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A 6-compartment e q u l l i b r r m  model and a 3-compart~nent kinetic model (t4acKay 1979) were used t o  a s s e s s  t h e  
h a z a r d s  of  f o r e s t  s p r a y i n g  w i t h  p e s t i c i d e s  t o  t h e  a q u a t i c  e n v i r o n ~ e n t .  The models  a r e  based on physico- 
c h e m i c a l  p r o p e r t i e s  and t y p i c a l  a p p l i c a t i o n  r a t e s  o f  p s t l c i d e s .  Es t imated  c o n c e n t r a t i o n s  and l a b o r a t o r y  
t o x i c i t y  d a t a  a r e  compared w l t h  t h o s e  of  f e n i t r o t h i o n ,  u5ed e x n e n s i v e l v  i n  f o r e s t  s p r a y i n g .  Expected 
e n v i r o n m e n t a l  e f f e c t s  of  o t h e r  p e s t i c i d e s  a r e  t h e n  a s s e s s e d  r e l a t i v e  t o  t h e  known e n v i r o n m e n t a l  e f f e c t s  of  
f e n i t r o t h i o n .  
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Nous avons  Sva luS l e s  d a n g e r s  pour l e  m i l i e u  a q u a t i q u e  d e  l1Gpandage d e  p e s t i c i d e s  s u r  l e s  f o r e t s  B 
l 5 i d e  d ' lm modale s t a t i q u e  B s i x  cornpartirnents e t  d%u modale c i n g t i q u e  2 t r o i s  c o m p a r t i r n ~ n t s  (MacKay 1979). 
Ces m a d a l e s  s e  s e r v e n t  d e s  p r o p r i 6 t G s  physlco-chimiques d e s  p e s t i c i d e s  e t  d e s  d o s e s  t y p i q u e s  dPBpandage.  Zes 
c o n c e n t r a t i o n s  e s t i m a t i v e s  e t  l e s  d o ~ G e s  t o x t c o l o g i q u e s  d e  l a b o r a t o i r e  s o n t  comparges c e l l e s  du f s n i t r o -  
t h i o n ,  q u i  est t r P s  u t i l i s P  s u r  l e s  r ' o r s t s ,  t e s  e f f e t s  prgvus d e s  a u t r e s  p e s t i c i d e s  s u r  l ' e n v i r o n n e m e n t  writ 

e n s u i t e  e s t i m s s ,  compte tenu  d e s  e f f e t s  connus d e  f G n i t r o t h i o n ,  



b e c a u s e  of "itir d i f f i c u l t i e . :  i n  e s t i m a t i n g  tile 
i n t e r c o m p a r r m e n t a l  t r a n s f e r  r a t e s ,  and tile r a t e s  of 
d r g r z d a t . i u n  and a d v e c t i o n  o u t  of  t h e  s y s t e m ,  

The assessrnci i i  o f  p o c e r ~ i i a ;  e f f e c t s  o f  a  new 
p e s t i c i d e  on t h e  a q u a t i c  e c u i r n n m e n t  r e l i e s  on 
judgment  d e r i v e d  f r m  tile c o n s i d e r a t i o n  of  t h e  
p e s t i c i d e ' s  a c u t e  t o x i c i t y  to sorse s p e c i e s  of 
a q u a t i c .  f a u n a ,  u s u ; i l l y  f i s i : ,  p o t a i ~ r ;  i a l  f o r  accum.1- 
l a t i o n ,  and  p e r s i s t e n c e -  .4cure t o x i c i t y  d a t a  a r e  
g e n e r a i l y  a v a i l a b l e  f r o =  t h e  i i t e r , ; " re  ',-id iiave to 
h e  r e p o r t e d  by tile p r o p o n e s t  i n  a p p l i c a t i o n s  f o r  
r e g i s t r a t i o n  sub!ni?itied d i i r ing  t h e  l a s t  Few ye ,a r s*  
P o t e n t i a l .  For accu!nu la t ion  is t i s :~a  1 i y  e s t i m a t e d  froin 
t h e  oclar.ko!L/water p a r t i t i o n  ; n c f f i r l e n r  of  tile 
p r s c l c i d c  (ROW) o r  from i t s  s o 1 , i b i l i i - y  i n  w a t e r .  
T h e r e  a r e  no s t a n d a r d  t p s t s  f a r  pers1si t .ni .e  aiii t i le  
es".nates  a r e  a t  best: s e m i r i i a r i t i t a t i v e  o r  9urel.y 
judgmef i t a i .  

1r-i a d d i t i o c  LO t h e s e  t h r e e  t a r t o r s ,  t h e  r a t e  01- 
v o i a t i i i z a t i o n ,  c h i ; r a c t e r i z e d  by rlie F iec ry ' s  cen-  
s t a n r  (Hj a n d  t h e  e x t e n t  of a d s o r p t i o n  o n  s o i l  or 
s e d i m e n t ,  c h a r a c t e r i z e d  b:: the a d s o r p t i o n  e o e f i i -  
c i e n t  (Koc), h a v e  heen use.? i i i c r e a s i n g L y  iii t h e  l a s t  
few y e a r s  i n  cons ider i i - ig  ehe movement of c i l e rn i i a l s  
in t h e  e n v i r o a r r ~ e n t  ( a c e  f o r  e x a a ~ p l o  Z l t k o  1980)" 

i n  a s s e s s i i l g  tihe i ?o ta r i t i a i  a f f e c t s  of  a 
p e s t i c i d e ,  t h e  v a L u i s  o f  t h e s e  f i ; .e  f a c t o r s  arc 
c o n s i d e r e d  ind i - i i idua i  i y  , u s u a i i y  a r e  compared wLiil 
t h o s e  o f  a  p r e v i o u s l y  used p o s t i c l d e  x i t h  known 
e n v i r o n m e i i t a l  e f f e c t s .  The air t  i c i p a t e d  e n v i r n i ~ - -  
m e n t a l  e f f e c t s  c f  the new p e s t i c i d e  a r e  then  
estimated q u a l i t a t i v e l y .  

i ? i i s  r e l o r :  -iescri"?s ntr a t t e inpr  i:o coiriiine t h e  
q ~ ! a n t L t : i i i v e  pa ramer te r s ,  F3, Koc, Kow, and :he 
a p p l i c a t i o n  r a r e ,  a n d  t o  c a l c u l a t e  " e x p e c t e d  
e n v i r o n r n e n t z l  c o n c e n r r a r i o r ? "  (EEC) I n  a i r *  w a t e r ,  
s o i l  and v e g r t a i i o n ,  and fish, i a  a h y p o t i l e t i c a l  
e i o s y s t c m .  T3c EEC's a r e  trileri compared v i t h  t h o s e  
o f  a p e s t i i . i ? e  w i t h  knosn  $37-giroomental e f f e c t s  i n  
the  same s y s t m r ,  

The l rypor rher lcs i  *+cos:isie;? Ls cr , i : s in  q u i t e  
a r b i t r a r i l y  a:ld d o e s  :rot a i r e m p t  to r e f l e c r  any  
s p e c i f i c  s i t o . i t i n o  ( P i g .  1 ) -  Tna i n i t i a l  a s s e s s m e n t  
i s  made on  tl-is b a s i s  of t h e  e i p i l i b r i l i t n  d i s t r i b u t i o n  
of t h e  p e s t i c i d e s  i n  tihe s y s t ~ ? ; ~  Additl_enai.Ly, 
nor~ .+qui i .Lhr i i i :~  d i . s t r i b u r i o ; r s  axid k i n e t i c s  may be 
c o n s i d e r e d .  Ti-ie u n c e r t a i n t y  in i - a i s u i a t i n g  EEC's 
u n d e r  t i i e s e  c a n d l t i a n s  i a c r e a s c s  c o n s i d e r a b l y  

M ? D E l , i i f i G  7 1 i E  BEtPRVZOR OF CIlZMZCALS 1:: TdF; 
AQUATIC E?;ViRO?iMENT 

The s t a t u s  of  modeil i ng ,  with p a r t i c u l a r  
e n p i i n s i s  iin p e s t P c F d r s  has  heen d i s c u s s e d  (Ruhinson  
1975; i b s s e ~ t  and Lee 13751, Robinson d e s c r i b e d  a  
two--coiipnrimi.rrt mode1 and t r o p h i r  c l z a i i ~  reedel : 
H a h s e t t  and Ceca prov ided  a  c r i t i q u e  of two DUT 
models  and % t r e s s e d  the need f o r  more c o n s i d e r n t i o n  
of  ci::. m r c h a ~ i i s a s  and itiirei ics g o v e r n i n g  t h e  
r r s n s p o r t  o f  ; i e s c i c i d e s  i n  t h e  er ivfxrnraent .  These  
a s p e c  ts were a d d r e s s e d  by Sfii.th ct a l ,  ( 1977 ) , wiio 
c ,ons idered  v o l a t i l i z o t i . ? i i ,  a d s o r p t i o n ,  chemic;i 
t r a n s f o r m a t  ion, and h i o d e g r a d a r i o n  a s  web1 a s  
inetheds fcr t h e  d e t r r ? i l ; l a t i o n  o f  she  r e s p e c t i v e  
e q ~ ~ l l i b r i u n ;  o r  r a t e  c o n s t a n t s .  !% nine-compartment  
a o d e l  =as  d e s i g n e d ,  The a q u a t i c  compartment:s b e r e  
r i v e r ,  pond,  e u t r o p h i c  and oiip,otroph,F..lc l a k e s .  This 
model. was examined w i t h  11 o rgr ia ic  ciiemlcaLs ( S m i t h  
et a?, 19781, The r e s i r i t s  p r o v i d e  q i r a n t l t a ?  i u e  d a t e  
on d t a t  one w ~ u l d  e x p e c t  i n t t l i t i v e l y ,  Tile resrr l t -s  
w i t h  methy l  p a r a t h i o n ,  basc.2 on p z r a r s c t e r s  l i s t e d  in 
Tahlc. I ,  a r e  g i v e n  lil T<abie 2, 

77k . -3 . .  :.i 7!iriis OK t h e  mov~ment. of  c h e n i c d l s  t h r o u g h  
the  fooi! we5 anii a t t e i r l r t s  t o  model the i n f l u e n c e  of  
t o x i c  e f f e c t s  a r e  ii1ciridi.d i n  t h e  work of 
E.;cheiiroedcr e t  aL, ( 1 9 J 8 ) -   is is an i n t e r e s t i n g  
a p p r o a c h  t h a t  s i l l  u n d o u b t e d l y  be r e f i n e d  f u r t h e r .  

411 eqifiil.ibriu;n d i s t r i b u t i o r i  mode? %rs dei .e loped 
r z t e i l t l y  for- a s s e s s n ? e n i  p u r p o s e s  by !&Cali rt a:. 
( 1980) Ric model tuses H e n r y ' s  c o n s t a n t ,  a d s o r p t i o n  
coefflc l e n t ,  and b i o c o n r c ~ n t r a t i o n  f a c t o r  and c a l c u -  
l a t e s  iriie uqrrELibi.lilrn I l s t r i . b r ~ t l o r i  of chzmit .nis  
I x ? n q  o  n i ~ ~ n h c c r  i:: comp;tr-!~.nr:~ts . 

The h a z a r d  a s s e s s n . m t  of  f o r e s t  s p r a y i n g  
p r c , s e n t e d  Lr, c h i s  r e p o r t  i s  baszd oil t h e  i u g , i c i r y  
isadel  of ?kcYaj:i ( 1  51791, desc r ihec i  i n  more d e t a i l  
below.. 

T a b l e  i s  P r o p e r t i e s ,  equilibrium, ncd r a t e  
rons txan t s  31- p a r a t h i o n - m e t h y l  (Smith et a ? .  1'378). 

Molili.11iar veigli? 263 
Vapor p r e s s u r e  (20'C) 9 - I E - 3  t c r r  
S o l i t b i L i t g  i n  water 50 sg/mL o r  2, iE-4 X 
A d s o r p t i o n  c o e f f i c i e n t  50 
V o l a t i i i z a t  i o i ~  r a t e  6E-5 K" 
H y d r o l y s i s  r a t e  c o n s t a n t  9E-8 i /s 
P h o t o L y s i s  r a t e  c o n s t a n t  2,7E-7 I / s  
a i o d e g r a d a t  i o n  r a t e  c o n s t a n t  1-7E-7 uglcellxh 

F i g *  i A six-ccinipa i-imeet liyporrl~er i ca l  mode:, 
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T a b l e  2. P r e d i c t e d  enir ironrnental  f a t e  of  para th ion-methyl  (Smith e t  a l .  
1378). 

