 365 550 1072 740

494 664 790 726 593 662 761 861 619

i L p m LAS

F) 545 440 339 1100 430 720 315 1100 305
G) 650 460 450 465 945 465 770 390 785
H) 812 505 275 610 660 420 650 1100 750
I) 1010 550 1010 810 710 365 1010 800 705
J) 770 1600 1010 275 290 365 275 700 740

757 711 617 652 607 467 604 818 657

1 ppm LAS

K) 495 440 315 240 500 275 495 900 875
L) 405 420 600 425 465 700 600 740 300
M) 405 380 450 810 425 315 315 520 600
N) 450 450 500 270 520 315 495 295 720
0) 625 720 700 275 250 650 740 570 315

476 482 513 404 432 451 529 605 562

5LPEH. LAS (C on tro l)

P) 360 545 360 205 395 225 600 495 485
Q) 250 450 450 250 420 700 680 340 700
R) 225 360 405 660 275 420 450 428 500
S) 450 495 770 485 520 450 225 800 425
T) 650 295 382 870 290 265 650 500 325

387 429 473 494 380 412 521 513 487
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Table 7- Serum L evels o f  ICD (Sigma ICD U n its )  in  

F. h e te r o c l i tu s  A f te r  48 Hour T est P rocedures

R e p lic a tio n s
I I I I I I IV V VI VII V III IX

3 ppm LAS

A) 340 410 675 415 520 785 1300 900 700
B) 455 565 485 610 480 345 715 695 480
C) 785 610 475 480 535 475 485 550 440
D) 398 580 1065 875 740 1065 800 500 500
E) 494 1080 990 660 345 640 420 800 860

495 649 738 608 524 662 744 689 596

2 ppm LAS

F) 415 370 440 515 890 640 710 760 500
G) 400 385 315 453 555 445 1150 460 620
H) 620 380 475 380 520 635 790 500 900
I) 710 540 1265 695 385 635 1100 630 800
J) 475 660 985 515 345 480 330 800 630

524 467 696 511 539 567 816 630 690

1 ppm LAS

K) 453 560 600 290 585 470 710 605 645
L) 415 640 400 495 430 613 830 1100 400
M) 455 240 475 455 525 1010 400 345 820
N) 553 990 685 430 430 618 430 600 360
0) 323 660 1100 380 438 645 1080 360 600

440 618 652 410 482 671 690 602 565

0 ppm LAS (C o n tro l)

P) 255 460 435 305 420 400 455 765 360
Q) 305 460 420 245 620 575 760 360 515
R) 360 240 560 438 300 400 650 610 700
S) 455 580 845 515 475 515 330 800 605
T) 515 380 515 710 420 640 275 475 575

378 424 555 442 447 506 494 602 551
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Figure 7. Mean and S tandard  Deviat ion of Hematocri t  Values 

From F he te roc l i tus  E xposed  to LAS for  4 8  Hours
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s ig n i f i c a n t  a t  th e  .05 con fidence  le v e l  (Table 8 ) .

There i s  no s t a t i s t i c a l l y  s ig n i f i c a n t  r e la t io n s h ip  betw een hem ato

c r i t  l e v e l  and the  i n te r a c t io n  o f tim e and LAS le v e l  (T able 8 ) .

2. Serum Enzymes:

The response  o f  GOT and ICD in  th e  b lood  f lu id  o f E\ h e te r o c l i tu s  

to  3, 2 , and 1 ppm LAS was h ig h ly  in d iv id u a l .  That th e  response  o f  th e  

p o p u la tio n  was n o t un iform  i s  in d ic a te d  by th e  f a c t  th a t  th e  v a r i a b i l i t y  

o f  th e  d a ta  from the  t e s t  p o p u la tio n s  was g r e a te r  th an  th a t  o f  th e  c o n tr o l .  

This was s ig n i f i c a n t  a t  th e  .01 le v e l  o f  confidence  fo r  SICD le v e ls  a t

a l l  c o n c e n tra t io n s , and o f SGOT le v e ls  a t  3 and 2 ppm LAS (F ig . 8 ) .

When th e  v a lu e s  from Table 6 and Table 7 were a rran g ed  in  rank  

o rd e r , and a K ruskal W allace A n a ly sis  o f  V ariance from Ranks used to  

e v a lu a te  d if fe re n c e s  l e s s  a f f e c te d  by th e  extrem e v a ria n c e  ra n g e s , s i g n i f 

i c a n t  r e s u l t s  w ere n o ted  a t  a l l  c o n c e n tra tio n s  te s t e d  fo r  b o th  SGOT and 

SICD (T able  8 ) .

