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EXECUTIVE SUM 

Rout ine  m o n i t o r i n g  between 1979 and 1984 done as p a r t  o f  t h e  Washington S ta te  
Department o f  Ecology Basic Water Mon i t o r i ng  Program (BWMP) showed h i g h e r  
l e v e l s  o f  DDT and me tabo l i t es  DDE and DDD i n  Yakima R i ve r  f i s h  than  elsewhere 
i n  Washington S ta te .  I n  response t o  reques ts  b y  t h e  Ecology Cent ra l  Regional 
O f f i c e ,  t h e  Yakima I n d i a n  Nat ion,  and t h e  N a t i o n a l  Marine F i s h e r i e s  Serv ice,  a  
s tudy  o f  t h i s  problem was conducted i n  1985 b y  Eco logy 's  Water Qua1 i t y  I n v e s t i -  
ga t i ons  Sec t ion .  Study o b j e c t i v e s  were t o  e v a l u a t e  t h e  hazards t o  human 
h e a l t h  and aqua t i c  1 i f e ,  i d e n t i f y  sources, and determine i f  con tamina t ion  was 
p r i m a r i l y  due t o  r ecen t  i 1 l e g a l  use o r  h i s t o r i c a l  appl i c a t i o n s .  

F ish,  water,  and bed sediment were analyzed. Resident f i s h  were c o l l e c t e d  a t  
four  l o c a t i o n s  on t h e  r i v e r - - C l e  E l  um ( r i v e r  m i l e  [ r . m . ]  179-181), Wymer 
(r.m. l34-136) ,  Buena (r.m. 93-95), and KionaIBenton C i t y  (r.m. 20-23). 
Re tu rn ing  s p r i n g  chinook and ou t- mig ra t  i n g  j u v e n i  l e salmonids a1 so were 
c o l  l e c ted .  Whole f i s h ,  musc l e ,  and eggs were analyzed. Water and sediment 
samples were c o l l e c t e d  f rom t h e  Yakima main stem and from major  t r i b u t a r i e s  
( i n c l u d i n g  i r r i g a t i o n  r e t u r n  f l o w s )  cons idered  t o  have t h e  g r e a t e s t  p o t e n t i a l  
f o r  DDT con tamina t ion .  

Target  chemicals analyzed were DDT, DDE, and DDD, f i f t e e n  a d d i t i o n a l  p e r s i s -  
t e n t  o rganoch lo r ine  pes t i c i des ,  p o l y c h l o r i n a t e d  b ipheny ls  (PCBs), and mercury. 
Se lected water  samples were screened f o r  a  b road  spectrum o f  t o x i c  chemicals.  

The ma jo r  o rganoch lo r ine  compounds de tec ted  i n  f i s h  were DDT, DDE, d i e l d r i n ,  
and PCB-1260. DDD, endosul fan,  and e n d r i n  a1 so were de tec ted  i n  a  few sam- 
p les .  F i s h  i n  t h e  lower r i v e r  had h i g h e r  concen t ra t i ons  than  i n  t h e  upper 
r i v e r .  Salmonids had s u b s t a n t i a l  l y  l ower  con tam ina t i on  than  r e s i d e n t  species.  

Concent ra t ions o f  t-DDT ( i  .e., t o t a l  DDT; t h e  sum o f  DDT, DDE, and DDD), 
d i e l d r i n ,  PCB-1260, and mercury  i n  e d i b l e  f i s h  t i s s u e  were w e l l  below t h e  
Food and Drug A d m i n i s t r a t i o n  (FDA) " a c t i o n  1 e v e l s " o f  5,000 ug/Kg ( p a r t s  per  
b i l  l i o n )  t-DDT, 300 ug/Kg d i e l d r i n ,  2,000 ug/Kg PCBs, and 1,000 ug/Kg mercury.  
FDA has n o t  es tab l i shed  an a c t i o n  l e v e l  f o r  endosul fan,  a l so  de tec ted  a t  low 
concen t ra t i ons  i n  a  few e d i b l e  t i s s u e  samples, 

U.S. Environmental P r o t e c t i o n  Agency (EPA) methodology f o r  assessing t h e  r i s k  
t o  humans f rom i n g e s t i n g  contaminants was used t o  eva lua te  t h e  r e l a t i v e  r i s k s  
among t h e  contaminants i d e n t i f i e d  i n  f i s h  f r om  t h e  lower r i v e r .  Based on 
animal s tud ies ,  EPA' s  Carcinogen Assessment Group has c  1  assed DDT, DDE, DDD, 
d i e l d r i n ,  and PCBs as probable  human carc inogens .  Endosul f a n  and mercury 
a re  n o t  ca rc inogen ic .  R isk  a n a l y s i s  showed ca rc i nogen i c  r i s k s  f rom d i e l d r i n  
and PCB-1260, a1 though present  a t  r e l  a t i v e l y  ow concen t ra t ions ,  were g r e a t e r  
than  f o r  DDT compounds. Endosul fan and mercury  were w i t h i n  EPA acceptab le  
d a i l y  i n t a k e s  (AD I ' s )  a t  t he  h i ghes t  i n g e s t i o n  r a t e  eva luated.  

The p o t e n t i a l  f o r  adverse e f f e c t s  on f i s h  r e p r o d u c t i o n  i n  t h e  Yakima main stem 
was eva lua ted  i n  p a r t  by  comparing t h e  concen t ra t i ons  o f  t-DDT, d i e l d r i n ,  and 
PCB-1260 measured i n  egg samples w i t h  e f f e c t s  t h resho lds  (e.g., ha t ch i ng  suc- 
cess, f r y  m o r t a l i t y )  i n d i c a t e d  i n  t h e  1  i t e r a t u r e .  A1 1 concen t ra t i ons  were 
below apparent e f f e c t s  th resho lds .  



e p o t e n t i a l  f o r  adverse e f f e c t s  on p reda to r s  (i .e:, f i s  
f eed ing  on Yakima R i ve r  f i s h  was assessed b  comparing con 
t-DDT, d i e l d r i n ,  endosul fan,  end r i n ,  PCB-12 , and mercury 

l e s  w i t h  Na t iona l  Academ o f  Sciences ( S) maximum recommended con- 
i t h  t h e  excep i o n  o f  t-DDT, concen t ra t i ons  o f  these co 

taminants  were genera l  1 y  w i t h i n  NAS recommendations. 

Concent ra t ions o f  t-DDT i n  whole f i s  e  lower  Yakima R i ve r  a t  Kiona 
e r e  i n  t he  1,100 t o  3,000 ug/Kg r a n  exceeds t he  1,000 ug/Kg concen- 

a t i o n  recommend AS. Th i s  r a i  concern o f  poss i  
f e c t s  on reprod  o f  f i  sh -ea t i n  p t o r i  a l  b i r d s  du  

eggshel I - t h i n n i n g  t o f  DDE. Bas r e c e n t  rev iew o f  t h i s  sub jec t ,  
i t  appears l i k e l y  t h a t  p reda to r y  b i r d s  which a re  s e n s i t i v e  t o  DDE and feed 
e x c l u s i v e l y  on f i s h  f rom t h e  lower  Yakima R i v e r  would produce eggs w i t h  
she1 1  th i ckness  somewhat be1 ow normal . The r e d u c t i o n  i n  she1 1 t h i c kness  
n t i c i p a t e d ,  however, would proba l y  n o t  be s u f f i c i e n t  t o  p reven t  maintenance 
f s t a b l e  popul a t i ons .  

DDT, DDE, DDD, d i e l d r i n ,  and endosul fan were c ted  i n  water  samples. T  
d e t e c t i o n  o f  these compounds was almost exc l  l y  l i m i t e d  t o  t r i b u t a r i e s .  
DDE and d i e l d r i n  were de tec ted  i n  on1 y  one i ce i n  t h e  main stem o f  t h e  
Yakima R iver ;  concen t ra t i ons  were i n  t h e  0.0 ug/L ( p a r t s  per 
b i l l  i o n )  range. Maximum concen t ra t i ons  i n  t e r e  0.07 ug/L t-DDT, 
0.02 ug/L d i e l d r i n ,  and 0.16 ug/L endosul fan e  broad spectrum screen o f  
se l  ec ted water sampl es revea l  ed on1 y one addi t i o n a l  compound o f  p o t e n t i  a1 
concern--di  az i  non. k i s organo hosphorus p e s t i c i d e  was de tec ted  a t  1.7 ug/L 
i n  B i r c h f i e l d  Dra in .  

O f  t h e  eleven t r i b u t a r i e s  moni tored,  Sulphur Creek, B i r c h f i e l d  Drain,  Granger 
Drain,  and Spr ing jSnipes Creek were i d e n t i f i e d  as sources o f  DDT compounds. 
Sulphur Creek c o n t r i b u t e d  t h e  l a r g e s t  load  o f  t-DDP t o  t he  Yakima R i ve r .  Six 
t r i b u t a r i e s  were sources o f  d i e 1  d r i n .  Endos l f a n  was de tec ted  on1 y  i n  B i r ch -  
f i e l d  Dra in .  e  maximum combined loads measured f o r  these compounds were 0.1  
poundlday t-DDT, 0.03 poundlday d i e l d r i n ,  and 0.05 poundlday endosul fan.  

The c o n c e n t r a t i o  s  o f  DDT compounds, d i e l d r i n ,  and endosul fan measured i n  
water were below those  known t o  be a c u t e l y  t o x i c  t o  aquat ic  l i f e .  However, 
concen t ra t i ons  i n  a  number o f  t r i b u t a r i e s  exceeded EPA c r i t e r i a  f o r  p ro tec -  

f f reshwate r  l i f e  f o r  ch ron i c  ( l o  g- term) exposure and NAS recommended 
m concen t ra t ions  f o r  water .  Th is  suggests  aqua t i c  1 i f e  may be adverse1 y 

a f f ec ted ,  and t h a t  r e s i d e n t  f i s h  i n  these t r i b u t a r  
b y  w i l d1  i f e .  B ioaccumulat ion o f  DDT c  s  and d i e l d r i n  b y  
u t a r i e s  w i t h  t h e  h i ghes t  c o n c e n t r a t i o n  e s u l t  i n  FDA a c t i o n  
uman consumption be ing  exceeded. T  o t  appear t o  be 
a  t o x i c i t y  problem due t o  organochl  e n t r a t i o n s  i n  wa 
stem o f  t h e  Yakima. 

DT compounds a  d i e l d r i n  were t h e  p r e  t organoch lo r ines  de tec ted  i 
ed sediments f m t h e  Yakima main stem i b u t a r i e s .  Maximum concent ra-  

s occurred i n  Sulphur Creek w e re  234 ug/Kg t-DDT and 14.9 ug/ 
measured. Endosulfan, a l d r i  , and i s o d r i n  a1 so were de tec ted  

l e  each. An extreme1 i n  c o n c e n t r a t i o n  o f  1,065 ug/K 
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DDE i s  more pe 
f i s h  i n d i c a t e s  
t h e r e  may be i 
evidence suppo 

r s i s t e n t  than  DDT o r  DDD. I t s  predominance i n  Yakima R i ve r  
t h e  source i s  p r i m a r i l y  h i s t o r i c a l  appl i c a t i o n .  A1 though 

nstances o f  i l l e g a l  use i n  t h e  Yakima dra inage,  t h e  f o l l o w i n g  
r t s  t h e  conc lus i on  t h a t  t h e  source  i s  p r i m a r i l y  h i s t o r i c a l :  

o  Ne i the r  FDA nor  t h e  Washington S t a t e  Department o f  A g r i c u l t u r e  
has de tec ted  f i e l d  a p p l i c a t i o n  o f  DDT s i n c e  t h e  ban i n  1972. 

o Loca l i zed  con tamina t ion  was n o t  observed i n  t h i s  s tudy.  

o  Concent ra t ions i n  Yakima R i ve r  f i s h  a re  no t  ex t reme ly  h i gh .  

U.S. Geolog ica l  Survey (USGS) and U.S. F i sh  and W i l d l i f e  Serv ice  h i s t o r i c a l  
da ta  show s u b s t a n t i a l  decreases i n  t h e  c o n c e n t r a t i o n s  o f  b o t h  t-DDT and 
d i e l d r i n  i n  Yakima R i ve r  f i s h  and water s i n c e  t h e  e a r l y  1970s. USGS h i s -  
t o r i c a l  da ta  and r e s u l t s  f rom t h e  present  su r vey  i n d i c a t e  t r a n s p o r t  o f  DDT 
compounds and d i e l d r i n  t o  t h e  Yakima R i ve r  occurs  p r i m a r i l y  d u r i n g  t h e  irri- 
g a t i o n  season. Examination o f  DDT:DDE r a t i o s  i n  water and-sed 
from t r i b u t a r i e s  suggests t h a t  DDT has a  l o n g  h a l f - l i f e  i n  Yak 
p o t e n t i a l  f o r  t h e  m i t i c i d e  d i c o f o l  ( t r a d e  name Kel thane)  be ing 
DDT compounds i s  d iscussed.  

ment samples 
m a s o i l s .  The 
a  source o f  

o f  DDT and 
f a n  and 

Studv recommendations i n c l  ude e ros i on  c o n t r o l  t o  reduce 1 osses 
d i e l d r i n  from a g r i c u l t u r a l  land; improved management o f  endosul 
d i  az i  non--two cu r ren t1  y used p e s t i c i d e s ;  s t u d y  o f  t h e  p o t e n t i  a1 f o r  sub1 e t h a l  
e f f e c t s  on f i s h  i n  t h e  lower  r i v e r ;  a d d i t i o n a l  sediment samples i n  Spr ing/  
Snipes Creek t o  v e r i f y  h i g h  a l d r i n  concen t ra t i ons ;  b ioassay o f  bed sediments 
t o  screen f o r  t o x i c i t y ;  and c o l l e c t i o n  o f  f i s h  samples f rom t h e  Columbia R i ve r  
pool below t h e  Yakima con f luence  as p a r t  o f  Eco logy 's  1987 BWMP survey.  



INTRODUCTION 

The Washington S t a t e  Department o f  Eco logy began d o i n g  chemical  ana lyses on 
f i s h  and aqua t i c  i n v e r t e b r a t e s  i n  1979 as p a r t  of  i t s  Bas ic  Water M o n i t o r i n g  
Program (BWMP) . These analyses,  done annual  l y ,  have c o n s i s t e n t l y  demonstra- 
t e d  t h e  presence o f  p,pl-DDT and two m e t a b o l i t e s ,  p,p'-DDE and p,p'-DDD, i n  
Washington St a t e  f r e s h w a t e r  f i s h e s  (Hopk i  ns, e t  a1 . , 1985).  -- 
The d e t e c t i o n  o f  DDT compounds a decade o r  more a f t e r  t h e  use o f  t h i s  p e s t i -  
c i d e  was banned i n  t h e  U n i t e d  S t a t e s  i s  n o t  unusua l .  Because o f  t h e  former  
widespread use o f  DDT, c o n t i n u e d  use i n  some c o u n t r i e s ,  and t h e  p e r s i s t e n c e  o f  
b o t h  p a r e n t  compound and metabol  i t e s ,  t h e s e  con taminan ts  a r e  s t i  11 r o u t i n e l y  
found i n  f i s h  and o t h e r  organisms throughou t h e  w o r l d  (McEwen and Stephenson, 
1979).  

O f  spec i  a1 i n t e r e s t  i n  t h e  Eco logy data ,  however, was t h e  e l e v a t e d  l e v e l  o f  
DDT compounds i n  f i s h  f r o m  t h e  Yakima R i v e r .  Tab le  1 summarizes t h e  d a t a  
a v a i l a b l e  as o f  e a r l y  1985. 

Table 1. Ecology da ta  on t-DOT (ODT+OOE+OOD) i n  f i s h t  t i s s u e  samples f rom Washington Sta te  r i v e r s  1978-1984 
(ug/Kg, wet; i.e., p a r t s  per b i l l i o n ) .  

whole F i s h  Musc l e  ~ i v e r  
Loca t i on  Year(s)  n = Mean Range Year(s)  n =  Mean Range Year n = Mean Range 

Yakima R. @ 1983 3 2,900 1,000-5,100 
B i r c h f i e l d  
Dra in  

Yakima R iver  1980-83 8 1,800 580-3,100 
@ Kiona 

Okanogan R. 1978-83 2 1,300 810-1,800 
@ Okanogan 

Lk. Chelan 1982-83 4 2,300 1,400-4,500 
Out l e t  

Wenatchee R. 1982 2 480 410-560 
@ Wenatchee 

Other Eastern 1978-83 27 260 8.2-990 
Wash. r i v e r s  

Western Wash. 1979-83 23 45 0.8-220 
r i v e r s  

Source: Hopkins, 2. (1985). 

t ~ r i m a r i  l y  l a rgesca le  sucker, b r i dge1  i p  sucker, no r t he rn  squawfi sh, and mountain wh i t e f i sh .  

I n  l i g h t  o f  t hese  f i n d i n g s  and i n  response t o  r e q u e s t s  f rom t h e  Eco logy 
C e n t r a l  Regional  O f f i c e ,  t h e  Yakima I n d i  an a t i o n  (Ya l  l up ,  1984), and t h e  

a r i n e  F i s h e r i e s  S e r v i c e  (Evans, 1 85)  f o r  an i n v e s t i g a t i o n  of t h e  
problem, Eco logy ' s  Water Q u a l i t y  I n v e s t i g a t i o n s  S e c t i o n  i n i t i a t e d  a s e r i e s  o f  



surveys i n  t h e  Yakima R i ve r  i n  March o f  1985. The p r imary  o b j e c t i v e s  o f  t h i s  
work were two- fo l d :  

F i r s t ,  t o  determine t he  concen t ra t i ons  o f  DDT and o the r  o rganoch lo r ine  com- 
jEGi8s i n  f i s h  and i n v e r t e b r a t e s  f rom d i f f e r e n t  p a r t s  o f  t h e  Yakima R i v e r  and 
eva lua te  t h e  s i g n i f i c a n c e  f o r  human h e a l t h  and we1 1-being o f  aqua t i c  l i f e .  

Second, t o  measure concen t ra t i ons  o f  these c h l o r i n a t e d  compounds i n  water  and 
b e a d i m e n t  f rom major  d ischarges  t o  t h e  Yakima and i n  t he  r i v e r  main stem 
t o  i d e n t i f y  sources and a s c e r t a i n  whether con aminat ion i s  t h e  r e s u l t  
o f  h i s t o r i c a l  use o r  r ecen t  a p p l i c a t i o n .  

F i e l d  work was completed i n  October 1985. A d e s c r i p t i o n  o f  these i n v e s t i g a -  
t i o n s ,  t h e  r e s u l t s  obta ined,  and a  d i scuss ion  o f  t h e  s i g n i f i c a n c e  o f  t h e  
f i n d i n g s  f o l l o w .  



METHODS 

Survey P  1 an 

F igu re  1 shows t h e  l o c a t i o n s  where f i s h ,  water,  and sediment were c o l l e c t e d .  

The f i s h  spec ies se lec ted  f o r  sampling were g e n e r a l l y  those  w i d e l y  d i s t r i b u t e d  
i n  t h e  Yakima R i ve r  andlor  consumed by humans. The species c o l  l e c t e d  were 
ra inbow t r o u t ,  mountain w h i t e f i s h ,  1 argescal  e  sucker,  b r i dge1  i p  sucker, 
no r t he rn  squawf i s h ,  smal lmouth bass, and channel  c a t f i s h .  Timing o f  t h e  
c o l l e c t i o n s  and species a v a i l  a b i l i t y  were l a r g e l y  d i c t a t e d  by  l i f e  h i s t o r y  and 
h a b i t a t  requ i rements .  Sampling was done between May and October; t h e  main 
c o l l e c t i o n  t ook  p l ace  on August 19-20. Specimens o f  up t o  f o u r  f i s h  species 
were c o l l e c t e d  from each o f  f o u r  reaches i n  t h e  Yakima R iver ;  C le  Elum ( r i v e r  
m i l e  [ r . m . ]  179-181), Wymer (r.m. 134-136), Buena (r.m. 93-95), and Kiona/ 
Benton C i t y  ( r  .m. 20-23). Two i nve r t eb ra tes ,  mussels and c r a y f i s h ,  a l s o  were 
c o l  l e c ted  a t  C le  Elum and Wymer, b u t  were no t  a v a i l  able i n  t h e  lower r i v e r .  
The C le  Elum reach was in tended t o  r e f l e c t  background c o n d i t i o n s .  The o t h e r  
t h r e e  s i t e s  were below each o f  t h e  t h r e e  m a j o r  i r r i g a t e d  v a l  l e ys  and popul a- 
t i o n  cen te rs  i n  t h e  bas in .  Re tu rn ing  s p r i n g  ch inook  were ob ta ined  from t h e  
a d u l t  t r a p  a t  Rosa d i v e r s i o n  dam (r.m. 128); downstream m i g r a t i n g  chinook and 
s tee lhead j u v e n i  l es  were taken  from t h e  smol t  t r a p  a t  Prosser  on Chandler 
Canal (r.m. 46) .  Table 2  summarizes t h e  samples ob ta ined .  

Table 2. F i s h  and i n v e r t e b r a t e  samples c o l l e c t e d  f o r  E c o l o g y ' s  1985 s t u d y  o f  DDT compounds and o t h e r  con tami -  
nan ts  i n  t h e  Yakima R i v e r .  

R i v e r  
L o c a t i o n  M i l e  Common Name S c i e n t i f i c  Name* C o l l e c t i o n  Da te  T issues  Analyzed . 

Yakima R. 8 C l e  179-181 Mounta in w h i t e f i s h  Prosopium wi  l l i a m s o n i  May 6 musc l e  
Elum , I,  

111( August 19  , whole f i s h  
I,  I $0 October  11 z99S 
L a r g e s c a l e  sucker  Catostomus m a c r o c h e i  l us  May 20 
Rainbow t r o u t  

&%%%p. 
September 17, 18 muscle 

C r a y f i s h  September 12 
Mussel M a r g a r i t i f e r a  f a l c a t a  I, e n t i r e  s o f t  p a r t s  

Yakima R. @ Wymer 134-136 Moun ta in  w h i t e f i s h  Prosopium wi  l l iamson i  August 19  muscle, whole f i s h  
I8 ,I nn October 11 &S95 
Largesca le  sucker  Catostomus macroche i  l us  May 20 
Br idge1  i p  sucker  Catostomus c o l  umbianus August 19  muscle, whnle f i s h  
N o r t h e r n  squawf i s h  P tychoche  l i u s  o regonens is  " ,I , (a 

Rainbow t r o u t  
T a m p .  

September 23, 24 " 
C r a y f i s h  September 12  
Mussel m a r g a r i t i t e r a  f a l c a t a  I e n t i r e  s o f t  p a r t s  

Yakima R @ Rosa 128 S p r i n g  ch inook  Oncorhynchus t s h a w  t s c h a  May 2 1  
I J u l y  23 

musc I e 
D m  a d u l t  t r a p  

9 eggs 
Yakima R. 8 Buena 93-95 Mounta in w h i t e f i s h  Prosopium w i  l l iamson i  August 20 muscle, whole f i s h  

I t  - - October 11 eaas 
2 

L a r g e s c a l e  sucker  Catostomus macroche i  l u s  May 20 
B r i d g e l  i p  sucker  Catostomus c o l  umbianus May 6 whole f i s h  
I -- Auqust 20 muscle. whole f i s h  

N o r t h e r n  squawf i sh  P t y c h o c h e l i u s  o regonens is  " I 

I > \  osser , Chand I e r  46 S p r i n g  c h i  nook Oncorhynuchus t shawy tscha  May 2 1  whole f i s h  
( d m 1  m o l t  t r a p  S tee l  head Salmo g a i r d n e r i  - 

Ydkima R. (d K iona  20-23 L a r g e s c a l e  sucker  Catostomus m a c r o c h e i  l u s  May 2 1  
I -- August 20 

eggs 
niusc le ,  whole f i s h  

N o r t h e r n  squawf i sh  P t y c h o c h e l i u s  o regonens is  " 
Smal lmouth bass F h c r o p t e r u s  do lomieu  
Channel c a t f i s h  l c t a l u r u s  p u n c t a t u s  May 20 

*Amer ican F i s h e r i e s  S o c i e t y  (1980) .  





Chemical analyses were done on whole f i s h ,  musc le ,  and eggs. Whole f i s h  da ta  
were needed t o  assess p o t e n t i a l  impacts t o  a q u a t i c  l i f e  and w i l d l i f e  b y  
comparing these  da ta  w i t h  Na t iona l  Academy o Sciences recommendations (NAS, 
1973). Whole f i s h  d a t a  a lso  were compared w t h  e x i s t i n g  da ta  f rom Eco logy 's  
BWMP surveys and t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e  (USFWS) Na t i ona l  P e s t i -  
c i d e  Mon i t o r i ng  Program which a re  bo th  p r i m a r i l y  on whole f i s h .  Data on 
muscle t i s s u e  were r e q u i r e d  t o  eva lua te  t h e  azard t o  human h e a l t h  f rom e a t i n g  
Yakima R i v e r  f i s h  o r  i n v e r t e b r a t e s .  Data on contaminants i n  f i s h  eggs were 
ob ta ined  t o  assess t h e  p o t e n t i  a1 f o r  adverse r e p r o d u c t i v e  e f f e c t s  which were 
cons idered most l i k e l y  t o  occur d u r i n g  t h e  s e n s i t i v e  l i f e  h i s t o r y  stages o f  
embryonic development and yo1 k sac absorp t ion .  

E leven t r i b u t a r i e s  t o  t h e  Yakima and t h r e e  s i t e s  on t h e  r i v e r  main stem were 
se lec ted  f o r  water  sampl ing- - these a re  desc r i bed  i n  Table 3. The s e l e c t i o n  
c r i t e r i o n  f o r  t r i b u t a r i e s  was 1 arge d i scha rge  coupled w i t h  s u b s t a n t i a l  i r r i g a -  
t i o n  r e t u r n  f l o w  c o n t r i b u t i o n  as determined u s i n g  i n f o r m a t i o n  suppl i e d  by  
t h e  U.S. Bureau o f  Reclamat ion Yakima O f f i c e ,  and o t h e r  r e p o r t s  (U.S. Army 
Corps o f  Engineers, 1978; U.S. Department o f  A g r i c u l t u r e ,  1978; U.S. Bureau 
o f  Recl arnation, 1975). Mun ic ipa l  and i n d u s t r i a l  d ischarges i n  t he  Yakima 
bas in  are u n l i k e l y  sources o f  t h e  p r i n c i p a l  contaminant  o f  concern, DDT 
(Johnson and Newman, 1983), and, t h e r e f o r e ,  were no t  sampled. Mainstem 
s t a t i o n s  were chosen t o  r e f  1 e c t  background w a t e r  qua1 i t y  (C l  e E l  um s t a t i o n  
a t  r.m. 183.1) and c o n d i t i o n s  i n  t h e  m idd le  and lower r i v e r  (Parker  and Kiona 
s t a t i o n s  a t  r . m .  104.6 and 29.8, r e s p e c t i v e l y ) .  Water samples were c o l l e c t e d  
June 24 e a r l y  i n  t h e  i r r i g a t i o n  season, August 5 du r i ng  peak i r r i g a t i o n  
demand, and October 29 a f t e r  d i v e r s i o n s  f o r  i r r i g a t i o n  were tu rned  o f f .  