-- S t e a d y  s t a t e  con cent ratio^ - 

H a l f - l i f e  S o l u t i o n  Susp. s o l i d s  Sediment 
Compartment ( h )  (ig/mL) ( u g / g )  ( M ~ / P )  

R i  v e r  0.6 0.889 49-46 49.  i 
Pond 27.3 0.012 0-6 0.6 
E u t r o p h i c  l a k e  28.3 5.06 3.0 0,5 
O l i g o t r o p h i c  l a k e  151.6 0.099 4,3 1.4  

FUGP.C ITY MODEL ADSORPTION COEYFICIi3NP {Xoc) 

F u g a c i t y  c a n  be i c t e r p r e t e d  a s  t h e  " e s c a p i n g  
t e n d e n c y "  of a  chetnical  from a  phase (Zsiacby 1979) 
and iils d imens ion  is  a nriii: o f  p r e s s u r e  (a tx i ) .  i n  
e q i i i l i b r i m ,  t h e  f u g a c i t i e s  of t h c  chemica l  i n  a l L  
compar tments  a r e  e q u a l ,  For example,  i f  t h e  
d i s t r i b u t i o n  of DDT between f i s h  and w a t e r  reached  
e q u i l i b r i u m ,  t h e  f u g n c i t i e s  ( b u t  110; c o n c e n t r a t i o n s )  
o f  DDT i n  w a t e r  and in f i s h  a r e  eqrial. 

FUGACITY CAPACITY ( Z f  

F u g a c i t y  is r e l a t e d  t o  c o n c e n t r a t i o n  by 
f u g a c i t y  c a p a c i t y  ( C  = Z*F, where C = c o n c e n t r a t i o n ,  
Z = f u g a c i t y  c a p a c i t y ,  and F = f u g a c i t y ) .  A t  e q u a l  
t u g a c i t i e s ,  compartments -d th h i g h e r  f r i g a c i t y  
c a p a c i t i e s  w i l l  have h i g h e r  c o n c e n t r a t i n n s  of  t h e  
c h e m i c a l .  In  t h e  above example,  t h e  e q u i l i b r i u m  
c o n c e n t r a t i o n  of  DDT i n  f i s h  i s  much h i g h e r  than  t h e  
c o n c e n t r a t i o n  i n  water  s i n c e  t h e  f u g a c i t y  c a p a c i t y  
o f  f i s t ?  i s  n u c h  h i g h e r  t h a n  t h a t  o f  water .  

ZST iYAT IUK CF W G A C I T Y  CAPACITY 

F u g a c i t y  c a p a c i t y  can  he e s t i a a t e d  from H, Koc, 
a n d  Kow. 

The f u g a c i t y  c a p a c i t y  of  tile a tmosphere  i s  I/RT 
( R  - g a s  c o n s t a f i t ,  T = t e m p e r a t u r e  i n  O K ;  a t  20°C 
l i R T  = 40 m o l h m " * a t m ) .  The f u g a c i t y  c a p a c i t y  of 
w a t e r  i s  I / H ,  One a d d i t i o n a l  f a c t o r ,  t h e  c o n c e n t r a -  
t I o n  of  suspended m a i t e r  ( s , g / m 3 ) ,  a f f e c t s  t h e  
f u g a c i t > -  cnpac ' i ty of adsorbed  c h e m i c a l s ,  and tile 
f u g a c i t y  c a p a c i t y  is  ~ o - ~ K s / H ,  Two a d d i t i o n a l  
f a c t o r s ,  t h e  f r a c t i o n  o f  i . l p i 6  (Y) and t h e  volume 
f r a c t i o n  o f  b i o t a  ( v o l ~ i l l e  of  fLsh/vul tme of water )  
a r e  neccled to  psi- imate t h e  f u g a c i t y  c a j i a c i r y  of  a  
c h e m i c a l  i n  b i o t a  (BYKow/Hj. 

The d e r i v r i l o a  of  t h e s e  r e l a t i o n s h i p s  i s  
d e s c r i b e d  i n  t h e  Appendix. 

T h i s  c o n s t a n t  i s  t h e  a i r / w a r e r  d i s t r i b u t i o n  
c o e f f i c i e r i t ,  The model .mils H w i t h  t h e  d imens ion  
atrn*m3/mol a i f  n o t  a v a i l a b l e ,  H may be e s t i m a t e d  
by d i v i d i n g  the w - - m -  .,,,, P......,,~- ..-"o;sre o f c h e  c'ilemlcal i:? 

atm by i t s  s o l u b i l i t y  i n  mol/m3. The v a l u e s  of 
R r a n g e  from about 0.7 f o r  oxygen t o  l e s s  L11ai1 3E-7, 
which  i s  t h e  v a l u e  f o r  w a t e r ,  Higher v a l u e s  o f  "ri 
mean h i g h e r  v o l a t i l i t y ,  

T h i s  i s  rile so l . ids /water  d i s t r i b u t  i n n  c o c f f i -  
c i e n t ,  where s o l i d s  may be s o i l ,  sed iment  o r  
suspended s o l i d s ,  Koc is expressed  on an o r g a n i c  
czrbori  b a s i s  (Koc = LOUK/org. c a r b o n  X )  and bas t o  
be c o n v e r t e d  i n t o  the r e s p e c t i v e  K v a l u e s  b e f o r e  
c a l c c l a t i n g  the  f u g a c i t y  c a p a c i r y ,  

m- i h e r e  i s  some confus ior?  i n  r e p o r t i n g  Koc ( o r  K) 
v a l u e s  i n  t h e  l i t e r a t u r e ,  Tne "adsorbed" ard 
" d i s s o l v e d "  c o n c e n t r a t i o o s  must be i n  t h e  same "t%pe 
o f  11p.its , " e i t h e r  ppm, s u c h  a s  ug/g and ug!mL o r  
nig/L, o r  ppb, s u c ? ~  a s  ng/g and ng/n?L o r  pig/L. 

The v a l u e  of  Koc car, be c s t  imated from s o l  u- 
b i i s t y  i n  w a t e r .  A f r e q i r e n t l y  used r e l a t i o n s h i p  is  

b h e r e  S = s o l u b r l i i y  i n  w a t e r ,  ms/L (Kenaga 1980).  

I n  t h i s  work, t h e  o r g a n i c  carbon  c o n t e n t  of 
s o i l  and sed iment  was assumed to be 10 and 15, 
r e s p e c  ti:~ely, The " s o i l "  compartment i n c i n d e s  
v e g e t a t i o n ,  hence the h i g h e r  va lue .  

?Et~.WL/'rlATEK P4RTITiO4 COEFFICIENT (Kow) 

The v a l u e 5  of Kow range  ober liany o r d e r $  of 
m a g n ~ r s d e ,  r o n i e s u e n t l y  log(Kow) v a l u e s  a r e  t ~ ~ a a L 1 y  
r e p o r t e d ,  Values o f  log(uowj > 4-5 l n d l c a t e  a  
c o n s ~ d e r a b i e  p o t e n t i a l  up take  of  the  c h e m ~ c a i  by 
a q u a t l c  f a u n a ,  The t o x i c r t y  9f  c h e n l c a l s  a l s c  
g e n e r a l l y  i n c r e a s e s  d t h  i n c r e a s i n g  Log(Xow), bu t  
t h e r e  are many e x c e p t i o n s  i&en a  h i g h l y  s p t 7 c i F ~ c  
t o x i c  Rct ron  i.; i n v o l v e d ,  The v a l u e s  or iog(l(ow) 
n a y  be e5timati.d froin s o l * h i l i t y  in w.ti.r by u s r n g ,  
f o r  example,  t h e  r e l a t i o n s h i n  

where S = s o l u b i l i t y  ~ r i  water umol/L (&IOU e t  d l .  
1 9 7 7 ) -  

PARAMETERS OF MODEL CWif ICAtS 

A  number of  r e p r e s e r i t a t i v e  p e s t i c i d e s  have been 
s e l e c t e d  f o r  assessment  by t h e  f u g a c i t y  model. 
S e v e r a i  t y p i c a l  hydrocarhcns  and n o n y i p k i ~ n o l  have 
been i n c i i ~ d e d  a s  r e p r e s e r i t a t i  ve of  i n g r e d i e n t s  of 
p e s t i c i d e  f o r i n u l a t i o n s ,  The p a r a m e t e r s  i -rre e i t h e r  
ob t i i ined  d i r e c t 1  y from tile 1 l t t : r a t u r e  or  e s t i m a t e d  
by  v,irli?irs r r l o t l o n s l ? i p s  dnd itre summarizc.ti i n  
Ti?i>lt, 3, 
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Table 3. P r o p e r t i e s  of a d e l  compounds. 

DO'? 352 
P e n i t r o t h i o n  277 
i3a*Li~ocarb 208 
'Tr 4chLoriao 2 56 
Phospiiamidoa 2 99 
Perni r r i~r in  3 93 
Gkr baryi 201 
C : I I O T ~ ~ ~ C ~ ~ O S  ; ~ n  
C h i  0;-pyri  Eos-.ece:hyi 3 2 1  
V:.drjn 
ad>. - 378 
2;!-a%:iien--a;ri-i1y! 263 

There a r e  ofrcir eons idecab le  discrepant i e s  i n  i 1977) rsi.iii..vted chi* prodtiction o f  f i v e  r e s e r v o i r c  
t h e  va lues  of Kow, ware; s c lub iL icy ,  Knc, a 4  N, o f  the S a i n t  John River i n  iiortliwestern N.B, t o  iK: 
r epo r red  'r.n the "iterar~~r-c.,  The va lues  i n  Table 3 0.6-i,95 kg!ka/yr and fu r  fFve r e s e r v o i r s  of the 
a r e  a c c u r a t e  probably witliiii i - 0 - 1 - 5  ordcr  of Mur:qrr;~sh River in ~otit.11 c e n t r a l  M*B= t o  bc 9 - 4 9 - 1 ,  i 
mag-ii tilde. kg /ha /y r -  It i s  asstuned the Figures rep:esc:rt 

product ion  of crour end rhe Figures a r e  in genera l  
agreement w i t 1 1  rlmsr for ai:ntial yield of t rou t  to  

SfRtri:TtiRF: OF EQLIILI::EliU"-I i>iST~.IBLiTiON tG.IEL anglers (TahLe  5)- 

A p r e j  lwinary asscssmeilt of  the  eqrii l",briucn 
d i s c r - ibu r lnn  of cke  chearicals was perforned on a 
six-coinpar raei i t  ;loiieL ( ? i g  ; 1 ,  Connecting l i n e s  
betwee? cornpartnents i l d i ~ 3 i i e  the r o u t e s  of oiorieineiit 
0 5  cltc c l - ~ i ~ , ; ~ i c a I .  L i  i n  a+s:r-nei: ?::iai :liere i s  rm 
d i r e c t  t r a n s f e r  of t he  cirenti.coi between so7e com- 
pa r tmen t s ,  A t  eqii i l!bri~an, this assiirciption does not 
a f f e c t  rhe d l s t r i b u c i o n  o f  cfre c:~emica?,  The d i s -  
t r i b r : t  ion depends on the  ;;ri,perries of t he  chemical,  
c i z e  of t h e  cornpar tazen t 5 .  

The c h a i c e  of ",in compartment s i z e ,  and par- 
t icular1 .y  rhe r a t i o  herween ii:e s o i l  and the k ~ t e r  
comiiart!fient, i s  q u i t e  a r h i i i a r y ,  Tile a r e a  of ! km2 
was cilosen a s  ;i base and the  cornpartme?: s i z e s  a r e  
l i s t e d  i r i  Table 4 ,  

X IOTA 

An a t tempt  was made t o  choose r e a l i s t i c  va lues ,  
About  two- th i rds  o f  s t reams in  New Bruoswick d r a i n  
s o i l s  o v e r l y i i ~ g  sedimentary format ions  and one-third 
drain t?il.n s o t i s  ove r ly ing  Igneoiis rock formations. ,  
Pew i a k c s  occur  i n  i ireas with sediment:?rp d e p o s i t s  
(Smiti: 1952 ,  1963). S tanding crops  of f i s h  ~ n d  
yield of t r o u t  t o  a n g l e r s  from !qew Brunsi;ink and 
Enva S c o t i a  a r e  low, In  c o n t r a s t ,  ponds i n  Pr ince  
Edward I s  l and ,  with d ra inage  a r e a s  i n  carbc;;li ft.rc;;ls 
s a i~ds tn i l e  have k i g h  produc:ivFty (Tab l e  5). 