These changes in  the  l e v e l  o f  c e n tr a l  tendency and d is p e r s io n  (as 

a  d e v ia t io n  from th e  c o n tro l  v a lu e s )  can be seen  in  th e  frequency  h i s t o 

grams f o r  SGOT (F ig . 9) and SICD (F ig . 10) r e s p e c t iv e ly .

3. H is to lo g y :

The l iv e r s  o f f is h e s  exposed to  3, 2, and 1 ppm LAS showed no 

ev idence  o f  hav ing  been a l t e r e d  h i s to lo g ic a l ly ,

4 . I n te r a c t io n  o f T est P a ram e te rs :

S t a t i s t i c a l l y  s ig n i f i c a n t  r h o -c o r r e la t io n s  e x is te d  between th e  

enzymes GOT and ICD, b u t n o t betw een e i t h e r  o f them and h e m a to c rit 

(T able 9 ) .



T ab le  8 . S t a t i s t i c a l  C om parison o f  A verage R e s u l ts  o f  48-H our LAS T e s ts

A n aly sis  o f V ariance  P aram ater Comparison R equired  V alue O btained  S t a t i s t i c a l
C onclusion

Model I I I H em atocrit v s . LAS le v e l . 05F (3 ,144) = 2 .67 F=15.2 RHo
v s . Rep l i  c a tio n s .05F (8 , 144) = 2 .00 F= 2.96 RHo
v s . I n te r a c t io n •05F (24 ,144) = 1.59 F= 0 .64 AHo

Duncan M u ltip le  Range 3 ppm LAS v s . 0 ppm Rp = 20.7 T— C— 73.5 RHo
2 ppm LAS v s . 0 ppm Rp = 21.4 T |-C S=45 RHo
1 ppm LAS v s . 0 ppm Rp = 22.2 T --C -= 24.3 RHo

K ruska l W allace SICD (ran k s) v s . LAS le v e ls .05X^(4) 9 .49 Hc=573.1 RHo
3 ppm LAS v s . 0 ppm • 05XjrCD = 3.84 Hc=281.1 RHo
2 ppm LAS v s . 0 ppm .05X*(1) = 3 .84 Hc=278.1 RHo
1 ppm LAS v s . 0 ppm . 05X (1) = 3 .84 Hc=261.3 RHo

K ru sk a l W allace SGOT (ran k s) v s . LAS le v e ls .05x2(4) = 9 .49 Hc=572.4 RHo
3 ppm LAS v s . 0 ppm .05X2(1) = 3.84 Hc=287.2 RHo
2 ppm LAS v s . 0 ppm ,05X (1) = 3 .84 Hc=284.7 RHo
1 ppm LAS v s . 0 ppm .05X2 C1) 3 .84 Hc=27 4 .5 RHo
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Figure 9. Frequency Histogram of SGOT Volues From
Fheteroc l i tus  E x p o se d  to 4 8  Hours LAS

L6.0.?
1 2 5 0

1200

1 5 0

00

1 0 5 0

1000

9 5 0

9 0 0

8 5 0

8 0 0

7 5 0

7 0 0

6 5 0

6 0 0

5 5 0

5 0 0

4 5 0

4 0 0

3 5 0

3 0 0

2 5 0

200
3  ppm 2ppm Ippm Oppm

LAS Concentration



Lo
w

er
 

Li
m

it 
of 

St
ep

 
In

te
rv

ol
 

of 
SI

CD
 

V
ol

ue
s

51

Figure 10. Frequency Histogram of SICD Values From 

F heterocl i tus  Exposed  to 4 8 - H o u r s  LAS
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Table 9 . Rho C o r re la tio n  C o e f f ic ie n ts  Between 

R e su lts  O btained  in  48-Hour T est P rocedures

C o rre la tio n  T ested  LAS Level (ppm) Rho Value

SICD vs SGOT

SICD vs H em atocrit

SGOT vs H em atocrit

3 + .365*
2 + .520*
1 + .365*
0 + .581*

3 + .163
2 + .113
1 - .0 7 4
0 - .0 3 8

3 + .168
2 - .0 1 4
1 - .0 1 6
0 - .0 7 5

* C o r re la tio n  s ig n i f i c a n t  a t  the  .05 l e v e l  o f c o n fid en ce .
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2. Long Term T ests

The mean d e liv e ry  c o n c e n tra tio n  o f LAS in to  th e  t e s t  tan k s  was 

c lo se  to  th e  d e s ire d  50% d i lu t io n .  The mean le v e ls  o f LAS in  th e  tanks 

w ere c o n s ta n t ,  h u t d i lu t io n  betw een th e  tanks was c lo s e r  to  25%. These 

d a ta ,  a long  w ith  mean v a lu e s  o f LAS fo r  th e  60 day experim ent a re  p re 

se n te d  in  F ig . 11.