Table  3. Loca t ions  o f  water samples c o l l e c t e d  f o r  Ecology 's  1985 s tudy  o f  
DDT compounds and o t h e r  contaminan s i n  t he  Yakima R i ve r .  

S t a t i o n  Name Sampl i ng L o c a t i o n  
R ive r  
M i  1 e t  

Yakima R i v e r  a t  C le  E l  urn 
Wi lson Creek 
Naches R i v e r  
B i r c h f i  e l d  D ra i n  
Wide Hol low Creek 
Ahtanum Creek 

Yakima R i v e r  a t  Parker  
Granger D r  a i  n 
Mar ion D ra in  
Toppenish Creek 
Satus Creek 
Sulphur Creek 
Spr ing/Snipes Creek* 

Yakima R i v e r  a t  K iona 

Cle Elum b r i d g e  183.1 
Highway 821 b r i d g e  147.0(L) 
Highway 82 b r i d g e  116.3(R) 
Mouth a t  Thorp Road 107.6(L) 
A t  Highway 82 c u l v e r t  107.4(R) 
USBR gage 106.9 (R ) 

Parker b r i d g e  104.6 
Mouth a t  Granger STP 82.8(L) 
I nd i an  Church Road b r i dge  82.6(R) 
Highway 22 b r i d g e  80.4(R) 
Nor th  Satus Road b r i d g e  69.6(R) 
McGee Road b r i d g e  61.0(L) 
Be1 ow Ch and 1 e r  Canal 41.8(L) 

Kiona-Benton Ci ty highway b r i d g e  29.8 

t~ and R r e f e r  t o  l e f t  and r i g h t  bank f a c i n g  downstream. 

*Spr ing and Snipes Creeks merge b e f o r e  f l o w i n g  i n t o  t h e  Yakima R i v e r .  



Collection of bed sediment samples was done September 2 4  and 25 a t  or immedi- 
a te ly  downstream of the mouths of six of the above t r i bu t a r i e s  and behind each 
of four diversion dams on the Yakima ( see  Table ) The t r i b u t a r i e s  sampled 
were those where DDT compounds or other organochlorine pest icides had been 
detected in the June or August water col lec t ions .  

Table 4. Loca t ions  of  bed sediment samples c o l l e c t e d  f o r  Eco logy 's  1985 s t u d y  o f  DDT compounds and o t h e r  contaminants 
i n  t h e  Yakima R i v e r .  

R i v e r  
S t a t i o n  Name Sampling L o c a t i o n  - Method Mi l e t  

Yakima R i v e r  a t  Cle Elum Mid-channel 200 ft. below C le  Elum b r i d g e  hand c o l l e c t e d  183.1 
Wilson Creek Near l e f t  bank a t  upstream s i d e  o f  B u r l i n g t o n  Nor thern  RR b r .  p i p e  dredge 147.O(L) 

Yakima R i v e r  a t  Rosa Dam Mid-channel 500 ft. above dam ponar grab 127.9 
B i r c h f i e l d  D r a i n  Mouth p i p e  dredge 107.6(L ) 

Yakima R i v e r  a t  Wapato Dam Near l e f t  bank 200 ft. above dam 
,I 103.8 

Near r i v e r  bank 5 - 10 f e e t  downstream o f  mouth Granger D r a i n  
t t  82.8(L)  

Near r i v e r  bank 5 - 1 0  f e e t  downstream of mouth Marion D r a i n  
11 82.6(R) 

Mouth Sulphur Creek 
18 61.0(L)  

Yakima R i v e r  a t  Prosser  Dam Near l e f t  bank 3,000 f e e t  upstream o f  dam ponar grab 47.1 
Spr ing/Sni  pes Creek* Near r i v e r  bank 5 - 1 0  f e e t  downstream o f  mouth p i p e  dredge 41.8(L) 

Yakima R i v e r  a t  Horn Rapids Dam Mid- channel  200 ft. upstream o f  d m  ponar grab 18.0 

t~ and R r e f e r  t o  l e f t  and r i g h t  bank f a c i n g  downstream. 

*Spring and Snipes Creeks merge b e f o r e  f l o w i n g  i n t o  t h e  Yakima R i v e r .  

Ecology had h i s to r ica l  data on one t r i bu t a ry ,  Birchfield Drain, which indica- 
ted i t  was a source of DDT compounds (Johnson and Newman, 1983). Efforts were 
made to  locate sources wi thin t h i s  drainage by co l l  ecting a s e r i e s  of bottom 
sediment samples on March 25, pr ior  to  the s t a r t  of the i r r iga t ion  season, 
and a se r ies  of water samples on July 2 and August 21. 

Chemical s Anal vzed 

Table 5 shows the  chemicals analyzed in f i sh ,  water, and sediment. Both p , p 8  
and o,p' isomers of DDT, D D E ,  and D D D  were quantif ied in a1 1 samples. Samples 
also were rout inely  analyzed f o r  f i f t e en  addit ional  pe rs i s t en t  organochlorine 
pes t ic ides ,  four polychlorinated biphenyl ( P C  ) mixtures, and mercury. PCBs 
and mercury were incl uded among the t a rge t  chemical s because concentrations 
appeared somewhat elevated in Yakima River f i s h  samples collected during 
Ecology's 1984 BBWMP survey (Hopkins, -- e t  a1 ., 1985). 

Selected water samples were screened fo r  a wide var ie ty  of chemicals including 
several c lasses  of pest icides,  phenols, aroma i c  hydrocarbons, ha1 ogenated 
hydrocarbons, and th i r teen metals. 

A number of anci l l  ary parameters were measured to  help in te rpre t  the organics 
and metals data .  Fish t i s sue  samples were analyzed fo r  percent dry weight 
and percent l i p id .  Flow, temperature, pH, s p e c i f i c  conductivity, t o t a l  
suspended so l ids ,  and to ta l  organic carbon were determined a t  each water 
sampling s i t e .  Percent dry weight, t o t a l  organic carbon, and grain s ize  
d i s t r ibu t ion  were analyzed in the sediment sampl es.  



Table  5. Target  chemica ls  and co r respond ing  d e t e c t i o n  1 i m i t s  f o r  Eco logy ' s  
1985 s t u d y  o f  DDT compounds and o t h e r  contaminants  i n  t h e  Yakima 
R i v e r  ( p a r t s  per  b i  1 1  i o n ) .  

Organoch lo r ine  P e s t i c i d e s  

f i s h  w a t e r  sediment 

P,P' DDT 
P,P "DE 
P,P' DDD 
o  ,pl DDT 
o  ,p ' D D E  
o ,p 'DDD 
d i e l d r i n  
endosu l fan  1 /11 
a1 pha-BHC 
gamma-BHC 
b e t  a-BHC 
de 1 t a-BHC 
hep t  ach 1 o r  
a l d r i n  
h e p t a c h l o r  epox ide 
e n d r i  n  
e n d r i n  a ldehyde 
endosu l fan  s u l f a t e  
methoxych l o r  
ch lo rdane  
t o x  aphene 

40 ug/Kg, wet 0.02 - 0.01 ug/L 
20 '" 0.01 - 0.005 '" 
0 "  0.02 - 0.01 " 
40 " 0.02 - 0.01 " 
20 0.01 - 0.005 " 
40 " 0.02 - 0.01 " 
20 " 0.01 - 0.005 " 
20 " 0.01 - 0.005 " 
100 " 0.005 - 0.003 " 
100 I' 0.005 - 0.003 " 
100 " 0.005 - 0.003 'I 

100 " 0.005 - 0.003 '" 
10 " 0.005 - 0.003 " 

10 0.005 - 0.003 " 

100 " 0.005 - 0.003 " 
20 " 0.01 - 0.005 " 
200 'I 0.02 - 0.01 " 
200 I' 0.02 - 0.01 " 

100 'I 0.1 -0.05 
100 '" 0.1 - 0.05 " 
2000 " 1.0 - 0.5 '" 
. . . . . . . . . . . . . . . . . . . . .  

P o l y c h l o r i n a t e d  B i p h e n y l s  

f i s h  w a t e r  

100 ug/Kg, wet 0 .05 ug/L 
100 B' 0.05 " 
100 0.05 " 
100 0.05 " 

0.1 ug/Kg, d r y  
I I 

II 

II 

II 

II 

Il 

I' 

II 

I I  

II 

I I 

I I 

I I 

I I 

It 

I f  

II 

II 

I I  

4.6 
- - - - -  

sediment 

1.5 ug/Kg, d r y  
I I 

Meta ls  

f i s h  w a t e r  sediment 

mercu ry  3 ug/Kg, wet 0 .05 ug/L 3 ug/Kg, wet 



Table 5 - continued. 

B. SELECTED 

Organophosphorous Pes t i c ides  CarbamatelPhenylurea Pes t ic ides  

phosdrin 0 .5ugIL oxamyl 5.0 ug/L 
t hi met 0.5 " methomvl 5 - 0  " 
diazinon 0.5 " 
di- syston 0.5 " 

dioxathion 0.5 'I 

dimethoate 0.5 
chl orpyr i fos  0.5 " 
methyl parathion 0.5 " 
ma1 athion 0.5 " 
ethyl  parathion 0.5 " 
DEF 0.5 '" 
eth ion 0.5 " 

t r i  t h i  on 0.5 " 

ca rba r i l  5.0 " 
propham 5.0 " 

chloropropham 5.0 " 

methioc a r b  5.0 " 
baygon 5.0 " 
f u r  ad an 5.0 " 
f 1 uometuron 5.0 " 

monuron 5.0 '" 
di uron 5.0 " 
1 i nuron 5.0 " 
neburon 5.0 " 

Herbicides 

simazi ne 3 ug/L 
cyanozine 2 " 

dicamba 0.1 " 

2,4-D 0.1 " 
s i lvex  0.1 'I 

2,4,5-T 0.1 " 
CPA 

ani 1 ine 
pheno 1 
bis(2-chloroethy1)ether  
2-chl orophenol 
1,3-dichlorobenzene 
1,4-dichlorobenzene 
1,2-dichlorobenzene 
benzvl alcohol 
2-meihyl phenol 
bis(2-chl  oroisopropyl ) e t h e r  
hexachl oroethane 
4-methyl pheno l 
n- ni t roso- di- n- propylamine 
n itrobenzene 
i  sophorone 
2-nitrophenol 
2 $4-dimethyl phenol 
bis(-2-ch1oroethoxy)methane 
2,4-dichloropheno 1 
1,2,4-trichlorobenzene 
benzoic acid 
naphthal ene 
4-chioroani l i n e  
hexachlorobutadiene 
4-chloro-3-methylphenol 
2-methyl naphthal ene 
hexachl orocyc lopentadiene 
2,4,6-trichlorophenol 
2,4,5-trichlorophenol 
2-chloronaphthalene 
3- ni t roani l  i ne  
acenaphthyl ene 
dimethyl phthal a t e  

4-n i trophenol 
2 ,4-d in i t ro to l  uene 
f 1 uorene 
d ie thy l  phthal a t e  
n- n i t rosod i  phenyl ami ne 

1 orophenyl phenyl e ther  
4,6-dinitro-2-methylphenol 
4-bromophenyl phenyl e ther  
hex ach 1 orobenzene 
pentachl orophenol 

di-n-butylphthal a te  
f l uoranthene 
benzidi ne 
pyr en e 
butyi benzyi phthal a t e  
benzo( a )  anthracene 
3,3 ' -dichlorobenzidine 
chrysene 
bi s (2-ethyl hexyl ) phthal a t e  
di-n-octyl phthal a t e  
benzo(b)f l uoranthene 
benzo( k )  f  l uoranthene 
ben zo( a )  pyrene 
indeno(l,2,3-cd)pyrene 
dibenz(  ash)  anth 
benzo(g ,h , i )per  



Table 5 - continued. 

chl oromethane 
bromometh ane 
vinyl chloride 
ch l oroethane 
methyl ene chl or ide 
acetone 
carbon disul f i d e  
1, l-dichloroethene 
1, l-dichloroethane 
trans-1,2-dichl oroethene 
chl oroform 
1,2-dichl oroethane 
2 - b u t  anone 
1 ,1 ,1- t r ichloroethane  
carbon t e t r ach l  or ide  
vinyl ace ta te  
bromodich 1 oromethane 
1,1 ,2 ,2- te t rach loroethane 

Metals 

1 , 2 - d  ichl oropro 
t r ans  - 1,3-d i c  h l oropropene 
t r i c h  loroethane 
dibromochl oromethane 
1 ,1 ,2 - t r i ch t  oroet 
benzene 

2-hex anone 
yl-2-pentanone 

s ty rene  
t o t a l  xyl enes 

Miscellaneous 

copper 
zinc 
nickel 
chromi um 
cadmi urn 
1 ead 
beryl 1 i urn 
t i n  
arsenic 
sel  eni um 
s i  l ver 
antimony 
tha l  1 i  urn 

cyanide 20 ug/L 

tOvganophosphorus, carbamate, and p e s t i c i d e s  analyzed in a1 l June 
24 water samples. Ac id/base-neutr l e s ,  metals,  and cyanide analyses 
r e s t r i c t e d  t o  June 24 water samples from W i  lson Creek, Marion Drain, Sulphur 
Creek,and Yak a River a t  Kiona. Herbicide analys is  done on August 5 water 
samples from lson Creek, Birchfield Drain, Granger Drain, Sulphur Creek, 
and Yakima River a t  Kiona. 



Sampl ing Procedures 

Fish other than salmonids were collected by electroshocking. The Yakima 
Indian Nation suppl ied a boat equipped with a Smi th-Root el ectroshocker and 
operated by a t r i ba l  biologist  fo r  each co l lec t ion .  Salmon and t rou t  samples 
were provided by the Yakima Nation from t raps  as previously mentioned, o r  in 
the case of rainbow t r o u t ,  caught on hook and l ine .  Mussels and crayfish were 
hand-col 1 ected by Jim Chatters, Central ashington University. 

Fish and invertebrate samples were wrapped in al uminum f o i l ,  p u t  in pl a s t i c  
bags, and placed in coolers containing i ce  in polyethylene cubi ta iners .  The 
fo i l  had been previously rinsed with 10 percent H C 1 ,  deionized water, nano- 
grade methyl ene chloride,  and nanograde acetone. 

Water samples were whole, unfi 1 tered water taken as surface grabs from mid- 
channel, e i t he r  collected by hand or by strapping the sample bo t t l e  to  an 
upstream-orienting sounding weight and lowering i t  on a polypropylene 1 ine.  
Temperature and pH were measured in the f i e l d  with a precision mercury ther-  
mometer and Orion Ionalyzer pH meter. Flow was e i the r  gaged in the f i e l d  
using a Marsh-McBirney magnetic flow meter and top-sett ing rod, o r  obtained 
from records of the U.S. Bureau of Reclamation, Yakima of f i ce  or Wapato 
I r r igat ion D i s t r i c t .  

Sediment samples were taken with a Ponar grab in slow-moving water or an Emery 
pipe dredge in f a s t  water; both were constructed of s t a i n l e s s  s t e e l .  Samples 
taken fo r  analysis from the Ponar grab were of the  top two cm surface layer.  
Depth of penetration of the  pipe dredge ranged u p  t o  approximately 4 cm, based 
on observations in shallow water. One grab was taken at each sampling s i t e .  
An e f fo r t  was made t o  sample f i ne  ra ther  than coarse material .  Sediment 
samples were homogenized by s t i r r i n g  with s t a i n l e s s  s t ee l  spoons in large 
stain1 ess s tee l  beakers. Sediment sampl e r s ,  spoons, and beakers were washed 
in Liqui-Nox detergent ,  de-ionized water, 10 percent H C 1 ,  nanograde methylene 
chl oride,  and nanograde acetone between samples. 

Table 6 shows the  sampl e containers,  cleaning procedures, and preservatives 
used fo r  water and sediment sampl es.  A1 1 sampl es were p l  aced on i ce  immedi- 
a te ly  a f t e r  col lec t ion.  

Water sampl es f o r  organochlorine pest icides,  PCBs, and organophosphorus/car- 
bamate/urea pest icides analyses were shipped by a i r  f re igh t  t o  California 
Analytical Laboratories, Inc. ( C A L )  in e s t  Sacramento, Cal i forni  a, within 
24 hours of col lec t ion.  All other samples were returned to  the Ecology/EPA 
Manchester, Washington, 1 aboratory. 

Fish and invertebrates were dissected at  Manchester using s t  ai n I ess  s tee l  
instruments and working on aluminum f o i l .  To a1 lengths and weights of the 
specimens used fo r  analysis were recorded. W o l e  f i sh ,  muscle, and egg 
samples were composite t i s sue s  from two or more individuals of the same 
species where sample s ize  permitted. Muscle samples did not include skin.  
Each t i s sue  sample was homogenized in a Waring blender or  a Hobart grinder.  
Sample containers f o r  t i s sue  were glass  j a r s  with teflon- lined l ids  cleaned 
as described fo r  other organochlorine sampl es in Table 6 .  Tissue samples 
were frozen a t  Manchester for  l a t e r  shi 



Tab le  6 .  Sample h a n d l i n g  i n f o r m a t i o n  f o r  wa te r  and sediment samples c o l l e c t e d  f o r  E c o l o g y ' s  1985 s t u d y  o f  DOT compounds and o t h e r  con taminan ts  
i n  t h e  Yakima R i v e r .  

- -- - -- -- -- 

Sample Type and Parameter C o n t a i n e r  C lean ing  procedure? P r e s e r v a t i v e *  

Water - 
Organoch lo r ine  Pes t i c ides IPCBs 
Organophosphorus P e s t i c i d e s  
Carbarnatelurea P e s t i c i d e s  

H e r b i c i d e s  

1 q u a r t  amber g l a s s t t  ,, ,I I, , 
11 I, 

1 q u a r t  c l e a r  g l a s s t t  

Ac id IBase-Neu t ra l  s  1 g a l l o n  c l e a r  q l a s s t t  

V o l a t i l e s  40 mL c l e a r  g l a s s t t  

Mercu ry  250 mL b o r o s i  I i c a t e  g l a s s t i  

Other  Meta ls  

Cyanide 

T o t a l  Organic  Carbon 

1 q u a r t  h i g h  d e n s i t y  p o l y e t h y l e n e  

250 mL p o l y e t h y l e n e  

8 ounce c l e a r  g l a s s t t  

S p e c i f .  Conduct . /Tot .  Susp. S o l i d s  500 m i  p o l y e t h y l e n e  

v i r g i n  b o t t l e s ,  r i n s e d  w i t h  methy lene  
c h l o r i d e  and d r a i n e d  

d e t e r g e n t  wash, t a p  wa te r  r i n s e ,  n i t r i c  
r i n s e ,  d e i o n i z e d  wa te r  r i n s e ,  me thy lene  
c h l o r i d e  r i n s e ,  oven d r y ,  QC checked 

d e t e r g e n t  wash, t a p  water  r i n s e ,  n i t r i c  
r i n s e ,  d e i o n i z e d  wa te r  r i n s e ,  me thy lene  
c h l o r i d e  r i n s e ,  oven d r y ,  QC checked 

d e t e r g e n t  wash, t a p  wa te r  r i n s e ,  d e i o n i z e d  
wa te r  r i n s e ,  oven d r y ,  QC checked 

d e t e r g e n t  wash, HNO3 r i n s e ,  h i g h  t e m p e r a t u r e  
b a k i n g  

HCl/HN03/deionized wa te r  l e a c h i n g  

v i r g i n  b o t t l e s ,  d e i o n i z e d  wa te r  r i n s e  

d e t e r g e n t  wash, t a p  wa te r  r i n s e ,  d e i o n i z e d  
wa te r  r i n s e ,  oven d r y  

d e t e r g e n t  wash, d e i o n i z e d  wa te r  r i n s e ,  a i r  d r y  - -  

HNO3 ( 5 %  V IV)  + 
K2Ct-207 (.05% VIV)  

H N O ~  t o  p ~  <2 
NaOH t o  pH >10 

H2SO4 t o  pH <2 

Sediment 

Organoch lo r ine  Pest ic ides/PCBs/Mercury 8 ounce c l e a r  g l  a s s t t  
% Dry  K t ,  % T o t a l  Organic  Carbon 

d e t e r g e n t  wash, t a p  wa te r  r i n s e ,  n i t r i c  - - 
r i n s e ,  d e i o n i z e d  wa te r  r i n s e ,  me thy lene  
c h l o r i d e  r i n s e ,  oven d r y ,  QC checked -- 

t ~ e e  appendix I f o r  d e t a i  I s .  
* A l l  samples i c e d  immed ia te l y  a f t e r  c o l l e c t i o n .  

t t ~ e f l o n - l i n e d  l i d s .  



Anal v s i s  

Tab le  7  summarizes t h e  a n a l y t i c a l  methods em l o y e d  and shows where t h e  ana ly-  
ses were done. The method used f o r  organoch o r i n e  p e s t i c i d e s  and PCBs i n  
t i s s u e  was developed a t  t h e  Columbia N a t i o n a l  F i s h e r i e s  Research L a b o r a t o r y  
(CNFRL), Col umbi a, M i s s o u r i ,  f o r  use i n  t h e  USFWS N a t i o n a l  P e s t i c i d e  M o n i t o r -  
i n g  Program. I n  summary, homogenized t i s s u e  i s  mixed w i t h  Na2S04 and 
e l u t e d  w i t h  methy lene c h l o r i d e .  The c o n c e n t r a t e d  e l u a t e  i s  c leaned up b y  
g e l  permeat ion chromatography, f l o r i s i l  column chromatography, and s i l i c a -  
g e l  c o l  umn chromatography. The r e s u l t i n g  t h  ee f r a c t i o n s  a r e  analyzed b y  
i n f l  uen t- sp l  i t, d u a l - c o l  umn gas chromatograp y - e l  e c t r o n  c a p t u r e  (GC-EC) 
accord ing  t o  EPA p r o t o c o l  (EPA method 608) .  Because t h i s  method i s  n o t  
desc r ibed  i n  s tandard a n a l y t i c a l  methods manuals,  t h e  a n a l y s i s  scheme i s  
g i v e n  i n  i t s  e n t i r e t y  i n  Appendix 11. 

I n t e r 1  a b o r a t o r y  Comparison - -  I n  o r d e r  t o  ensure  t h a t  CAL's o r g a n o c h l o r i n e  
a n a l y s i s  o f  t i s s u e  was comparable t o  t h a t  per formed a t  t h e  Ecology/EPA Man- 
c h e s t e r  l a b o r a t o r y  where a l l  o f  Eco logy ' s  p r e v i o u s  Yakima R i v e r  work had been 
done, two f i s h  t i s s u e  homogenates were s p l  i t  between t h e  1  a b o r a t o r i e s  p r i o r  t o  
i n i t i a t i o n  o f  t h e  main survey.  One homogenale, muscle f rom mountain w h i t e f i s h  
c o l l e c t e d  near  C l e  Elum, had a  low l e v e l  o f  con tamina t ion ;  t h e  o t h e r ,  whole 
1 argesca l  e  sucker  f rom Buena, had r e 1  a t i v e l y  h i g h  con tamina t ion .  The r e s u l t s  
o f  t h i s  e x e r c i s e  a re  i n  Tab le  8 .  

Tab le  8.  R e s u l t s  o f  May 1985 f i s h  t i s s u e  i n t e r l a b o r a t o r y  compar ison e x e r c i s e  
between t h e  Ecol  ogylEPA Manchester 1 a b o r a t o r y  and Cal i f o r n i  a  Ana- 
l y t i c a l  L a b o r a t o r i e s  (ug/Kg, we t ) .  

T i s s u e  Type Mountain W h i t e f i s h  - musc le  La rgesca le  Sucker - whole f i s h  
L a b o r a t o r y  ECOLOGY IEPA CAL ECOLOGY IEPA C AL 
Sampl e  
Number 

p,p'-DDE 25 2  3  20 2  0  560 570 660 640 
p5p1-DDT 8 5  u  40u 40u 190 210 6  0  60 
p,p'-DDD 4  5u 40u 40u 110 120 520 200 
d i e 1  d r i n  2  u  5 u  200u 200u 2  4  24 200u 200u 
% l i p i d  5.29 4.77 5.68 5.29 1.16 1.02 4.97 4.84 
% d r y w e i g h t  27.4 27.4 27.1 26.3 25.8 26.0 24.9 24.4 

NOTE: PCBs and o t h e r  o r g a n o c h l o r i n e  p e s t i c i d e s  n o t  d e t e c t e d .  
u  = Not d e t e c t e d  a t  d e t e c t i o n  l i m i t  shown. 

broad spectrum scans done on water  i s  a v a i l  a b l e  on 
reques t .  



Tab le  7. A n a l y t i c a l  methods empioyed f o r  Eco logy 's  1985 s t u d y  o f  DDT compounds and o t h e r  con taminan ts  i n  t h e  Yakima R i v e r .  