A l a k e  near P r e d r r i c i o n ,  N,.t3,, was poisoned ;o 
e l  iininate g o l d f i s h  and the s tanding crop of Fish was 
7 3  &/!la (Nnoper  and Gll .bert  1978)- However, rhs  
prodrictilnm o f  trout (C*? kgjhaj was l o w ,  Hooper 

--a iiie st;indir.ig crop of n!isrd f i s h  o f  19-40 k g / h a  
(S-iEth 1952) wens in be #i reasoiiable es t i raa te  fo r  
t he  p r o d u c t i v i t y  of Now Ilrunswick lakes, It is 
assrraed from t h i s  es t ima te  t h a t  the average  s t acd ing  
c rop  cf fisi? i s  30 k # / i a  and,  complete ly  a r b i -  
i r a r i L y ,  ti?;;: t h e  s t and ing  c r s p  of !:iota i s  100 
rir.es t k l j  o --..- "ditie ( 3 0  kiigiha), A t  an average  depth  

o f  5 as the coiicentra:ion of b io t a  i s  then SE-2 
?lg/m3,  t issmiag f u r t h e r  t h a t  the s p e c i f i c  
weight o f  biota i s  I k i i , / h 3 ;  the volume f r a c t i o n  of 
b i o t a  i s  632-5. Tnis lraliie was rounded o f f  to  5E-5. 

Equi i'ibri~um i-oaceritrntions a r e  c a l c u l a t e d  on 
the assunpi i t in  t ? ~ ; i r  i l?i ,  ~ i i s t r i b i l t i ~ > n  of  ~ h i i i l i c a l s ~  
a p p l i e d  at a r a t e  t y p i c a l  fo r  f o r e s t  spraying, t akes  
p l ace  wir-hout deg rada t lve  o r  a2.,vecvLve l o s s e s  fron 
t he  system- ' k l s  i s  a  c r u r e  o v e r s i m p l i f i c a t i o n .  On 
the  o t h e r  ilanti, t he  h a z ~ r d  assessment is performed 
on a i:omparative b a s i s  and draws a t t e n t i o n  to  
s i m i l a r i t i e s  and d i f  F e r e ~ ~ c i r s  among c l~emical  s ,  
Neglec tirzg degraiiai-io:~ .iintl ziilvec i t  o n  may make the 
asscssme:?t in i r r i i  cnilser;~crltve.  

E q i i i l  l b r i ~ i q  ccncentr--3tions e r r  c i r ? c u i a r i ~ d  as  
out l i ned  i i r  ttir Appendix by c a l c u l a t i n g  the 
cqu:libri im fugac l iy ,  which is rhe same i n  dl1 
coinpar tinontq and, subsequen t ly ,  the  e q u i l i b r i i w ~  
c o n c r a t r a t i  oe s  i n  each compartment. The e q i l i i i b r i u a  
c o n c e n t r a t i o n s  a r e  obta ined by a i? i l t ip lyfap  the 
e q u i l i h r i u x  frrgaciry by the r e s p e c t i v e  fugac i ty  
capac : t i e s .  
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T a b l e  6. S i z e  of comp-lrtrneilts i n  the  e q u i l i b r i u n r  d i s t r i h n t i c ~ n  e o d c l  
( F i g -  I ) >  
-- . . _ _ ~ - - 

Compartment Dimensions,  m Voltme, m 3  Remarks 

_ .. . ____-.___ ~ 

1 000" i 300* ? 000 iE9 A i r  The he ight  of  tlir a i r  co lwn i l  
was s e t  a t  1000 rn 

S o i l  R00*80O*G. 2 l e 5  I n c l u d e s  v e g e t a t i o n ,  a r b i t r a r y  
clmi.ce n t  a 20-cm l a y e r  

Mace r  200*200*5 2E5 
Sediment 200*200*0.05 283 
§us pended 

s a l ~ d s  
Bio t a  

Table  5, Starrding c rops  of  f i s h  and y i e l d  of  t r o i i t  t o  a i i g l e r s  from WPW 
Yrclriswick and Nov;; S c o t i n  Lakes ;?nd f o r  Pr i i l c r  Ediiard I s l a n d  ponds ( f rom 
Smith L3i2, 19631. 

h n n w l  y i e l d  o f  t rout  8 C h a r l o t t e  Co,, N,B, Average 0.65 
t o  a n g l e r s  I.akes 1 9 4 1 ,  1947 0. C9-2.4 

Annual y i e l d  of  r r o u t  
t o  a n g l e r s  4 N , S ,  Lakes 1W5-47 0.1-4.2 

S t a n d i n g  c r o p  brook t r o u t  P . E , I .  ponds 1948-43 50-125 

4.naual q i e l d  of t r o u i  
t o  a n g l e r s  P,E,L. ponds 1943-49 25-50 

Typica l  applica"l ion r h r e s  o f  p e s ~ c i d t i s  i i n  

f o r e s e  s p r a y i n g  ( T a b l e  6) were chosei? f o r  c a l c u -  
l a t i o n s ,  The a p p l i c a t i o n  r a t e s  o f  t h e  hydrocarbons  
were c a l . e u l a t e d  frola the  u s u a l  d i l u t i o n  r a t i o s  of  
aminocarb  o r  f e n i t r o t h i o n  f o r m u l a t i o n s  by t h e  
p e s t i c i d e  d i lue i i i :  585,  asstimed t o  c o n s i s r  of  dode- 
c a n e .  R e 3 r e s e i l t a t i v e  c n n c e n t r a c i o n s  o f  n a p h t l ~ a i e n e s  
i n  f u e l  o i l  were used to  c a l c u l a t e  the  i n p u t  of 
t h e s e  compounds. 

E u g a e i t y  c a p a c i t i e s  of  t h e  conpar rments  i i s t e d  
i n  T a b l e  4 o r e  summarized i n  Table  7 ,  

The v a l u e s  of  f u g a r i t y  c a p l i c i t i p s  a r e  s t r o n g l y  
a f r e c t e d  by t h e  v a l u e  of H, and i t  i s  i m p o r t a n t  t h a t  
t h i s  v a l u e  is  de te rmined  a s  a c c u r a t e l y  a s  p o s s i b l e :  
Koc i n f l u e n c e s  t h e  f u g a c i t y  c a p a c i t i e s  o n l y  i n  
c o m l > a r t ~ n e ~ t s  c o n t a i n i n g  s o l i d s  f stlspended s o l i d s ,  
s e d i m e n t ,  and s o i l ) ,  Kow a f f e c t s  t h e  f u g a c i t y  
c a p a c i t y  o f  a q u a t i c  b i o t a .  

c o n s t a n t s  an<? t o x i c i t y  o f  p s t i c i d e s .  m e  e q u i l l -  
b r i m  model assumes no d e g r a d a t i o n  and no t r a n s p o r t  
o u t  of  t h e  system. i n  a d d i t i o n ,  t h e  t ime  needed to  
r e a c h  t h e  e ~ i l i b r i i m ,  is n o t  kno-m, In f o r e s t  
s p r a y i n g ,  t h e  p s t i c i d e  is  i n j e c t e d  i n t o  the a i r  
compartment a n d ,  a l a o s t  i m e d i a t e i y ,  a p a r t  of  i t  
(50-80%) r e a c h e s  t h e  s u r f a c e s  of t h e  s o i l  and water  
compar tments , Mixing i n  t h e s e  compartments aay t a k e  
a  Long t ime and t h e  " t r a n s i e n t "  c o n c e n t r a t i o n s  may 
d i f f e r  c o n s i d e r a b l y  from the  e q u i l i b r i a %  
c o n c e n t r a t i o n s ,  In  a d d i t i o n ,  EEG % a r e  a E f e c t e d  by 
t h e  a c c u r a c y  of t h e  id~ys ico-chemica l  c o n s t a n t s  and 
o c h e r  model parameters .  

X i t h  t h e s e  l i m i t a t i o n s  i n  mind, two q u a n t i -  
t a r l v e  and s e v e r a l  q u a l  i t a t i  v e  i a d i c a t o r s  can be 
iised f o r  tile assessment  of  p e s t i c i d e s ,  bas rd  on t h e  
e q u i l i b r i u m  mode?. 

"LETFZIILiTY I N D E X  

-.i .: r,31, s  a r e  g i v e n  in T a h i e  8 ,  L e t h a i i t y  ( a s  96-h LC501 i s  t h e  most :acr:itriitely 
d t b t e r m i i ~ a h l e  measure of t o x i c i t y  aiid a  l e t i i n l  i t y  
ini iex,  d e r i v e d  by d i v i d i n g  EEC's i n  water  by t h e  

EVAI,UATL,)N OF EXP;---- - - - -  
* , ~ i t - , ~  G ~ U L L L ~ K I U M  COiu'CEh"~P.ATli3';SiS r e s p e c t i v e  L65OTs,  a p p e a r s  t o  be a u s e f u l  measure of  

r i s k ,  

The n o d e l  i s  i i y p o t h e t i c a l  and r e p r e s e n t s  an Le tha l  i:y d a t x  f o r  f r e s h w a t e r  f i s h ,  F r e s h w a t e r  
a t t e m p t  t o  c a r r y  t h e  assessment o f  p o t e n t i a l  e f f e c t s  i n v e r t e b r a t e s  ( e x c l u d i n g  i izsec ts )  and maritit? i n v e r -  
o f  p e s t i c i d e s  one  s t e p  f u r t h e r  from q u a l i t a t i v e  t e b r a t e s  ( T a b l e  9 )  and t h e  r a n g e  of  l e t i ~ a i i t y  
judgrnili~t of a p p l i c a t i o n  r a t e s ,  physico-cherni.cal i n d i c e s  ( T a b l e  10) a r e  L i s t e d  fo r  each  compotsnd, I t  
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T a b l e  6, A p p l i c a i i a i ~  r a t e ,  

Naphika iene  
Dodecane 
N e r h y l n a p h t h a l e n e  
filmethyl 
TrimechyL " " 

13 13T 

P e n i t r o t h i o n  

T a b l e  7 .  F u g a c i t y  c a p a c i t y  of the i~ude!  compartments,  

-- F u g a c i t p  r a p a c i t y  (mo1/m3 a tm)  
Compound Water Siisp. s o l i d s  Sed iment  i!q. b i o t a  S o i l  

N-phthalene 
Dodecane 
Methylnapntha lene  
Diinethyl "" 
Trrmethyl  ' 

D31 
F e n i t r o  t b i o n  
,&inoc a r b  
Nonyf nacnol  
Tr i c h l o r f c n  
Phosphanidrn  
Per ine thr rn  
C a r b a r y l  
C h l o r p y r i f o s  
C h i o r p j r i t c s - t n ~ r  hyi 
E n d r l n  
P a r a t b i g n - n e t h y l  



T a b l e  8 ,  Expected e q u i l i b r i * m  c o n c e n t r a t i o n s  f E E C )  f?r  m o d e l  g i v e n  i n  F ig .  1. 

