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"@. Report No. 2 (8iI 6/78) "EvaIua&y of the Bioconcentration Potential of Fhi 3422' 

This report toyers new experiments based on the study in 91 (above), but using a shorter (!) exposure 
(to a sat'& solution and under the same circumstances) and more frequent measurements only with channel 
cat&h. However, the methods indicated for measurement of solubility and K, are fairly good and the basis 
for state-of-the-art protocols. Hence, I accept the value of solubility = SO ppb and log K, = 5. Further, 
with this very low solubility, even with the low measured v.P., one would expect a moderate Henry's Law con- 
stant leading to volatiliry from water or a wend m@.zce. * On the other hand, the MW is 571, which puts it 
toward the upper part of the range of molecular sizes'for which expected behavior is linear with .respect to I(, 
"hat is, the molecular configuration may present some problems in crossing through the pors of the lipid 
bilayer of the several membranes. ' 

,, 
1 

a. The report is very confusing when it "presses test agent conc in "W and residues in wuglg." The system 
was loaded at a rate of 0.5 g/L (S00,ooO ugL)[end of para. 4, pg. 31 when the solubility is 50 ug/L (50 ppb), 
whereas you state that '0.S ul/l = 500 ppb.' 

b. The data in Tables 2 & 3 are shown -€or 'Fish A" and 'Fish €3,' as i€ these -were sequential analyses of the 
same individuals. The text notes that four fish were removed at each time (para. 6, pg. 31. Apparently, 

,. ,.thesample was divided to provide 2 fish for whole body and 2 for tissues via being "tissuemized' (whatever 
that is). {It is interesting in this regard to note the problem in not having a protocol for dissection other 
than some QABOP in a book somewhere. For a number of years there were frequently significant differ- 
ences between PCB residues in lake trout measured by Canadian scientists in comparison to those by 
N Y S  DEC scientists, although they both thought that they agreed on the same protocol. It turns out that 
there were two errors or differences. The Canadians only used the portion of the fillet above the median 
line for PCBs, whereas the U.S. group used the entire fillet minus the mid-line. Second, the Canadhns 
removed material (fins, mid-line) by a rigid protocol, Le., cutting a 6-mm notch to remove the mid-line and 
taking off the top 25 mm to remove the dorsal fin and associated fat. The DEC lab varied the fat removal 
so as to take off all fat by cutting in 1-5 mm more or less. These differences are very small, but reflect 

. 
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the advisories given the public by separate agencies. Anyway, the US. values are much lower than those 
of the Canadians, even though the fish come from the Same water.) 

c The reporting and plotting of arbitrarily designated data ("Fish A" - Fig. 1 and 'Fish B' - Fig. 2) is not 
very scientifk At least they should be on the same plot, as a range or recalculated as an average at time 
t. As an average value, the whole body residues were st i l l  climbing when the investigators terminated 
exposure. The avg. values for the times from 24 hrs on are 107, 1725, 1905, 223.5, 206, 299.5, and 355, 
implying a rate of "equilibrium" -- approaching +ZO%/day! That is far from equilibrium. Further, although 
the general protocol resembles state*€-the-art, the small number of test organisms per time interval (should 
be 26) means that what the investigators see as an "outlier" may really be a typical point from a wide range 
of responses. Curiously, although the authors were concerned about the increasing uptake with weight in 
Report No. 1, they do not report body weight, lipid composition, or length (determinant of gill size) for 
the test subjects. The rate constants should be calculated and divided (k,/k, = BCF), but the loss rate 
appears to accelerate with time. This may be a feature of the incomplete equilibrium, tissue dismiution, 
or enterohepatic cycling -via bile. 