There were no s i g n i f i c a n t  d i f f e re n c e s  in  th e  mean v a lu es  fo r  

oxygen c o n c e n tra tio n  and pH betw een th e  t e s t  tanks and th e  c o n tro ls .

The pH v a r ie d  from 7.0  to  10 .1  and th e  oxygen te n s io n  from 1 .5  to  2 .5  

(N=8);. There was no c o r r e la t io n  betw een in d iv id u a l  tan k s  and pH o r 

oxygen.

The changes n o ted  in  th e  t e s t  p a ram ete rs  were as fo llo w s:

Body w eight and l i v e r  w e ig h t.

Based on th e  f a c t  th a t  th e  median w eigh t o f a l l  o f  th e  p o s t

tre a tm e n t p o p u la tio n s  was le s s  th an  th e  p re - tre a tm e n t  w e ig h t, and th a t  

t h i s  was n o t t r u e  o f the  c o n tro l  p o p u la tio n , i t  was concluded th a t  one 

r e s u l t  o f  exposing  h e te r o c l i tu s  to  LAS a t  c o n c e n tra tio n s  o f 0 .3  to

0 .8  ppm i s  a lo s s  o f  w e ig h t. (F ig . 12) When l i v e r  w eigh t was p lo t te d  

a g a in s t  body w eigh t of s u rv iv in g  f i s h e s ,  th e  v a r i a b i l i t y  o f  th e  t r e a t 

ment d a ta  was d i f f e r e n t  from th e  c o n tro l  d a ta  (F ig . 1 3 ).

H e m ato c rit:

The d i s t r ib u t io n  o f h e m a to c r it  v a lu e s  o f th e  tre a tm e n t p o p u la tio n s  

was such th a t  in  tanks T4, T3 and T6 th e  median v a lu e s  were h ig h e r  than  

t h a t  o f th e  c o n tr o ls .  H em atocrit le v e ls  from th e  lo w est range o f  th e  

d i s t r i b u t io n  o f  tre a tm e n t v a lu e s  were h ig h e r  than  co rresp o n d in g  c o n tro l  

v a lu e s . In  a l l  th e  tre a tm e n t ta n k s ,  th e  upper l im i t  o f  th e  h e m a to c rit 

range o f  v a lu e s  was a ls o  h ig h e r  th an  co rresp o n d in g  c o n tr o l  tan k  v a lu e s .
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Figure  II. 

Mean and range values of LAS during long term tes ts
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Figure 12.
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Figure 13. Liver Weight  —Body Weight of In d iv idua l  F- h e t e r o c l i t u s  Su rv iv in g  6 0 - D a y

E x p o s u r e  to  LAS- ( N u m b e r s  r e p r e s e n t  t a n k  c o n c e n t r a t i o n s  in Fig-11 - Con tro l=X)-
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These r e s u l t s  a re  shown in  F ig . 14.

Serum Enzymes;

The d i s t r ib u t io n  o f  v a lu es  r e p re s e n t in g  serum le v e ls  o f th e  enzymes 

GOT and ICD o f a l l  o f  th e  fo u r  p o p u la tio n s  exposed to  LAS from 0 .8  -  0 .3  

ppm was such th a t :

1. The median enzyme v a lu e  o f f i s h  in  th e  4 ex p e rim en ta l tanks was 

h ig h e r  than  th e  c o n tro l  median in  2 c a ses  fo r  GOT and 3 fo r  ICD.

2. Both th e  upper and low er l im i t s  o f th e  range o f tre a tm e n t v a lu es

o f SGOT and SICD were g e n e ra lly  h ig h e r  th an  co rrespond ing  c o n tro l  v a lu e s . 

These d a ta  a re  p re se n te d  in  F ig . 15.

T o x ic ity :

The p a t te r n  o f dea th  in  th e  tanks th roughou t th e  t e s t s  was n o t 

random, as in d ic a te d  by th e  r e s u l t s  o f  a K ruska l W allace a n a ly s is  o f 

v a r ia n c e  o f tim e to  d ea th  v s . tre a tm e n ts . (T able  10 ).