I n p ~ ~ t  C c n c e n t r a t i o n  ( m) 
Conpobrid mol/km2 S i r  Waier Sus.  s o l i d s  S e d ~ i ; i e n : ~  Aq. b l o t &  S o i l  

- -- 

Naphtha lene  4 . 1  0.2E-6 0. iE-4 0.lE-3 0. iE-2 0.3E-2 0-1E-2 
b e t i l y l n a p h t h a l e n e  25 0.2E-5 0 . E - 3  0.9E-3 0.9E-2 0.42-1 0.9E-2 
D m e t h y l  " 26 0,2F-5 0 ,  AF-4 0.9E-3 0.9E-2 0 5 0,9E-2 
Trl inet l lyl  ' 2 4 0,1E-5 0.5'6-4 0.1E--2 0.1E-1 0-96-1 0, IE-l 
D O G ~ C ~ D C  5 90 0.1E-3 0.4E-6 0.3E-3 O.3E-2 0-52-1 0.3E-2 
Nonyl pnenol 78 0.22-5 0.4E-3 0. BE-2 0.8E-l 0.5EO 0.8E-1 
DDT 318 0-8E-7 0.5E-4 0.5E-1 0,5F,0 0.8Ei 0.5EO 

159 0.4F-7 0-3E-4 0.3s-1 0.3EU 0.4E1 0.3EO 
80 0-22-7 3.1E-4 0.10,-1 0. iE0 0.2E1 9. lE0 

F e n i t r o t b i o n  101 6. IF-6 0.2E-2 0. IE-i 0. I E O  O.bE-1 0. iEO 
76 0.5E-7 0, iE-2 6, lE-I 0. IEO 0. SE-i 0. iE0 

A m i n o c a r ~  i. 1 0.8E-5 0,8E-2 0.3E-2 0.3E-1 0.4E-.I O.3E-1 
T r l c k l o r f 3 n  I09 0.7Z-LO 0.8E-1 0.6E-2 O,OE-l  0.8E-2 O.b&-1 
P h o s p h d ~ i d o n  58 0,7E-10 0.8E-1 0.8E-3 0.8E-2 0.8E-2 0.8E-2 

30 0-46-10 0* 4E-1 0.46-3 0.4E-2 I3.4E-2 0.4E-2 
Z ~ r i n e t h r i n  4.9 0,3E-7 0-2E-4 0.92-3 0-9E-2 0.2K0 0-9E-2 
C a r b a r y l  139 0.3E-6 0 . Z - 2  0. i E - l  0. iE0 O.hE0 0.1EO 
C b l o r p y r l f o s  2 3 0.1E-7 0.3E-4 0.4E-2 0.4E-I 0.3EO 0.4E-1 
Chiorpyr i fos -metnyl  23 0.33-7 0-2F-3 O.4C-2 0.4E-1 0.3EO 0.4E-1 
E n d r ~ n  159 0.1E-7 0.2'-3 9.3E-1 0.3E0 0.3Ei 0.3EO 
Para th ion-methyl  106 0. 3E-8 0.2E-2 O.1E-1 0. iET1 0.5E0 0. IF0 



Table 9. The 96-k' LC'5O's o>e\eral non-vestlcidal ~ngredients of pesticrde fcrmulatrani and wveral 
pest rcrdes to freshwater f ~ s h ,  fresbwecer ~nvertebrates excluding insec cs, and to marrile mvertebrates. 

Compoi~nd Species or group 96-h 1,650 (ing/L) Sourr e 

- - - -- -- -- .- - -- -- - - - - - - -- 

Naphthalene 4 narine invertebrates 2,O-3.8 
Brown shrimp 2.5 
Pink salmon fry 0.9 
Mosquito fish 150 

Several authors i n  Neff ( 1 9 7 9 )  

HetthyLnaplxthalene Crab larvae, grass shrimp 1.1-?,9 In ?Jeff ( 1 9 7 9 )  
Sheepsicad sinnow 2.0-3.4 

Dimethyl " " 3 mar Lne invertebrates 0-6-2.6 In Neff (1979) 
Sheepshead minnow 5.1(24-h LC501 

Trimetliyl " ' Marine pulychete 20 in Nefi 11979) 

12 freshwater fish 
2 ~arine lnver tebrates 

Parathion-metiiyi l i freshwater fish 
3 Dzphnia E P I  

3 marine invertebrates 

himinorarb 

Fcnitro thion 

Juvenile At l.antic salmon 0.9 Elckese et aE. (19PObj 
Fingerling rainbow and brown trout 3.15-0; 23 Sundaram Ropewe11 ( 1 9 7 7 )  
Freshwater clam 1 , 7  Mckese et al, (I980b) 
Lobster and shrimp 0.2-0.3 NcIzese et ale (1980b) 

fresnwter f i s h  
Bro-m shrimp 
Cock1 e 
Cranrjon shrl.mp 

R E I L Q ~ O J  ITOUQ: 

Fathead minnow 
2 Dzphnla s p a  
Zreshwacer a.np\i?od 

Sa 1mo-i 
Trout 

Freshwater fish 
Freshwater fish 
Freshwater ccayfrsi~ 
Lobster 
Crang0.i skrrmp 

Sa Lm on 
Crangon s h r i m p  
Freshwater clam 
Freshwater crayfish 

S ~ l m o n  
Lobster 
Fresiiwater crayfish 

Chlorpyrifos 4 freshwater fish 
Mosquito fish 
Freshwater invertebrates 

0.02 -0.08 Johnson ( 1968) 
0,063-0.01 Portmann a ~ d  W~lson ( 1  97 1 )  

>10 
3-0W4 Hckese a i d  Wetcal f e  ( ?  980) 

0,004, 0 .0 i i  Zirko ct  al, ( 1 9 7 7 ,  19791 
0,135 Coates and O'Donnel?-Jeffrey 

(1979) 
0.004-0.008 Lindgn et a l ,  ( 1 9 7 9 )  
0-01-C1.015 Jolly et a l e  (1378) 
0.000L,-0.0000 ., ,. .~ 
0,0007 Nckesi? et a l .  f 198Obi 
0.0003 .. ~, 

Srindarar: and Szeto ( I Q 7 9 )  

Phiispiiamid~il -P.--. A L u t l C  8 (48-11 T,CSO) L:I Piaente! 1 1 9 7 : )  
Freshxater i n v e r  ti.irrati?s 0.0f14 ( 4 8 - i ~  I,C50) 
Mar in i i  shrimp 0.44 (48-h IJC5O) Builer ( 1  364) 
Spiny lobster 0.3 Susrez P T  all ( 1 4 7 2 )  
Lobs t e r  0.05 McIeese ( 1 9 7 4 h )  



r a b l e  9 ( c o n t ' d ) .  

Compound S p e c l e s  o r  g roup  96-h LC50 ( n g l i ?  Sourr  e  

End r  i n  4 f r e s h w a t e r  f i  sli 
6 f r e s h w a t e r  f i s h  
Freshwater  c r a y f i s h  
2 ampl l i  pods 
G l a s s  shr imp 
2 Daphnid s p .  
Crsilgon shr imp 

0.0002-0.003 I n  PimenteL (1971) 
0e0003-0.001N .Johnson j l 9 6 8 )  
O.OO32 (immature)  Grant  ( 1  976)  
0.0013-0.003 
0,13033 
0,02-0,045 
0.0006 McLeese e t  a l l  (1980a)  

Tab? e  10. L?tlw? l t y  index  ( e x p e c t e d  - q u i i i h r i m  c o i ~ c e n t r a t i o n  d i v i d e d  by 
96-h i i : 5O)  and h i o c o n c e n t r a t i o n  ( e x p e c t e d  e q u i  1 i hriiun c o n c e n t r s t i o n  i n  
a q u a t i c  b i o t a  d i v i d e d  by tlie r e s p e c c i u e  c o n c e n t r a t i o n  i r t  w a t e r ) .  

Le t h a  i i t y  index  
Corn,pounr! >fax. - Fiin, 

Na 13h t ha l ene  0. iE-4 - 0,7E-7 
e t L i t  e n  0, 3E-4 - 0, 9E-4 
Dimethyl " " 0.7E-4 - 0.8E-5 
T r h e t l l y :  " " 0 -  2E-4 
Dodeca;?e - 
Nonylpilenoi lj.3E-2 - 0.2E-5 
DOT 0. i - 0. 1~-3 
F e n i t r o  th ion  2.0 - 0, IF,-2 
h i n o c n r b  O,AE-1 - 0.9E-3 
T r i c h l o r f o n  500 - 0.4E-3 
Phosphamidon l o  - 0 - 3 - 2  
Perroethr in 0.7E-1 - 0.IE-3 
Garbarj.1 0, i - 0.iE.-3 
ChLorpyr i fos  0.3 - 0-2E-2 
C h l o r p y r i f o s - m e t h y l  - 
E n d r i r ~  - 0.7E-1 
Para th icn-methyl  0.2 - 0.2E-3 

Very Low i l s k  
,* ., ,, 

1,ow risn. 
Rlsk 
Very h i g h  r l s k  
M s k  
Very h i g h  r i s k  

*, *' 

Risk 

Very h i g h  r l s k  
Fdsk 

i s  t ~ n d e r s t o o d  t h a t  ihe ranges  a i g i l t  be i n c r e a s e d  i f  
t h e  1 e t l i a I . i t y  d a t a  b a s e s  were e x t e n d e d ,  Aquat ic  
i n v e r t e b r a t e s  were r o r e  s e n s i c i v e  t o  the  p e s t i c i d e s  
tlran f r e s h w a t e r  Fish ,  iinwev:?r, f o r  exidrin,  f r e s h -  
w a t e r  f i s h  and a  mar ine  i n v e r t e b r a t e  were e q u a l l y  
s e n s i t i v e .  

The maxirnim l e t h a l  i t y  i n d e x  f o r  ii;i::Il of tiie 
compounds was chosen  a s  :he i a i t i a l  menszire of r i s k ,  
J i idg ing  from tile maxirntm l e t h a l i t y  i n d i c e s ,  s i x  
co?npounds have s m a l l  i n d i c e s  i n d i c a t i n g  10s- hazard  
p o t e n t i a l ,  These compounds a r e  t h e  n o n - - p e s t i e i d a l  
i n g r e d i - e n c s  of tile p e s r i c i d e  formulations. Seven 
p e s t i c i d e s  have i n d i c e s  of a b o u t  0-  1-0.3, i n d i c a t i n g  
h i g h  kazard  p o t e n t i a l  and f o u r  j ~ s t i c i d e s  -wit11 
i n d i c e s  of i-500 have  e x t r e m e l y  h i g h  !kzzard 
p o t e n t i a l .  

Syiiions j 1977)  devised  o hazard  index f o r  
f e n i t r o t h i o n  a s  t h e  r a t i o  of rile cconcentrat ioi i  o f  
f e n i t r o t h i o ~ ;  observed  i n  t h e  environment t o  the  
c o n c e n t r a t i o n  ca i i s lng  a 50% resi:onse i n  t h e  
l a b o r a t o r y .  For ciil a p p l i c a t i o n  r a t e  of 210 g 
f e n i  ir-ol-i-ii o n / i ~ a ,  t h e  es t in lz ted  bazard  index f o r  
salmor? ~ n o r t a l i t y  was 0.6E-3 t o  0.13E-2, Presumably,  
24- t-, -48-h lrC5O d a t a  were used ,  No m o r t a l i t y  was 
p r c i i i c t e d  and ilc eonf l rmrd  m o r t a l i t y  w a s  observed  !:I 

t h e  f i e l d .  

Oir e s t i n a t e s  of  t h e  l e t h a l  i t y  index  for  f'ini- 
t r o t h i o n  were 0 ,  iE-2 t o  0.2E-2 f o r  salmon,  0.31.:-1 t o  
0 .2  f o r  f r e s h w a t e r  c r a y f i s h  and ! t o  2  f o r  l o b s t e r s .  
No s i i j r td l iey  aiirorig salmon,  and probably  no s e r i o u s  
m o r t a l  C! y  ainong c r a y f i s h ,  i s  p red ic  t e d  , G r e a t e r  
t h a n  50% n u r t i i i i t y  w u l d  tie expec ted  among l o b s t e r s  
i f  t h e  expscred  enviroriinerltal cnncentrat icir i  should 
o c c u r  i n  s e a  w a t e r ,  

The b i o c o n c e n t r a t i o n  f a c t o r s ,  o b t a i n e d  by 
d i v i d i n g  tile expec ted  equi  Z i b r i u m  c o n c e n t r a t i o n s  i n  
a q u a t i c  b i o t a  by t h e  r e s p e c t i v e  c o n c e n t r a t i o n s  in  
w a t e r ,  a r e  a n o t h e r  u s e f u l  q u a n t i t a t i v e  -index ( T a b l e  
10) .  