Parameter A n a l y s i s  Method Number Reference L a b o r a t o r y  

TISSUE 
o r g a n o c h l o r i n e  pest ic ides/PCBs GCIEC - - Appendix I1 C a l i f o r n i a  A n a l y t i c a l ,  W. Sacramento, CA 
p e r c e n t  l i p i d  g r a n m e t r i c  - - I, It 

p e r c e n t  d r y  we igh t  I) -- I, ,I 

mercury  c o l d  vapor 245.5-modif ied EPA (1979a) EcologylEPA, Manchester, WA 

WATFR . . . . . - . . 
o r g a n o c h l o r i n e  pest ic ides1PCBs GCIEC 608-modi f i e d  EPA (1984) C a l i f o r n i a  A n a l y t i c a l ,  W, Sacramento, CA 
organophosphorus p e s t i c i d e s  GCINPD 622 ,I  I# 

c arbamate & phenyl  u rea  p e s t i c i d e s  HPLC 632 t i  

h e r b i c i d e s  
a c i d l b a s e - n e u t r a l  s 
v o l  a t i  1 es 
mercury 
o t h e r  m e t a l s  
c y a n i d e  
t o t a l  suspended s o l i d s  
s p e c i f i c  c o n d u c t i v i t y  
t o t a l  o r g a n i c  carbon 

GCIEC 
GCIMS 
I, 

c o l d  vapor 
AA 
t i  t r i m e t r i c  
g r a v i m e t r i c  
c o n d u c t i v i t y  c e l l  
combustion- i n f r a r e d  

624 
245.2-modi f i ed 
v a r i o u s  
335.2 
209C 
205 
505A 

EPA 
I,  

I1 

EPA 
I 

I1 

APHA 
4 

I,  

4 

EcologyIEPA, It Manchester, WA 

Laucks, S e a t t l e ,  WA 

SEDlMENT 
o r g a n o c h l o r i n e  pest ic ides1PCBs GCIEC 608 EPA (1984) EcologylEPA, Mancheser, WA 
mercury c o l d  vapor 245.5-modi f i e d  EPA (1979a) I #  

p e r c e n t  d r y  we igh t  g r a v i m e t r i c  209F APHA (1985) I, 

t o t a l  o r g a n i c  carbon combustion-C02 -- i n - h o k e  ' Laucks, S e a t t l e ,  WA 
g r a i n  s i z e  s i e v e  and p i p e t t e  -- Holme & M c l n t y r e  (1971) P a r m e t r i x ,  Be l levue ,  WA 



Concent ra t ions r epo r t ed  by  bo th  l a b o r a t o r i e s  f o r  p,pl-DDE were i n  agreement. 
Whi le  t h e  r e s u l t s  f o r  d i e l d r i n  d i d  no t  d isagree ,  CALis h i ghe r  d e t e c t i o n  l i m i t s  
prec luded q u a n t i f i c a t i o n .  An o rde r  o f  magni tude lower d e t e c t i o n  l i m i  t s  were 
achieved f o r  d i e l d r i n  i n  t h e  main survey. Concen t ra t ions  o f  p,p'-DDT repo r t ed  
by  CAL were lower  than  EcologylEPA. I n  t h e  o p i n i o n  o f  t h e  CAL ana lys t ,  t h i s  
was due t o  p,pi-DDT s p l i t t i n g  i n t o  bo th  t he  f l o r i s i l  and s i l i c a  f r a c t i o n s - - a  
problem remedied be fo re  f u r t h e r  analyses were i n i t i a t e d  (Soderqui  s t ,  1985). 
The CAL r e s u l t s  f o r  p,p'-DDD showed poor p r e c i s i o n .  P,pl-DDD was no t  detec-  
t e d  i n  subsequent dupl  i c a t e s  (see below) and r a r e l y  de tec ted  i n  t h e  main f i s h  
survey (see r e s u l t s ) .  Because p,p'-DDD i s  a m ino r  c o n s t i t u e n t  o f  t h e  t o t a l  o f  
DDT compounds (t-DDT), po ten t i a - l  poor p r e c i s  i o n  o f  CAL's p,p'-DDD a n a l y s i s  i n  
t h e  main survey was no t  cons idered t o  s i g n i f i c a n t l y  i n f  1 uence measurement o f  
t-DDT i n  t i s s u e .  A f i n a l  problem i d e n t i f i e d  th rough  t h e  in te rcompar ison  
exe rc i se  was t h e  low percen t  l i p i d  r epo r t ed  by  EcologyIEPA f o r  samples 7004 
and 7005. Th is  r e s u l t  was never s a t i s f a c t o r i  l y  exp l  ained. 

Accuracy and P r e c i s i o n  - -  The accuracy o f  o rganoch lo r i ne  analyses on t i ssue, 
water,  and sediment was assessed by  ana l ys i s  o f  sp iked samples. Spike r e -  
covery  was no t  used t o  c o r r e c t  t h e  data.  Se lec ted  t i s s u e  and water  samples 
were sp iked a t  CAL w i t h  gamma-BHC, hep tach lo r ,  a l d r i n ,  d i e l d r i n ,  end r i n ,  
p,pl-DDT, and PCB-1254. Two water samples f r o m  t h e  June 24 c o l  l e c t i o n  were 
a1 so sp iked w i t h  e t h y l  pa ra th i on  and ca rba ry l  . Spike concen t ra t  i ons  were 
0.20 - 0.50 ug/L and 100 - 250 ug1Kg. Percent  sp ike  r ecove r i es  (mean 4 stand-  
ard d e v i a t i o n )  i n  t i s s u e  were 102 f 18,=23 f o r  o rganoch lo r ine  p e s t i c i d e s  
and 92 + 13,=3 f o r  PCB-1254. Spike r e c o v e r i e s  i n  water were 82 f 3,=54 
f o r  o rganoch lo r ine  pes t i c i des ,  82 + 10n=2 f o r  PCB-1254, 85 f 17,=4 f o r  
e thy l pa ra th i on ,  and 82 f 8,,=4 f o r  c a r b a r y l .  

Sediment samples were sp iked a t  t h e  Manchester l abora to ry  w i t h  p,p' and o,p' 
isomers o f  DDE, DDT, and DDD. Percent r e c o v e r i e s  were 94 f 2sn=18. 

The p r e c i s i o n  o f  t h e  o rganoch lo r ine  analyses was eva luated by ana lyz ing  
d u p l i c a t e  samples, d u p l i c a t e  sp ikes,  and f i e l d  rep1 i c a t e s .  The r e s u l t s  o f  
a n a l y s i s  o f  d u p l i c a t e  t i s s u e  samples are i n  Tab le  9. 

Seven o rganoch lo r ine  p e s t i c i d e s  and PCB-1260 were detected i n  t h e  t i s s u e  
d u p l i c a t e s .  Concent ra t ions o f  p,pl-DDE, o,pl-DDE, p,p' -DDT, endosul fan 
s u l f a t e ,  e n d r i n  a1 dehyde, PCB-1260, and l i p i d  and dry-weight  percentages were 
w i t h i n  10 percent  o f  t h e  mean o f  d u p l i c a t e  measurements. Q u a n t i f i c a t i o n  o f  
d i e l d r i n  and endosul fan was l e s s  p rec ise ,  r a n g i n g  up t o  33 percen t  about t h e  
d u p l i c a t e  mean. (The mean va lues i n  Table 9 ,  a f t e r  rounding t o  s i g n i f i c a n t  
f i g u r e s ,  a re  used i n  t h e  remainder o f  t h i s  r e p o r t  . )  

Recover ies o f  d u p l i c a t e  sp ikes on water  samples were w i t h i n  20 percen t  o f  t h e  
dupl  i c a t e  mean f o r  bo th  o rganoch lo r ine  p e s t i c i d e s  and PCB-1254. P,pl and o,pi 

isomers o f  DDE, DDT, and DDD r e c o v e r i e s  i n  sediment were w i t h i n  15 percent  o f  
t h e  mean o f  t r i p 1  i c a t e  sp ikes.  

The accuracy and p r e c i s i o n  o f  t h e  mercury  ana lyses  done a t  Manchester were 
determined by  ana lyz ing  s tandard r e fe rence  m a t e r i  a1 s  and sp iked samples. The 
r e s u l t s  f o r  r e fe rence  m a t e r i a l  analyses, shown i n  Table 10, i n d i c a t e  good 
p r e c i s i o n  bu t  a  tendency t o  underest imate t h e  mercury  con ten t  o f  t i s s u e  
samples. Spiked recove r i es  ( pe rcen t )  a1 so were low--52 1 16n=3. 



Results of organochlorine analyses by California Analytical Labora- 
t o r i e s  on dupl ica te  f  sh t i s s u e  samples from Ecology's Yakima River 
f i s h  co l l ec t ions  in 1 85 ( u g / K g ,  wet). 

P 

Parameter 

p9p '  - D D E  
p,p' - D D T  
d i e l d r i n  
endosul fan 
% l i p id  
% s o l i d s  

p , p i - D D E  
p , p  '-DDT 
o ,p '  -DDT 
d i e l d r i n  
endosul fan 
endosulfan s u l f a t e  
endrin aldehyde 
% l i p id  
% dry weight 

p , p i  - D D E  
% l ipid 
% dry weight 

p ,p l -DDE 
o,pt-DDE 
PCB-1260 
% l ip id  
% dry weight 

535 f 25 
110 2 0  

60 + 0 
590 f 130 
720 + 130 
285 f 5 

( a t  detect ion l imi t )  
5.72 f 0.03 

37.5 f 1.0 

830 f 80 
( a t  detect ion l imi t )  

120 f 10 
3.75 f 0.05 

- - 

u = Not detected a t  de tec t ion  l imit  shown. 
/ A  = Not analyzed. 



Tab le  10. R e s u l t s  o f  mercu ry  a n a l y s e s  o f  r e f e r e n c e  m a t e r i a l s  b y  t h e  EcologylEPA 
Manchester 1  a b o r a t o r y  i n  1985. 

Reference M a t e r i a l  Manchester  R e s u l t s  Reference Value 

"Mercury i n  Water" 1.60 + 0.05 ug/L (mean f range;  n = 2 )  1.49 f 0.06 ug/L 
NBS Standard Reference 
M a t e r i a l  1642b 

"Trace Meta ls  i n  F i s h "  1.60 f 0.06 mg/Kg (mean k s.d.; n  = 4 )  2.52 + 1.28 mg1Kg 
EPAIEMSL 

"A lbacore  Tuna" 0.63 f 0.06 mg/Kg (mean f s.d.; n = 4 )  0.95 * 0.1 mg1Kg 
NBS Research M a t e r i a l  50 

Organochlorine and mercury analyses on r e p l i c a t e  f i e l d  samples showed t h a t ,  in 
general ,  variabi  1 i t y  was low. These data  a r e  presented 1 a t e r  in the  repor t .  

B l  anks - -  A1 l organochlorine and mercury analyses included methods b l  anks as 
a  check against  contamination ar is ing  from sample handling and analysis .  
Neither organochlorines nor mercury were detec ted .  Fie1 d blanks were analyzed 
f o r  a1 1 water sample col lec t ions .  Both t r a n s p o r t  b l  anks (sample bot t  1 es 
f i l  led with organic- free water and carr ied  unopened through the  survey) and 
t r a n s f e r  b l  anks (organic- f ree  water t r ans fe r red  t o  empty sample bot t  1 es whi l e  
in the  f i e l d )  were included. A l l  f i e l d  blan s  were below detec t ion  1 imits .  

Q / A  Review -- The organochlorine data  produced by CAL were reviewed by Mike 
Schl ender of the  Ecology/EPA Manchester l aboratory or through contrac t  with 
Ecology & the  Environment, Inc., S e a t t l e .  

Limitations of the  Data 

Although the  surveys reported here involved undreds of physical/chemical 
measurements and represent  the  most extens ive  inves t iga t ion  of i t s  type yet  
undertaken by Ecology, the  reader should be aware of the  l imi ta t ions  of the  
da ta  obtained. These include the  fol  lowing: 

o  Sample Size and Frequency - -  Organics analyses are c o s t l y  and time- 
consuming. As a  r e s u l t ,  re1 a t i v e l y  few f i s h ,  water, o r  sediment samples 
could be analyzed f o r  any one period in time o r  at any s ing le  s t a t i o n .  The 
r e s u l t s  obtained, the re fo re ,  give no information on short-term vari abi 1 i t y  
or local var ia t ion  in concentrat ion.  Short-term v a r i a b i l i t y  i s  less  of a  
concern with f i sh  and sediment which r e t a i  n organochl orines over extended 
periods of time. Small sample s i z e  also oes not lend i t s e l f  t o  determi- 
nation of t h e  s t a t i s t i c a l  s igni f icance  of d i f ferences  in concentrat ion 
between locat ions,  t imes, o r  species sampl ed. Good agreement between 
r e p l i c a t e  samples and the  f a c t  t h a t  cons i s t en t  pat terns in contamination 
emerged from the  data  o f f s e t  the  above short-comings somewhat. 

o  Biological Var iab i l i ty  -- Contaminant l eve l s  in f i sh  and aquatic inverte-  
bra tes  have been shown to  vary with spec ies ,  t i s s u e  type, l ip id  content ,  
time of year,  age, length, feeding,  sex, spawning a c t i v i t y ,  and water 



qua1 i t y  ( temperature,  suspended s o l i d s ,  hardness, pH). I n  t h i s  study, 
o n l y  t h e  i n f l u e n c e  o f  species,  l i p i d ,  and t i s s u e  d i f f e r e n c e s  was evalua-  
ted.  Specimens se lec ted  f o r  a n a l y s i s  represen ted  t h e  average s i z e  en- 
countered i n  t h e  f i e l d .  To t h e  ex ten t  p o s s i b l e ,  a  s i m i l a r  s i z e  range 
o f  i n d i v i d u a l s  o f  each spec ies was analyzed f rom each l o c a t i o n  sampled. 

o  Number o f  T r i b u t a r i e s  Moni tored - -  There a re  f i f t y  o r  more i r r i g a t i o n  r e-  
tu rns ,  creeks, and r i v e r s  t r i b u t a r y  t o  t h e  Yakima. Th i s  s t udy  moni tored 
e leven o f  t h e  l a r g e s t  cons idered t o  have t h e  g r e a t e s t  p o t e n t i a l  f o r  organo- 
c h l o r i n e  contaminat ion.  It i s  1 i k e l y  t h a t  o t h e r  d ischarges have de tec tab le  
concen t ra t ions  o f  o rganoch lo r ine  p e s t i c i d e s .  The ex ten t  t o  
present  s tudy  accounted f o r  t h e  ma jo r  o rganoch lo r i ne  p e s t i c i d e  loads t o  
t h e  Yakima R i ve r  i s  d iscussed l a t e r  i n  t h e  r e p o r t .  

o  In te rcomparab i l  i t y  o f  Data Sets - -  Th i s  r e p o r t  u t i l i z e s  o rgan ics  d a t a  
on f i s h  produced by t h r e e  d i f f e r e n t  1 aboratories--Ecology/EPA, CAL, and 
CNFRL. Sample hand1 ing ,  e x t r a c t i o n  e f f i c i e n c i e s ,  a n a l y t i c a l  schemes, 
ins t rumenta t ion ,  and o the r  f a c t o r s  v a r y  between l a b o r a t o r i e s  and o f t e n  
w i t h i n  t h e  same l a b o r a t o r y  f rom year t o  y e a r .  For t h i s  reason, i t  i s  no t  
unusual f o r  t h e  amount o f  a n a l y t e  found b y  d i f f e r e n t  l a b o r a t o r i e s  when 
analyz ing t h e  same m a t e r i a l  t o  v a r y  b y  50 pe rcen t  o r  more. The i n t e r -  
l abora to ry  comparison exe rc i se  (see Qua1 i t y  Assurance) and consequent 
adopt ion o f  t h e  CNFRL method f o r  t i s s u e  a n a l y s i s  were done i n  an e f f o r t  
t o  maximize c o m p a r a b i l i t y  o f  d a t a  se ts .  

o  Ana lys is  f o r  P e s t i c i d e s  Other Than Organochlor ines - -  Organophosphorus 
and c h l  o rophenoxy / t r i  az i  ne h e r b i c i d e s  analyses were conducted us ing  gas 
chromatography; carbamate lpheny lurea p e s t i c i d e s  analyses were done b y  
h igh- pressure 1 i q u i d  chromatography. E x t r a c t i o n  occurred w i t h i n  seven days 
o f  sample c o l l e c t i o n ;  a n a l y s i s  was completed w i t h i n  30  days. Because o f  
t h e  ease w i t h  which t h e y  a re  hyd ro l i zed ,  ox i d i zed ,  o r  o therw ise  metabo- 
1 ized, organophosphoruslcarbamate pest  i c i c l es  and ch l  orophenoxy h e r b i c i d e s  
a re  cons idered non- pe rs i s t en t  i n  s o i  1 and water ;  phenyl ureas and tr i  azines 
are cons idered modera te ly  p e r s i s t e n t  (Menzer, 1980). Losses o f  these 
compounds a re  1 i k e l y  un less a n a l y s i s  p r o m p t l y  f o l l o w s  sample c o l  l e c t i o n .  
There i s  a d d i t i o n a l  o p p o r t u n i t y  f o r  l o s s  i n  t h e  ana l ys i s  i t s e l f  d u r i n g  
e x t r a c t i o n  ( e x t r a c t i o n  e f f i c i e n c i e s  a re  n o t  we1 1 known f o r  many compounds) 
o r  as a  r e s u l t  o f  hea t i ng  d u r i n g  gas chromatography. These f a c t o r s  and t h e  
g e n e r a l l y  h i g h  d e t e c t i o n  l i m i t s  o f  t h e  method (see Table 5 )  should  be kep t  
i n  mind when i n t e r p r e t i n g  t h e  r e s u l t s  o f  t h e  screen f o r  these compounds i n  
water.  





RESULTS 

F i s h  T issue  

Table  11 shows t h e  r e s u l t s  o f  analyses f o r  o r g a n o c h l o r i n e  p e s t i c i d e s ,  PCBs, 
and mercury  i n  Yakima R i v e r  whole f i s h  and mussels .  The o r g a n o c h l o r i n e  
compounds d e t e c t e d  were p,p8-DDE, o,p'-DDE, p,p'-DDT, p,pl-DDD, d i e l d r i n ,  
endosul fan,  e n d r i n ,  and PCB-1260. Mercury was above d e t e c t i o n  l i m i t s  i n  a1 1 
samples. 0,p' isomers o f  DDT and DDD and o t h e r  t a r g e t  o r g a n o c h l o r i n e  p e s t i -  
c i d e s  were n o t  de tec ted .  

Concent ra t ions o f  t o t a l  DDT compounds ( ~ - D D T + ~ )  ranged from be1 ow d e t e c t i o n  
l i m i t s  ( 2 0  ug/Kg f o r  p,pi-DDE) t o  3,000 ug/Kg. The ma jo r  component o f  t-DDT 
was c o n s i s t e n t l y  p,p8-DDE. DDT compounds were de tec ted  i n  a1 1 w h o l e - f i  sh 
samples; t h e y  were no t  d e t e c t e d  i n  mussels, p r o b a b l y  due t o  t h e i r  low l i p i d  
c o n c e n t r a t i o n s .  DDT compounds, and organochl  o r i n e s  i n  genera l  , are  much more 
s o l u b l e  i n  l i p i d  than  i n  water .  As a  r e s u l t ,  a q u a t i c  organisms accumulate 
these compounds as a  f u n c t i o n  of t h e i r  l i p i d  c o n t e n t .  

Fo r  those spec ies  a v a i l  ab le  a t  m u l t i p l e  l o c a t i o n s  i n  t h e  r i v e r - - m o u n t a i n  
w h i t e f i s h ,  suckers  (mixed spec ies ) ,  and n o r t h e r n  squawf i sh- - concen t ra t ions  
o f  t-DDT inc reased  b y  a  f a c t o r  o f  two t o  s i x  a t  each success ive downstream 
l o c a t i o n  sampled. For exarnpl e, c o n c e n t r a t i o n s  i n  whole suckers  were 80 ug/Kg 
a t  Wymer (r.m. 134-136), 390 ug/Kg ( r e p l  i c a t e  mean) a t  Buena (r.m. 93-95), and 
1,100 ug/Kg a t  K iona  (r.m. 20-23). 

Downstream m i g r a t i n g  s p r i n g  ch inook and s t e e l  head smo l t s  i n t e r c e p t e d  a t  
Prosser  i n  t h e  Chandler Canal t r a p  (r.m. 46) had t-DDT c o n c e n t r a t i o n s  o f  570 
ug/Kg and 100 ug/Kg, r e s p e c t i v e l y .  These c o n c e n t r a t i o n s  f a 1  1  i n  t h e  m i d d l e  t o  
lower range o f  those  observed i n  r e s i d e n t  a d u l t  f i s h  o f  o t h e r  spec ies .  

D i e l d r i n ,  endosul fan,  and e n d r i n  were d e t e c t e d  i n  whole f i s h  l e s s  f r e q u e n t l y  
and a t  l o w e r  c o n c e n t r a t i o n s  t h a n  DDT compounds. D e t e c t i o n  occur red  p r i m a r i l y  
i n  f i s h  f rom t h e  lower r i v e r .  D i e l d r i n  was d e t e c t e d  i n  one spec ies  each a t  
Wymer and Buena (con f i rmed  i n  r e p l  i c a t e  sampl es) ,  and i n  b o t h  spec ies  analyzed 
f rom Kiona.  The maximum d i e l d r i n  c o n c e n t r a t i o n  observed was 240 ug/Kg i n  
l a r g e s c a l e  suckers a t  Kiona. Endosul fan and e n d r i n  were d e t e c t e d  o n l y  a t  
Buena. Maximum c o n c e n t r a t i o n s  were 170 ug/Kg endosul fan i n  w h i t e f i s h  and 50 
ug/Kg e n d r i n  i n  suckers. Concen t ra t ions  o f  endosu l fan  and e n d r i n  measured i n  
rep1  i c a t e  samples o f  these  spec ies  agreed c l o s e l y .  

Comparat ive ly  l ow l e v e l s  o f  PCBs, i d e n t i f i e d  as PCB-1260, were measured i n  
Wymer squawf i sh and i n  most spec ies  analyzed be1 ow Wymer . Concen t ra t ions  
were between 110 and 300 ug/Kg. 

? ~ l l  o rgan ics  and meta ls  c o n c e n t r a t i o n s  are  expressed i n  p a r t s  pe r  b i l l i o n ;  
i .e., ug/Kg f o r  t i s s u e  and sediment and ug/L f o r  water.  T issue concent ra-  
t i o n s  a re  per  u n i t  wet weight ;  sediment c o n c e n t r a t i o n s  a re  per  u n i t  d r y  
weight .  

t t t - ~ ~ ~  i s  t h e  sum o f  p,pl and o ,p ' i somers  o f  DDE, DDT, and DDD. 



Table 11. Concentrations of organochlorine pes t i c ides ,  PCBs, and mercury measured in samples of whole f i s h  and mussels ( l e s s  she1 I )  c o l l ec t ed  
by Ecology from the  Yakima River in 1985 (ug/Kg, wet; detected compounds underlined).  

ham- Length Weight % tndo- 
Coll . ple Ranget Range Dry % p ,p t -  o , p i -  p ,p i -  o , p i -  p , p 4 -  o , p f -  t -  Diel- su l -  En- P C B-  Mer- 

Location and Species Date No. N =  (mm) (grams) W t .  Lipid ODE DOE DOT DOT ODD O D D  DOT d r in  fan d r in  1260 cu rx  

Cle Elum (r.m. 179-181) 
Mountain whi tef ish  08/19 8069 3 290-317 252-356 31.7 11.5 50 20u 40u 40u 40u 40u 50 20u 20u 20u lOOu 20 
Mussels 09/12 8142 10 105-122 57-99 13.0 0.76 m u  20u 40u 40u 40u 40u - 20u 20u 20u lOOu '3v 
Wymer (r.m. 134-136) 
Mountain whi tef ish  08/19 8065 3 322-338 403-508 34.2 12.0 280 20u 50 40u 40u 40u 330 90 20u 20u lOOu 22 
Br idgel ip  sucker ,I  8067 2 330; 391 441; 501 29.7 6.6 '86 20u m u  40u 40u 40u Bb mu 2Ou 20u l0Ou 
Northern squawfish ' " 8063 2 364; 371 404;475 20.1 3.7 %O 20u 40u 40u 40u 40u 5i;o 20u 20u 20u 270 353 
Mussels 09/12 8143 6 87-145 47-203 12.3 0.15 'ZUii 20u 40u 40u 40u 40u -- 20u 20u 20u l?mu 38 
Buena (r.m. 93-95) 

TU 
Mountain whi tef ish  08/20 8072 3 240-286 130-253 34.6 11.7 550 20u 80 40u 40u 40u 630 20u 170 20u 200 45 
I, ,I 

0 8073 3 232-295 110-252 34.9 12.8 20u T O  40u 40u 40u b5[r 20u 20u 
Suckers (mixed spp.*) " 8074 2 343; 420 480; 901 28.2 8.4 20u TZ(T 40u 40u 40u 2m[T 20 50 m u  , 8075 2 341; 359 479; 559 28.6 10.0 20u '86 40u 401.1 40u W m u  m l O O u  3 
Northern squawfish , 8079 3 285-331 230-297 25.4 3.7 Bp0 20u m u  40u 40u 40u m u  20u mu 120 

Kiona (r-m. 20-23) 
Largescale sucker 08/20 8080 2 462; 466 935; 1150 
Northern squawfish ,, 8082 2 300; 336 241; 377 

Prosser (r.m. 46) 
Spring chinook (smol ts )  05/21 8103 14 86-142 5.4-25.7 
Steel  head (smol ts )  I& 8104 6 177-280 43.2-94.1 

20.5 2.4 520 20u 50 40u 40u 40u 570 20u 20u 20u l O O u  24 
14.6 2.1 20u m u  40u 40u 40u 20u 20u 20u lOOu - - 

NOTE: See Table 5 Par t  A f o r  de t ec t ion  l i m i t s  of organochlorine pes t i c ides  analyzed f o r  but not de tec ted .  
u = Not detec ted  a t  de tec t ion  l imi t  shown. 
t ~ o t a l  length.  
*Pooled bridge1 i p  and 1 argescale  suckers.  



Mercury concen t ra t i ons  i n  h o l e  f i s h  and mussel 
Concent ra t ions genera1 l y i creased i n  a  downst r  
squawf i sh. Squawf i sh c o n s i s t e n t l y  had much 
than o t h e r  spec ies zed, Chinook and s tee lhead  smol ts  had low mercur 
concen t ra t i ons  o f  2  32 ug/Kg, r e s p e c t i v e 1  y .  