B ehavior:

No c le a r  cu t a l t e r a t io n s  in  feed in g  b e h av io r were n o ted . There 

seemed to  be a tendency f o r  f i s h  in  th e  c o n tro l  tan k  to  spend more tim e 

a c t iv e ly  swimming, p a r t i c u l a r l y  a t  th e  s u r fa c e  o f th e  w a te r. T his was 

im p o ss ib le  to  q u a n ti fy ,  and may re p re s e n t  b ia s  on th e  p a r t  o f  th e  o b se rv e r . 

During th e  course  o f th e  ex p erim en t, 6 f i s h  jumped from th e  ta n k s . None 

o f th e s e  were from th e  c o n tro l  tan k .

H is to lo g y :

The l iv e r s  o f ex p e rim e n ta l and c o n tro l  groups o f f i s h  used in  the  

long  term  t e s t s  showed d ram atic  in c re a s e s  in  th e  amount o f f a t  p re s e n t 

when compared w ith  f i s h  l iv e r s  from th e  48-hour t e s t s .  No o th e r  changes 

were a p p a re n t.
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Figure  14. Hematocrit Levels of Individual Fheterocl itus

Surviving 6 0  Days E xposure  to LAS <lppm
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Figure 15. SGOT and SICD Levels of Individual F heteroclitus

Surviving 6 0  Day Exposure to LAS <lppm
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Table 10. Time to  Death v s . Exposure L evel o f  LAS in  _F. h e t e r o c l i t u s : 

K ruskal W allace A n a ly s is  o f V ariance  o f Long Term T e s t R e su lts

T6 days to  dea th 3 17 22 24 25 43 55 55 _ _ __ _ _
rank o rd e r 68 67 66 65 63 53 48.5 48.5 22 22 22 22 22 22 22

T2 days to  d ea th 25 26 42 51 — — — — — —

rank o rd e r 63 61 54 51 22 22 22 22 22 22 22 22

T3 days to  d ea th 44 56 58 — — _ _ _ — — _ —

rank o rd e r 52 46.5 44.5 22 22 22 22 22 22 22 22 22 22 22

T4 days to  d ea th 27 31 31 38 41 52 56 58 — — — — — _ —

rank o rd e r 60 58.5 58.5 57 55 .5 50 46.5 44 .5 22 22 22 22 22 22 22

T1 days to  d ea th 25 41 _ _ _ _ _ _ — —

ran k o rd e r 63 55.5 22 22 22 22 22 22 22 22 22 22

I 1 2 f l i ] —  3 (N+l)
\N(N+1) 1 L a n

H c =
( 1 -  ZT *

o  • 
0.

u
747 = 10. 7

I (n -1 ) (n) (n -1 ) }

Table v a lu e  o f x2 a t th e .05 l e v e l  w ith 4°F = 9.49

Legend: N = number o f  s u b je c ts
n^ = number o f  s u b je c ts  p e r  tan k  

2
= sum o f  sq u a re s  o f  rank  o rd e rs  p e r  tank  

t  = number o f  p a i r s  o f  t i e d  o b s e rv a tio n s  
T * ( t - 1 )  ( t )  ( t - 1 )
* = c o r r e c t io n  f a c to r s  f o r  t i e  s c o re s
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SECTION IV 

DISCUSSION

I t  was th e  purpose o f  t h i s  s tu d y  to  de te rm ine  i f  th e  le v e ls  o f 

the  serum enzymes GOT, ICD and o f  th e  red  b lood  c e l l  packed volume were 

a f f e c te d  by s h o r t  and long  term  exposure  to  LAS. A p o te n t ia l  use f o r  

t h i s  k ind  o f in fo rm a tio n  was a n t ic ip a te d  fo r  use  w ith  b io a s s a y s . The 

d e te rm in a tio n  o f le v e ls  which would have no e f f e c t  on th e se  pa ram ete rs  

was co n sid e red  to  be re le v a n t  in  l i g h t  o f c u r re n t  i n t e r e s t  in  de te rm in ing  

le v e ls  o f fo re ig n  m a te r ia ls  to  be to le r a te d  in  th e  environm ent. W hether 

the  changes t h a t  have been documented r e p re s e n t  i n i t i a l  d iso rd e rs  which 

f i n a l ly  te rm in a te  in  d e a th , o r  w hether they  re p re s e n t  a degree o f m eta

b o l ic  a l t e r a t i o n  stemming from a d a p ta tio n  i s  n o t known. An a p p re c ia t io n  

o f the  s ig n i f ic a n c e  o f th e  in c re a se d  le v e ls  o f GOT and ICD in  the  serum 

and of h e m a to c r it  in  ]?. h e te r o c l i tu s  i s  in t im a te ly  connected  w ith  s tu d ie s  

concerned w ith  th e  o r ig in s  o f th e  enzymes in  th e  serum .