OTSER FACTORS 

Add i r i o n a l  f a c t o r s  inn? he c o n s i d e r e d  q n a l i -  
t a i i v e i p ,  Nigh c o n c e n t r a c j o i ~  i n  , t i t -  i ~ i i i i r ; z t r , s  t h a t  
tlii- coinpou;~? may l e a v e  the  syscrln by advec r ion  from 
t h i s  compariincnt . Gh tlir? o t h e r  !ucnd, a l i i j : i i  concen- 
i r i i t  I o n  ii-! sed %inen t po t i i t s  out Llre ti.i~iit-.iii.v - I F  r 11c- 
c:)in~xi"ui~""ifi> reeini:? in  tlre sys tem,  Chen~ ic~ i !  
strzi:. ture o f  t lli? cornpn!liid g l u e s  good qtra I i t . ir  i ize 
i i - d i c w r i o i r s  o f  tlie degr;atii~t ion w t l i ~ a y s .  P e r s i  stet-it 
p e s t i c i d e s ,  d i . f T i c \ i l t  lo d e g r a d e  o r  metabu? i7.c; such  



as DDT o r  e n d r i n  a r e  e x c r e n e s  end a r e  no t  l i k e l y  t o  
b e  used  a g a i n  on  a  l a r g e  s c a l e ,  Compounds c o n v e r t e d  
r e a d i l y  i n t o  n o n t o x i e  p r o d u e t s  by a r e l a t i v e l y  
n o n s p e c i f i c  cireiiiical r e a c t i o n  such  a s  h y d r o l y s i s  o r  
o x i d a t i o n  a p p e a r  less h a a s r d o u s  t h a n  compoirnds whose 
d e g r a d a t % . o n  p r o d u c t s  e f i h e r  r e s e ~ b l e  t h e  pareri t  
compounds i n  t o x i c i t y ,  o r  a r e  farmed only  by r e l a -  
t i v e l y  s p e c  i f  i c  chemica l  rea ic t lons .  For example, 
t h e  d e g r a d a t i o n  o f  p e r m e t h r i n  by h y d r o l y s i s  y i e l d s  
t s o  nontoxic.  p r o d u c t s  cornparod t o  t h e  p a r e n t  
c o n p o u r ~ d .  i n  c o n t r a s t ,  t h e  h y d r o l y s i s  produc ts  of 
f e n l r r o t h i o n  (3--methyl-Gnitrophenoi) and of  
c a r b a r y l  (1-naphthol )  are a p p r o x i m a t e l y  a s  t o x i c  t o  
f i s h  a s  a r e  t h e  p a r e n t  comp3unds. 

HAZARD ASSESSYEN? 

Based on tihi-! q u a c t i c o t i v e  I ' k b f e  8) ant? qua1.i- 
t a t i v e  f a c t o r s ,  t h e  relairiiie l?aznril assessment  of 
p e s t i c i i l e s  and other ingred ie r , t i :  of p e s t i c i d e  
F o r m i ~ l a t i o n s  i s  o u t l i n e d  in S a b l e  11, 

-9 - 
The r a n k i n g  depends a l s o  an the  a p p l i c a t i o n  

r a t e s  o f  t h e  p e s t i c i d e s  ( 'Fable 61, For exai.iple, an 
i n c r e a s e  i n  a o p l i e a t i o n  r a t e  f o r  one o f  t h e  pesti- 
c i d e s  would r e s u l t  i n  ;in i n c r e a s e  i n  EEC, i n c r e a s e d  
l e t h a l i t y  index  and r e l a t l v e  l e t h a l i t y  i n d e x ,  

In a d d i t i o n  t o  w r a m e t e r s  c o n s i d e r e d  i n  t h e  
e q u i l i b r i u m  model ,  p a r a m e t e r s  f o r  t h e  k i n e t i c  model 
i n c l u d e  d e g r a d a t i o n  and t r a n s f e r  r a t e  c o n s t a n t s .  
S i n c e  t h e  vn i t ies  o f  t h e s e  c o n s t a n t s  a r e  at  t h e  
moment l a r g e l y  c o n j e c t u r a l ,  t h e r e  is l i t t l e  advan- 
t a g e  in e a n s i d e r i n g  a  otulti-compartment model ,  The 
3 isc :uss ioa  w i l l  be l i m i t e d  to  a systeern of  t h r e e  
c o m p a r t m e n t s  a i r ,  w a t e r ,  atid s e d i e e n t  ( F i g ,  Zj, .% 
t h e  eq i i i l  i b r i u n  model i n d i c a t e s  , aqua-cic b i o t a  
c o n t a i n s  on ly  a  s m a l l  f r a c t i o n  o f  the  ciiernicai 

T a b l e  1 1 ,  il;ir.klng oi pesticides and f o r m u l a t i o n  j n g r e d k e n t s  i n  o r d e r  of 
i n c r e a s i n g  hazard t o  t h e  a q u a t i c  envlrori,n:~nt, 

- - R e l a t i v e  
j ierl:a!. i n d e x )  (Bioconr - j i'tlres f i ~ c t o r s  Overall rank  

Naphtha lene  
Yethylnapht l ia lene  
T r i n e s h y l  '"" 

Dodecane 
Aminocarh 
Cl.ncthyLnaphi-haier~e 
Nonylp i~enol  
C a r b e r y l  
F e n i t s o  t h i c n  
Paiathioii-methyl. 
Triskz!arfon 
Phospharnldon 
Perrnetl~r  Ir 
C h i o r p y r i f o s  
Chlorpyr i fos -methyl  
UDT 
Endri i i  

I 
7 

3 
4 
5 
6 
7 

Degrade rox ir 8 
9 

10 
11 
i 2 

Degrade non-toxic 13 
14 
15  

Non-degradable 16 
! 7 

Foliowii ig tlie idea cF Symcns (1977) f o r  u s i n g  
Eenitro::kion a s  a benchmark p e s t i c i d e ,  t h e  maximum 
L e t h a l i c y  i n d e x  and b i o c o c e e ~ ; t r a i i o n  f a c t o r  f o r  
fe r . i t ro t ! l io r i  were ass ig i ied  a v a l u e  of ::oity. The 
l e t h a l i t y  i.i?dm arid b i . j eoncentcaz ton  f a c s o r  f o r  each  
o f  t h e  o c h e r  (l-oillpo~~~:ds were adjustec? a c c o r d i n g l y ,  
The r e : a r l v e  l e t h a l i t y  iridex i a u l t i p l i e d  by t h e  re la - -  
t i v e  b i .oconcent ras ion  far t o r  p r o v i d e s  tho  i n i t i a l  
IXeRSUre f o r  r a n k i n g  the c n m ~ ~ o u n d s  i n  terms of r i s k I  
The r a n k i n g  rimy be  modi f ied  hy sonsiderae! .on a:^ 
o t h e r  f a c t o r s ,  

Nonyiphenol Is t h e  mosc Fiazardous of t h e  non- 
p e s t i c i d a l  i n g r e d i e n t s  o f  ti.e p e s t i c i d e  formula-  
t i s n s ,  r a n k i n g  two b e f o r e  f e n i t r o t h i o n .  C a r b a r y l ,  
para th ion-methyl  and t r i c i ~ l . o r f o n  a r e  r a t e d  ahaaut as 
h a z a r d o u s  as f e n i t r o t h : o n ,  Phosphamidon, 
p e r m e t h r i n ,  c h l o r p y r i i o s  and c h l o r p y r i f o s - n e t h y i  a r e  
more h a z a r d o u s ,  The pesticides with t h e  h i g h e s t  
risk a r e  DDT a:id e n d r i i i ,  E n d r i a  has never  been 
proposed  fo r  F o r e s t  s p r a y i n g  o p e r a t l ~ n s ~  

F ig .  2. A k i n e t i c ,  3-cumpart%ent model, 

a p p l ~ e d  ti, t h e  sys tem-  Consequent ly ,  t h e  concen- 
t r a t i o n  of  t h e  chemrca l  i n  a o u a r i c  b i o t a  can be 
a s s u ~ e d  t o  bp dz te rmined  by t h e  c o n c e n t r a i i o n  of  t h e  
c h e m i c a l  57 ~ a t e r ,  w ~ t h o u t  e f f e e t l n g  I r , 



D e g r a d a t i o n  i s  assumed t o  foblow F i r s t  o r d e r  
k i n e t i c s  and t o  i n c l u d e  trorisporr: nu t  of t h e  system 
a s  w e l l *  The d e g r a d a t i o n  r a t e  c o n s t a i l t s  a r e  in 
u n i t s  of  1Jyr .  I F  t h e  c o n c e n t r a t i o n  of a chemica l  
d e c r e a s e s  SOX i n  I d ( h a l f - l i f e  i d ) ,  t h e  degra-  
d a t i o n  r a t e  c o i l s t a n t  K=2511. 

E s t i m a c c s  of  V, in tile 1 i t e r a c l ; r e  a r e  n o t  
e x c e e d i n g l y  a c c u r a t e .  In  s o i l ,  t i le  M I S - l i v e s  o f  
n o n p e r s i s t e n t ,  n iodera te ly  p e r s i s t e n t ,  and p e r s i s t e n t  
p e s t i c i d e s  a r e  <20, 20-i00, and > I O U  d ,  r e s p e c t i v e l y  
(Kao arid Davidson 1980).  The d a t a  f o r  i;ome of t h e  
model  y e s t i c i d e s  and o t i i e r ,  r e l a t e d  p e s t i c i d e s  are 
g i v e n  i n  T a b l e  i 2 ,  

T a b l e  12, I k g r a d a t i o r i  r a t e  constan"; of p e s r i c i d e s  
i r r  s o i l  under f i e l d  i n - l ~ d i t i i ; n s  ( b o  a i ~ d  Dax:idsnn 
1986), 

Paarai.liion 
P a r a t h i  on-methyl 
Ciirbafui-an 
C a r b a r y l  
D i e l d r i n  
EndrLn ( a e r o b i c )  

j a n a e r u b  i.ei 
Chi 0rdalle  

Ble r a t e  c o n s t a n t - ;  used in  t h e  k i n e t i c  m w e i  
a r e  p r e s c z t e d  i n  T a b l e  13. %e v a l u e s  a r e  v e r y  rough 
e s t i m a t e s ,  based  p a r r l y  on  l i t e r a t u r e  d a t a ,  p r t l y  
oil e x p e r i e n c e ,  and p a r t 1  y orr m a i n t a i n i n g  r e l a t i v e  
r e l a t  i o n s h i ~ s  among tiin i i ~ e i x i c n l s .  

10- 

Table  13, Degrada t ion  r a t e  i o i ~ s t a n t s  j i / y r )  used i n  
rlie k i i ~ e t i c  model. 

Naphthalene 
iiodr; ane 
:4ethyinapht:.. s l a i e i i ~  
D i n e t h y l  " " 

T r i m e t h y l  " " 

Nonylphenoi 
DDT 
F e n i t r o t h i o n  
P ~ n i n o c a r b  
TP i c h l o r f n n  
Pbospharnidoii 
Permethr in  
C a r h a r y l  
C h i o r p y r i f o s  
C h l o r p y r l  Fos--incatliyl 
%:i~dr i n  
P:mrntliinn-.methy i 

Dt? i o n  r a t e  constant  
Water Sediment .Ur 

-- 

306 50 500 
3c1n i no :no 
200 50 500 
150 25 500 
100 5 500 
50 10 500 

5 0,5 100 
2 013 15 2 50 
208) 20 2 SO 
100 10 i 00 
2 00 15 2 50 
i 09 5 200 
200 2 0 2 50 
2 011 15 2 50 
2 00 15 2 110 

5 (1, 5 i TO 
200 I5  2 50 

s t u d i e s  or: para t t i ion  i ladicated a f a c t o r  of rirlly 
a b o u t  50 ( 6 e r s i . i  e t  a l .  1379) b u t ,  en v i e w  of tire 
o v e r a l l  u n c e r t a i n t i e s ,  t h i s  d i s c r e p a n c y  may n o t  be 
v e r y  i m p o r t a n t ,  The t h i c k n e s s  o f  t h e  d i f f u s i o n  
Layer was e s t i m a t e d  a s  1E-4, l E - 5 ,  and 1E-3 o? in 
w a t e r ,  s e d i m e n t ,  and a i r ,  r e s p e c t i v e l y ,  

The c a l c u i a t e d  t r a a s f e r  c o e f f i c i e n t s  -ire g iven  
r n  Table  1 4 ,  

Ta5be 1 4 ,  T r a n s f e r  c o e f f i c i e n t s  (moL/yr*atm) - 

Very l i t t l e  i s  k~?own about t h e  r a t e  cf t r a n s f e r  
o f  c h e m i c a l s  Setwse::~ compartmentsI  .k a  temporary  
a?proxlmacion  f o r  she purposes  of  t h i s  assessment  
model ,  t i l e  t r a n s f e r  c o e f f i c i e n t s  were c a l c u l a t e d  
from rile f,xi?.iila, d e r i v e d  i n  t h e  Appecdix: 

wt:i.re D i  j = t ~ ' -  o"nsEer i r o e f f i c i e n t  ( m o i i y ~ . * ~ t r ~ i )  
S e t w e n  compartments i and j 

A = c o n t a r  t a r e a  ( N : ~ )  
L = t r a n s p o r t  r a t e  c o n s t a n t  eqirnl t o  D*%/r, 

wilere li = d i f f u s i o r ~  c o e f f i c i e n t  (m21yr) 
1, = 4. L ~ s a c i . t y  - .  c a p a c i t y  
E- = t i i i ckness  of  d i f f u s i o n  l a y e r  

i n ) .  