1 o c a t i  ons sampi e  

Concent ra t ions o f  DDT 

DDT compound p resen t .  

e  da ta  on muscle t i s s u e  a re  i n  Table 12. e  organochl o r i n e  compounds 
e r e  t h e  same as those i n  whole f i s  except t h a t  one a d d i t i o n a l  DDT 

isomer (o,p" was q  d  and end r i n  was t de tec ted .  As was t h e  case 
f o r  whole f i s h ,  DDT ds were de tec ted  t h e  muscle o f  most species 
anal.yzed. 0nl.y r a i  u t  a t  C l  e  El um an sh a t  bo th  upper r i v e r  

no d e t e c t a b l e  DDT compou 

compounds were g e n e r a l l y  lower  i n  muscle than i n  whole 
l e c t i o n  o f  t h e  r e l a t i v e  amounts o f  l i p i d  i n  these 
hes t  c o n c e n t r a t i o n s  o f  t-DDT i n  muscle were 1,400 

Buena ( o n l y  290 ug/Kg i t h e  rep1 i c a t e  sam l e) and 1,500 
a t  Kiona. Re- ana lys is  o f  t he  w h i t e f i s h  sampl es ve r  i- 
concen t ra t i on .  P,p'-DDE was, again,  t h e  predominant 

The downstream t r e n d  i n  i nc reas ing  t-DDT c o n c e n t r a t i o n  
muscie was' n o t  as marked as i n  whole f i s h .  

nd endosul f a n  were i n f r equen t1  y d e t e c t e d  s c l e .  A1 1 d e t e c t i o n s  
t spec ies were i n  t h e  lower  r i v e r .  Die1 as a1 so de tec ted  i n  

one r e t u r n i n g  s p r i n g  c h i  ook. D i  e l d r i  e n t r a t i o n s  were 20 - 
120 ug/Kg; concen t ra t i ons  above t he  20 ug/Kg d e t e c t i o n  1 i m i  t o n l y  occur red  i n  
r e s i d e n t  f i s h  f rom Kiona, As w i t h  whole f i s  , t h e  d e t e c t i o n  o f  endosul fan i n  
muscle was 1 i m i  t ed  t o  samples f rom Buena; co c e n t r a t i o n s  were i n  t h e  20 - 30 
ug/Kg range. 

PCB-1260 was de tec ted  a  low concen t ra t i ons  i n  o n l y  two f i s h  muscle samples; 
one of two wh i t e  i s h  samples a  Buena had 230 u  /Kg, t h e  channel c a t f i s h  
sample a t  K iona ad 180 ug/Kg. 

Muscle t i s s u e  had more mercury  than  whole f i s h ,  Concent ra t ions ranged from 32 
- 447 ug/Kg w i t h  t h e  h i ghes t  concen t ra t i ons  aga in  o c c u r r i  g i n  squawfish.  

Muscle f rom r e t u r n i n g  s p r i n g  chinook ad lower  contaminant burdens than  
ec i es .  Concent ra t ions o f  he two organochl o r i n e  p e s t i c i d e s  de- 

tec ted ,  p,p'-DDE and d i e l d r i n ,  were near o r  elow d e t e c t i o n  l i m i t s  ( 2 0  ug/Kg) 
except f o r  p,pt-DDE i n  one sample a t  390 ug/ g .  PCBs were n o t  de tec ted  i n  
chinook muscle. Mercury concen t ra t i ons  were 48 - 62 ug/Kg, a l so  low. Be- 

e  ch inook a re  m ig ra to r y ,  i t  i s  n o t  u t e  t he  presence 
,p"DDE o r  d i e l d r i n  i n  r e t u r n i n g  ad 

p l e s  were ana ly  i t e f i s h ,  l a r g e s c a l e  suckers, and s p r i n g  
were general  l y  t h e  same as those 
h i ghe r  o rganoch lo r ine  l e v e l s  

than  e i t h e r  suckers o r  s  de tec ted  o n l y  i n  eggs were 
endosul f a n  s u l f a t e  and 01 i t e s  o f  t h e i r  r e s p e c t i v e  paren t  

ese compounds were i d e n t i f i e d  i n  eggs from w h i t e f i s h  a t  Buena. 



Table 12. Concentrat ions o f  o rganoch lo r ine  pes t i c i des ,  PCBs, and mercury measured i n  samples o f  f i s h  and c r a y f i s h  muscle c o l l e c t e d  by Ecology 
f rom the  Yakima R iver  i n  1985 (ug/Kg, wet; detected compounds under l ined) .  

S am- Length Weight % Endo- 
C o l l .  p l e  Ranget Range Dry % p,pt-  o,p'- p,pl- o,p'- p,pi- o ,p t -  t- O ie l -  s u l -  En- PCB- Mer- 

Loca t i on  and Species Date No. N= (mm) (grams) W t .  L i p i d  DDE DDE DOT DDT ODD DDD DDT d r i n  f a n  d r i n  1260 c u r y  

C le  Elum (r.m. 179-181) 
Mountain w h i t e f i s h  08/19 8068 3 335-356 387-590 31.7 7.8 90 20u 40u 40u 40u 40u 90 20u 20u 20u lOOu 42 
Rainbow t r o u t  09/17-18 8125 3 214-217 105-110 23.9 0.94 'ZOL 20u 40u 40u 40u 40u 20u 20u 20u lOOu 7.7 
Cr ayf  i sh 09/12 8127 10 23-41 2.7-29.0 17.5 0.59 20u 20u 40u 40u 40u 40u -- 20u 20u 20u lOOu V A  

Wymer (r.m. 134-136) 
M o u n t a i n w h i t e f i s h  08/19 8064 3 335-346 396-510 27.2 9.0 150 20u 40u 40u 40u 40u 150 20u 20u 20u lOOu 32 
B r i d g e l i p  sucker 8066 2 368; 380 587; 763 22.6 3.3 20u 40u 40u 40u 40u 20u 20u 20u lOOu 38 
Nor thern  squawf i sh " 8062 2 356; 432 400; 729 22.6 1.3 TITO 20u 40u 40u 40u 40u I T 0  20u 20u 20u lOOu W7 
Rainbow t r o u t  09/23-24 8126 3 220-319 109-380 27.0 3.3 3[r 20u 40u 40u 40u 40u 3[r 20u 20u 20u lOOu ;?5- 
Cray f i sh  09/12 8128 16 25-32 4.6-10.5 19.9 1.0 'IOU 20u 40u 40u 40u 40u 20u 20u 20u lOOu V A  

Buena ( r m .  93-95) 
Mountain w h i t e f i s h  08/20 8070 2 307; 331 293; 316 31.4 8.1 1100 20u 200 60 70 40u 1400 20 30 20u 230 73 
)I I 1, 8071 2 305; 318 266; 312 29.2 5.7 2 0 ~  '40- m u  m u  4 0 ~  'IOU 2 0 ~  m u  83 

~3 Suckers (mixed spp.*) " 
N I I  

8077 2 395; 408 593; 727 25.8 4.1 20u '2m 40u 40u 40u 20u ZIT 20u lOOu Vb 
I # I  8076 2 384; 390 592; 716 28.8 3.7 T36 20u m u  40u 40u 40u T36 20u m u  20u lOOu ifT 

Northern squawfish " 8078 2 447; 465 874; 907 22.9 1.8 rn 20u 40u 40u 40u 40u rn 20u 20u 20u lOOu 388 - - - 
Kiona (r.m. 20-23) 
La rgesca lesucke r  08/20 8081 3 423-440 764-1080 23.2 4.9 80 20u 50 40u 40u 40u 130 80 20u 20u lOOu 127 
Nor thern  squawfish " 8083 3 286-305 217-252 23.6 1.4 '150 20u m u  40u 40u 40u T5[r S(T 20u 20u lOOu fl6 
Smal lmouth bass I( 8084 4 226-276 145-285 21.8 0.49 '40- 20u 40u 40u 40u 40u '40- m u  20u 20u lOOu 7T- 
Channel c a t f i s h  05/20 8085 4 352-395 -- 27.8 8.3 nA 30 130 40u 80 40u a 120 20u 20u 180 - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f?oi 'a-~&-(r.6.-128T 
Spr ing  chinook 05/21 8105 2 7750; 8000 -- 32.9 13.2 390 20u 40u 40u 40u 40u 390 20u 20u 20u lOOu 48 
I1 I1 I t  8106 1 7370 - - 33.2 10.7 50- 201.1 40u 40u 40u 40u 50- 20 20u 20u lOOu 53 
I, , 07/23 8099 1 7550 - - 25.1 3.6 20u 40u 40u 40u 40u 'IO m u  20u 20u lOOu 7 

8 ,  8101 1 7540 -- 27.4 6.8 20u 40u 40u 40u 40u 20u 20u 20u lOOu - - 
NOTE: See Table 5 Pa r t  A f o r  d e t e c t i o n  l i m i t s  o f  o t he r  o rganoch lo r ine  p e s t i c i d e s  analyzed f o r  b u t  no t  detected.  
u = Not de tec ted  a t  d e t e c t i o n  l i m i t  shown. 
N/A = Not analyzed. 
t ~ o t a l  l eng th  except carapace l eng th  f o r  c r a y f i s h .  
*Pooled br idge1 i p  and la rgesca le  suckers. 



Table 13. Concentrat ions of o rganoch lo r ine  pes t i c i des ,  PCBs, and mercury measured i n  f i s h  egg samples c o l l e c t e d  by Ecology from the  Yakima R i ve r  
i n  1985 (ug/Kg, wet; de tec ted  compounds under l ined) .  

>am- Lensth Weiqht % Endo- 
C o l l .  p l e   an-et ~ a n g e  Dry % p,pi- o,p'- p,pa- o,p'- p,pi- o,pi- t- D ie l -  s u l -  En- PCB- Mer- 

Loca t i on  and Species Date No. N= (inmy g r s  W t .  L i p i d  ODE ODE DOT DDT DOD ODD ODT d r i n  f a n  d r i n  1260 cu ry  

C le  Elum (r.m. 179-181) 
M o u n t a i n w h i t e f i s h  10/11 8120 3 335-505 475-1720 38.4 5.9 30 20u 40u 40u 40u 40u 30 200 20u 20u lOOu 14 
Largescale sucker 05/20 8107 2 459; 462 1188; 1296 37.1 6.3 Ltf 20u 40u 40u 40u 40u 20u 20u lOOu - 
Wymer (r.m. 134-136) 
M o u n t a i n w h i t e f i s h  10111 8121124 3 354-360 537-582 34.8 6.0 200 20u 50 40u 40u 40u 250 430 20 20u lOOu 11 
Largescale sucker 05/20 8108 2 495; 502 1378; 1554 36.0 6.0 20u 40u 40u 40u 7Uii m u  201.1 lOOu 

Buena ( r m .  93-95) 
M o u n t a i n w h i t e f i s h  10111 8122123 6 272-334 223-408 37.5 5.7 540 20u 110 60 40u 40u 710 590 720* 2 0 t t  lOOu 15 
Largescale Sucker 05/20 8109 1 516 1325 38.2 5.2 20u m u  60 40u %% rn '2oi; m u  lOOu '57 

!'? 
It I 11 8110 1 524 1434 35.9 4.8 2 'ZPIT 150 7'70 40u '8ZO 63 20u 20u 460 - - - - - 

W 

Kiona (r.m. 20-23) 
Largescale sucker 05/20 8111 1 445 1131 35.8 5.8 490 20u 60 40u 40u 40u 540 2 20u 20u lOOu 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rosa Dam ( r m .  128) 
Spr ing  chinook 7/23 8100 1 7550 - - 45.0 15.4 20u 20u 40u 40u 40u 40u -- 230 ZOu 20u lOOu 11 

8 $1 8102 1 7540 -- 47.5 18.2 40 20u 40u 40u 40u 40u 40 20u 20u lOOu TT - 
NOTE: See Table 5 P a r t  A f o r  d e t e c t i o n  l i m i t s  o f  o t he r  o rganoch lo r ine  pes t i c i des  analyzed f o r  bu t  n o t  detected.  
u = Not detected a t  d e t e c t i o n  l i m i t  shown. 
+ ~ o t a l  leng th .  
*Endosulfan s u l f a t e  a lso  detected a t  280 ug/Kg, wet. 
t t ~ n d r i n  aldehyde de tec ted  a t  40 ug/Kg, wet, i n  #8122 on ly .  



Although d i e l d r i n  was a m inor  contaminant i n  whole f i s h  and muscle, i t s  
d e t e c t i o n  f requency and concen t ra t i on  l e v e l  i n eggs were comparable t o  those 
f o r  DDT compounds. DDT compounds were de tec ted  i n  a1 l r e s i d e n t  species egg 
samples a t  concen t ra t i ons  f rom 1 4  - 980 ugIKg . D i e l d r i n ' s  d e t e c t i o n  f requency 
i n  eggs was f i v e  o f  e i g h t  samples, w i t h  concen t ra t i ons  reach ing  590 ugIKg. 

Only  one egg sample had d e t e c t a b l e  PCBs. One o f  t h e  two samples o f  l a rgesca le  
sucker eggs c o l l e c t e d  a t  Buena had a PCB-1260 c o n c e n t r a t i o n  o f  460 ugIKg, t h e  
h i ghes t  observed d u r i n g  t h e  present  study. 

Chinook eggs had measurable concen t ra t i ons  o f  p,p'-DDE and d i e l d r i n  on l y .  40 
ugIKg p,pl-DDE was de tec ted  i n  one o f  t h e  two samples analyzed; bo th  samples 
had de tec tab le  d i e l d r i n  a t  230 ug/Kg and 180 ug/Kg. As mentioned above, these 
contaminants may have been accumulated elsewhere than i n  t h e  Yakima R i ve r .  

Mercury concen t ra t i ons  were much lower  i n  eggs t h a n  i n  whole f i s h  o r  muscle. 
A range o f  11 - 37 ug/Kg was observed. 

Table 14 summarizes t h e  da ta  on whole f i s h ,  muscle,  and eggs. 

Water 

The r e s u l t s  o f  o rganoch lo r ine  pes t i c i des ,  PCBs, and mercury analyses o f  water 
samples c o l l e c t e d  f rom t h e  Yakima R i v e r  and e l e v e n  t r i b u t a r i e s  on June 24, 
August 5, and October 2, and r e s u l t s  from one t r i b u t a r y ,  B i r c h f i e l d  Dra in ,  
where a d d i t i o n a l  samples were c o l l e c t e d  on J u l y  2 and August 2 1  a re  shown i n  
Table 15. 

The o rganoch lo r ines  de tec ted  i n  water were t h e  same compounds t h a t  predomina- 
t e d  i n  f i s h ;  i .e . ,  p,pt-DDE, p,pi-DDT, p,pt-DDD, d i e l d r i n ,  and endosul fan.  
PCBs and mercury were below d e t e c t i o n  l i m i t s  (0.05 ug/L) i n  a1 1 water  samples 
analyzed. There appeared t o  be a genera l  t r e n d  toward decreas ing concentra-  
t i o n  and f requency o f  d e t e c t i o n  f o r  these compounds over  t h e  course o f  t h e  
s tudy.  No compounds were de tec ted  d u r i n g  t h e  f i n a l  survey i n  October. 

Four o f  t h e  e l  even t r i b u t a r i e s  mon i to red  had d e t e c t a b l e  concen t ra t i ons  o f  DDT 
compounds d u r i n g  t h e  surveys conducted i n  June through August. DDT compounds 
were c o n s i s t e n t l y  de tec ted  i n  B i r c h f i e l d  Dra in ,  Granger Dra in ,  and Sulphur 
Creek, and once i n  Spr ingISnipes Creek. Concen t ra t ions  o f  t-DDT ranged f rom 
0.02 t o  0.07 ug1L. I n  c o n t r a s t  t o  t h e  p r e v i o u s l y  descr ibed r e s u l t s  f o r  f i s h  
t i s s u e ,  p,p'-DDT concen t ra t i ons  were equal t o  o r  g r e a t e r  than  p,pl-DDE. 
P,p'-DDD was de tec ted  i n  one i ns tance  on l y .  Resu l t s  f rom a n a l y s i s  o f  r e p l i -  
c a t e  samples c o l l e c t e d  from Granger D ra i n  and Sulphur Creek i n  August were i n  
c l o s e  agreement. A l l  f o u r  o f  t h e  above t r i b u t a r i e s  shared t h e  common charac- 
t e r i s t i c  o f  h i gh  suspended s o l i d s  concen t ra t i ons  ( 6 1  - 380 mg/L). 

D i e l d r i n  was de tec ted  i n  t r i b u t a r i e s  more f r e q u e n t l y ,  a l though a t  l ower  con- 
c e n t r a t i o n s ,  t han  DDT compounds. Granger Dra in ,  Sulphur Creek, and Spr ing1 
Snipes Creek had measurable d i e l d r i n  d u r i n g  b o t h  t h e  June and August surveys; 
i t  was de tec ted  i n  Wilson, Toppenish, and Satus Creeks i n  t h e  June survey 
o n l y .  The range i n  d i e l d r i n  concen t ra t i on  i n  these  s i x  t r i b u t a r i e s  was 
0.003 - 0.02 ug/L. Concent ra t ions i n  Wi lson Creek, Granger Dra in ,  and Sul-  
phur Creek r e p l i c a t e  samples were, again, s i m i l a r .  



Table 14. Summary o f  o rganoch lo r ine  pes t i c i des ,  PCBs, and mercury analyses o f  f i s h  and i nve r t eb ra tes  c o l l e c t e d  by  Ecology from t h e  Yakima R i ve r  
i n  1985 (ug/Kg, wet) .  

t-DDT D i e l d r i n  t ndosu l t an  t n d r i n  PCB-1260 Mercury 
Det. t  Det . Det. Det. Det. Det. 

Loca t i on  Species T issue Freq. Mean* Range Freq. Mean Range Freq. Mean Range Freq. Mean Range Freq. Mean Range Freq. Mean Range 

C le  Elum Resident Whole 112 30 20u-50 012 -- -- 012 -- -- 012 -- -- 012 -- -- 212 30 20-34 
( r m .  179-181) spp. 
W y e r  r 8 1  314 250 201.1-560 114 30 2 0 ~ - 9 0  014 -- -- 014 -- -- 114 100 100~ -270  414 100 21-333 

( r m .  134-136) 
Buena I I  18  515 590 290-890 215 20 2 0 ~ - 4 0  315 80 2 0 ~ - 1 7 0  215 20 2 0 ~ - 5 0  315 120 100~ -200  515 78 30-215 

( r m .  93-95) 
K iona I, I, 2/2 2000 1100-3000 212 160 90-240 012 -- -- 012 -- -- 212 200 110-300 212 70 50-96 

C le  E l m  Resident Muscle 113 40 20u-90 013 -- -- 013 -- -- 013 -- -- 013 -- -- 212 38 33-42 
(r.m. 179-181) spp. 
W y e r  I( I$ 415 90 20u-190 0/5 -- -- 015 -- -- 0/5 -- -- 0 /5  -- -- 414 136 25-447 
(r.m. 134-136) 
Buena I,  I ,  515 450 130-1400 115 10 2 0 ~ - 2 0  315 20 2 0 ~ - 3 0  015 -- -- 115 90 100~ -230  515 145 73-388 
( r m .  93-95) 
K iona 11 18 414 480 40-1500 314 60 2 0 ~ - 1 2 0  014 -- -- 014 -- -- 114 80 100~ -180  414 109 77-136 
( r m .  20-23) 

C le  Elum Resident Eqqs 212 20 14-30 112 100 20u-200 012 -- -- 012 -- -- 012 -- -- 212 10 5-14 - - 
( r m .  179-181) spp. 
W y e r  I, ,, 212 260 250-270 112 220 20u-430 112 15 2Ou-20 012 -- -- 012 -- -- 212 10 9-11 
(r.m. 134-136) 
Buena 4, 313 840 710-980 213 220 2 0 ~ - 5 9 0  1 1 3 t t  250 2 0 ~ - 7 2 0  0/3** -- -- 113 190 1 0 0 ~ - 4 6 0  313 25 15-37 
(r.m. 93-95) 
Kiona I1 11 111 540 540 111 30 30 011 -- -- 011 -- -- 011 -- - -  111 11 11 
( r m .  20-23) 

Prosser Salmonid M o l e  212 340 100-570 012 -- -- 012 -- -- 012 -- -- 012 -- -- 212 28 24-32 
(r.m. 46) smol ts 

Rosa Spr ing  Musc le414  120 20-390 114 10 20u-20 014 -- -- 014 -- -- 014 -- - -  414 59 48-72 
(r.m. 128) chinook 
I 8 ,  Eggs 112 20 2 0 ~ - 4 0  212 200 180-230 012 -- -- 012 -- -- 012 -- -- 212 11 11 , I, 

u = Not de tec ted  a t  d e t e c t i o n  l i m i t  shown. 
t D e t e c t i o n  f requency = number o f  samples w i t h  a de tec tab le  concen t ra t i on / t o t a l  number o f  samples analyzed. 
*One-half o f  t h e  d e t e c t i o n  l i m i t  used i n  c a l c u l a t i n g  mean where compound no t  detected.  

t tEndosu l f an  s u l f a t e  de tec ted  i n  one sample. 
**Endrin aldehyde detected i n  one sample. 



Table 15. Concentrations of organochlorine pes t ic ides ,  PCBs, and mercury measured in water samples col lec ted  by Ecology from the Yakima 
River and t r i b u t a r i e s  in 1985 (detected compounds under l ined) .  

Total Total 
Sam- Susp. Org. P , P ' -  P , P ' -  P , P ' -  Diel- Endo- 
ple Flow Temp. pH Sp. Cond. Solids Carbon DDE DDT DDD t-DDT d r i n  sul fan  PCBs Hg 

Sample Location No. ( c f s )  ( " C )  (S.U.) (umhos/cm) (mg/L) (mg/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) ( u g h )  (ug/L) (ug/L) 

Yakima R .  @ Cle Elum 
Wilson Creek 
I, I4 

Naches River 
Birchf ie ld  Drain 
Wide Hollow Creek 
Ahtantim Creek 

Yakima R .  @ Parker 
Granger Drain 
Marion Drain 
Toppenish Creek 
Satus Creek 
Sulphur Creek 
SpringISnipes Cr. 

Yakima R. @ Kiona 
$1 I,  11 11 

Birchf ie ld  Drain 7303 64 N / A  N/A 

Yakima R. @ Cle El um 
Wilson Creek 
Naches River 
Birchf ie ld  Drain 
Wide Hollow Creek 
Ahtanum Creek 

Yakima R .  @ Parker 
Granger Drain 

I 4  

Marion Drain 
Toppenish Creek 
Satus Creek 
Sulphur Creek 
I,  

SpringISnipes Cr . 
Yakima R. @ Kiona 

Birchf ie ld  Drain 8050 112 14.6 6.7 

Yakima R .  @ Cle Elum 
Wilson Creek 
Naches River 
Birchfield Drain 
Wide Hollow Creek 
Ahtanum Creek 

Yakirna R .  I3 Parker 
Granger Drain 

I I ,  

Marion Drain 
Toppeni sh Creek 
Satus Creek 
Sulphur Creek 
I,  , 

June 24 

1.6 
4.4 
4.0 
N/A 
3.2 
2.2 
2.8 
2.1 
3.1 
4.8 
2.9 
3.0 
5.1 
2.6 
3.2 
3.2 

J u l y  2 

5.1 0.02 
August 5 

2.2 0 . 0 1 ~  
7.2 0 . 0 1 ~  
2.8 0 . 0 1 ~  
5.6 0 . 0 1 ~  
3.6 0 . 0 1 ~  
5.2 0 . 0 1 ~  

August 21 

4.7 0.01 - 
October 28 

2.8 0 . 0 0 5 ~  
2.1 0 . 0 0 5 ~  
1 .3  0 . 0 0 5 ~  
1 .7  0 . 0 0 5 ~  
1.5 0 . 0 0 5 ~  
2.1 0 . 0 0 5 ~  
1.4 0 . 0 0 5 ~  
2.4 0 . 0 0 5 ~  
2.4 0 . 0 0 5 ~  

Spring/Snipes Cr. 8171 12.8 11.0 N / A  
Yakima R .  @ Kiona 8172 3280 10.3 N/A 35 1.7 0 . 0 0 5 ~  0 . 0 1 ~  0 . 0 1 ~  -- 0 . 0 0 5 ~  0 . 0 0 5 ~  0 . 0 5 ~  0 . 0 5 ~  

NOTE: See Table 5 Pa r t  A f o r  de tec t ion  l i m i t s  of organochlorine pes t i c ides  analyzed fo r  but not de tec ted  
u = Not detec ted  a t  de t ec t ion  l i m i t  shown. 
J = Estimated concentra t ion .  

N / A  = Not analyzed . 



The d e t e c t i o n  o f  endosu l f  an was 1 i m i t e d  t o  B i r c h f i e l d  Dra in .  A concentra-  
t i o n  of 0.16 ug/L--high r e l a t i v e  t o  l e v e l s  o f  DDT compounds and d i e l d r i n - -  
was present  d u r i n g  t h e  i n i t i a l  survey i n  June; subsequent samples con ta ined  
0.03 ug/L o r  less .  

Al though o rganoch lo r ine  p e s t i c i d e s  were be ing  d ischarged by a  number o f  t h e  
t r i b u t a r i e s  monitored, these  compounds were de tec ted  o n l y  once i n  water from 
t h e  main stem o f  t h e  Yakima R i ve r .  Concen t ra t ions  o f  p,p'-DDE and d i e l d r i n  
were est imated a t  0.006 - 0.007 ug/L i n  rep1 i c a t e  samples c o l l e c t e d  i n  June 
f rom t h e  lower r i v e r  a t  Kiona. Endosul fan was n o t  de tec ted  i n  Yakima R i ve r  
water .  

Organochlor ines were never de tec ted  i n  water  f rom t h e  Yakima R i v e r  a t  C le  
E l  um, Yakima R i ve r  a t  Parker,  Naches R iver ,  Wide Hol low Creek, Ahtanum Creek, 
o r  Marion D ra in .  

Very few a d d i t i o n a l  o rgan ic  compounds were i d e n t i f i e d  i n  t h e  broad spectrum 
screen done on se lec ted  water  sampl es .t D i  a z i  non, an organophosphorus pest  i- 
cide ,  was measured a t  a  concen t ra t i on  o f  1.7 ug/L i n  an August 5 sample from 
B i  r c h f  i e l d  Dra in .  No o t h e r  organophosphorus, carbarnate, o r  phenyl urea p e s t i -  
c i des  o r  h e r b i c i d e s  were de tec ted .  P o t e n t i a l  shortcomings i n  these analyses 
have been p r e v i o u s l y  discussed. 

Low 1 evels  o f  t e n  o rgan ic  compounds were de tec ted  by a n a l y s i s  f o r  ac id lbase-  
n e u t r a l s  and v o l a t i l e s .  These a re  l i s t e d  i n  Tab le  16. A l l  a re  commonly 
observed contaminants o f  su r f ace  waters .  P o t e n t i a l  sources i n c l u d e  pe t ro-  
leum ( aromat ic hydrocarbons),  r e f r i g e r a n t s  ( c h l  oromethane), fumigan ts  (bromo- 
methane), so l ven t s  ( c h l o r i n a t e d  e t h y l  enes and 4-methyl pentanone), and p l  a s t i c s  
( d i - n - o c t y l p h t h a l  a t e ) .  

Table 16. Organic compounds detec ted  by ac id lbase-neutra l  and v o l a t i l e s  
analyses of water samples c o l l e c t e d  by Ecology frwn t h e  Yakima 
River and t r i b u t a r i e s  on June 24, 1985 (ug/L).  