. 
- 

d. By the time one gets around to the specific tissue distributions (which are eJrpressed as up to 5 significant 
digits!), the authors are confusing individual and temporal variation with "plateaus" and "erratic" patterns. 
It is unlikely that 2 specimens at each time can yield comparable data unless there are criteria for age and 
size class. Reporting BCF by specific tissue, without attention to. tissue lipid level is disingenuous or at 
least pisleading. 

e. It is not clear how the authors have documented excretion via urine per se, since urine concentrations, 
conjugates, etc, were never measured. Presence of material in kidney merely reflects vascular perfusion. 
On the other hand, the tentatiie view of the importance of biliary excretion (already well established for 
lipophiles) is not understandable, Indeed, one might note that gall bladder distention could mean positive 
acceleration of biliary excretion (influenced by hepatic levels). 

f. The belief that the absence of toxic symptoms for the exposure regime used constitutes definition of this 
fluorocarbon as %on-toxic' is an abuse of the term, since (as Paracelsus said) 'all things are toxic and it 
is only a matter of dose which determines whether a chemical is a poison.' If the investigators were able 
to determine the N-Et FOSE alcohol as such, then it was not conjugated (statements about.this route not 

'* 

- .  
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withstanding). I .  
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INTRODUCTION 

L i v i n g  organisms possess t h e  a b i l i t y  t o  c o n c e n t r a t e  and 

accumulate high c o n c e n t r a t  i o n s  of l i p o p h i l i c  organic compounds 

e i t h e r  d i r e c t l y  from t h e i r  environment o r  from t h e i r  food  s o u r c e ,  

aphenomenon which is w e l l  documented ( E u r n e t t ,  1971;  G u s t a f s o n ,  

1970) .  T h i s  a b i l i t y  t o  b i o c o n c e n t r a t e  seemingly nop- toxic  sub-  

s t a n c e s  might.  w e l l  pose a hazard f o r  t h e  u l t i m a t e  p r e d a t o r  species. 

T h i s  i n v e s t i g a t i o n  w a s  conducted t o  de te rmine  whether  a 

f luo rochemica l ,  Fb13422, does b i o c o n c e n t r a t e  i n  organisms and i f  

so ,  does t h e  m a t e r i a l  d e p u r a t e  r a p i d l y .  S e l e c t i v e  organ sys t ems  

were ana lyzed  f o r  t h e  s u b j e c t  f l uo rochemica l  as p o t e n t i a l  up take  

s i tes .  

S i n c e  t h e  a q u a t i c  environment s e r v e s  a s  a p r imary  mode of 
.. 

e n t r y  f o r  FM3422 i n t o  t h e  environment ,  t h i s  s t u d y  was conducted  

u s i n g  t h e  channel  c a t f i s h  {lctaZaru8;punctatus I as the test species. * - - .  -. 
The s u b j e c t  f l uo rochemica l ,  FM3422 is  a w h i t e  g r a n u l a r  mater- ., 

i a l ,  molecular  weight-571, p o s s e s s i n g  phys ico-chemica l  properties 

which sugges t  t h a t  t h i s  material may b i o c o n c e n t r a t e .  Thus,  t h e  

material was found t o  be r e l a t i v e l y  water i n s o l u b l e  and possessed 
. 

a h i g h  d i s t r i b u t i o n  c o e f f i c i e n t ,  d a t a  which is i n d i c a t i v e  of a 

h i g h l y  l i p o p h i l i c  molecule .  ,. T h i s  p r o f i l e  is g e n e r a l l y  accepted 

as t h a t  of a s u b s t a n c e  which w i l l  t e n d  t o  b i o c o n c e n t r a t e .  

METHODS 

The hydrophob ic i ty  of FM3422 p r e c l u d e d  a s i m p l i s t i c  d e t e r m i n -  

a t i o n  of  its w a t e r  s o l u b i l i t y .  U s e  of t h e  Veith-Comstock t e c h n i q u e  
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(1975) w h e r e i n  water  i n  a c o n s t a n t - l e v e l  r e s e r v o i r  w a s  cont inu-  

o u s l y  s a t u r a t e d  w i t h  FM3422 by c i r c u l a t i n g  t h e  water through 

a bed of i n e r t  s u b s t r a t e  impregnated w i t h  FM3422. Samples f o r  

a n a l y t i c a l  a n a l y s i s  were o b t a i n e d  - v i a  a sampl ing  p o r t .  

s t u d i e s  were performed.  