Tkic d i f f u s i o n  c o e f f i c i e n t  is de te rmined  
p r i m a r i l y  by tila s i z e  of  t i l e  nol .ecu le ,  S i n c e  a l l  
t h e  benebmark ci~erni 'als  a r e  approxiios.tely of  t he  
same s i z e ,  i t  was assumed r h e r  t h e  d i f f u s i o n  
c o e f f i c i e n t s  a r e  t h e  same, : ,6E-2,  ?F-6, and 
160 ir,2/yr, i n  water, s e d i m e n t ,  and a i r ,  respec-  
t i v e l y .  Tne v a l u e s  of  d i f f u s i o n  c o e f f i c i e n t s  i n  
w a t e r  aind a i r  were e s t i m a t e d  a c c o r d i n g  t o  L i t t l e  
( 1 9 7 7 ) ,  The d i f f u s i o n  c o e f f i c i e n r  i n  sed iment  was 
c h o s e n  a r b i t r a r i l y  t o  be 5000 s m a l l e r  t h a n  c h a t  i n  
w a t e r .  This f a c t o r  may be f a r  t o o  h i g h  ~ 1 n i . e  

Naphtha lene  IE9 I ,LE1D 
Dodecane 0.3E5 S.hE5 
Y e t h y l n a p h t h a i e a e  3-8E9 1,8E10 
Dlmetbyl ' 2-0C9 4.4E9 
T r l m e t h y l  ' 4.OE9 6,2E9 
Nonyl$h~nol  2,7EIO 5.1ElO 
a m  I , ~ E I I  I, i ~ l i  
F e i i ~ t r o t h ~ o n  1 , 7 E i 2  2 .5Ei1 
k n i n o c a r b  3,5E10 2 . 3 E i l  
Tr i r  hl  o r  f ~ n  7,2814 L,6E!1 
Phcsphpqldon 1. IF14 2 , h E i i  
Permethr rn 9,4E11 8-5d 10 
C l r b a r  yl 3. OE l i 2 , 3 E l i  
C h l o r p y r i f o s  5,4E11 1 .BE l !  
C h l o r o y r l f o s - m e t h y l  5.9E11 2.1Ell  
i indrln 3.3Ei2 2.4Ell  
Para thrnn-methyl  1 , O E 1 3  2.5611 

--- 

KINETIC EQUATIONS 

Tlir ihrer-co14ipir L i i i e i l i  ki iie L i c  nodel  is 
d e s c r i b e d  by a  system o f  t h r e e  f i r s t  o r d e r  Linear 
d i f f e r e n t i a l  e q u a t i o n s  w i t h  c o n s t a n t  c o e f f i c i e n t s  
( s e e  Appendix). Tn f o r e s t  s p r a y i n g  the  input  cart be 
assumed to be i i i s tan taneous  , r e d i ~ e l n g  the 



differential eqsrations to a hoscogeneous system. The 
solutior~ is in the form 

where C = concentration 
t = time 
A,A1,B,Bl,D,DI = constants. 

The kinetic pattern is siolllar b*th coneen- 
tratlnn in air declining rapidly, concentration in 
water peaking within about O+ 5-1,0 d ,  and concea- 
tration in sediment increasing and Levelling off 
within a~proxiaately 2 d. ' f i e  prc-dic ted eoncen- 
trations are well below those that ?iag hsue toxic 
effects. The profile of dimethylnaphcha7ene is 
given in Fig, 3, 

Fig* 3. Yrn~tre profile of ciaethyl-aphrnaiene, 
Degradaf lor1 rate cofistanfs: l/jr): a1 r 500, water 
150, sediment 25, 

i n  contrast to the naphthalenes, t i l e  highest 
tnncer?tratlon is in the air u n t i l  about 5 d after 
the application (Fig* 4 ) -  

The k~nettcs is similar to that of the naph- 
rilalenes. l%r canceneration in water reaches 3 

maximum after about 1 d and declrnes v e r y  
slowly. After approximately 1 d the highest con- 
centration is in sediment (Fig, 5)- lhe  predicted 
concentrattions are well below toxic ones, 

i 

i 
l - - l - - _ L  i I-_- _L A-2  : 

a 2 4 6 B 1 0  
Days 

Frg. 5. K l n e c r c  profile of nonylphcnol. Degrada- 
tion race constants (i/yr): a:r 500, water 50, 
sediment 10. 

DDT 

*oiiowi~g the hrghesi applicdt~on rate (Table 
$1,  the concentration of DDT rn air decreases slowly 
and the ta~ronhcation in water increases and Irvels 
off l i i  t l i ~  ppl) ranp.-- '1fti.r ,ahout 1 d, The conreil- 
tratinn in sedfnent increases initially q u i t e  
rapidly and later more slowly, Levelling off after 
about 10 d. After approximately 3 d rhe concen- 
tration in sedlrnent- reaches the 100 ppb range, 
Cancentration> In boti mrer and sediment are mthin 
the range rf those letha' to nqiratlc faiina ( F r g .  6). 

Arr "--i.--.-.-.- 

.- I 

o 2 4 6 e 10 
Dnys  

Fig. 5 .  Kinetic profile of DDT, Degradation rate 
constants (l/yr): air 100, water 5, sediment 0.5, 

Pig- 4- K i n e t i c  profile of dudecai~i, . -&gradation 
rate c o ~ ~ s t a n t ;  jljyr): air 500, water 300, sedinetic 
ioo,  



FENITROTHION 

The c o n r e n t r a t i o a  i n  a i r  d e c r e a s e s  s t e a d i l y ,  l a  
w a t e r  r e a c h e s  a  broad  msxlroum i n  t h e  ppb range  a t  
a b o u t  I d ,  and i n  sed iment  l e v e l s  o f f  i n  t h e  10 ppb 
r a n g e  a f t e r  a p p r o x i m a t e l y  2 d ( F i g .  7 ) "  21s 
p r e d i c t e d  c o n c e n t r a t i o n s  a p p e a r  t o  be below t h e  
t o x i c o i o g i c a l l y  s i g n i f i c a n t  renge.  

Fig., 7 ,  M n e t ~ r  p r o f i l e  o f  f e n r t r o t h i o n .  Degrada- 
t i o n  r a t e  c o n s t a n t s  ( I / y r ) :  2 i r  250, w a t e r  200, 
s e d i a e n t  15- 

The c a n c e n t r . a t i o n  i n  a i r  d e c r e a s e s  i n  t h e  w u a i  
manner ,  and i n  w a t e r  has n broad maximum below the  
ppb range .  The c o n e e r i t r a t l o n  i n  sediment i n c r e a s e s  
s l o w l y ,  e q u s l l i n g  t h e  c o n c e n t r a t i o n  i n  water  a f t e r  
4-5 d (Fig, 81, The c o n c e n t r a t i o n  a p p e a r s  t o  be w e l l  
be low t h a t  c a u s i n g  t o x i c  c f f e c c s  i n  aqriat i c  b i o t a .  

P i g .  8. K i n e t i c  p r o f i l e  of aminocarb.  Degrada t ioo  
r a t e  c o n s t a n t s  ( i / y r j :  a l r  250, w a t e r  200, sed iment  
20. 

'The concent ra t t ron  of  t r ~ c h l o r f o n  is h i g h e s t  i n  
w a t e r  and remains p r a c t i c a l l y  c o n s t a n t  ii? t h e  ppb 
r a n g e  throughout  10 d  a f t e r  a ~ p l i c a t i o n .  The 
c o n c e n t r a t i o n  ~ n  s e d i m e ~ t  I n c r e a s e s  s l o w l y  but  d o e s  
n o t  e q u a l  t h e  c o n c e n t r a t i o n  i n  water eruntll about 20 
d .  The concentrat trarl  i n  a l r  has t h e  m u a l  p t t e r n  
(Fig. 91, The s o n r - n t r a t r o n s  dppear t n ~ r c o l o g ~ c a l l y  
i ? s l g n ~ f ~ c a n : .  

F ig .  9 ,  D i i e t i c  p r o t i l e  of t r l c r l o r f o n .  Degrada- 
t i o n  r a t e  c o n s t a n t s  ( l / y r ) :  a i r  100, w a t e r  100, 
sed iment  10, 

The i o n c e n t r a t i o n  p r o f l i e s  (Fig, i O )  a r e  
s l n j l a r  to  those  of t r i r i l l o r f o n  a d  a l s o  appear  
t o x i c o l o g i c - a l l y  i n s i g n i f i c a n t  + 

-12  
i 
1 
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Fig .  10. K i n e t i c  p r o f i l e  of  phospharnidon. Degrada- 
i r o n  r a t e  c o n s t a n t s  ( i j y r ) :  a i r  250, w a t e r  200, 
sed iment  15. 



The concentration profiles (T-ig, i i )  are 
similar io those of fenitrothion (Fig, 7) and are 
probably insignificant "ixicologicaily, 

FLg. l i .  Kinetip Gi-13fil~ of cacbaryl. Degradation 
rate constants ji!pr?: air ? i 0 3  water 200, sediment 
20. 

The concentraclon pro1 i J  es of pernethrin (Fig. 
1 2 1  have the familiar pattern of dei reasing conien- 
tratlon In arr, practically constart oovrentratron 
rn water rn  tke O,i?l-0,1 pab range, and slowly 
increaszng cortencrat~ori in st.dinent., ?evelii~.g off 
~ 1 3  the p?b r l n g e ,  '?he gredlc'ed r o n r ~ r i i r ~ t i o n  of 
pcrnethrz: in water appears to be just berow tile 
lethal tbresheld to fssh, but is possibly writh~ri the 
range of cuncenrratinns l e t h a l  to a q u a t i c  
invertebrates. 

Fig. 12 .  Kinetic profile of pemechrin. Degradation 
rate eonstanrs ( i / y r ) :  air 200, water 100, sediment 
5 * 

1 
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Fig. 13, Kinatic profile o f  ~Dlorpyrifosmethyl, 
Degradation rats constants (llyr): air 2 i C ,  water 
200, sedinent 15. 

Tile cow entration profiles .ire - ( m i l  ar to Ch?se 
u f  i ) i lT( jFrg, l'i) and &hia conre'?trations arc w i t h i n  
ti10 toxit ologlcal l y  signific~nt range. 

Air 
-l-l-,-l-.-- 

I 

0 2 4 S 8 I D  
Days 

F:g- li. Kinetrc profile of endrla, Degradatron 
rare eonstants (ijyr): air 150, water 5, sedrnent 
0.5. 