Wi 1 son Marion Sulphur Yakima River 
Compound Location:  Creek Drain Creek a t  Kiona 

Sample No: 7092 7100 7103 7105l7106 

Aromatic Hydrocarbons 
t o  l uene 1J  1 J 1 J 
ethyl benzene 1 J 
xyl ene 13 
2-methylnaphthal ene 

Chlorinated Ethylenes 
t r ichloroethylene  1 J 
te t rachloroethylene  1J 

Haloforms 
ch l orometh ane 1 J 1J 

Ketone 
4 t h y l  pentanone 1J 

Phthal a t e  
d-n-octylphthal a t e  

NOTE: See Table 5, Par t  B f o r  complete l i s t  o f  compounds analyzed and 
detec t ion  l i m i t s .  

J  = Estimated concentra t ion  

a i l a b l e  on reques t .  



The d a t a  f rom meta ls  ana lyses o f  wa te r  a re  i T a b l e  17. Low c o n c e n t r a t i o n s  
were observed i n  a1 1 samples analyzed. 

Table 17. Results of metals analyses  (o the r  than mercury) on water samples col lec ted  
by Ecology from the  Yakima River and t r i b u t a r i e s  in 1985 (ug/L t o t a l  re- 
coverable metal ) .  

Sanpl e 
Location Date Number Cu Zn Ni ,Cr Cd Pb Be Sn As Se Ag Sb T1 

Wilson Creek 6/24 7092 * * lu l u  0 . 1 ~  l u  0 . 1 ~  lu  l u  l u  0 . 1 ~  l u  l u  ,, I,  8/21 8059 7 7 - - - - - - - - - not analyzed - - - - - - - - - 

MarionDrain 6/24 7100 * * 7 lu 0.2 5 0 . h  l u  2 l u  0 . h  l u  l u  
I,  , 8/20 8055 2 4 - - - - - - - - - not analyzed - - - - - - - - - 

Sulphur Creek 6/24 7103 * * 8 lu 0.2 7 O . l u  lu 5 l u  0.11.1 l u  l u  
8 ,  8/20 8053 4 10 - - - - - - - - - not analyzed - - - - - - - - - 

Yakima R .  a t  6/24 7105 * * 15 lu 0.2 1 O . l u  l u  3 lu 0 . 1 ~  l u  l u  
Kiona 6/24 7106 * * 2 lu 0.1 2 0.lu l u  6 l u  0.lu l u  l u  

8/20 8051 3 4 - - - - - - - - - not analyzed - - - - - - - - - 
14 8/20 8052 3 7 - - - - - - - - - not analyzed - - - - - - - - - 

* = Data not usable due t o  contamination in methods blank. 
u = Not detected a t  de tec t ion  l i m i t  shown. 

Sediment 

The c o n c e n t r a t  i o n s  o f  organoch l  o r i  nes and m e r c u r y  measured i n  bed sediments 
c o l l e c t e d  a t  f i v e  l o c a t i o n s  i n  t h e  Yakima R i v e r  and a t  t h e  mouths o f  s i x  
t r i b u t a r i e s  a r e  r e p o r t e d  i n  Tab le  18. I n  l i n e  w i t h  t h e  p r e v i o u s l y  d e s c r i b e d  
f i n d i n g s  f o r  f i s h  and water,  DDT compounds and d i e l d r i n  were t h e  predominant 
o r g a n o c h l o r i n e s  d e t e c t e d  i n  sediment. Endosu f a n ,  a l d r i n ,  and i s o d r i n  were 
a l s o  de tec ted ,  b u t  i n  o n l y  one sample each- - the l a t t e r  two compounds b e i n g  
p r e v i o u s l y  undetected i n  f i s h  o r  water .  Mercu ry  was above d e t e c t i o n  l i m i t s  
i n  a l l  b u t  one sediment sample. PCBs c o u l d  n o t  be  d e t e c t e d  i n  sediment a t  a  
d e t e c t i o n  1 i m i  t o f  1.5 ug/Kg. 

P,pi-DDE and p,p"DDT comprised t h e  m a j o r  f r a c t i o n  o f  t-DDT i n  sediment.  
0,p'--DDT and p,pi -DDD were a l s o  de tec ted .  Re1 a t i v e l y  h i g h  t-DDT concen t ra-  
t i o n s  o f  234 ug/Kg and 91.7 ug/Kg were measured i n  rep1 i c a t e  samples f rom t h e  
mouth o f  Su lphur  Creek. As p r e v i o u s l y  shown, c o n c e n t r a t i o n s  o f  DDT compounds 

f rom t h i s  c reek  were among t h e  h i g h e s t  o f  t h e  e leven  t r i b u -  i n  water  samples 
t a r  i e s  mon i to red .  
i n  sediment f o r  a  

A l though B i r c h f i e  
t h e  c o n c e n t r a t  i o n  
rnent c o l  l e c t e d  a  

An e l e v a t e d  t-DDT c o n c e n t r a t i o n ;  34.6 ug/Kg, a l s o  occur red  
second documented DDT source,  Granger D r a i n .  

d  D r a i n  had c o n s i s t e n t l y  d e t e c t a b l e  DDT compounds i n  water,  
o f  t-DDT i n  t h e  sediment sample was o n l y  4.0 ug/Kg. Sedi- 
h o r t  d i s t a n c e  upstream f rom t h e  mouth o f  B i r c h f i e l d  D r a i n  s  

( d a t a  presented l a t e r  i n  F i g u r e  2' and Appendix 111) showed a  range i n  t-DDT 
c o n c e n t r a t i o n  o f  27 - 3 1  ug/Kg. The low t - D D  c o n c e n t r a t i o n  a t  t h e  mouth o f  
B i r c h f i e l d  D r a i n  i s  p r o b a b l y  due t o  t h e  sample b e i n g  93 p e r c e n t  sand and 
g r a v e l  and hav ing  a  t o t a l  o r g a n i c  carbon (TOC) c o n t e n t  o f  o n l y  0.5 p e r c e n t .  
Organoch lor ines have a  h i g h  a f f i n i t y  f o r  o r g a n i c  carbon and a re  p r e f e r e n-  
t i a l  l y  assoc ia ted  w i t h  t h e  s i l t - c l  ay f r a c t i o n  i n  sediments.  When t h e  t-DDT 
d a t a  f o r  Yakima t r i b u t a r i e s  a re  no rma l i zed  t o  TOC , t h e  f o l  lowing r a n k i n g  i s  
ob ta ined :  Sulphur Creek > Granger D r a i n  > Spr ing /Sn ipes  Creek > Wi l son  Creek, 
B i r c h f i e l d  D r a i n  > Mar ion  Dra in .  



Table 18. Concentrat ions o f  o rganoch lo r ine  pes t i c i des ,  PCBs, and mercury i n  bed sediment samples c o l l e c t e d  by Ecology from t h e  Yakima R i ve r  and 
t r i b u t a r i e s  on September 24 and 25, 1985 (ug/Kg d r y ) .  

% Gra in  S ize  
% To ta l  Gravp l  Sand S i l t  Clay t-DDT E ndo- 

Sanple Dry Org. TzZii- Tt;zim P,P'- P,P'-  0 , ~ ' -  P,P'-  TDC O ie l -  s u l -  A l -  Mer- 
Sample Locat ion  Number k i t .  Carb. (>2mm) 62um) -4um) (<4um) DDE ODT DDT DDD t-DDT Corrected d r i n  f an  d r i n  PCBs cu ry  

Yakima R. @ Cle Elum 8129 75 0.6 0 97.91 1.00 1.09 0.1J 0 . h  0 . 1 ~  0 . h  0.1 17 0 . 1 ~  0 . 1 ~  0 . 1 ~  1 . 5 ~  28 
W i  1 son Cr . 8130 71 0.9 0 80.06 16.78 3.76 4.9 2.2 0.66 1.0 8.8 980 2.6 0 . 1 ~  0 . 1 ~  1 . 5 ~  9 

Yakima R. @ Rosa Dam 8131 48 3.1 0 38.02 58.73 3.25 17.4 27.3 3.8 16.9 65.4 2,100 8.2 0 . 1 ~  0 . 1 ~  1 . 5 ~  34 
B i r c h f i e l d  D ra i n  8132 80 0.5 9.10 84.35 1.40 5.15 1.3 1.8 0.62 0.33 4.0 800 0. l u  0 . 1 ~  0 . 1 ~  1 . 5 ~  4u 

Yak imaR.@WapatoDam 8133 46 2.3 0.08 46.13 49.89 3.90 65.7 11.1 2.1 15.4 94.3 4,100 2.4 4.1 0 . 1 ~  1 . 5 ~  32 
Granger Dra in  8134 75 0.3 0 87.61 2.50 9.89 10.5 19.3 1.2 3.6 34.6 12,000 0.7 0 . 1 ~  0 . 1 ~  1 . 5 ~  8 
Mar ion Dra in  8135 70 2.3 3.19 90.33 4.37 2.11 7.0 2.1 0.32 2.2 11.6 500 0. l u  0 . 1 ~  0 . 1 ~  1 . 5 ~  11 
Sulphur Cr. 8136 67 1.5 0 48.61 48.47 2.92 129 59.2 8.4 37 234 16,000 14.9 0 . 1 ~  0.11.1 1 . 5 ~  19 
I II  8137 87 0.4 0.77 86.35 11.21 1.67 33.2 50.2 1.6 6.7 91.7 23,000 3.1 0 . 1 ~  0 . 1 ~  1 . 5 ~  7 

Yakima R. @ Prosser Dam 8138 79 0.2 0 97.86 1.46 0.68 1.5 0.41 0.10 0.41 2.4 1,200 0.1J 0 . 1 ~  0 . 1 ~  1 . 5 ~  24 
1 1, 1, 11 8141 79 0.1 0 98.72 0.68 0.60 1.2 0.31 0.13 0.35 1.9 1,900 0 . 1 ~  0 . 1 ~  0 . 1 ~  1 . 5 ~  18 

Spring/Snipes Cr.t 8139 79 0.3 0.79 89.24 7.70 2.34 4.1 3.8 0.81 1.0 9.7 3,200 10.1 0. l u  1065 1 . 5 ~  4 

Yakima R. @ 8140 64 1.0 0.01 52.44 44.31 3.24 30.1 3.4 0.71 5.3 39.5 4,000 1.7 0 . 1 ~  0.11.1 1 . 5 ~  22 
Horn Rapids Dam 

NOTE: See Table 5 P a r t  A f o r  d e t e c t i o n  l i m i t s  o f  o rganoch lo r ine  pes t i c i des  analyzed f o r  b u t  n o t  de tec ted  

t = I s o d r i n  a lso  t e n t a t i v e l y  i d e n t i f i e d  a t  an est imated concent ra t ion  o f  17 ug/Kg dry .  
u = Not detected a t  d e t e c t i o n  l i m i t  shown. 
J = Estimated concent ra t ion .  



T-DDT concen t ra t i ons  i n  sediment f rom t h e  ma 
ranged f rom t h e  d e t e c t i o n  l i m i t  o f  0.1 ug/Kg 
( r  .m. 183.1) t o  94.3 ug/Kg behind Wapato Dam 
o f  sediment c o l l e c t e d  a t  Prosser,  t h e r e  i s  a  
i nc reas ing  t-DDT c o n c e n t r a t i o n  when t h e  da ta  

D i e l d r i n  concen t ra t i ons  i n  sediment were t y p  
t han  t-DDT. The h i g h e s t  concen t ra t i on ,  14.9 

nstem o f  t h e  Yakima R i v e r  
i n  t h e  upper r i v e r  a t  C l e  Elum 
(r.m. 103.8). With t h e  excep t ion  
genera l  downstream t r e n d  i n  
are normal i zed t o  TOC . 
c a l  l y  an o rde r  o f  magnitude lower 
ug/Kg, occur red  i n  Sulphur Creek. 

The d e t e c t i o n  o f  4.1 ug/Kg endosul fan i n  Wapato Dam sediment may r e f l e c t  t he  
p r e v i o u s l y  documented ch ron i c  d ischarge  o f  t h i s  p e s t i c i d e  b y  B i r c h f i e l d  D ra i n  
3.8 m i l e s  upstream. Endosul fan was no t  d e t e c t a b l e  i n  t h e  B i r c h f i e l d  sediment 
sample, aga in  p robab ly  due t o  TOC and g r a i n  s i z e  c h a r a c t e r i s t i c s .  

An ex t reme ly  h i gh  a l d r i n  c o n c e n t r a t i o n  o f  1,065 ug/Kg was measured a t  t he  
mouth o f  Spr ingISnipes Creek. A l d r i n  was no t  de tec ted  i n  any o t h e r  f i s h ,  
water,  o r  sediment samples c o l l e c t e d  du r i ng  t h e  study. The unusual na tu re  o f  
t h i s  f i n d i n g  i s  d iscussed l a t e r  i n  t h e  r e p o r t .  I s o d r i n ,  an isomer o f  a l d r i n ,  
was a lso  t e n t a t i v e l y  i d e n t i f i e d  i n  Spr ingISnipes Creek sediment. I s o d r i n  i s  
n o t  a  commercial l y  produced a g r i c u l t u r a l  chemical .  

Mercury concen t ra t  i ons  i n  Yakima R i ve r  and t r i b u t a r y  sediment were between 
l e s s  than  4  ug/Kg and 32 ugIKg. These concen t ra t i ons  a re  t y p i c a l  o f  s o i l s  and 
rocks (Parker ,  1967). 

B i r c h f i e l d  D ra i n  I n v e s t i q a t i o n s  

The r e s u l t s  o f  a t tempts  t o  i d e n t i f y  sources o f  o rganoch lo r i ne  p e s t i c i d e s  b y  
ana l ys i s  o f  sediment and water  f rom one Yakima t r i b u t a r y ,  B i r c h f i e l d  Dra in ,  
are  dep i c t ed  i n  F i g u r e  2  (t-DDT) and F igu re  3  (endosu l fan ) .  The da ta  f rom 
which these f i g u r e s  were prepared a re  i n  Appendices 111 and I V .  As p r e v i o u s l y  
noted, d i e l d r i n  was n o t  de tec ted  i n  t h i s  d ischarge.  

The i n i t i a l  survey i nvo l ved  a  s e r i e s  o f  bed sediment samples c o l l e c t e d  on 
March 25. t-DDT concen t ra t i ons  ranged from 9  - 98 ug/Kg. Resu l t s  f rom 
ana l ys i s  o f  rep1 i c a t e  samples c o l  l e c t e d  from Hubbard D i t c h  and lower B i r ch -  
f i e l d  D ra i n  i n d i c a t e d  a  v a r i a b i l i t y  a t  those  s i t e s  o f  9 percen t  and 48  
percent  about t h e  mean (see  Appendix 111). Cons ider ing t h i s  v a r i a t i o n  i n  
sample concen t ra t i on  observed a t  i n d i v i d u a l  l o ca t i ons ,  t h e r e  was no evidence 
o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  l e v e l  o f  t-DDT i n  sediment between upper 
and lower p o r t i o n s  o f  t h e  d r a i n .  However, two l a t e r a l s ,  Postma D i t c h  and 
Hubbard D i tch ,  d i d  have h i ghe r  t-DDT concen t ra t i ons  than  o t h e r  p a r t s  o f  t h e  
dra inage--71 and 98 ugIKg, r e s p e c t i v e l y .  (Norma l i z ing  these  d a t a  t o  TOC and 
percen t  f i n e s  [ s i l t  + c l a y ]  gave no a d d i t i o n a l  i n f o r m a t i o n  on g rad ien t s  i n  
con tamina t ion . )  

A water sample c o l l e c t i o n  on J u l y  2  f o l l owed  t h e  sediment survey and inc luded  
samples f rom severa l  p o i n t s  i n  B i r c h f i e l d  Dra in  and i n  Hubbard D i t ch ,  Postma 
D i t ch ,  and t h e  o t h e r  ma jo r  l a t e r a l  , Union Gap Canal . As shown i n  t h e  f i g u r e ,  
water concen t ra t ions  o f  t-DDT i n  Postma and Hubbard D i tches  were a t  o r  below 
d e t e c t i o n  l i m i t s  and d i d  no t  r e f l e c t  t h e  e leva ted  DDT observed e a r l i e r  i n  
sediment a t  these s i t e s .  The t h i r d  l a t e r a l ,  Union Gap Canal, had an e leva ted  
t-DDT concen t ra t i on  o f  0.06 ugIKg, a l so  n o t  p r e d i c t e d  by t h e  sediment ana lys is .  



Sed 

W a te  

F i g u r e  2. Concent ra t ions o f  t-DDT measured i n  B i r c h f i e l d  D r a i n  sediment and wa te r  
samples c o l l e c t e d  by Eco logy i n  1985. ( D e t e c t i o n  l i m i t  = 1 ug/Kg, d r y  
f o r  sediment and 0.01 ug/L f o r  water;  ND = n o t  de tec ted . )  



a t e r ,  J u l y  2 

Water, August 2 1  

F i g u r e  3. Concent ra t ions o f  endosu l fan  measured i n  B i r c h f i e l d  D r a i n  water  samples 
c o l l e c t e d  by Eco logy i n  1985. ( D e t e c t i o n  l i m i t  = 1 ug/L; ND = n o t  
detected.  ) 



Data on t h e  main stem o f  B i r c h f i e l d  D ra i n  above a l l  t h r e e  l a t e r a l s  showed 
t-DDT increased f rom below d e t e c t i o n  l i m i t s  i n  t h e  upper d r a i n  above Rosa 
Canal t o  0.05 u g l i  above t h e  con f luence  o f  he l a t e r a l s .  Th is  va lue  was 
conf i rmed by  a n a l y s i s  o f  a  rep1 i c a t e  (see Appendix I V ) .  The water concen- 
t r a t i o n  i n  B i r c h f i e l d  D ra i n  below Hubbard D i t c h  and Union Gap Canal was 0.07 
ug1L. Based on these data,  i t  appeared t h a  d u r i n g  t h i s  sampling e f f o r t  a  
source o r  sources above t h e  ma jo r  l a t e r a l s  o  B i r c h f i e l d  was hav ing a g r e a t e r  
impact on t-DDT i n  water  than  Hubbard Di tch,  Union Gap Canal, and Postma 
D i t c h  . 
I n  a  f o l l ow- up  water c o l l e c t i o n  on August 21, two sampling s i t e s  were added 
between Rosa Canal and Hubbard D i t c h .  The r e s u l t s  shown i n  t h e  f i g u r e  i n d i -  
c a t e  reduced t-DDT concen t ra t i ons  throughou t h e  dra inage.  T-DDT reached a 
de tec tab le  l e v e l ,  0.03 ug/L, o n l y  a t  t h e  mouth o f  B i r c h f i e l d  Dra in .  Flow, 
suspended s o l i d s ,  and t o t a l  o rgan ic  carbon were much lower  on August 21  t han  
on J u l y  2 (see Appendix I V ) .  

The d i s t r i b u t i o n  o f  endosul fan i n  water on J u l y  2 and August 2 1  p a r a l  l e l  l ed  
t h a t  descr ibed f o r  t-DDT (see F i g u r e  3 ) .  

Resu l t s  f rom t h e  surveys descr ibed  above and d a t a  presented p r e v i o u s l y  on 
water and sediment f rom o t h e r  p a r t s  o f  t h e  akima R i ve r  suggest DDT compounds 
a re  w i d e l y  d i s t r i b u t e d  i n  B i r c h f i e l d  D ra i n  and i n  t he  Yakima bas in  as a  whole 
and t h a t  t h e  l e v e l  o f  con tamina t ion  i n  B i r c h f i e l d  Dra in  i s  s i m i l a r  t o  severa l  
o t h e r  d r a i n s  and creeks. The search f o r  l o c a l i z e d  DDT sources i n  B i r c h f i e l d  
Dra in  was n o t  pursued f u r t h e r .  

The Washington S ta te  Department o f  A g r i c u l t u r e  (WSDA) a lso  conducted an i n -  
v e s t i g a t i o n  o f  DDT i n  B i r c h f i e l d  D ra i n  i n  1985. Th is  i n v e s t i g a t i o n  inc luded  
a de te rm ina t i on  o f  evidence f o r  c u r r e n t  use o f  DDT, a n a l y s i s  o f  t h e  m i t i c i d e  
Kel thane ( d i c o f o l )  a  suspected source o f  DD compounds b y  way o f  i m p u r i t i e s ,  
and a survey f o r  evidence o f  d i scarded  DDT c o n t a i n e r s  a t  dump s i t e s .  DDT 
sources were no t  found (Faul  coner, 1985). 





- Dur ing t h e  r e s e n t  study, DDT compounds, . and mercurv were de tec ted  i n  musc l e  samoles 
f rom ~ a k f m a  R i ve r  f i s h .  The ~ 6 o d  and Drugu ~ d m i n i s t r a t i o n  (FDA) has e s t i b -  
l i s h e d  t h e  " a c t i o n  l e v e l s "  shown below i n  Tab le  19, when these compounds a re  
present  i n  f i s h  used f o r  human consumption (FDA, 1984, 1985). FDA has no 
a c t i o n  l e v e l  f o r  endosulfan. The a c t i o n  l e v e l s  represen t  a  judgment b y  FDA 
b a l  anc i n g  p o t e n t i a l  f o r  adverse h e a l t h  e f f e c t s  aga ins t  economic impacts.  When 
a product  exceeds an a c t i o n  l e v e l ,  FDA can l e g a l l y  remove i t  from t h e  market.  

Table  19. FDA " a c t i o n  l e v e l s "  f o r  contaminants  i d e n t i f i e d  i n  Yakima R i v e r  f i s h  
muscle samples c o l l e c t e d  by Eco logy  i n  1985. 

-- - 

Contaminant Ac t i on  Level  

~ - D D T ~  5,000 ug/Kg, wet Compl i ance Pol  i c y  Guide1 i n e  7120.23-9 
D i e l d r i n  300 'I 

I t  II I1  7120.23-A 
PCBs 2,000 " Federa l  Reg is te r ,  1984. 49(100) : 21514-21520 
Mercury* 1,000 I' Compl i ance P o l i c y  Guide1 i n e  7108.07 

~ D D T ,  DDE, DDD e i t h e r  s i n g l y  o r  i n  combinat ion;  FDA does n o t  count  i n d i v i d u a l  
compound concen t ra t ions  below 200 ug/Kg as p a r t  o f  t-DDT. 

*methylmercury 

F i gu re  4 p l o t s  t h e  Yakima R i v e r  f i s h  muscle d a t a  b y  sample l o c a t i o n  and shows 
t h e  r e l a t i o n s h i p  t o  FDA a c t i o n  l e v e l s .  A1 1 samples are we1 1 below a c t i o n  
l e v e l s .  As noted e a r l i e r  i n  t h i s  r e p o r t ,  t h e  d a t a  on mercury  i n  t i s s u e  may 
underest imate ac tua l  concen t ra t i ons .  The mercury  concen t ra t i ons  i n  these 
samples would not,  however, be expected t o  exceed t he  1,000 ug/Kg FDA a c t i o n  
l e v e l  even a f t e r  a l l ow ing  f o r  t h e  low r e s u l  s on sp ikes and re fe rence  m a t e r i a l s .  

Chinook eggs a re  p a r t  o f  t h e  d i e t  o f  t h e  Yakima Ind ians .  Al though these d a t a  
were no t  p l o t t e d ,  t h e  concen t ra t i ons  o f  t-DDT, d i e 1  d r i n  , and mercury measured 
i n  sp r i ng  chinook eggs e a s i l y  meet FDA c r i t e r i a .  PCBs were no t  de tec ted  i n  
chinook eggs. 

€PA assesses t h e  r e l a t i v e  human h e a l t h  hazard f rom contaminants i n  f i s h  b y  
t h e o r e t i c a l  r i s k  c a l c u l  a t i o n s  f o r  chemicals deemed carcinogens o r  by  compari-  
son w i t h  acceptab le  d a i l y  i n t a k e s  (AD1 ' s )  f o r  non- carc i  nogens. Carcinogens are 
cons idered t o  have no sa fe  l e v e l  o f  exposure because " .  . .even a smal l  dose 
must be assumed t o  e l i c i t  a  f i n i t e  inc rease  i n  t h e  inc idence  of response . . 
." (EPA, 1980a). Non-carcinogens e x h i b i t  exposure (dose) t h resho lds  be1 ow 
which adverse e f f e c t s  do n o t  occur e i t h e r  due t o  " p h y s i o l o g i c a l  r ese rve  
capac i t y "  o r  " i n s i g n i f i c a n t  r a t e  o f  damage."(EPA, l98Oa). The concept o f  
acceptab le  d a i l y  i n t ake ,  t h e r e f o r e ,  i s  n o t  a p p l i e d  t o  carc inogens.  





EPA cons ide rs  t h e  evidence f o r  t h e  c a r c i n o g e n i c i t y  o f  DDT, DDE, DDD, d i e l d r i n ,  
and PCBs i n  humans t o  be inadequate.  However, i n  c o n s i d e r a t i o n  o f  evidence 
f rom animal s t u d i e s ,  t h e y  have been c lassed  as Group B2 - Probable  Human 
Carcinogens b y  EPAk  Carcinogen Assessment Group (EPA, 1985a; 1986a). 

Increased l i f e t i m e  (70- year)  cancer  r i s k  f o r  exposure t o  a  ca rc inogen  through 
f i s h  consumption i s  c a l  c u l  ated as shown be1 ow. Carc inogenic  potency f a c t o r s  
are  expressed as a  r i s k  sco re  which i s  t h e  p r o b a b i l i t y  o f  e f f e c t  pe r  u n i t  
dose. 

Chemical c o n c e n t r a t i o n  i n  e d i b l e  f i s h  t ssue (mg/Kg) x  i n g e s t i o n  
r a t e  ( k g l d a y )  4 70 k g  person = exposure (mglKglday) 

Exposure (mglKglday) x  c a r c i n o g e n i c  po tency  f a c t o r  ( m g / ~ g / d a y ) - l  = 
i n d i v i d u a l  r i s k  

Endosul fan and mercury a re  n o t  c a r c i n o g e n i c .  A D I ' s  have t h e r e f o r e  been 
c a l c u l  ated b y  EPA (1980d,e)--a 70- year d a i l y  exposure i s  a1 so assumed. When 
t h e  d a i l y  i n g e s t i o n  r a t e  of a  chemical  exceeds t h e  AD1 ( i . e . ,  i n g e s t i o n  r a t e :  
AD1 > I ) ,  adverse h e a l t h  e f f e c t s  a r e  cons ide red  t o  p o t e n t i a l l y  occur  i n  sens i-  
t i v e  subpopul a t i o n s .  S a f e t y  f a c t o r s  a re  app i e d  i n  c a l c u l a t i n g  ADI is t o  a l l o w  
f o r  adequacy o f  t h e  s u p p o r t i n g  data .  