The p r a c t i c a l  v a lu e  o f u s in g  th e  serum le v e ls  o f GOT and ICD as 

a b io a ssa y  f o r  s u b - le th a l  LAS d e te c t io n  i s  l im ite d  by th e  fo llo w in g  

c o n s id e r a t io n s :

1. There i s  no g ro ss  d i f f e re n c e  in  deg ree  o r  k in d  o f  th e  e le v a tio n s  o f 

SGOT and SICD ex p e rien ced  in  th e  s t r e s s  o f s u b le th a l  exposure to  

v a rio u s  i n s e c t ic id e s  (Lue-H ing, 1966). A b io a ssa y  based on SGOT 

and SICD le v e ls  then  would n o t be capab le  o f  d i s t in g u is h in g  betw een 

s t r e s s  r e s u l t i n g  from e i t h e r  o f  th e s e  o r p o s s ib ly  o th e r  compounds.

2 . The SGOT and SICD response  in  _F. h e te r o c l i tu s  was n o t a t  a l l  

un iform  w ith  r e s p e c t  to  in d iv id u a l  members o f  th e  p o p u la tio n .

(F ig . 8 .)

3. The v a r i a b i l i t y  of so c a l le d  "norm al v a lu e s"  o f th e  enzymes i s
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b ro ad e r th an  in  homeotherms g e n e ra lly . This i s  in d ic a te d  in  t h i s  

s tudy  by th e  range o f " c o n tro l"  v a lu es  in  F ig s . 9 and 10.

4. The b io assa y  p ro ced u res  re q u ire d  fo r  s t a t i s t i c a l l y  s ig n i f i c a n t  r e 

s u l t s  a re  more d i f f i c u l t  to  s ta n d a rd iz e  and conduct than  more d i r e c t  

and s e n s i t iv e  chem ical a s sa y s . T his i s  n o t to  s a y , however, th a t  th e  

enzyme le v e ls  do n o t r e f l e c t  a more g e n e ra liz e d  s t r e s s  which could  

r e s u l t  from m ix tu res  o f  m a te r ia ls  fo r  which no s u i t a b le  chem ical 

assay  e x is te d .

An in c re a s e  in  h e m a to c r i t ,  and in  th e  mean le v e ls  o f SGOT and 

SICD were shown to  have been caused by 3, 2 and 1 ppm LAS in  JF. h e te ro 

c l i t u s . S im ila r  changes occu rred  a t  graded c o n c e n tra tio n s  le s s  th an  1 

ppm in  t e s t s  runn ing  60 days. These in c re a s e s  could  be accounted  fo r  by 

h em o co n cen tra tio n , in  which case  no p a tho logy  may be in vo lved  a t  a l l .

The low rho c o r r e la t io n s  o b ta in e d  betw een th e  s u b je c ts  w ith  extrem e 

enzyme le v e ls  and th o se  w ith  co rre sp o n d in g ly  a l t e r e d  h e m a to c r i ts , how

e v e r  a re  n o t c o n s is te n t  w ith  such a  p o s s i b i l i t y  (T able  9 ) .

A hypox ia-induced  response  ( r e la te d  to  th e  w e ll  documented e f f e c t s  

o f s u r f a c ta n ts  on g i l l s )  i s  a re a so n a b le  e x p la n a tio n  which i s  p a r t i c u l a r l y  

a p p lic a b le  in  acco u n tin g  f o r  h e m a to c r it  l e v e l  in c re a s e s  r e s u l t i n g  from 

graded  exposure  to  LAS. Blood c lo t  fo rm atio n  in  th e  g i l l  c a p i l l a r i e s  w ith  

th e  p o s s i b i l i t y  o f c lo t t i n g  hem olysis would account fo r  in c re a s e d  serum 

enzyme a c t i v i t y .  No a tte m p t was made in  t h i s  s tu d y  to  t e s t  t h i s  p o s s ib i l 

i t y  by c o r r e la t io n  o f r e s u l t s  from in d iv id u a l  f is h e s  w ith  deg rees o f a l t e r 

a t io n  in  g i l l  h is to lo g y ,  o r  by t e s t i n g  fo r  hem olysis by means o th e r  th an  

v i s u a l  in s p e c t io n .