The concentration profiles ( F l g .  I S )  are 
siaiJlar io those of fenitrothion and the predirted 
concentrations appear toxicologically 
Irisignlfrcar>t, 

The coni,entraflon profiles of bot1.i pesticides 
are si.nilar and url ly  that of the iatter is presented 
(Fig. 131. The predii:ted conceiitrations are similar 
to those of fenitrothior; ~ i i d  appear toxicological'iy 
insignificant, 



0 Parathion-Methy I 

F i g ,  !5. Kin i? t ic  p r o f i l e  of  p e r a t h i o n - m e I ? l y l L  
D e g r a d a t ? o n  r a t e  c o n s t a n t s  ( ? / y r j :  :air 250, w a t e r  
200, st.di-r?eat 15- 

GMPARAT I V l i  ilVALi'i,TlO"i iji- ICINC'I 'IC PROF ZLES 

The k i n e t i c  p r o f i l e s  of  t h e  benchmark chenica1.s  
f a i l  i r t o  t h r e e  groups :  

i .  Compounds w i t h  very  low s o l u b i l  k t y  i n  w t e r  
j p g i L  r a n g e ) ,  v e r y  h;gh Kow (log(Kow) = 5-61, and a 
h i g h  va l i ie  of  M ($1 >lE-31 ,  s u c h  a s  dodecane ,  me 
c o i ~ c e n t r n t i o r r  is h i g h e s t  i n  a i r  f o r  s e v e r a l  days 
a f t e r  ~ p p l i c a t i n ~ i .  ?lie c o n c e e t r a r i o o  i n  water  peaks 
a r o u n d  0- 5-1.0 d  and rtit c o n c e n t r a t i o n  iri sedlmeni- 
l e v e l s  o f f  a t  a b o a t  t h e  same t ime,  

2, Conpoiinds wit11 low s o i i i b i l i t y  i n  water  (mg/I, 
r a n g e ) ,  h i g h  Kow (Log(Kow) > h a s ) ,  and knter ioedia te  
t o  h i g h  v a l u e s  of  f l  ( l E - 7  t o  iE-4) .  S ' i r h i n  a  few 
h o u r s  a f t e r  a p p l i c a t i o n  Irkis o r d e r  of r o i i c e n t r a t i o n s  
i s  sc-idimerii " M;::aicr > a i r  and t h e  : , ro f i le  depends on 
r he p e r s i  s t e n c e  nE t h e  cnnpotsnds . For p e r s i s t e n t  
coinpcunds ( D W r ,  e r d r i n j  ti-tc c o n c e n t r u r i i . n  i n  x r e r  
r e m a i n s  p r a c t i c a l l y  c o n s i a n t  fro:n 1-10 d a f t e r  
a p p l i c a t i o n  and t h e  c o n c e r ? t r a t i o n  i n  sed4:nent Ls 
i n c s e a s i ~ ~ g  d i r i n g  t h i s  yer io i i ,  For l e s s  p e r s i s t e n t  
compounds ( ( r i rganophospi?~ie i i  ca rbanis tes )  the  
c o n c e n t r a t i o n  1.n water  i s  deereasl i- tg to1 inwing a  
i~axi-nrm reached  around 1 d  after a p p l i c a t i o n .  

3 ,  C o ~ p o u n d s  wi rh  h igh  s o l u b i l i t y  i n  wzte-r 
(p/ t  T A I I ~ ? ) ,  low KOW (log(Ko~-7: < i )  and low va i i les  
o f  H (H < l E - 6 )  s u c h  a s  t r i c h i o r f o n  o r  ~;iiosphainidon, 
T"re o r d e r  of  c o n c e n t r a t i o n  is water  > sed iment  > 
a i r ,  and  t h e  p r o f i l e  depends on t h e  p e r s i s t e n c e  of 

These r e 1  a t  i o n s h i p s  % e r e  d e r i v e d  wi thout  
e x p e r i i o e n t a l i y  s u p p o r t e d  d a t a  on t r a n s f e r  r a t e s  iznd 
wit11 r a t h e r  q u a l . f t a t i v e  d a t a  on d e g r a d a t i o n  r u f r x s ,  
-9 i n e  r e s u l t s  a p p e a r  to  make siAi~si., hrrt a r e  not 
n e c e s s a r i l y  q u a n t i t a t i v e l y  c o r r e c c ,  Tne a c c u r a c y  
wi l l .  improve once t h e  " i r .ns ie r  and d e g r a d a t i o n  
p r o c e s s e s  a r e  b e t t e r  c h a r a c t e r i z e d ,  
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~t is assunted that i~igai-ity of a i~mpo:li~d is equal to its partial pressure ( P ) ,  w i i i c h  i n  turn mav be 
expressed in terms of conzfAntrntion by ti?c stare equation of ideal pas: 

5- = P = CRT (1) 

Consequently, for the  fugac i t y  capacity (21, 

z = C/I: = 2 / R ' i  = 40,  (2 1 

nnil tlic fr~gaiity zipa<-ity of atmospheri, is independent of r?~c properties of the compound. 

XATER 

fiig,~rii:,- of a compoiii~d dissoived in wai.er is again approximared hy t i l r l  j>;ir;ia~ressirr-c of it!: vapor 
above tire si?iutii>n. Tile partial pressure is propori inilii l to concentr;ition <iirirryl= Law): 

wiicrc N = H e n r y %  cniist:~iit, The firgzii,i:y capacity is r!ii.n 

z = C / F  = l / b  ( L )  

?,. iiie ronrcntrntion O F  a ihemj . i . ; s l  ;ii!sorbcd oil r!lcse suhstratc,s, Gs (g/Mg), ciir? he expressed t i s i i ~ g  t h e  
adsorption corffizient: K { X I ~ / ~ . I ~ ) ,  concentration o f  the compniind in water, Cw jg!m3j, and 
conc~ntratinri of the substrate in water, S (g/ ;n3j :  

The ftirror iE-6  originatrbs iron converting Wg into g (Mg = 1E 6 g ) .  i n  equilibrium, fugacity of tile cornpoi~nd 
i i l  w n L i . r ,  Sw, i s  c~qi ia i  to f u g a c i t y  of adsorbed co~ipound, Fs. 

arid, i o i r s e q i i e n t  ly 

.=,* ai-.-,.tmiilation of iin o r g p n l r  i.i;cniii.al i_n f i s h  i s  pl'oporr loriai to Kow (freq:ic;~tly n l ~ o  d t ~ s i p n i t i ~ d  F in 
t1ie literatiirt~). 

* , d l t ~ ~ - ?  CG ,811d Cjd :ire t , q i i i  l i h r  i$im <.o ih~c~nLraL  i nns  ii? u t  I ~ I I I ~ ~ \  .8nd d : ~ L c r ,  t" tsspct, t  1 veal v .  O s . t ~ t ~ ? o 1  s i m t ~  [ ~ I C S , ~  i i p i d s "  
Assuming t i i ; a t  the l i p i d  i .onii, i i t  of  f i s h  i s  lOOYT .inil iiir ~.oni,ei i ir ; i t ion of tile i . i~ t?ni~. ; i l  in lipids i s  i:l, ;inii 
that C? = Co, then +he ioncentratioii of tl:e c:hemicai oii a whole fish basis, 

CF = YGI ( 1  1)  

(I t  h and R cire ihe weights of iile llp~ds and other constituents, respectively, rile? 

From i 10) :;,.) =- KOW Ob ( 1 4 )  



I f  t h e  volume of  tile water  conpar tment  i s  V and t h e  volume f r a c t i o n  of  a q u a t i c  b i o t a  i s  B ( m 3  b io ta /m3 
w a t e r ) ,  rhen  t h e  v o l m e  of b i o t a  is  BV. If t h e  amount of  t h e  cheniical  in water  and in  b i o t a  i s  Kw and M f  , 
r e s p e c t i v e l y ,  theit t h e  c o n c e n t r a t i o n s  a r e  Pk!V and Mf/R\ ' .  S u b s t i t u t i n g  t h e s e  y a l u e s  i n t o  (1 5 )  

where C f '  = c o i l c e n t r a t i o n  in h i o t a  expr+lssei i  per voLumr of tile water  compartment.  

".illen tile c o n c e n t r a t i o n  of  t h e  chemical  i n  b iocn  i.s i n  e q u i l i b r i l m  w i t h  t h a t  i n  w a t e r ,  r h e  r e s p e c t i v f :  
F u g a c i t i e s  a r e  e q u a l  

a rid z = C~'/FS = BYKOW/H ( 1 9 )  

:t tias hern  assimed s9 far t h a t  t h e  c o n c e n t r a t i o r i  in  h i o t a  i s  p r o p o r t i o n a l  o n l y  i o  the  l i p i d  f r a c t i o n  Y,  
i.oriciiiirr,~iricrn I n  water  Gs; a?;d to ti?p o c t i ? i ~ o l / w a t i ~ r  p r r i t i o n  coeif"ii:=ii: KOM, n e g l c r t j n g  tile np take  
c i f i i :  i r n c y  , Keliai;:i and ( : (>r ing ( 1  98:)) iler-ived T l i i .  Fi.1 l o w i i ~ l :  i ~ x p w s s i r > i ~  ii,r Llici h i o c i > i ~ c r ~ n t r i i t i t > ~ :  f,ic i i 8 r  (R!:iJ = 

C f / C w )  i t !  fIsI1 

The c o e f f i c i e n t  0.032 i;: ( 2 1 )  may be i n t e r p r e t e d  a s  t h e  l i p i d  f r a c t i o n  Y o r ,  b e i t e r ,  a s  AY, where A i s  
t h e  e f f i c i e ~ t c y  o f  u p t a k a ,  Assimiag an a v e r a g e  l i p i d  f r s c t i o n  i n  f i s h  of 0.07, t h e n  t h e  e f f i c i e n c y  of  up take  
i s  a p p r o x i m a t e i y  0.5. 111e exponent  i.n 1 2 1 )  i s  s u f f i c i e n t l y  c l o s e  to  l u l i t y  t o  he n e g l e c t e d  for a l l  p r a c t i c a l  
p u r p o s e s ,  Oilier e x p r e s s i o n s  r c l a t l . n g  BCF and Kow h a v ~  been p u b l i s h e d  ( s e e  f o r  example Vei th  e t  a l ,  ( 1979) .  
Tile d i f f e r e n c e s  i n  BCF f o r  a g i v e n  Kow a r e  u s u a l l y  wit lr in oae o r d e r  of magnitude.  

ri^  here a r e  i n d i c a t i o n s  ( s e e  for  e x z n p l e  T u l p  and Hutz inger  i978) t i l a t  t h e  r e l a t i o n  between l o g  BCZ and log  
Sow i s  q u a d r a t i c  r a t h e r  t h a n  l i n e a r  a s  g i v e n  i n  (201,  b u t  the  d a t a  a r e  too  s k e t c h y  t o  t a k e  t h i s  into 
c o n s i d e l - a i - i o n ,  it shoulii be borne i:? m i d  t i t a t  a t  u c r y  h i g h  log  (Kowj v a l u e s ,  BCF may be iower than t h a t  
g i v e n  by (20). 

?? i l \ i i i  ibr l i im, fug i ie i t  i e s  i 11 61 1 compartment.; arc, equal 

whtvre C i  , V i  , Z i  , = c o n c e n t r a t i o n ,  volune ,  and f u g a c i t y  c a p a c i t y  of  c o i ~ ~ p ~ r t m e n t  i .  

A f t e r  s u h s : i t u t i n g  (22) i n  (23) 

and p = >,I/ ;zj vi- (25) 

The erjuriciori ( 2 5 )  i s  used t o  c a l c u l a t e  t h e  e q u i l i b r i i h n  f u g a c i t y  F. Once t h i s  v a l u e  i s  known, tile 
c o n c c n t  r a t i o r i s  and amounts of  the chemica l  i n  i n d i v i d u a l  compartments a r e  c a l c c l a t e d  from ( 2 6 )  and (27) : 

G i  = FZi ( 2 6 )  

D e g r a d a t i o n  p r o c e s s e s  a r e  assmned to  f o l l o w  f i r s t  o r d e r  k i n e t i c s  w i i l i  r a t r  c~,!rbt:i!its K i  ( i i y r ) .  
Advec t inn  from a  tompariinent 1.; t r e a t e d  as d e g r a d a t i o n ,  S i n c e  tile sys tem is ii: a s t e a d y  s i a t e ,  f u g , i c i i i c s  a r e  
c o n s t a n t  and inpiltr o f  "Liie cl-ieinical ( 1 )  i s  e q u a l  t o  d e g r a d a t i o n  z ~ d  ; i i ivec~io i l  



The e q u ~ l r b r l ~ i m  fugac r ty ,  F ,  1 s  c a l c u l a t e d  f ron  ( 2 9 ) ;  t h e  concen t r a t rons  and ainoiints I n  rndividuai  
cornpartmenrs a r e  obta ined from (30) and (311, r e s p e c t i v ~ 3 . y .  