A p r e l i m i n a r y  r i s k  assessment f o l l o w i n g  €PA methodology was done f o r  consurnp- 
t i o n  o f  Yakima R i v e r  f i s h .  For  t h e  purpose o f  t h e  present  study,  t h e  r e s u l t s  
a r e  in tended  t o  a1 low comparison o f  r e 1  a t i v e  r i s k  f rom d i f f e r e n t  carc inogens 
o r  amount o f  exposure n o t  p r o v i d e  abso lu te  q u a n t i f i c a t i o n  o f  r i s k .  

The approach used i n  t h i s  a n a l y s i s  i s  c o n s e r v a t i v e  ( i . e . ,  worst- case assump- 
t i o n s  a re  used). The c a r c i n o g e n i c  potency f a c t o r s  employed r e p r e s e n t  t h e  
upper 95 percen t  conf idence l i m i t  o f  t h e  dose response f rom animal s t u d i e s .  
The most up- to- date f a c t o r s  p r e s e n t l y  a v a i l a b l e  were used (EPA, 1986b). 
Exposure i s  assumed t o  be c o n s t a n t  o v e r  a  70- year l i f e t i m e .  T issue concen- 
t r a t i o n s  entered i n  t h e  c a l c u l a t i o n s  were t h e  average o f  t h e  n i n e  muscle 
samples analyzed f rom t h e  lower  Yakima R i v e r  (Buena and Kiona)  where t h e  
h i g h e s t  c o n c e n t r a t i o n s  were observed. For samples where a  chemical  was n o t  
de tec ted ,  one- ha l f  t h e  d e t e c t i o n  l i m i t  was used i n  t h e  c a l c u l a t i o n .  

I n f o r m a t i o n  on t h e  amount o f  f i s h  ea ten  i n  t h e  Yakima b a s i n  was n o t  a v a i l -  
able,  so a  range o f  i n g e s t i o n  r a t e s  was e v a l u a t e d .  The lowes t  va lue ,  6.5 
g l d a y  (5 .2  l b s l y e a r )  i s  EPA's e s t i m a t e  o f  t h e  n a t i o n a l  average consumpt ion 
o f  f reshwate r  and e s t u a r i n e  f i s h  and s h e l l f i s h  (EPA, 1980a). The U.S. De- 
par tment  o f  A g r i c u l t u r e  has es t ima ted  a  r a t e  o f  20 g l d a y  (16  l b s l y e a r )  which 
i n c l u d e s  f reshwater ,  e s t u a r i n e ,  and mar ine  consumpt i o n  (USDA, 1984).  The 
h i g h e s t  o f  t h e  t h r e e  p u b l i s h e d  r a t e s  e v a l u a t e d  was 165 g/day (133 l b s l y e a r )  
which has been c a l c u l a t e d  t o  be t h e  amount o f  f i s h  consumed b y  0 .1  p e r c e n t  
o f  t h e  p o p u l a t i o n  (F inch ,  1973). 



Table 20 shows t h e  r e s u l t s  of t h e  h e a l t h  assessment c a l c u l a t i o n s  descr ibed 
above as appl i e d  t o  e a t i n g  f i s h  f rom t h e  l o w e r  Yakima R iver .  

Tab1 e 20. Resu l t s  o f  app ly ing  EPA h e a l t h  assessment method01 ogy f o r  con- 
sumption o f  f i s h  f rom t h e  lower  Yakima R i ve r .  

1. Carcinogens 

Mean Concen- Carc i no- 
t r a t i o n  i n  aenic  
F i  sh Wuscl e potency Average L i f e t i m e  (70- year)  Cancer ~i s k t  

Chemical (mg/Kg) Fac to r  @ 6.5 g l d a y  @ 20 g l day  @ 165 g l day  

Accep- 
Mean Concen- t a b l e  
t r a t i o n  i n  D a i l v  
F i s h M u s c l e  ~ n t a k e  1 n g e s t i o n R a t e : A c c e p t a b l e D a i l y I n t a k e  

Chemical (mg1Kg) (mglday) i? 6.5 g l d a y  la 20 g l day  @ 165 g/day 

Endos u l  f a n  0.020 0.28 0.0005 0.001 0.02 
Mercury 0.130 0.02 0.04 0.1 1 

NOTE: See t e x t  f o r  d a t a  sources. 

?A l i f e t i m e  r i s k  o f  1 x 10-6 i s  1 i n  1,000,000. 

The t h e o r e t i c a l  r i s k s  f rom i n t a k e  o f  d i e l d r i  and PCB-1260, a1 though p resen t  
a t  r e1  a t i v e l y  1 ow 1 eve1 s i n  Yakima R iver  f i  s , a r e  cons ide rab l y  g r e a t e r  than 
f o r  DDT compounds. Endosulfan and mercury  r main a t  o r  w i t h i n  acceptab le  
d a i l y  i n t a k e s  f o r  a1 1 consumption r a t e s  eva l  

B r i e f l y ,  t o  pu t  t h e  above r i s k  es t imates  i n  e r spec t i ve ,  t h e  1 i f e t i m e  cancer 
r i s k  f o r  t he  average smoker i s  8 x 10-2, w h i l e  t h e  r i s k  f rom e a t i n g  one- hal f  
pound o f  c h a r c o a l - b r o i l e d  s teak per  week i s  2 x 10-5 (Crouch and Wilson, 
1984). The r i s k s  of dy i ng  i n  an automobi le a c c i d e n t  o r  be ing k i l l e d  by  
l i g h t n i n g  have been c a l c u l a t e d  a t  2 x 10-2 and 4 x 10-5, r e s p e c t i v e l y  (New 
York S ta te  Department o f  Heal th,  1981). A d e t a i l e d  d iscuss ion  o f  r i s k  
assessment, e s p e c i a l l y  as app l ied  t o  e a t i n g  f i s h ,  can be found i n  T e t r a  Tech 
(1986) .  



P o t e n t i  a1 Aqua t i c  L i f e  and W i  l d  l i f e  Impacts 

The N a t i o n a l  Academy o f  Sciences (NAS, 1973) has recommended c o n c e n t r a t i o n s  
o f  t o x i c  substances t h a t  should  n o t  be excee ed i n  whole f i s h  if a q u a t i c  l i f e  
and w i l d l i f e  are  t o  be p r o t e c t e d .  The recommendations i n c l u d e  each o f  t h e  
contaminants  d e t e c t e d  i n  whole f i s h  analyzed f rom t h e  Yakima R i v e r  d u r i n g  t h e  
p resen t  s tudy.  For  " p r o t e c t i o n  o f  predators ,"  t h e  f o l  l ow ing  va lues  were 
suggested: 1,000 ug/Kg ( w e t )  f o r  t-DDT; 100 ug/Kg (we t )  f o r  d i e l d r i n ,  endo- 
s u l f a n ,  and e n d r i n  ( s i n g l y  o r  i n  comb ina t ion ) ;  and 500 ug/Kg (we t )  f o r  PCBs. 
These o r g a n o c h l o r i n e  c r i t e r i a  were based on 1 e v e l s  i n  water  and f i s h  and were 
designed t o  p r o v i d e  '\ . . g u i d e l i n e s  f o r  w a t e r  q u a l i t y  c o n t r o l .  . ." recog-  
n i z i n g  t h e  f a c t  t h a t  " .  . . presen t  knowledge i s  n o t  y e t  s u f f i c i e n t  t o  p r e d i c t  
o r  e s t i m a t e  s a f e  c o n c e n t r a t i o n s  o f  these compounds i n  aqua t i c  systems." The 
t-DDT recommendation i n c o r p o r a t e d  t h e  d a t a  a v a i l a b l e  a t  t h a t  t i m e  on e g g s h e l l  
t h i n n i n g  induced b y  DDE i n  f i s h - e a t i n g  and r a p t o r i a l  b i r d s .  (A d i e t  c o n t a i n-  
i n g  as l i t t l e  as 2,800 ug/Kg, p,p'-DDE induced  t h i n n i n g  i n  eggs o f  t h e  h e r i -  
can k e s t r e l  ; i .e., sparrow hawk). 

The NAS recommendation f o r  mercury  i s  500 ug/Kg (we t )  f o r  p r o t e c t i o n  o f  
" s e l e c t e d  f i s h  and p r e d a t o r y  species."  T h i s  v a l u e  was d e r i v e d  b y  cons ide r-  
i n g  t h a t  f i s h  k i l l e d  by methy lmercury  p o i s o n i n g  have con ta ined  5,000 - 
10,000 ug/Kg and t h a t  100 - 200 ug/Kg i s  " a p p a r e n t l y  a  usual  background 
l e v e l  f o r  f reshwate r  f i s h . "  Because d a t a  on s a f e  mercury l e v e l s  were n o t  
a v a i l a b l e ,  t h e  FDA c r i t e r i o n  o f  500 ug/Kg was adopted, as i t  f e l  1 conveni-  
e n t l y  near  background b u t  we1 1  be1 ow t o x i c  1  e v e l s .  

F i g u r e  5  compares t h e  Yakima R i v e r  whole f i s  d a t a  w i t h  t h e  NAS recommenda- 
t i o n s .  The m a j o r i t y  o f  samples a re  w i t h i n  a  l e v e l  cons idered p r o t e c t i v e  f o r  
t-DDT. However, b o t h  1 argescal  e  sucker (1,100 ug/Kg) and n o r t h e r n  squawf i sh 
(3,000 ug/Kg) f rom t h e  lower r i v e r  a t  K iona  exceeded t h e  NAS c r i t e r i o n  o f  
1,000 ug/Kg. Sample s i z e  a t  K iona  was sma l l  b u t  Ecology whole f i s h  samples 
c o l l e c t e d  here  s i n c e  1980 have c o n s i s t e n t l y  been i n  t h i s  range (See Table  1 ) .  

A l l  b u t  one o f  t h e  f i f t e e n  samples analyzed f o r  d i e l d r i n  were w i t h i n  t h e  NAS 
recommendation. That sample, whole 1 argesca l  e  suckers f rom Kiona, had 240 
ug/Kg--more than  t w i c e  t h e  recommended l e v e l .  One o f  t h e  two sucker samples 
a t  Buena (sample number 8074, Tab le  11)  a l so  exceeds t h e  100 ug/Kg c r i t e r i o n  
when d i e l d r i n ,  endosu l f  an, and e n d r i n  c o n c e n t r a t i o n s  a re  summed, g i v i n g  120 
ug/Kg ( d a t a  p o i n t  n o t  shown i n  F i g u r e  5 ) .  

A l l  PCB-1260 and mercury c o n c e n t r a t i o n s  i n  Yakima R i v e r  whole f i s h  were l e s s  
than  maximum l e v e l s  recommended b y  NAS. Mercury  c o n c e n t r a t i o n s  woul d  remain 
w i t h i n  NAS recommendations a f t e r  a1 lowing f o r  t h e  p o t e n t i  a1 underes t ima t ion  o f  
sample c o n c e n t r a t i o n s  desc r ibed  p rev ious1  y .  

Other  r e c e n t  ( i  .e., s i n c e  1980) o r g a n o c h l o r i n e  analyses o f  t i s s u e  f rom Yakima 
R i v e r  f i s h  have been conducted by Eco logy an USFWS. Several  compounds n o t  
de tec ted  i n  t h e  p resen t  s t u d y  have been r e p o r t e d  as p resen t .  These d a t a  a r e  
summarized i n  Table  21. 
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F i g u r e  5. Comparison o f  NAS recommended maximum c o n c e n t r a t i o n s  w i t h  t-DDT, d i e 1  d r i n ,  
PCB-1260, and mercu ry  c o n c e n t r a t i o n s  i n  Yakima R i v e r  whole f i s h  and i n v e r -  
t e b r a t e  samples c o l  l e c t e d  b y  Eco logy  i n  1985. (Non- de tec t ions  p l o t t e d  a t  
one- ha l f  t h e  d e t e c t i o n  l i m i t ;  equa l  c o n c e n t r a t i o n s  a t  i n d i v i d u a l  l o c a t i o n s  
p l o t  as s i n g l e  p o i n t s . )  
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Table 21. Organochlor ine compounds r e c e n t l y  r e p o r t e d  as p r e s e n t  i n  f i s h  t i s s u e  
samples from t h e  lower Yakima R i v e r  b u t  n o t  d e t e c t e d  i n  t h e  Ecology 
1985 study.  

-- 

C o n c e n t r a t i o n  
D e t e c t i o n  Range I n v e s t i -  

Compound ~ r e q u e n c ~ ~  (ug/Kg, we t )  Date g a t o r  Reference 

a l  pha-BHC 
pentachlorophenol*  

c  i s- ch lo rdane  
t rans- ch lo rdane  
c is- nonach lo r  
t rans- nonach lo r  

alpha-BHC 
gamma-BHC 
c i s - c h l o r d a n e  
t rans- ch lo rdane  
t rans- nonach lo r  

t rans- ch l  ordane 
c is- nonach lo r  
t rans- nonach lo r  

E c o l o g y  
I t  

t 

,I 

I, 

,, 

t 

I, 

11 

USFWS 

Hopkins, e t  a l .  (1985) 
,I lr-w- ,# 

Schmit t ,  e t  a l .  (1985) 
HT 14  

1/3  1 0  I, ,I I f  I t  I, I t  

toxaphene 1 / 3  400 ,a ,a 
11 I, I,  

NOTE: Ecology d a t a  a re  on whole f i s h ,  muscle, l i v e r ,  and v i s c e r a ;  USFWS d a t a  a re  on 
whole f i s h .  

t ~ u m b e r  o f  samples i n  which compound was d e t e c t e d / t o t a l  number o f  samples analyzed. 

*Not analyzed i n  Eco logy 's  1985 s t u d y .  

Ecology surveys done i n  t h e  Yakima R i ve r  between 1980 and 1984 de tec ted  alpha- 
and gamma-BHC (hexachl  o rocyc l  ohexane) , pent  ach l  oropheno I ,  and component s  o f  
hept  achl  o r  ( ch lo rdane  and nanochl o r  isomers) . The USFWS de tec ted  hept  achl  o r  
components and toxaphene i n  1980. The concen t ra t i ons  r epo r t ed  by  Ecology and 
USFWS have, f o r  t h e  most pa r t ,  been low, r a r e l y  exceeding t h e  NAS recommenda- 
t i o n  o f  100 ug/Kg f o r  o rganoch lo r ine  p e s t i c i d e s  o the r  than  DDT compounds. 

The re1  a t i o n s h i  p  between t h e  NAS t-DDT recommendation and concen t ra t i ons  i n  
whole f i s h  f rom t h e  lower  Yakima R i v e r  r a i s e s  t h e  ques t ion  o f  p o t e n t i a l  
adverse e f f e c t s  on p reda to r y  b i r d  popul a t  i ons .  DDE reduces t h e  product  i o n  o f  
b i r d s  b y  i n t e r f e r i n g  w i t h  ca lc ium metabol ism which r e s u l t s  i n  abnormal ly  t h i n  
eggshe l l s  sub jec t  t o  e a r l y  breakage ( R a t c l i f f e ,  1970; Heath 1969). The exact  
cause o f  t h i n n i n g  has no t  been es tab l i shed  (McEwen and Stephenson, 1979). 
PCBs have a lso been shown t o  cause eggshe l l  t h i n n i n g  (Heath, e t  a l . ,  1970) 
bu t  a t  concen t ra t ions  we1 1 above those observed i n  Yakima R i v e r  

It i s  no t  un i ve r sa l  l y  agreed what d i e t a r y  c o n c e n t r a t i o n  o f  DDE c o n s t i t u t e s  a  
n o- e f f e c t  l e v e l .  Th is  sub jec t  has been r e c e n t l y  reviewed i n  d e t a i l  by L i n c e r  
(1985).  The lowest l e v e l s  o f  t-DDT i n  d i e t s  t h a t  have been repo r t ed  as 
c o r r e l  ated w i t h  t h i n  eggshe l l s  a re  f rom f i e l d  observat ions;  i .e., concomi tant  
ana l ys i s  o f  DDT compounds i n  p rey  i tems and measurement o f  t h i c kness  o f  



p reda to r  eggshe l l s .  These repo r t ed  e f f e c t  1  eve l  s  i n c l u d e  150 ug/Kg t-DDT i n  
brown pe l  i c a n  d i e t s  (Anderson, -- e t  a1 . , 1975) and 320 ug/Kg t-DDT i n  pe reg r i ne  
f a l c o n  d i e t s  (Enderson, e t  a l . ,  1982). L i n c e r  p o i n t s  o u t  t he  f o l l o w i n g  e r r o r s  
i nhe ren t  i n  t h i s  t y p e  o f i o F T - e l a t i v e  a n a l y s i s :  

o  The m i g r a t o r y  n a t u r e  o f  p reda to r  and p r e y  were no t  cons idered.  

o  The pe rs i s t ence  o f  r es i dues  i n  p reda to rs  and assoc ia ted b i o l o g i c a l  e f f e c t s  
were more a  r e f l e c t i o n  o f  h i s t o r i c  than c u r r e n t  environmental  and body 
burdens ( t hese  observa t ions  were made d u r i n g  a  pe r i od  o f  r a p i d  dec l  i n e  i n  
environmental  DDT l e v e l s  f o l l o w i n g  i t s  ban) .  

o  Confounding e f f e c t s  o f  o t h e r  chemicals and environmental  f a c t o r s  were n o t  
cons idered.  

It was concluded t h a t  c o n t r o l  l e d  exper iments a re  r e q u i r e d  t o  produce v a l i d  
data.  Under these cond i t i ons ,  300 ug/Kg DDE r e s u l t e d  i n  no eggshel l  t h i n n i n g  
o f  t he  American k e s t r e l  ( L i n c e r ,  1975); 2,800 ug/Kg DDE caused 9.7 percen t  
t h i n n i n g  (Wiemeyer and Po r t e r ,  1970); and 3,000 ug/Kg DDE caused 15 percen t  
eggshel l  t h i n n i n g  ( L i  ncer,  1975). 

These and o the r  da ta  ( McCl ane and Hal 1  , 1972 ) have shown t h a t  d i e t a r y  concen- 
t r a t i o n s  o f  DDE must be g r e a t e r  than 3,000 ug/Kg f o r  eggshe l l  t h i n n i n g  t o  
exceed 15  percen t .  Normal l y  reproduc ing  popul  a t i o n s  o f  b o t h  r a p t o r s  and brown 
pe l i cans  t o l e r a t e  eggshe l l  t h i n n i n g  i n  t h e  range  o f  7  t o  17  percen t  ( L i n c e r  
1985, and re fe rences  t h e r e i n )  . L ince r  conc l  uded t h a t  a  ch ron i c  d i e t a r y  1 eve l  
o f  up t o  3,000 ug/Kg DDE w i l l  no t  r e s u l t  i n  popu la t i on  problems i n  most 
s e n s i t i v e  b i r d  species.  

The phenomenon o f  eggshe l l  t h i n n i n g  has n o t  been s tud ied  i n  t he  Yakima R i ve r  
bas in .  There has been one s tudy  cove r i ng  o t h e r  p a r t s  o f  Washington and 
Oregon and Nevada which addressed t h e  impact o f  DDE on black-crowned n i g h t -  
herons (Henny, e t  a1 . , 1984). The s tudy  i n c l  uded two c o l  on ies  i n  t h e  Col umbi a  
R ive r  be1 ow t h e T a E m a  R i ve r  con f  1 uence. The authors  observed a  " s t rong  
nor th- sou th  c l i n a l  p a t t e r n "  o f  DDE res i dues  i n  eggs. Southern c o l o n i e s  were 
more contaminated than n o r t h e r n  co l on ies .  However, t h e  two Columbia R i ve r  
co lon ies ,  Foundat ion I s 1  and 12  m i l e s  below t h e  Yakima con f luence  and Three- 
M i l e  I s l a n d  70 m i l e s  be low t h e  conf luence,  had h i ghe r  than expected res idues  
which was i n t e r p r e t e d  as 1  ocal  con tamina t ion .  Nevertheless,  a1 1  no r t he rn  
co lon ies ,  i n c l u d i n g  Foundat ion I s1  and and Three-Mi l  e  I s1  and, had adequate 
p roduc t i on  t o  m a i n t a i n  a  s t a b l e  popu la t i on .  The most contaminated southern 
co lony,  Ruby Lake, Nevada, had eggshe l l s  t h a t  averaged 16.4 percen t  t h i n n e r  
than  normal and below normal p r o d u c t i v i t y  ( i  .e., l e s s  than  one young f ledged  
per  breeding p a i r ) .  Th i s  demonst ra t ion o f  adverse e f f e c t s  a t  t h e  popu la t i on  
l e v e l  f o r  16.4 percen t  eggshe l l  t h i n n i n g  agrees we l l  w i t h  t h e  1 5  pe rcen t  
c r i t e r i o n  descr ibed  above. 

I n  conc lus ion,  i t  appears 1  i k e l y  t h a t  p r e d a t o r y  b i r d s  which a re  s e n s i t i v e  
t o  DDE, and feed e x c l u s i v e l y  on f i s h  f rom t h e  lower  Yakima R i ve r  would be 
expected t o  produce eggs w i t h  s h e l l  t h i c k n e s s  somewhat below normal.  The 
r e d u c t i o n  i n  s h e l l  t h i c kness  exper ienced shou ld  n o t  be s u f f i c i e n t ,  however, 
t o  prevent  maintenance of a  s t a b l e  po 



The s i g n i f i c a n c e  o f  t h e  o r g a n o c h l o r i n e  c o n c e n t r a t i o n s  measured i n  eggs from 
Yakima R i v e r  f i s h  and i n  downstream m i g r a t i n g  salmonid smo l t s  can be gauged 
b y  examinat ion o f  Tab le  22 which summarizes t h e  r e s u l t s  o f  a  l i t e r a t u r e  search 
on e f f e c t s  o f  DDT compounds, d i e l d r i n ,  and PCBs i n  eggs and f r y  o f  f reshwate r  
f i s h e s .  No i n f o r m a t i o n  was found on endosul fan, endosul fan s u l f a t e ,  o r  e n d r i n  
aldehyde which were de tec ted  i n  one o r  two egg samples. Based on t h e  we igh t  
o f  evidence i n  t h e  a v a i l a b l e  l i t e r a t u r e ,  t h e  f o l l o w i n g  g e n e r a l i z a t i o n s  can be 
made: 

o  Concent ra t ions o f  t-DDT l e s s  t h a n  1,000 ug/Kg i n  f i s h  eggs o r  f r y  do n o t  
cause s u b s t a n t i a l  m o r t a l i t y .  

o  Concent ra t ions o f  t-DDT between 2,000 and 4,000 ug/Kg i n  f i s h  eggs o r  
f r y  may r e s u l t  i n  10 t o  30 p e r c e n t  m o r t a l  i t y .  

o  A d i e l d r i n  c o n c e n t r a t i o n  o f  800 ug/Kg i n  f i s h  eggs does n o t  adverse ly  
a f f e c t  f r y  s u r v i v a l .  

o  PCB c o n c e n t r a t i o n s  below approx imate ly  2,000 ug/Kg i n  f i s h  eggs do n o t  
cause s u b s t a n t i  a1 m o r t a l  i t y .  

The maximum c o n c e n t r a t i o n s  o f  o r g a n o c h l o r i n e s  measured i n  f i s h  eggs f rom 
r e s i d e n t  Yakima R i v e r  species d u r i n g  t h e  p r e s e n t  s tudy  were 980 ug/Kg t-DDT, 
590 ug/Kg d i e l d r i n ,  and 460 ug/Kg PCB-1260. Eggs from r e t u r n i n g  s p r i n g  
ch inook had up t o  40 ug/Kg t-DDT and 230 ug/Kg d i e l d r i n ;  downstream m i g r a t i n g  
ch inook and s tee lhead  smo l ts  (whole  f i s h )  had 570 ug/Kg t-DDT and 100 ug/Kg 
t-DDT, r e s p e c t i v e l y .  I n  no i n s t a n c e  do t h e s e  c o n c e n t r a t i o n s  exceed t h e  
e f f e c t s  t h r e s h o l d s  i n d i c a t e d  i n  t h e  l i t e r a t u r e .  

Salmonids are  more s e n s i t i v e  t o  p e s t i c i d e s  t h a n  wam-water f i s h  ( J a r v i n e n ,  
1977). Because n e a r l y  a1 1  t h e  l i t e r a t u r e  o n  t h i s  s u b j e c t  d e a l s  w i t h  s a l -  
monids, t h e  marg in  o f  s a f e t y  f o r  warm-water spec ies  t h a t  spawn and r e a r  i n  
t h e  lower  Yakima R i v e r  may be g r e a t e r  than  suggested b y  t h e  above comparison. 
However, o n l y  one sample o f  eggs was o b t a i n e d  from t h e  lower Yakima R i v e r .  
The f a c t  t h a t  o r g a n o c h l o r i n e  c o n c e n t r a t i o n s  i n  whole f i s h  a t  K iona  (r.m. 
20-23) were much h i g h e r  than  a t  Buena (r.m. 93-95) b r i n g s  t h e  r e p r e s e n t a t i v e -  
ness o f  t h e  s i n g l e  egg va lue  f o r  K iona  o f  540 ug/Kg i n t o  q u e s t i o n  s i n c e  h i g h e r  
c o n c e n t r a t i o n s  i n  eggs were measured upstream. 

Macek (1985) eva luated p o t e n t i  a1 adverse e f f e c t s  on fi sh r e p r o d u c t i o n  b y  
comparing whole body and egg t-DDT r e s i d u e s  i n  female f i s h .  H i s  r e v i e w  o f  
d a t a  i n  Burd ick ,  e t  a l .  (1964),  Macek (1968) ,  and Locke and Havey (1982) 
i n d i c a t e d  whole flT̂ Sh?gg r a t i o s  a re  t y p i c a l  l y  2 : l .  (Whole f i s h  and egg d a t a  
were n o t  ob ta ined  s i m u l t a n e o u s l y  i n  t h e  p r e s e n t  study.)  Whole- f ish  concen- 
t r a t i o n s  l i k e l y  t o  r e s u l t  i n  t-DDT r e s i d u e s  o f  2,000 - 4,000 ug/Kg i n  eggs-- 
and subsequent increased m o r t a l i t y - - w e r e  t h e r e f o r e  est imated t o  be on t h e  
o r d e r  o f  6000 ug/Kg, t w i c e  t h e  maximum c o n c e n t r a t i o n s  observed b y  Eco logy 
i n  t h e  lower  Yakima R i v e r  s i n c e  1980. (The p o t e n t i a l  f o r  adverse reproduc-  
t i v e  e f f e c t s  on f i s h  exposed t o  o r g a n o c h l o r i n e  l e v e l s  c h a r a c t e r i s t i c  o f  some 
Yakima R i v e r  t r i b u t a r i e s  i s  d i scussed  1 a t e r  i n  t h i s  r e p o r t  .) 