I t  i s  d i f f i c u l t  to  i s o l a t e  th e  f a c to r s  which cause a r i s e  in  th e  

a c t i v i t y  o f th e  serum enzymes GOT and ICD in  response  to  LAS. In  homeo

therm s , com parable e le v a t io n s  in  SGOT would no rm ally  in d ic a te  c a rd ia c  o r
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l i v e r  damage (A gress , 1959). An e le v a t io n  o f th e  le v e l  o f  SICD i s  even 

more s p e c i f i c  and i s  u s u a lly  e le v a te d  to  extrem es only  in  cases  o f  w ide

sp re a d  l i v e r  damage (S te rk e l  e£  a l . , 1958).

These r e la t io n s h ip s  a re  dependent upon th e  f a c t  th a t  th e  sou rce  

o f the  sup ra -no rm al q u a n ti ty  o f enzymes in  the  serum i s  c e l l s  a f f e c te d  

by n e c ro s is ,  in flam m atio n , o r  subm icroscop ic  a l t e r a t i o n s  o f p e rm e a b ility  

(W hite, 1959). The le v e ls  o f  s p e c i f ic  enzymes in  th e  serum should  th e r e 

fo re  r e f l e c t  th e  enzyme makeup o f  the  t i s s u e  o r organ c e l l s  from which 

i t  came. There a re  numerous o b je c tio n s  to  such a " leak y  c e l l  membrane" 

th e o ry , and o th e r  in v e s t ig a to r s  fa v o r  a b ro ad e r  e x p la n a tio n  w herein  the  

enzyme e le v a t io n  i s  p a r t  o f  a g e n e ra l " a c u te  syndrome" which may n o t in 

v o lve  a s p e c i f i c  t i s s u e  (Hauss and Leppelman, 19,59; G arbus, Highman and 

A ltla n d , 1964). Thus, even in  th e  w e ll s tu d ie d  hom eotherm s, th e  o r ig in  

o f th e  serum enzymes i s  only  vaguely  u n d e rs to o d , a lth o u g h  t h e i r  e m p ir ic a l  

v a lu e  i s  n o t in  q u e s tio n .

H is to lo g ic a l ly  v e r i f i a b l e  g i l l  damage r e s u l t in g  from exposure o f 

f is h e s  to  LAS a t  le v e ls  c lo se  to  th e  TLm have been documented (Sw isher 

e t  a l . , 1964; Dooley, 1968). I t  may be t h a t  th e  in c re a s e  in  SGOT and 

SICD a c t i v i t y  r e f l e c t s  d i r e c t  g i l l  t i s s u e  d e s tru c t io n  a t  th e s e  and low er 

l e v e l s .  I t  rem ains to  be shown th a t  th e  GOT and ICD c o n te n t o f g i l l  

t i s s u e  i s  s u f f i c i e n t l y  h igh  to  account f o r  th e  in c re a s e s  in  serum le v e ls  

which were shown. B e ll  (1968) dem onstra ted  th a t  th e  SGOT a c t i v i t y  of 

P a c i f i c  Salmon t i s s u e s  in c re a s e d  in  the  fo llo w in g  o rd e r :  m uscle , k id n ey ,

l i v e r ,  and h e a r t .  Comparable g i l l  t i s s u e  v a lu es  would be d i f f i c u l t  to  

a r r iv e  a t  due to  th e  e x te n s iv e  c a p i l la r y  system  w ith  r e l a te d  in te r f e r e n c e  

by th e  h ig h  enzyme c o n te n t o f  the  e ry th ro c y te s .  Whether LAS i s  a b le  to  

e n te r  th e  g e n e ra l c i r c u la t io n  by c e l l  l y s i s  o f th e  g i l l s  has n o t been 

re so lv e d  (Dooley and C a v i l l ,  1962; Gloxhuber and F is h e r ,  1968), In
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l i g h t  of the  in  v i t r o  and in  v ivo in h ib i t io n  by o th e r  s u r f a c ta n ts  on 

enzyme a c t i v i t y  (Manwell and B aker, 1967; W il ls ,  1954) an in h ib i t i o n  o f 

SGOT and SICD a c t i v i t y  m ight rea so n ab ly  be ex p ec ted . At a l l  le v e ls  o f 