Replicate 

The d i s t r i b u t i o n  coeff ic ient  of FM3422 i n  n -oc tanol /water  w a s  

determined u s i n g  t h e  methods described b y  Chiou e t .  a l .  (1977) and 

F u j i t a  e t .  a l .  (1964) .  

-- 
-- 

Channel  c a t f i s h  (IctaZarus punctatusl were acclimated t o  

t h e  fo l lowing  t es t  c o n d i t i o n s  fo r  a minimum of 14 days :  

t empera tu re  , 21+1°C - , 16-hour l i g h t  and 8-hour dark pho tope r iod  w i t h  

a 30 minute t r a n s i t i o n  p e r i o d  a n d  were f e d  d a i l y  ( T e t r a  Min) .  

FM3422, p r e v i o u s l y  impregnated on 3.5 mm g lass  beads w a s  

placed i n  a 114 II aquarium, f o r m i n g  a l a y e r  approximately 2 c m  

above t h e  g r a v e l  f i l t e r  which w a s  t h e n  covered  b y  sand .  The 

t e s t  t ank  was t h e n  f i l l e d  w i t h  c a r b o n - f i l t e r e d  w e l l  water.  T h i s  

s y s t e m  under cont inuous  aerobic c o n d i t i o n s  generated a s a t u r a t e d  

water s o l u t i o n  of FM3422, h a v i n g  a f i n a l  l o a d i n g  r a t i o  of 0 .5g /&.  

b 

*-I 

Based on a p r e v i o u s  s tudy  (1977) which i n d i c a t e d  rap id  up take  

and depura t ion  rates f o r  FM3422 i n  t h i s  species , t h e  b i o c o n c e n t r a t i o n  

t e s t  w a s  modi f ied  s o  t h a t  t h e  up take  and  c l e a r a n c e  per iods were 

seven  and f i v e  days r e s p e c t i v e l y .  

Fol lowing t h e  i n t r o d u c t i o n  of t h e  c h a n n e l  c a t f i s h  i n t o  t h e  

expe r imen ta l  and con t ro l  a q u a r i a  samples of 4 channe l  ca t f i sh  and 

three water samples ,  t o p ,  middle and  bottom l a y e r ,  f o r  FM3422 

uptake a n a l y s i s  were obta ined  a t  t h e  f o l l o w i n g  t i m e  p e r i o d s :  con t ro l ,  
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p r i o r  t o  i n t r o d u c t i o n ,  15 minu tes ,  one hour ,  two h o u r s ,  f o u r  h o u r s ,  

8 ,  

e i g h t  h o u r s ,  twelve h o u r s ,  s i x t e e n  h o u r s ,  t w e n t y  h o u r s ,  t w e n t y -  

f o u r  h o u r s ,  and a t  twenty-four  hour  i n t e r v a l s  f o r  a per iod of 

seven  days. The channel  ca t f i sh  were t h e n  removed t o  clearance 

t a n k s  f o r  t w o  h o u r s  and f i n a l l y  t r a n s f e r r e d  t o  a flow-through s y s t e m  

hav ing  flow rates through t h e  test chambers of f o u r  water volumes 

p e r  24 hours .  

phase  of t h i s  s t u d y  w a s  immediately i n i t i a t e d  and t e r m i n a t e d  af ter  

A s ampl ing  regimen i d e n t i c a l  t o  t h a t  of t h e  up take  

f i v e  days.  
I n d i v i d u a l  (whole  f i s h ,  n=2) and pooled t i s s u e  samples 

(n=3)  were weighed, t i s s u e m i z e d ,  refr igerated and  s t o r e d  i n  e t h y l  

acetate p r i o r  t o  t h e  a n a l y t i c a l  de t e rmina t ion  f o r  FM3422. Whole 

f i s h  were b l o t t e d  before t h e  w e i g h i n g  procedure .  The pooled  

samples cons i s t ed  of t h e  f o l l o w i n g  t i s s u e :  b r a i n  , g i l l s ,  l i v e r ,  

g a l l  bladder ,  k i d n e y ,  g a s t r o i n t e s t i n a l  t r a c t ,  s k i n ,  muscle and 

s k e l e t o n .  