Table 22. Effec ts  of organochlorine res idues  in f i s h  eggs and f r y .  

Concentration 
Species Tissue (udKg ,  wet) Effec t  Mode of Exposure Reference 

DDT Compounds 

no f r y  mor t a l i t y  Char 
Salvel inus alpinus 

Brook t r o u t  
Salvel inus  f o n t i n a l i s  

Coho salmon 
Onchorhynchus kisutch 

Brook t r o u t  
Salvel inus  f o n t i n a l i s  

Brook t r o u t  
Salvel inus  f o n t i n a l i s  

Lake t r o u t  
Salvel inus namaycush 

Coho salmon 
Onchorhynchus kisutch 

Rainbow t r o u t  
Salmo ga i rdne r i  - 

Coho salmon 
Onchorhynchus kisutch 

eggs 

eggs & f r y  

eggs 

eggs 

eggs & f r y  

eggs 

f r y  

f r y  

eggs 

natural  accumul a t ion  Monod (1985) 

Atchison (1970) 

Johnson & Pecor (1969) 

Curr ier ,  st. (1967) 

Macek (1968) 

Burdick, et 2. (1964) 

Wi 1 1  i f o r d ,  2 t. (1969) 

Dace & Scott  (1971) 

Johnson & Pecor (1969) 

Hair (1972) 

Hair (1972) 

no f r y  mor t a l i t y  I aboratory,  DDT-3H 
(radio- labeled  in feed)  

<15% mor t a l i t y  na tura l  accumulation 

tY 

i t y  

tY 

natural  accumulation 40% f r y  morta l i .  

5-8% f r y  mortal 

15% f r y  morta l i .  

l  aboratory,  technica l  
grade DOT in  feed 

natural  accumulation 

30% f r y  mor t a l i t y  na tura l  accumulation 

increased mor t a l i t y  na tura l  accumul a t ion  

15-73% mor t a l i t y  natural  accumulation 

Dieldrin 

no s i g n i f i c a n t  f r y  mor t a l i t y  
-P 
P Wal leye eggs & f r y  800 d i e l d r i n  

St izos tedion vitreum 

Wal l  eye eggs & f r y  12,000 d i e ld r in  
St izos tedion vitreum 

1 aboratory,  water 

laboratory,  water increased f r y  mor t a l i t y  

PCBs - 
16-100% mor t a l i t y  A t 1  an t i c  salmon eggs 400-1900 PCBs 

Salmo s a l a r  -- 
natura l  accumulation Jensen, 2 2. (1970) 

Snarski & Pugl is i  (1976) 

Hansen, et g. (1973) 

Brook t r o u t  eggs 1700-1800 PCB-1254 
Salvel inus  fon t ina l  i s  

no adverse e f f e c t s  1 aboratory,  water 

1 aboratory,  water Sheepshead minnow eggs 3700-9500 PCB-1254 
Cyprinodon variegatus 

16-19% f r y  mor t a l i t y  

Mixtures 

no f r y  mor t a l i t y  Coho salmon 
Onchorhynchus kisutch 

Rainbow t r o u t  
Salmo ga i rdne r i  - 

Lake t rou t  
Salvel inus  namaycush 

Lake t r o u t  
Salvel inus namaycush 

eggs 500-3500 t-DDT, 
2000-9000 PCBs 

eggs 90 t-DDT, 
2700 PCB-1242 

eggs 1410-5240 DOE, 
3160-9900 PCBs 

eggs 2500-7200 D O E ,  
3600-11,100 PCB-1254 

natura l  accumulation 

natura l  accumul a t ion  

natural  accumulation 

natural  accumulation 

natural  accumulation 

Degurse, g. (1973) 

Hogan & Brauhn (1975) 

Stauffer  (1979) 

Mac, st. (1981) 

Zi tko & Saunders (1979) 

75% f r y  mor t a l i t y  

no e f f e c t s  on survival 

no s i g n i f i c a n t  co r r e l a-  
t i on  with survival  r a t e  

no s i g n i f i c a n t  corre l  a- 
t i o n  with hatchinq 

A t 1  an t ic  salmon eggs 710-3060 t-DDT, 
Salmo s a l a r  -- N D  - 210 d i e l d r i n ,  

1900-6500 PCB-1254 success 

N D  = not detected 



S i a n i f i c a n c e  o f  Sources I d e n t i f i e d  

Organochlor ine a n a l y s i s  o f  t h e  water samples c o l l e c t e d  i n  June, J u l y ,  and 
August revea led  d e t e c t a b l e  l e v e l s  o f  p,pl-D E, p,p'-DDT, p,p'-DDD, d i e l d r i n ,  
and endosul fan.  Th is  occur red  almost e x c l u s i v e l y  i n  t r i b u t a r i e s .  The loads 
i n  poundslday be ing  d ischarged t o  t h e  Yakima R i v e r  by  i n d i v i d u a l  t r i b u t a r i e s  
have been c a l c u l  ated i n  Tab le  23 and compared t o  t h e  l o a d  c a r r i e d  i n  t h e  main 
stem o f  t h e  r i v e r .  

The m a j o r  source o f  DDT compounds i d e n t i f i e d  among t h e  e leven  t r i b u t a r i e s  
mon i to red  was Sulphur Creek. T-DDT loads i n  t h i s  d i scharge  were 0.09 pound1 
day on June 24 and 0.04 poundlday on August 5. Granger and B i r c h f i e l d  Dra ins  
appeared t o  be t-DDT sources o f  secondary impor tance,  averag ing about 0.01 
poundlday. Spr ingISnipes Creek was a l e s s e r  t-DDT source, w i t h  a measured 
load o f  0.007 poundlday on June 24 o n l y .  

D i e l d r i n  loads were lower  than  those f o r  t-DDT b y  about a f a c t o r  o f  10. 
Sulphur Creek and Granger D r a i n  were a l s o  t h e  m a j o r  d i e l d r i n  sources i d e n t i -  
f i e d  (0.003 - 0.02 poundlday) .  Smal l e r  d i e 1  d r i n  loads i n  t h e  0.002 - 0.005 
poundlday range  were measured once each i n  Wi lson,  Satus, and Spr ing ISn ipes  
Creeks. An ex t reme ly  sma l l  l o a d  o f  0.00007 poundlday was c a l c u l a t e d  f o r  
Toppenish Creek on June 24. 

As noted p r e v i o u s l y ,  endosu l fan  was d e t e c t e d  o n l y  i n  B i r c h f i e l d  Dra in ;  loads 
up t o  0.05 poundlday occur red .  

The t o t a l  load o f  t-DDT g o i n g  i n t o  t h e  Yakima R i v e r  f rom t h e  sources i d e n t i -  
f i e d  was 0 .1  poundlday on June 24 and 0.05 poundlday on August 5. The t o t a l  
d i e l d r i n  loads measured on these  da tes  were 0 .01  poundlday and 0.03 poundlday, 
r e s p e c t i v e l y .  Based on these l i m i t e d  d a t a  and assuming t r a n s p o r t  o f  these  
compounds occurs  o n l y  f rom t h e  above-mentioned sources and p r i m a r i l y  d u r i n g  
t h e  s ix-month i r r i g a t i o n  season ( A p r i l  - September), t o t a l  y e a r l y  l oads  were 
est imated t o  be on t h e  o r d e r  o f  14 pounds f o r  t-DDT, 4.5 pounds f o r  d i e l d r i n ,  
and 3.6 pounds f o r  endosul fan.  

Comparison o f  t h e  t-DDT l o a d  measured i n  d i s c h a r g e s  t o  t h e  Yakima R i v e r  w i t h  
t h e  load  i n  t h e  lower  r i v e r  a t  K iona  suggests  t h a t  ma jo r  sources have been 
accounted f o r .  However, t h e  b u l k  o f  t-DDT (and d i e l d r i n )  i n  n a t u r a l  wa te rs  
occurs  i n  a s s o c i a t i o n  w i t h  p a r t i c u l a t e  m a t t e r  (Ca l lahan  & Slimak, 1979).  As 
a r e s u l t ,  DDT compounds do n o t  behave as c o n s e r v a t i v e  c o n s t i t u e n t s  ( i . e . ,  
c o n c e n t r a t i o n  changes do n o t  f o l l o w  s i m p l e  d i l u t i o n ) .  An unknown, and per-  
haps 1 arge, f r a c t i o n  o f  t h e  t-DDT l o a d  t o  t h e  Yakima R i v e r  may be i n c o r p o r a-  
t e d  i n t o  and t r a n s p o r t e d  w i t h  t h e  bed sed iments  (bed l o a d ) .  

The d a t a  ob ta ined  f rom t h e  p resen t  s t u d y  a r e  n o t  s u f f i c i e n t  t o  d e f i n i t i v e l y  
i d e n t i f y  m a j o r  sources. The t r i b u t a r i e s  m o n i t o r e d  are, however, t h e  m a j o r  
sources o f  sediment t o  t h e  Yakima R i v e r  (U.S. Army Corps o f  Engineers,  1978; 
U .S. Department o f  A g r i c u l t u r e ,  1978). I f  t h e  c o n c e n t r a t i o n s  o f  organochl  o r -  
i n e  p e s t i c i d e s  observed i n  these t r i b u t a r i e s  a r e  t y p i c a l  o f  t h e  Yakima bas in ,  
i t  f o l l o w s  t h a t  t h e y  a re  a l s o  t h e  m a j o r  con taminan t  sources.  



Tab le  23. Organochlor ine p e s t i c i d e  loads measured by Ecology i n  t 
Yakima R i v e r  and t r i b u t a r i e s  i n  1985 (pounds lday) .  

- , -- 
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Yakima R .  @ K iona 
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a r i o n  D r a i n  
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o  o rg  anochl o r  i n e s  de tec ted  

a t e :  Flow ( c f s )  x c o n c e n t r a t i o n  (ug1L) x 10-3 x 5.39 = load (pounds lday) .  
See Table  1 4  f o r  data .  



Although t he  o rganoch lo r ine  p e s t i c i d e  c o n c e n t r a t i o n s  on which these loads 
were based are i n  t h e  p a r t s  per  t r i l l i o n  range  ( i . e . ,  0.003 - 0.16 ug/L) ,  
t h e r e  remains t h e  p o t e n t i a l  t h a t  aqua t i c  l i f e  c o u l d  be adverse ly  a f f e c t e d  
due t o  t h e i r  h i gh  t o x i c i t y  and b ioaccumula t ion  p o t e n t i a l .  The most w i d e l y  
accepted c r i t e r i a  f o r  j udg ing  t h e  impact o f  contaminants i n  water  are those 
pub l i shed  by  EPA (1980a-d) and NAS (1973).  The EPA c r i t e r i a  a re  under con- 
s i d e r a t i o n  b y  Ecology f o r  adop t ion  as s t a t e  water  q u a l i t y  standards (Moore, 
1985). Present s t a t e  standards address t h e  i s sue  o f  o rganoch lo r ine  p e s t i c i d e s  
b y  s t i p u l a t i n g  t h a t  ( f o r  Class B waters  suc as t h e  lower  Yakima R i ve r )  "Tox ic  
. . . o r  d e l e t e r i o u s  m a t e r i a l  concen t ra t i ons  s h a l l  be below those  o f  p u b l i c  
h e a l t h  s i g n i f i c a n c e ,  o r  which may cause acu te  o r  ch ron ic  t o x i c  c o n d i t i o n s  t o  
t h e  aqua t i c  b i o t a ,  o r  which may adverse1 y  a f f e c t  c h a r a c t e r i s t i c  water uses 
. . ." (Washington A d m i n i s t r a t i v e  Code, 1982) .  S ta te  water qual i t y  stand-  
ards are app l i cab le  t o  i r r i g a t i o n  wasteways as we1 1 as n a t u r a l  water bodies 
(Roe, 1969). 

The EPA water qual i t y  c r i t e r i a  are two- par t  : ( 1 )  a  concen t ra t i on  no t  t o  be 
exceeded (acu te  exposure), and ( 2 )  a  24-hour average concen t ra t i on  ( ch ron i c  
exposure).  The c r i t e r i a  a re  based on r e s u l t s  f rom l a b o r a t o r y  exper iments and 
da ta  on contaminant res idues  i n  aqua t i c  organisms. Where da ta  are ava i  1 ab le  
on twen ty  o r  fewer species,  t h e  acute c r i t e r i a  represen t  t h e  lowest  concen- 
t r a t i o n  (LC50 o r  EC50) found t o  e l i c i t  a  t o x i c  response; a  c a l c u l a t e d  va lue 
i s  used when t h e r e  are da ta  on more than  t w e n t y  species.  The c a l c u l a t e d  
acute va lue  i s  n o t  t h e  lowest  va l ue  a t  which t o x i c i t y  has been observed i n  
t h e  l a b o r a t o r y .  The EPA c r i t e r i a  a re  in tended  t o  " p r o t e c t  most, b u t  n o t  
n e c e s s a r i l y  a1 1, aqua t i c  l i f e  and i t s  uses" (EPA, l98Oa). 

The EPA c r i t e r i a  f o r  ch ron i c  exposure t o  t-DDT and d i e l d r i n  a re  based on da ta  
f o r  res idues  i n  aqua t i c  organisms. EPA d i d  n o t  f i n d  s u f f i c i e n t  d a t a  t o  d e r i v e  
ch ron i c  c r i t e r i a  f o r  DDE o r  DDD. EPA's c h r o n i c  c r i t e r i o n  o f  0.001 ug/L 
t-DDT was c a l c u l a t e d  by  t a k i n g  150 ug/Kg, t h e  lowest  o f  t h e  concen t ra t i ons  
( p r i m a r i l y  DDE) observed i n  t h e  d i e t  o f  brown pe l i cans  d u r i n g  t h e  pe r i od  1969 
- 1974 when reduced eggshe l l  t h i c kness  caused low ha t ch ing  success, d i v i d i n g  
b y  17,870, a  geometr ic mean o f  1 i p id- norma l  i zed bioaccumul a t i o n  f a c t o r s ,  and 
d i v i d i n g  by  a  l i p i d  va lue  o f  8  percen t  f o r  p e l i c a n  d i e t s .  The c r i t e r i o n  o f  
0.001 ug/L t-DDT i n  water,  t h e r e f o r e ,  i s  i n t ended  t o  keep t-DDT below 150 
ug/Kg, t h e  " lowes t  maximum p e r m i s s i b l e  t i s s u e  concen t ra t i on"  based on reduced 
p r o d u c t i v i t y  o f  a  s e n s i t i v e  species.  

As d iscussed p rev i ous l y ,  t h e  case f o r  eggshel 1 t h i n n i n g  a t  a  d i e t a r y  l e v e l  o f  
150 ug/Kg i s  weak. The EPA ch ron i c  c r i t e r i o n  o f  0.001 ug/L f o r  t-DDT i s ,  
t h e r e f o r e ,  conserva t i ve .  However, o t h e r  independent l y  de r i ved  t-DDT c r i t e r i a  
( i n  a d d i t i o n  t o  t h e  NAS c r i t e r i a  d iscussed below) c a l  l f o r  s i m i l a r  low l e v e l s  
i n  water .  Macek (1985) concluded a  t-DDT c o n c e n t r a t i o n  o f  0.0037 ug/L would 
no t  cause s i g n i f i c a n t  adverse impact t o  aqua t i c  organisms. The American 
F i s h e r i e s  Soc ie t y  (Thurs ton,  e t  a1 ., 1979) recommended an even lower  c r i t e r i o n  
of 0.0001 ug/L t o  p r o t e c t  a g a c s r t h e  p o t e n t i a l  f o r  sub le tha l  e f f e c t s  on f i s h .  

The EPA ch ron i c  c r i t e r i o n  f o r  d i e l d r i n  i s  0.0019 ug/L. It was c a l c u l a t e d  i n  a 
manner s i m i l a r  t o  t h a t  f o r  t h e  t-DDT c r i t e r i o n ,  b u t  used t h e  FDA a c t i o n  l e v e l  
o f  300 ug/Kg as a  maximum p e r m i s s i b l e  f i s h  t i s s u e  concen t ra t i on .  Residue d a t a  
were no t  a v a i l  ab le  f o r  endosul fan.  The EPA c h r o n i c  endosul fan c r i t e r i o n  o f  
0.056 ug/L i s  t h e  r e s u l t  o f  d i v i d i n g  t h e  acu te  c r i t e r i o n  o f  0.22 ug/L b y  an 
acute:chron ic  r a t i o  o f  3.9 ob ta ined  from l a b o r a t o r y  da ta .  



The NAS c r i t e r i a  f o r  DDT, DDD (no  DDE c r i t e r i a  a r e  g i v e n ) ,  d i e l d r i n ,  endosu l fan,  
and o t h e r  p e s t i c i d e s  were d e r i v e d  by  m u l t i p  y i n g  t h e  lowes t  r e p o r t e d  96-hour 
LC50 b y  an " a p p l i c a t i o n  f a c t o r "  ( s a f e t y  f a c t o r )  o f  0.01. These c r i t e r i a  r e p r e-  
s e n t  t h e  "recommended maximum c o n c e n t r a t i o n s  . . . i n whole ( u n f  i 1 t e r e d )  w a t e r  
sampled a t  any t i m e  and any p lace"  (NAS, 1973) .  Both t h e  EPA c h r o n i c  and NAS 
approaches r e s u l t  i n  s i m i l a r  c r i t e r i a  f o r  DDT and d i e l d r i n ;  t h e  NAS endosu l fan  
c r i t e r i o n  i s  much lower t h a n  EPA's. 

Tab le  24 g i v e s  t h e  EPA and NAS c r i t e r i a  f o r  o r g a n o c h l o r i n e s  d e t e c t e d  i n  wa te r  
f r o m  t h e  Yakima R i v e r  and t r i b u t a r i e s  and shows where c o n c e n t r a t i o n s  exceeded 
c r i t e r i a .  V i o l  a t i o n s  o f  c r i t e r i a  t o  p r o t e c t  a q u a t i c  l i f e  under c o n d i t i o n s  o f  
acu te  exposure were n o t  observed.  I n  most ns tances,  water  c o n c e n t r a t i o n s  o f  
DDT, DDE, DDD, d i e l d r i n ,  and endosul f a n  were two o r  more o r d e r s  o f  magni tude 
lower  t h a n  t h e  acute  c r i t e r i a .  The e n d o s u l f a n  c o n c e n t r a t i o n  o f  0.16 ug/L r e c o r -  
ded f o r  B i r c h f i e l d  D r a i n  on June 24 approached EPA's 0.22 ug/L acu te  c r i t e r i o n .  

The EPA acu te  c r i t e r i o n  o f  1,050 ug/L f o r  DDE i s  p r o b a b l y  t o o  h i g h .  More r e -  
c e n t  s t u d i e s  (Johnson and F i n l e y ,  1980) have shown LC50s f o r  DDE on t h e  o r d e r  
o f  32 ug/L f o r  ra inbow t r o u t ,  96 ug/L f o r  A  l a n t i c  salmon, and 240 ug/L f o r  
b l u e g i l l - - s t i l l  many t i m e s  above c o n c e n t r a t i o n s  observed i n  t h e  p r e s e n t  s tudy.  

Numerous v i o l  a t i o n s  o f  t h e  EPA c h r o n i c  exposure c r i t e r i o n  and NAS maximum r e -  
commended c o n c e n t r a t i o n s  f o r  t-DDT, DDT, d i e 1  d r i n ,  and endosul f an, however, d i d  
occur .  The most f r e q u e n t  and severe v i o l  a t i o n s  were observed i n  B i r c h f i e l d  
D r a i n  (t-DDT, p,pl-DDT, p,pi-DDD, endosu l fan ,  d i  az inon) ,  Su lphur  Creek (t-DDT, 
p,p'-DDT, d i e l d r i n ) ,  and Granger D r a i n  (t-DDT, p,p'-DDT, d i e l d r i n ) .  V i o l a t i o n s  
o f  l e s s  magni tude were observed once each f o r  t-DDT, p,p'-DDT, o r  d i e l d r i n  i n  
S p r i n g I S n i p e s  Creek, t h e  Yakima R i v e r  a t  K iona ,  Toppenish Creek, and Satus 
Creek. The d i a z i n o n  c o n c e n t r a t i o n  measured i n  B i r c h f i e l d  D r a i n  on August 5  
(see Tab le  23 f o o t n o t e )  exceeds t h e  LC50 r e p o r t e d  f o r  some f r e s h w a t e r  i n v e r t e -  
b r a t e s  (Johnson and F i n 1  ey, 1980). Eco logy has p r e v i o u s l y  documented e l e v a t e d  
d i a z i n o n  i n  B i r c h f i e l d  D r a i n  (Johnson and Newman, 1983). Tab le  25 summarizes 
t h e  wa te r  qua1 i t y  c r i t e r i a  v i o l  a t i o n s  documented i n  t h e  p resen t  s tudy .  

Table 25. Frequency o f  water q u a l i t y  c r i t e r i a  v i o l a t i o n s  f o r  o rganoch lor ine  
p e s t i c i d e s  observed d u r i n g  Eco logy 's  1985 survey  o f  t h e  Yakima 
R i v e r  and t r i b u t a r i e s .  (Number o f  samples above c r i t e r i a  shown; 
3  samples c o l l e c t e d  a t  each s i t e  except  5 s m p l e s  at B i r c h f i e l d  
Orain.) 

EPA Water NAS Recommended 
Q u a l i t y  C r i t e r i a  Maximum C o n c e n t r a t ~ o n  
1- O i e l -  tndo-  U i e l -  tndo- 

Locat ion  DOT d r i n  s u l f a n  DOT 000 d r i n  s u l f a n  

B i r c h f i e l d  0 r a i n t  3 0  1 3 1  0  3  
Sulphur Creek 2  2 0  2 0  2 0  
Granger Dra in  2  2 0  2 0  2  0  

Spr ing/Snipes Creek 1 1  0 1 0 1  0  
Yakima R. @ K iona 1 1  0 0 0  1  0  
Wi lson Creek 0  1 0 0 0  1 0  
Toppeni sh Creek 0  1 0 0 0  0  0  
Satus Creek 0  1 0 0 0  0  0  

Marion Dra in  0 0  0  0 0  0  0 
Wide Hol low Creek 0 0 0  0 0  0  0  
Ahtanum Creek 0  0  0  0 0  0  0  
Naches R iver  0  0  0  0 0  0  0  
Yakima R. @ Parker 0  0  0  0 0  0  0  
Yakima R. @ C l e  Elum 0 0  0  0 0  0  0  

t ~ i a z i n o n ,  an organophosphorus p e s t i c i d e ,  exceeded t h e  NAS recmmended 
maximum c o n c e n t r a t i o n  i n  B i r c h f i e l d  Ora in  on one occas ion  (see Table 23 
f o o t n o t e ) .  
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Table 24. Instances du r i ng  Ecology's 1985 survey of t h e  Yakima R i ve r  and t r i b u t a r i e s  where organoch lo r ine  p e s t i c i d e  concent ra t ions  i n  water 
exceeded EPA o r  NAS c r i t e r i a  f o r  p r o t e c t i o n  o f  f reshwater  aquat ic  l i f e .  

NAS Recommended Maximum 
EPA Water Q u a l i t y  C r i t e r i a  Concentrat ions* 

Concen- t-DDT DDD DOE D i e l d r i n  Endosul fan O ie l -  Endo- 
t r a t i o n  -6.001 1.1 0.6 0.0019 2.5 0.056 0.22 DOT ODD d r i n  s u l f a n  

Loca t i on  Compound (ug/L)  ( ch ron i c )  (acu te)  (acu te)  (acu te)  ( ch ron i c )  (acu te)  ( ch ron i c )  (acu te)  0.002 0.006 0.005 0.003 

June 24 

Wi lson Creek , , 
B i r c h f i e l d  
Dra in  
1, 

Granger Dra in  
,I  

I ,  

Toppenish Creek 

Satus Creek 

Sulphur Creek 
I, 

'I 

Spr ingISnipes 
Creek 

Yakima R iver  @ 
Kiona 
,I  

I 

B i r c h f i e l d  
D ra i n  
11 

$1 

Granger Dra in  
I,  

I ,  

Sulphur Creek 
,I  

,I 

11 

SpringISnipes 
Creek 

B i r c h f i e l d  
Dra in  
,I 

d i e l d r i n  
( rep1 

p,pi -DOT 
t-DDT 
endosul fan 

p,pi-DDT 
t-DDT 
d i e l d r i n  

d i e l d r i n  

d i e l d r i n  

p,pl-DDT 
t-DDT 
d i e l d r i n  

p,pl-DDT 
t-DDT 

t-DDT 
(rep!  

d i e l d r i n  
( rep1 

p,pl -DOT 
p  ,p' -000 
t-DOT 
endosul fan  

p,pl -DOT 
t-DOT 
d i e l d r i n  

( rep1 
p,p'-DDT 
t-DDT 
d i e l d r i n  

( rep1 ) 
d i e l d r i n  

p,pl-DOT 
t -DOT 

J u l y  2 

August 5 t t  

X 
X 

X 
X 

X 

August 21  

J = est imated concent ra t ion .  
~ u . s .  Environmental P r o t e c t i o n  Agency, 1980. Water Q u a l i t y  C r i t e r i a  Docwnents: A v a i l a b i l i t y .  Federal  Reg is te r ,  Vol. 45, No. 231. 
*Nat iona l  Academy o f  Sciences/Nat ional  Academy o f  Engineering, 1973. Water Q u a l i t y  C r i t e r i a  - 1972. ~ ~ A . ~ 3 . 1 3 . 0 3 3 .  594 pp. 
t t ~ i a z i n o n ,  an organophosphorus pes t i c i de ,  was detected a t  1.7 ug/L i n  B i r c h f i e l d  D ra i n  on August 5 which exceeds t h e  NAS recommended 

maximun concent ra t ion  o f  0.009 ug/L. 