LAS s tu d ie d , no such in h ib i t io n  occu rred  when th e  p o p u la tio n  i s  co n s id 

e re d  (Table 8 ) . Perhaps th e  low est v a lu e s  ex p erien ced  w ith in  a tre a tm e n t 

p o p u la tio n  (T ables 6 and 7) re p re s e n t in d iv id u a ls  in  which LAS has pene

t r a t e d  th e  g e n e ra l c i r c u la t io n .  Such a p o s s ib i l i t y  i s  c o n s is te n t  w ith  

th e  in c re a s e d  v a ria n c e  r a t i o s  of bo th  enzymes a t  th e  h ig h e s t  le v e ls  

(F ig . 8) and th e  h igh  rho c o r r e la t io n  observed  between th e  le v e ls  of 

th e  two enzymes (Table 9 ) . An a n a ly s is  of th e  b lood  of h e te r o c l i tu s  

f o r  LAS u s in g  IR spectropho tom etry  o r  gas chrom atography would be o f 

r e l a te d  v a lu e  in  any fu tu re  s tu d y .

LAS may a l t e r n a t iv e ly  o r c o n c u rre n tly  g a in  access  to  th e  l i v e r  

by a d i r e c t  c i r c u la to ry  ro u te  from th e  i n t e s t i n a l  mucosa, th e re  to  cause 

a r e le a s e  o f GOT and ICD in to  th e  g e n e ra l c i r c u la t io n .  Such a p o s s ib i l i t y  

i s  c o n s is te n t  w ith  th e  in c re a se d  to x ic i t y  o f th e  a n io n ic  s u r f a c ta n t  ABS 

w ith  s a l i n i t y  above 24 p p t observed by E i s le r  (1965). In  t h i s  v iew , more 

osm oregu la to ry  se a  w a te r  would be taken  in  a t  th e  h ig h e r  s a l i n i t i e s  and 

w ith  th e  w a te r , more LAS. Bock (1966) found, however, no ev idence  of 

i n t e s t i n a l  damage in  carp  exposed to  LAS a t  c o n c e n tra tio n s  even above 

those  re q u ire d  to  d e s tro y  th e  e p i t h e l i a l  g i l l  c e l l s .  I t  i s  n o t  n e c essa ry  

to  p o s tu la te  any d i r e c t  e f f e c t  o f LAS on the  l i v e r .  Anoxia may induce 

th e  r e le a s e  o f  ca techo lam ines from th e  a d re n a l g lan d . These in  tu rn  may 

cause the  c e l l s  o f  th e  l i v e r  to  r e le a s e  th e  enzymes in to  th e  serum.

Such a s i t u a t io n  has been d e sc r ib e d  in  r a t s  (Highman and A ltla n d , 1960).

I f  d e to x i f ic a t io n  o f LAS does ta k e  p la c e  in  th e  l i v e r ,  and i f  

th e  mechanism fo r  t h i s  a c t i v i t y  i s  com parable to  th e  same p r o c e s s e s .in
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homeotherms, th en  th e  fo llo w in g  changes could  a lso  be n o ted : an in c re a s e

in  the  le v e l  o f th e  enzyme system s engaged in  d e to x i f ic a t io n ,  a r i s e  in  

th e  amount o f m icrosom al p r o te in ,  and an in c re a s e  in  l i v e r  w eigh t (K upfer, 

1970). When th e  w eigh ts o f th e  l iv e r s  o f f is h e s  exposed to  graded doses 

o f LAS fo r  60 days was p lo t t e d  a g a in s t  t h e i r  own body w eigh t th e re  was no 

c o n s is te n t  d if f e re n c e  w ith  com parable c o n tro l  d a ta  (F ig . 13 ). I n d iv id u a l  

d if f e re n c e s  were no ted  however. I t  i s  i n t e r e s t in g  to  n o te  th a t  a l l  of 

th e  v a lu e s  o u ts id e  o f th e  broad band o f  most f re q u e n tly  o c c u rr in g  v a lu e s  

were in  one o f two of th e  ex p e rim en ta l ta n k s , and th a t  none o f th e se  

v a lu es  o u ts id e  th e  norm was th a t  o f  a c o n tro l .  L ike th e  r i s e  in  serum 

enzyme v a lu e s , th e  l i v e r  w eigh t response  appears to  be h ig h ly  s p e c i f i c .

The e f f e c t s  may have been masked by th e  obvious h i s to lo g ic  a l t e r a t i o n  

o f  l iv e r s  from bo th  c o n tro l  and ex p e rim e n ta l p o p u la tio n s .

A s tudy  o f th e  d i s t r i b u t io n  of enzymes and t h e i r  isozym es w i l l  

shed more l ig h t  on the  o r ig in  of th e  enzymes ap p earin g  in  th e  serum .