T i s s u e  and water samples  were a n a l y z e d  f o r  FM3422 u s i n g  a 

Hewlett-Packard model 5713 gas chromatograph equipped  w i t h  an 
6 3  e l e c t r o n  capture detector (Yi ) .  S p e c i f i c a t i o n s  and o p e r a t i n g  v 

c o n d i t i o n s  w e r e  as fol lows:  s t a i n l e s s  steel  column-length-6 feet. 

x 1/8"; column packing and  support-10% Carbowax -20 Mon Chromosorb- 

W acid washed 60 /80  mesh; o p e r a t i n g  t empera tu re - i so the rma l  180°C, 

detector-300°C; carr ier  gas-fjz methane i n  argon. Recovery rate 

w a s  above 90%. 

'1 

. 

1 S t a t i s t i c a l  t r e a t m e n t  of t h e  data u t i l i z e d  t h e  3M Trac sys t em,  

MINITAR I1 program. E i o c o n c e n t r a t i o n  f a c t o r s  and up take  rate con- 

s t a n t s  were c a l c u l a t e d  based on formulae proposed b y  an  ASTM commit- 

tee d e v e l o p i n g  a s t a n d a r d  method f o r  conduct ing  b i o c o n c e n t r a t i o n  

s t u d i e s  w i t h  f i s h  (1977). 
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The ed ib l e  p o r t i o n  of t h e  channe l  c a t f i s h ,  t h e .  muscle f i l l e t ,  

d i d  n o t  b ioaccumula te  FM3422 t o  a n  appreciable e x t e n t  s u b s t a n t i a t i n g  

o u r  p r e v i o u s  o b s e r v a t i o n  for  t h i s  t i s s u e .  

In g e n e r a l ,  no a d v e r s e  s i g n s  w e r e  obse rved  d u r i n g  t h e  d u r a t i o n  

of t h e  experiment  a t t e s t i n g  t o  t h e  non- toxic  n a t u r e  of t h i s  chemical 

unde r  t h e  c o n d i t i o n s  employed i n  this t e s t .  

CONCLUSIONS 

T h i s  s tudy  of t h e  a b i l i t y  of t h e  chanfiel c a t f i sh  (IctaZamcs 

puncta-) t o  bioconcentrate t h e  f l u o r o c h e m i c a l  FM3422 has  l e d  t o  t h e  

f o l l o w i n g  c o n c l u s i o n s :  

1. Both l i p o p h i l i c  o rgans  and organs p o s s e s s i n g  a large 

s u r 9 a c e  area a t  t h e  water/organ in te r face  possess t h e  h i g h e s t  up take  

rate c o n s t a n t s .  

2. The b r a i n  and g a s t r o i n t e s t i n a l  t rac t  have BCF's i n  e x c e s s  

of l o 3  due t o  t h e  l i p o p h i l i c  n a t u r e  of t h e  s u b j e c t  f l uo rochemica l .  

The g a l l  bladder due t o  its storage f u n c t i o n  shpwed t h e  
i 

3. 

h i g h e s t  c o n c e n t r a t i o n  of FM3422 on a vg/g bas i s .  *t 

4 .  Whole f i s h  o r  organ  we igh t  w a s  an independent  v a r i a b l e ,  

n o t  a de t e rminan t  i n  t h e  b i o c o n c e n t r a t i o n  of FM3422. 

5. 

pathways.  

E x c r e t i o n  of FM3422 cons i s t s  of b o t h  u r i n a r y  and fecal  

' 6 .  Clea rance  of FM3422 by components of t h e  d i g e s t i v e  s y s t e m  

c o n t r i b u t e s  t o  t h e  e r ra t ic  n a t u r e  of t h e  d e p u r a t i o n  c u r v e s .  

7. FM3422 a t  t h e  exposure  c o n c e n t r a t i o n  d i d  n o t  e l i c i t  s i g n s  - 
of t o x i c i t y ,  t h e r e f o r e ,  unde r  t h e  c o n d i t i o n s  of t h i s  exper iment ,  t h i s  

f luo rochemica l  can  be c o n s i d e r e d  non- toxic .  
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