An o v e r a l l  degradat ion  cons t an r ,  Km, i s  def ined by (32 ) .  

Thc deg rada t ion  r a t e  c o n s t a n t s ,  K i ,  a r e  g e n e r a l l y  nor known w i i h  g r e a t  accuracy.  Rough e s i i ~ n a t e s  of 
h a i f - l i v e s  In  i nd iv idua l  compartments can be made usua l ly  on the  bas i s  of exper ience  o r  l i t e r a t u r e  da t a .  A 
h a l f - l l f e  of 10 d  corresponds  t o  

The system i s  i n  s t eady  s t a t e ,  F u g a c i i i ~ s  :are cons t an t  and,  eonsc:luex,tly, the i n p u t  equals  deg rada t ion ,  
but  l uga t c i t i e s  i n  comj)arr.ri?ents a r e  d i f f e r e n t  and r r a n s f e r s  between conpiircments take  p lace .  The t r a n s f e r  
r a c e s  a r e  p r o p u r l i o e a l  t o  rhe d i f f e r e n c e s  i n  Fugac i t i e s :  

where D = t r a n s f e r  c o e f f i c i e n t  between compartments i and j 
N = t r a n s f e r  r a t e  j n o l / y r )  

F ~ i g a c i c i e s  a re  c a l c u l a i e d  from a  system of l i n e a r  equat ions  r e s t i l t i ng  from m a t e r i a l  balances f o r  conpar t -  
:aents. For exanpie ,  f o r  a ~krce-cccipar tmei~t  system i n  F ig*  2  of t e x t ,  t he  m a t e r i a l  ba lances  a r e  

Compartincilt Transfer  kgradat io i - i  I?: ~ i u  t 

i - 4 F I R ? '  I 
2 1)2(F2-63) i 02x2 =: D l ( I ~ - P Z )  (15 )  
3 i! F ? R 3  = D2(F2-F?) 

Fi-OID (35) t l i t  fugaei i l ies  F I ,  F2 ,  and 173 a r e  

$01 a Large nrmber o f  compartillents, the a ~ a l y t i c a ?  so l i l t i on  of the m a t e r i a l  ilalance system of eqilations 
i s  c:iinbersoiue and i t  i s  more c o n v e n i ~ n t  t o  ob t a in  tlie so?~! t ion  on a carnprjter. 

The eyiratii-ins ( 3 6 )  t o  (38) can be used to  i l l u s t r a t e  llle e f f e c t s  of the t r a n s f e r  (Dl) and degradat ion  
( R i i  c o e f f i c i e n t s  on the  d i s t r i b i i t i n n  of t h e  chemical in the  sysiem, For example, i f  0 2  i s  much Larger than 
R3, &hen from (36) F3 i s  approximately equal  t o  F2 a:~d the compartments 2 and  3 a r e  p ra i r t i ca l ly  i n  
e q u i . l i h r i m ,  Ln more c-oncrete t e rms ,  i f  the  t r a n s f e r  rat-: c o e f f i c i e n t  from water to setiiment i s  high r e l a t i v e  
t o  ttie deg rada t ion  c o e f f i c i e n t ,  then the  d i s t r i b u t i o n  of the chemical between water and sediment i s  near 
c-qii i l ibrium, The degrada"io;i r c e f f i c i e r i t  R3 depends on the  volilme of t he  sediment j V 3 ) ,  g iven by the  model 
and independent of  t he  chemical,  on t he  fugac i ty  c a p a c i t y  of the  sediment,  which depends on K and K of the 
chemical  [ equa t ion  ( 9 ) ) ,  and on t h e  deg rada t ion  r a t e  constant  K3, ~ 3 l i c h  again  depends to a  g r e a t  ex t ea r  on t h e  
ehcmical ,  On the  o t h e r  iiaiid, i f  R3  i s  much l a r g e r  than D 2 ,  then F3 will he o n l y  a  f r a c t i o i . ~  of F2. 
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I~ iSTRZRCITID~~ WITHOUT STEADY STATE 

'The d i s t r i b u t i o n s  d i s c u s s e d  above  c x r e  s t e a d y  s t a t e  o n e s .  F u g a c i t i e s  i n  She compar tments  were c o n s t a c t s ,  
n o t  d e p e n d e n t  on  t i m e ,  When ",he sjrste~m is n o t  i n  s t e a d y  s t a t e ,  E u g a c i t i e s  a r e  turrct iocis  of  t i m e  and may be 
de te rmi : l ed  from a  sys tem o f  d i f f e r e i i t i a l  e q u a t i o n s  l e s c r i b i i l g  mass b a l a n c e s  i n  t h e  compar tments  d u r i n g  an 
i n f i n i t e s i m a l  t ime  i n t e r v a l  dt. F o r  rhe  th ree -compar tment  sys te r s  s u c h  a s  F i g ,  2 of  t e x t *  t h e  i n a t e r i a l  
b a l a n c e s  a r e :  

Cornpar tment  I n p i ~ t  Trd i i s fc r  k g r a d a t i c n  t A c c m ~ i ~ l a t i o t )  

1 ( w a t e r )  a 2 ( ? 3 - F [ ) d t  - D i ( F i - P 2 ) d t  - R i F i d t  dMI=VIZldFl 
2  ( s e d i m e i ~ t )  D l ( F l - F 2 ) d t  -R2F2dt dM2=YZZ2dF2 ( 3 9 )  
3 (a i r )  I d  t -DZ(F3-P l ) d t  -R3F3dt  dMP=V3Z3dF3 

where M i  = amotrni of  cherni.ca? i n  compartment  i 
Xi = V i  %-I Ki . 

The r c s u :  t i n g  systern oC d i f f o r e i i t t r i ?  e q u a t i o n s  i s :  

I n  f o r t + s &  s p r a y i g g  , tltca i n p u t  coi! he cniisidei-i.d iir.;;ar~taneoi:s ,li:d i.11t. i n p u t  i.?r-ri ( l )  c.lki he iric i i ~ i l e d  '.il 
t h e  i n i t i a l  ( ~ = 0 )  fu,?ici.ty v a l u e s .  it may be nss~rmed for example t h a t  a t  t=O a 1 1  p c s t i c i ( i t .  i s  a p p l i e d  to the 
s i r  c o m p a r t m e n t ,  y i e l d  in$ an i s i t  i.al f u g a c i t y  F3C=P,jli?%3, w?lnre  R = a p p l i c a t i o n  r a t e ,  i7 = ~oliixte ( i f  t b ~  a i r  
co i i ipa r t r i en t ,  an2  Z = 40 i s  t h e  f u g n r i t y  c a p a c i t y  of a i r ,  No p e s t i c i d e  i s  initially p r e s c f i t  i n  w t e r  and 
. ;ediment ,  and ?I 0=F2!3=Os 

'The s o i u i i o n  of rrhe ?~omogeneous i y s t e m  ohrail-led f r o =  t h e  above  sys t r in  by e x c l u d i n g  tile rerin 1, i s :  

wlit're - F : t u g n c i t y  vei:to:- ( F I , F 2 ,  F 3 )  
E l  ,E2,Z3 = e i g e n u a l i ~ e s  o i  t h e  m a t r i x  iif t h c  c o e i f i c i e n r s  ( r i g h t  hand s i d e  

of (10)) 
ii! ,U2 ,C? = e i g e n v e c  t o r s  c o r r e s p o i ~ d  ing t, the c i g e n v a l u e s  -- -- - -- 
!ii , i ? , k 3  = c o i l s t a n t s  d e t e r m i n e d  by tlie i n i t i a l  f u g n c i t y  v a i i i e s  (FID, F20, 

I-30). 

I<: );w";fi;'lrles . i r i r l  vcAi::!i-:; can bc r:: lcal ar r-d re<idi l y  hy ti" ;!'IS " . m m c n .  i." prt"i:r:itns stit,!: i s  '!'i>lii rirrili,.. 

?Ia:l~~~nlaric:s Vo? l1, V;ii i i i?s o f  t h e  c o n s t i i n i s  k i ,  k2, arid k3 a r e  t i ~ t ~ i r  :>ht,tlilr~;i liy s o l v i i ? ~  ri-ir: iysLi2:n (40) ; i i  

t=O ;liid g i v c i ~  i n i t i a l  i u g a c i t y  v a l i ~ c s ,  :"a"! by a  aommer(:ial program. Fug,lr ii-ii~s :ire converi:,ri i n i r i  
e o n c t ? n t r a t i n i . . s  by nu1 & i i ) l i c a t i o n  by tile respe i : t iv i ,  ftigiic i r y  t r a p n c i t i e s ,  

file f n l l o s i i n g  a p p r o a c h  was used to e s t i m a t e  t h e  t r a n s f e r  c o e f f i c i e n t s :  F u g a c i t i e s  a r e  Fi and Fj, 
r e s p e c t i v e l y ,  i n  c o ~ n p a r t m e n t s  - i a n d  2; a11i.i Fs  in tile c o n t a c t  a r e a  between riie cornpartmeil ts ,  where the 
e q i i i l  i b r i m  bas b e e n  e s t a b l i s h e d  (Appendix !Fig, 1 ) .  The r a t e  o f  t r a n s p o r t  id (rnol/;ir m2j is  

where  L i ,  Lj = t r a n s p o r i  r a t e  c o r i s t a n t s  ( ino l /y r  m 2  ; a t t o ) .  By e l i a i n a t i n g  Fs froin ( 4 1 )  and ( ! 2 ! )  

aild t h e  t r : r : ~ s f e r  c o e f f i c i e n t  DLj ( r n ~ l / ~ r  atm) i s  then 

wiit!re A = cnr:t;ict a r e a  hetween tht. i:o;ripac-trneiles,,lta. 



Aopendix Fig, 1 .  T r a n s f e r  b e t ~ u r n  compartments.  Ps = 

e c j u i l i b r i i ~ m  fsygari ty a t  tile boui~dary  between cowpartrrients 
i and J, - 

L i s  r e l a t e d  t o  d i f f u s i o n  t r a n s p o r t  i n  the  hotnndary Layer (Appendix F ig .  1 ) .  According to  F i c k ' s  f i r s t  
l a w  

where D = d i f f u s i o n  c o e f f i c i e n t  
dC/dX = c o n c e n t r a t i o n  g r a d i e n t .  

By i n t r o d u c i n g  f u g a c i t y ,  ( 4 5 )  becomes 

Assuming t h a t  di.' = Fs  - F n?d t i r a t  di\: = r  (Appendix F i g ,  i ) ,  t h e n  from a  cnmparison of  ( 4 1 )  o r  ( 4 2 )  w ~ t l *  (A61 

Consegueil t l  y ,  t h e  t r a n s f e r  c o e f f  i c d e n t s  can be c a l c t l l a t e d  from d i f f u s i o n  c o e f f i c i e n t s ,  f u g a c i t y  
c a p a c i t i e s ,  and t h e  t h i c k n e s s e s  o f  chr  d i f f u s i o r i  l a y e r s .  Ttre d i f f u s i o n  c o e f f i c i e n t s  can he e s t i m a t e d  wit11 
r e a s o n a b l e  a c c u r a c y  f o r  d iSfmsion  i n  a i r  and i n  water  but n o t  f o r  d i f f u s i o n  i n  sedi.ment, s o i l  o r  suspended 
m a t t e r -  S i m i l a r l y ,  t h e r e  a r e  problems w i t h  e s t i m a t i n g  the  t h i c k n e s s  of  t he  d i f f u s i o n  l a y e r .  Models i n c l u d i n g  
t r a n s f e r s  between compartments must be viewed w i t h  c a u t i o n  t int i  1 the e s t i m a t i o n  of t r a n s f e r  r o e f f i c  i e n t s  is 
improved and conf i rmed e x p e r i m e n t a l l y .  A t  t h e  moment, l i t e r a t u r e  d a t a  a r e  l i m i t e d  to  t r a n s f e r  c o e f f i c i e n t s  
between a i r  and w a t e r ,  and even t h e s e  appear  t o  have c o n s i d e r a b l e  u n c e r t a i n t y .  