The p o ss ib le ', r o le  o f  th e  l i v e r  in  d e to x i f ic a t io n  could  be e v a lu a te d  

by a s tu d y  o f th e  m icrosom al f r a c t i o n .  The p r o b a b i l i ty  o f  th e re  b e in g  

changes in  the  w eight o f  th e  l i v e r  o f f i s h  exposed to  LAS in  long  term  

t e s t s  (F ig . 13) would seem to  w a rra n t th e  im p lem en ta tion  o f such a s tu d y ,
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SUMMARY

When 1?. h e te r o c l i tu s  was exposed to  th e  a n io n ic  s u r f a c ta n t  LAS a t  

3, 2 and 1 ppm f o r  48 h o u rs , a s t a t i s t i c a l l y  s ig n i f i c a n t  graded in c re a s e  

in  the  le v e ls  o f  th e  serum  enzymes GOT, ICD and in  h e m a to c r it  was n o te d . 

S ig n if ic a n t  rho c o r r e la t io n s  e x is te d  betw een enzyme v a lu e s ,  b u t  n o t 

betw een e i t h e r  o f  th e  enzymes and h e m a to c r i t .  S t a t i s t i c a l l y  s ig n i f i c a n t  

r a t i o s  o f  tre a tm e n t to  c o n tro l  v a r ia n c e s  e x is te d  f o r  SICD a t  a l l  concen

t r a t i o n s  t e s t e d ,  f o r  SGOT a t  3 and 2 ppm, and f o r  h e m a to c r it  a t  3 ppm.

No h i s to lo g ic a l  changes i n  the l i v e r  were n o ted .

When a graded  s e r i e s  o f LAS c o n c e n tra tio n s  le s s  th an  1 ppm were 

d e liv e re d  in  con tinuous flow  fa sh io n  to  _F. h e te r o c l i tu s  f o r  60 days, 

s im i la r  a l t e r a t i o n s  in  b o th  h e m a to c rit and the  le v e ls  o f  th e  serum  enzymes 

GOT and ICD o c c u rre d . A low , b u t s t a t i s t i c a l l y  s ig n i f i c a n t  r e l a t i o n  

e x is te d  betw een tim e to  d ea th  and LAS tre a tm e n t. F a tty  a l t e r a t i o n s  ob

se rv e d  in  l i v e r  h is to lo g y  were s im i la r  in  c o n tro l  and ex p e rim en ta l popu

l a t io n s .  They were a t t r ib u t e d  to  confinem ent.

Both s h o r t  and long  term  t e s t s  w ere c a r r ie d  out in  se a  w a te r  

d i lu te d  to  24 p p t .  Ambient tem p era tu re  was 150±2°.
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C o n tr . F e d . 4 1 (9 ):1 5 8 6 -1 6 0 1 .

W eiss, C.M. (1 9 5 9 ) . Response o f F ish  to  s u b le th a l  exposures of o rg an ic
p h o sp h o ro u s  i n s e c t i c i d e s .  Sew and In d . Wastes 31(5) :580-593.

W hite , L .P . (1 9 5 8 ) . "Some enigmas in  th e  comparison o f m u ltip le  serum
enzyme l e v e l s . "  Ann. N.Y. Acad. S c i . 75:349-356.

W il ls ,  E .D . (1 9 5 4 ) . The e f f e c t  o f a n io n ic  d e te rg e n ts  and some r e la te d  
compounds on enzym es. Biochem. J .̂ 5 7 :109-120.

W olf, Ken. (1 9 5 9 ) . P la sm o p ty s is  and g e la t io n  of e ry th ro c y te s  in  coagu la
t io n  o f  b lo o d  o f  f re s h w a te r  bony f i s h e s .  Blood 14(1 2 ) :1339-1344.

Young, R .T . (1 9 4 9 ). V a r ia t io n s  in  th e  blood c e l l  volume o f in d iv id u a l  
f i s h .  C o g e ia :213-218 .



72

Yuki, Ryogo. (1960). Blood c e l l  c o n s t i tu e n ts  in  f i s h .  I I I .  New fu n c tio n s  
o f  th e  e ry th ro c y te  r e s p e c tin g  c o a g u la tio n  i f  th e  f i s h  b lood . B u l l . J a p . 
Soc. S c i . F ish  2 6 (5 ) :486-489.

Zimmerman, H .J . ,  M.A. Schw artz, L .E . Boley and M.West (1965). "Compar
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