The above c r i t e r i a  do no t  address adverse e f f e c t s  on aqua t i c  l i f e  f rom expo- 
sure  t o  combinat ions of organochl  o r i n e  p e s t i c  i des .  There are 1 i m i  t e d  da ta  
on t h i s  sub jec t .  Macek (1975) exposed ra inbow t r o u t  and b l  ueg i  1 1s t o  DDT and 
d i e l d r i n  bo th  s i n g l y  and i n  combinat ion f o r  a  96-hour per iod .  The a c t i o n  o f  
combined DDT and d i e l d r i n  was a d d i t i v e ;  i .e., m o r t a l i t y  was approx imate ly  equal 
t o  t h e  sum o f  m o r t a l i t i e s  observed f o r  DDT ex osu re  and d i e l d r i n  exposure. 

The imp1 i c a t i o n s  o f  t h e  water qual i t y  c r i t e r i  a  v i o l a t i o n s  observed i n  t he  
Yakima t r i b u t a r i e s  w i t h  t h e  h i ghes t  o rganoch lo r i ne  concen t ra t ions  are:  ( 1 )  
s e n s i t i v e  aqua t i c  species may be  adverse ly  a f f e c t e d  e i t h e r  th rough  d i r e c t  
t o x i c i t y  o r  impai red reproduc t ion ;  ( 2 )  b i r d s  f eed ing  on f i s h  f rom these 
t r i b u t a r i e s  may have below-normal r e p r o d u c t i v e  r a t e s ;  and ( 3 )  f i s h  i n  these 
t r i b u t a r i e s  may n o t  meet FDA standards f o r  human consumption. For example, 
b ioaccumula t ion  f a c t o r s  f o r  t-DDT i n  f r eshwa te r  f i s h  a re  on t h e  o rde r  o f  104 
- 106 (EPA, 1 9 8 0 ~ ) .  A t  a  water c o n c e n t r a t i o n  o f  0.06 ug/L t-DDT (as  measured 
i n  Sulphur Creek on June 24--see Table 15)  and a  b ioaccumula t ion  f a c t o r  o f  
105, f i s h  m igh t  be expected t o  have 6,000 ug/Kg t-DDT. ( I n t e r e s t i n g l y ,  t-DDT 
concen t ra t i ons  i n  whole f i s h  c o l l e c t e d  below he mouth of one of t h e  above- 
mentioned t r i b u t a r i e s ,  B i r c h f i e l d  Dra in ,  have reached 5,100 ug/Kg--see Tab l e  
1 ) .  As p r e v i o u s l y  shown, a  t-DDT c o n c e n t r a t i o n  o f  6,000 ug/Kg i s  s u f f i c i e n t  
t o  cause m o r t a l i t y  i n  salmonid eggs and f r y ,  exceeds b o t h  t h e  NAS recommended 
maximum and FDA a c t i o n  l e v e l  c r i t e r i a ,  and i s  s u f f i c i e n t  t o  prevent  mainte-  
nance o f  s t a b l e  popu la t i ons  i n  s e n s i t i v e  f i s h- e a t i n g  b i r d  species.  The f a c t  
t h a t  some o f  these t r i b u t a r i e s  have been degr ded t o  t h e  p o i n t  t h a t  t h e y  a re  
no longer  impor tan t  h a b i t a t s  does n o t  d i m i n i s  t h e  p o t e n t i a l  s i g n i f i c a n c e  o f  
t h e  e x i s t i n g  contaminat ion.  

Concent ra t ions o f  DDT compounds and d i e l d r i n  i n  t h e  main stem o f  t h e  Yakima 
R i v e r  (and i n  t h e  Naches R i ve r )  appeared t o  be, a t  worst ,  n o t  app rec i ab l y  above 
t h e  0.001 - 0.005 ug/L range o f  t h e  EPA and NAS water qual i t y  c r i t e r i a ,  a l -  
though t h e  method d e t e c t i o n  l i m i  t prevented q u a n t i f i c a t i o n  a t  t h i s  ex t reme ly  
low l e v e l .  On t h i s  bas is ,  t h e r e  does n o t  appear t o  be evidence o f  a  t o x i c i t y  
problem due t o  o rganoch lo r ine  concen t ra t i ons  i n  Yakima R i v e r  water .  

No c r i t e r i a  o r  t o x i c i t y  d a t a  are a v a i l a b l e  t o  eva lua te  t he  p o t e n t i a l  f o r  
adverse e f f e c t s  on ben th i c  i n v e r t e b r a t e s  due t o  t h e  concen t ra t i ons  o f  organo- 
c h l o r i n e s  measured i n  bed sediments d u r i n g  t h e  present  study. 

Recent o r  H i s t o r i c a l  Sources? 

I n f o r m a t i o n  on t h e  e i g h t  ma jo r  o rganoch lo r ine  compounds de tec ted  i n  Yakima 
R i v e r  f i s h ,  water, o r  sediment d u r i n g  t h i s  s t u d y  i s  summarized i n  Table  26 
showing a l t e r n a t i v e  names, s t r u c t u r e s ,  and p resen t  use s t a t u s .  

F i g u r e  6  t r a c e s  t h e  degrada t ion  o f  DDT t o  DDE, DDD, and o t h e r  compounds. DDE 
i s  more p e r s i s t e n t  than  e i t h e r  DDT o r  DDD and, t h e r e f o r e ,  should  predominate 
i n  environmental  samples away f rom sources. Technica l  DDT has a  p,p'-DDT: 
o,pi-DDT r a t i o  o f  approx imate ly  5: 1 (Gunther and Gunther, 1971; Brookes, 
1979). Because t h e  o,p' isomer has been r e p o r t e d  t o  be l e s s  s t a b l e  than  
t h e  p,p ' isomer,  i t s  presence has a lso  been used t o  i n d i c a t e  t he  age o f  DDT 
m i x t u r e s  i n  environmental  samples. 



Table 26. Information on organochlorines detected in Yakima River fish, water, or sediment samples collected by Ecology in 1985 

C AS 
Number Common Name Trade ~amest Chemical ~ a m e t  Structure* ~tatustt ~eferencef t 

DOT Anofex l,l,l-trichloro-2,2- Cancel led all products except: PR Notice 71-1 
Chloro-phenothane bi s(p-chloropheny l )ethane 1. USPHS and other Health Service offi- January 15, 1971 
Genitox (principal component) ( ( I  cials for control of vector diseases. and 37 FR 13369 3 \=i 

2. USDA or military for health quarantine. July 7, 1972 
3. In prescription drugs for body lice 

control. 

72-54-8 DO0 (TDE) Rothane 1,l-dichloro-2,2- Cancelled all products. 
bis(p-chloropheny1)ethane CI( C I  

I 
H 

72-55-9 DDE (DDT metabolite) 1,l-dichloro-2,2- 1 (DDT metabolite, not regul ated) 
bis(p-chloropheny1)ethylene -' CCI, 

60-57-1 Dieldrin HEOD 
Octalox 
Panoram 

hexachl oroepoxyoctahydro- 
endo, exo-dimethanonaphthalene 
(85%; re1 ated compounds 15%) 

Aldrin 

Endosul fan 

72-20-8 Endrin 

Al droso l hexachlorohexahydro-endo, 
Compound 118 exo-dlmethanonaphthal ene ( ' 1  

Seedrin (95%; re1 ated compounds 5%) 

%; 
Insectophene hexachlorohexahydromethano- 
Malix 2,4,3-benzod~oxathiepin <>---, % ( ,  

Thiodan 3-oxide 0 - 5  ( C I  --/A>( ' 
Cl 

PR notice 71-5 
March 18, 1971 

Most uses cancel led except: PR notice 71-4 
1. Subsurface ground insertion for ter- March 18, 1971 

mite control. and 37 FR 372146 
2. Dipping non-food roots and tips. October 18, 1974 
3. Moth-proofing by manufacturing process 

in closed system. 

See dieldrin 

Registered; no restrictions. 

See dieldrin 

Compound 269 1,2,3,4,10,10-hexachloro-6,7- ' Multiple cancel l ations and restrictions. Unnumbered PR no- 
Hexadrin epoxy-1,4,4a,5,6,7,8,8a- (see text) tice May 20, 1964 
Mendrin octahydro-1,4-endo-endo- 44 FR 43632 

5,8-dimethanonaphthalene July 25, 1979 

Aroc 1 or pentachlorobiphenyl 3 2 2' 3' Elimination (all use as activeor PR Notice 70-25 
C l open (approx. 60%) inactive ingredients) October 29, 1970 
Phenoc lor 

~ E P A ,  lg79b. Acceptable Common Names and Chemical Names for the ingredient Statement on Pesticide Labels. EPA-54019-77-017. 247 pp. 
*Matsunura, F., 1985. Toxicology of insecticides. 2nd Ed., Plenum Press, N.Y. 598 pp. 

t t ~ ~ ~ ,  1985b. Suspended and Cancelled and Restricted Pesticides. 3rd rev. 29 pp. 
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Figure 6 .  Microbial and environmental degradat ion o f  DDT 
(from Menzer and Nelson, 1980). 



The predominant DDT compound i n  Yakima R i v e r  f i s h  i s  p,p"DDE. On t h e  aver- 
age, p,p'-DDE c o n s t i t u t e d  84 percen t  o f  t - D D  i n  whole f i s h  f rom t h e  lower 
r i v e r  a t  Buena and Kiona. N a t i o n a l l y ,  p,p"DDE i n  whole f i s h  averages 70 
percent  o f  t-DDT (Schmi t t ,  e t  a l  . , 1985). In  t h e  one i ns tance  where a DDT 
compound was d e t e c t a b l e  i n  water from t h e  ma in  stem o f  t h e  Yakima R i ve r  
(K iona)  , p9p8-DDE was t h e  compound i d e n t i f i e d .  These f i n d i n g s  a re  c o n s i s t e n t  
w i t h  a h i s t o r i c a l  source. 

However, a n a l y s i s  o f  water f rom Yakima R i v e r  t r i b u t a r i e s  showed p,p"DDT was 
present  i n  concen t ra t i ons  equal t o  o r  g r e a t e r  t han  p,p8 -DDE. The o,pt - isomer 
o f  DDT was a t  concen t ra t i ons  t o o  low t o  quan i f y  i n  water, bu t  was q u a n t i f i e d  
i n  sediment. Table  27 shows t h e  r e l a t i v e  percentages o f  DDT compounds and t h e  
p,p'-DDT:o,pi-DDT r a t i o s  found. 

Table  27. Composit ion o f  t-DDT i n  bed sediment samples c o l l e c t e d  by Ecology 
from t h e  Yakima R i v e r  and t r i b u t a r i e s  on September 24 and 25, 1985. 

Percen t  as 
P,P'- P,P'- 0 3 ~ ' -  p9p1- 
D DE D DT DDT DDD p,pi-DDT:o ,pi-DDT 

Yakima R. @ C le  Elum 100 0 0 0 no t  de tec ted  
Wilson C r .  5 6 2 5 7.5 11 3.3: l  

Yakima R. @ Rosa Dam 2 7 4 2 5.8 26 7.2: 1 
B i r c h f i e l d  D ra i n  3 3 4 5 16 8 . 3  2.9: 1 

Yakima R. @ Wapato Dam 70 12 2.2 16 5.3:l  
Granger D r  a i  n 30 56 3.5 10 16: 1 
Marion D ra in  6 0 18 2.8 19 6.6: 1 
Sulphur C r .  55 2 5 3.6 16 7.0: l  
I 8  I 1  3 6 5 5 1.7 7.3 31: 1 

Yakima R. @ Prosser  Dam 6 2 17 4.2 17 4 .1 : l  
II I1 I t  11 II 63 16 6.8 18 2.4: l  

Spring/ Sn i pes C r  . 4 2 39 8.4 10 4.7: 1 
Yakima R. @ Horn Rapids Dam 7 6 8.6 1 .8  13 4 .8 : l  

With t h e  excep t ion  o f  one r e p l i c a t e  sample a t  Sulphur Creek, sediment f rom 
t r i b u t a r i e s  known t o  be sources o f  DDT compounds had a percentage o f  p,p'-DDT 
equal t o  o r  g r e a t e r  than  p9pi-DDE. The sample f rom t h e  Yakima R i v e r  behind 
Rosa Dam a lso  had a h i gh  percentage o f  p9pi-DDT. p,pi-DDT:o,pl-DDT r a t i o s  i n  
most o f  these samples were g e n e r a l l y  s i m i l a r  t o  t h e  5 : l  r a t i o  i n  t e c h n i c a l  DDT. 

Whi le some o f  these f i n d i n g s  cou ld  be cons t rued  as evidence o f  r ecen t  DDT 
a p p l i c a t i o n  i n  t h e  Yakima bas in ,  t h e r e  i s  more support  f o r  t h e  conc lus i on  t h a t  
t h e  source i s  p r i m a r i l y  h i s t o r i c a l  . The occur rence  o f  e leva ted  p,pi-DDT 
i n  t h e  absence o f  r ecen t  DDT use i s  n o t  un ique  t o  the Yakima R i ve r .  Th i s  
phenomenon has been observed i n  f i s h  from o t h e r  Washington S ta te  r i v e r s  
(Hopki ns, e t  a ? .  , 1985); Puget Sound sedimen (Konasewich, e t  a1 . , 1982); 
Wisconsin T r T a m s  (Zabik ,  1985); New Mexico and Texas s o i l s T G i T l e t t e ,  1985; 
Hi tch ,  1985); and Cal i f o r n i a  f i s h ,  sediment, and so i  1s (Riseborough, -- e t  a1 . , 
1984a,b,c; Agee, 1985, 1986; Mischke, -- e t  a l . ,  1985). 



I n t e n s i v e  i n v e s t i g a t i o n  o f  t h i s  problem i n  C a l i f o r n i a  has l e d  t o  t h e  conc lu-  
s i o n  t h a t  DDT i s  be ing  "preserved"  i n  a g r i c u l t u r a l  s o i l s  s ta tew ide  (Agee, 
1986; Mischke, e t  a l . ,  1985). DDT's h a l f - l i f e  i n  these s o i l s  appears t o  be a t  
t h e  upper end o - f - t E  4  - 30 year  range r e p o r t e d  i n  t he  l i t e r a t u r e  (Edwards, 
1973). Evidence f o r  i l l e g a l  use i n  C a l i f o r n i a  has no t  been found (Mischke, e t  - 
a l . ,  1985). Furthermore, t h e  common occur rence  o f  p,pi-DDT:o,pl-DDT r a t i o s  - 
resembl ing t e c h n i c a l  DDT i n  a g r i c u l t u r a l  s o i l s ,  d r a i n  sediments, and suspended 
p a r t i c u l a t e s  was concluded t o  be t h e  r e s u l t  o f  unexpected pe rs i s t ence  o f  t h e  
o,pl isomer (Risebrough e t  a1 . , 1984b). The s c a r c i t y  o f  r e p o r t s  o f  o,pi-DDT 
i n  t h e  l i t e r a t u r e  was t h o u g h t  t o  be due t o  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  i t  
f rom i n t e r f e r i n g  compounds i n  t h e  packed columns used i n  the  pas t  (Risebrough, 
e t  a1 . , 1984b). Evidence of o,pi-DDT p e r s i s t e n c e  a f t e r  a  1965 f o r e s t  appl i- 
-7 

c a t i o n  o f  DDT i n  Oregon (Ta r ran t ,  e t  a1 ., 1972), i n  s o i l  ( L i c h t e n s t e i n ,  e t  
a l . ,  1971), and i n  sea l i o n  tissue?-( seborough, e t  a1 . , 1984b) was c i  tea i n  - -- 
suppor t  o f  t h i s  conc lus ion .  

Release o f  DDT t o  C a l i f o r n i a  su r f ace  waters appeared t o  be due t o  a g r i c u l t u r a l  
p r a c t i c e s  and r a i n f a l l  r u n o f f  events.  Once s o i l s  were d i s t u r b e d  and washed 
i n t o  d ra ins ,  convers ion  of DDT m i x t u r e s  resembl ing  260 percen t  t e c h n i c a l  
DDT t o  m i x t u r e s  resembl ing 145 percen t  t e c h n i c a l  DDT appeared t o  t ake  
p l  ace qu i ck l y ;  i .e., severa l  months. E ros i on  c o n t r o l  p r a c t i c e s  were recom- 
mended t o  reduce t h e  problem (Agee, 2986). 

Whi le  i l l e g a l  use o f  DDT i n  t h e  Yakima d ra i nage  cannot be comple te ly  r u l e d  
out ,  f o u r  l i n e s  o f  reasoning p r o v i d e  suppor t  f o r  t he  conc lus ion  t h a t  present-  
day l e v e l s  o f  DDT con tamina t ion  i n  t h e  Yakima R i v e r  a re  p r i m a r i l y  t h e  r e s u l t  
o f  h i s t o r i c a l  appl i c a t i o n  coupled w i t h  l ong  h a l f - 1  i f e  and t h a t  t-DDT concen- 
t r a t i o n s  i n  t h e  r i v e r  have decreased s i nce  DDT was banned. These a re  as 
f o1  lows : 

1. I l l e g a l  f i e l d  use has no t  been de tec ted  - WSDA and FDA r o u t i n e l y  check 
p e s t i c i d e  a p ~ l i c a t o r s  and mon i t o r  P e s t i c i d e  res idues  on croos.  Since 
t h e  ban on DDT i n  1972, no i ns tance  o f  i l l e g a l  f i e l d  use ha; been found 
i n  t h e  Yakima dra inage (Brown, 1986). 

2. DDT i n p u t s  t o  t h e  Yakima R i v e r  a re  no t  l o c a l i z e d  - I f  DDT were used i n  
t h e  Yakima bas in ,  t h e  p r a c t i c e  would a lmost  c e r t a i n l y  be  l i m i t e d  t o  a  
v e r y  few s i t e s  because ( 1 )  i t  i s  i l l e g a l  and users face  l o s s  o f  c rops  
(and assoc ia ted revenues) i f  DDT r e s i d u e s  a re  found by WSDA o r  FDA . 

(Brown, 1986), ( 2 )  i t  i s  n o t  r e a d i l y  a v a i l a b l e ,  and ( 3 )  l e s s  p e r s i s -  
t e n t ,  more e f f e c t i v e  p e s t i c i d e s  a re  now a v a i l a b l e .  The r e s u l t s  f rom 
Ecol ogy' s  1985 i n v e s t i g a t i o n ,  however, i n d i c a t e  widespread i n p u t  o f  
DDT t o  t he  Yakima R i ve r .  Sediment samples f rom separate  t r i b u t a r i e s  
had comparable isomer d i s t r i b u t i o n s  o f  DDT compounds. The one d r a i n -  
age which was i n t e n s i v e l y  surveyed had a  s i m i l a r  l e v e l  o f  contamina- 
t i o n  along t h e  l e n g t h  o f  t h e  main d r a i n  and i n  each o f  t h e  t h r e e  ma jo r  
l a t e r a l s .  The d i s t r i b u t i o n  o f  DDT compounds i n  f i s h  and sediment from 
t h e  r i v e r  showed r e a d i l y  d e t e c t a b l e  r e s i d u e s  above t r i b u t a r i e s  i d e n t i -  
f i e d  as c u r r e n t  sources. 

3. Cu r ren t  l e v e l s  o f  DDT compounds i n  Yakima R i v e r  f i s h  are no t  ex t reme ly  

m m a  ~ i v e k  f i s h  t i s s u e s  (main stem, n o t
d

t r i b u t a r i e s )  demonstkated 



t h a t  l e v e l s  a re  g e n e r a l l y  below t h o s e  i n d i c a t i v e  of adverse impacts on 
aqua t i c  l i f e  and w i l d l i f e .  Concen t ra t ions  o f  t-DDT i n  Yakima f i s h  a l s o  
do n o t  appear extreme when viewed i n  a  n a t i o n a l  p e r s p e c t i v e .  The USFWS 
analyzed o r g a n o c h l o r i n e  p e s t i c i d e s  and PCBs i n  whole f i s h  f rom 106 r i v e r s  
and l a k e s  na t ion- w ide  i n  1980-81 (Schmi t, 1985). The d a t a  on those 
contaminants  i d e n t i f i e d  i n  f i s h  t i s s u e  d u r i n g  t h e  p resen t  s t u d y  a re  
summarized i n  Table  28. Whole f i s h  f r o m  t h e  USFWS Yakima R i v e r  s t a t i o n  
a t  Granger (r.m. 82.8) averaged 380 ug/Kg t-DDT, o n l y  s l i g h t l y  above t h e  
n a t i o n a l  mean o f  290 ug/Kg. T h i r t y - o n e  o f  t h e  s t a t i o n s  sampled (27  
percen t )  had a  mean t-DDT c o n c e n t r a t i o n  h i g h e r  t h a n  t h e  Yakima. Resu l t s  
f o r  d i e l d r i n ,  e n d r i n ,  and PCBs a l s o  show Yakima R i v e r  f i s h  t o  be a t  o r  
below t h e  n a t i o n a l  average. The USFWS d i d  no analyses f o r  endosul fan.  

Tab le  28. USFWS d a t a  on o r g a n o c h l o r i n e  l e v e  s  i n  f reshwater  f i s h e s  (whole  
f i s h )  i n  1980-81 showing r e 1  a t i v e  c o n t a m i n a t i o n  i n  t h e  Yakima 
R i v e r  (ug/Kg, we t ) .  

Yakima R. Number o f  
U.S Mean @ Granger St a t  i o n s  

Com- (106 s t a -  (mean o f  Greater  Than 
pound U.S. Maximum t i o n s )  3  samples) Yakima R i v e r  

t-DDT 6,500 - Yazoo R i v e r  2 9 0  380 31  (27%) 
Redwood, M i  s s i  s s i  p p i  

D i e l d r i n  720 - Manoa Stream 4 0  1 Ou 280 (69%) 
Honolulu,  Hawai i  

E n d r i n  300 - M i s s i s s i p p i  R i v e r  1Ou I O U  225 (22%) 
Memphis, Tennessee 

PCBs 11,300 - Hudson R i v e r  530 100 77 (66%) 
Poughkeepsie, New York 

Source: Schmi t t  (1985) .  
u  = Not de tec ted  a t  d e t e c t i o n  l i m i t  shown. 

4. - The 
as been 

r e c o n s t r u c t e d  i n  F i g u r e  7. The long- te rm r e c o r d  on t-DDT i n  water  i s  
f rom samples c o l  l e c t e d  a t  K iona  between 1968 and 1982 b y  t h e  U.S. Geo- 
l o g i c a l  Survey (USGS). T h i s  i s  t h e  same s t a t i o n  sampled d u r i n g  t h e  
present  s tudy.  The l o n g e s t  con t inuous  r e c o r d  on DDT compounds i n  Yakima 
R i v e r  f i s h  i s  t h e  one shown f o r  USFWS whole  f i s h  samples c o l  l e c t e d  s i n c e  
1970 a t  Granger ( b o t h  of these  d a t a  s e t s  are  i n  Appendices V and V I ) .  

Dur ing t h e  p e r i o d  1968-1970, c o n c e n t r a t i o n s  of t-DDT i n  water  f rom t h e  
lower  Yakima R i v e r  were as h i g h  as 0.04 - 0.06 ug/L ( s i m i l a r  t o  concen- 
t r a t i o n s  now observed i n  some Yakima tr b u t a r i e s ) .  A  gradual  d e c l i n e  i n  
r i v e r  c o n c e n t r a t i o n s  occur red  between 1970 and 1974. A marked annual 



F i a u r e  7 .  H i s t o r i c a l  r e c o r d  on t-9DT i n  water  and f i s h  f rom t h e  Yakima R i v e r .  
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(Water d a t a  f rom S c h u l t z  [1973] and USGS Water Data Repor ts  f o r  
water  years  1968-1982; f i s h  d a t a  from Sch 1983, 
19851. Non- detect ions p l o t t e d  a t  o n e- h a l f  t h e  X t F t i o n  1 imi t .) 



c y c l e  i s  ev i den t  d u r i n g  1968 - 1973 (more e a s i l y  seen i n  Appendix U )  i n  
t h a t  DDT compounds were de tec tab le  o n l y  d u r i n g  s p r i n g  through fa1  1 .  DDT 
compounds remained unde tec tab le  (0 .01 ug/L d e t e c t  i o n  1 i m i  t )  i n  a1 1 USGS 
samples c o l  l e c t e d  between 1974 and 1982, USGS d i scon t i nued  p e s t i c i d e s  
a n a l y s i s  a f t e r  1982. As discussed e a r l i e r ,  o n l y  one o f  f o u r  water sam- 
p l e s  c o l l e c t e d  a t  K iona  d u r i n g  t h e  p resen t  s tudy showed de tec tab le  DDT 
compounds. P,pb-DDE was de tec ted  a t  an est imated concen t ra t i on  o f  0.006 
- 0.007 ug/L, approx imate ly  one- tenth o  peak t-DDT concen t ra t i ons  
observed f i f t e e n  years  ago. 

The d e c l i n e  i n  DDT res i dues  shown f o r  Yakima R iver  f i s h  a t  Granger 
f o l  lows t h a t  i n  water .  Mean concen t ra t i ons  o f  t-DDT i n  whole f i s h  
between 1970 - 1974 ranged from 1,400 t o  2,600 ug/Kg. Concent ra t ions 
dec l i ned  t o  a  medi an o f  390 ug/Kg i n  1980, comparable t o  t h e  medi an o f  
490 ug/Kg measured i n  whole f i s h  e leven  m i l e s  upstream a t  Buena d u r i n g  
t h e  present  study. Ana l ys i s  o f  cova r i ance  was used t o  t e s t  t h e  s i g -  
n i f  icance o f  observed changes i n  l i pid- normal  i zed  t-DDT concen t ra t i ons  
between 1974 and 1980. The t r end  toward  decreasing t-DDT concen t ra t i ons  
i n  f i s h  was s i g n i f i c a n t  a t  t h e  p=0.05 l e v e l  (Schmi t t ,  -- e t  a l . ,  1985). 

The m i  t i c i d e  d i c o f o l  ( 1 , l - b i s [ c h l  o ropheny l l -2 ,2 ,2 - t r i ch l  oroethanol  ; t r a d e  
name "Kel thane" )  has been suggested as a  c u r r e n t  source o f  DDT (Graham, 1984). 
D i c o f o l  i s  manufactured from DDT b y  d e h y d r o c h l o r i n a t i o n  t o  form DDE, c h l o r i -  
n a t i o n  t o  form Cl-DDT ( e x t r a  c h l o r i n e  DDT), and h y d r o l y s i s  r e p l a c i n g  t h e  e x t r a  
c h l o r i n e  by  a  hydroxy l  (-OH) group. I m p u r i t i e s  can i n c l u d e  o,p' and p,p' 
isomers o f  DDT, DDE, DDD, and Cl-DDT. DDE and Cl-DDT are  t h e  predominant 
i m p u r i t i e s .  The o n l y  U.S. manufacturer ,  Rohm and Haas, r epo r t ed  t h a t  DDT- 
r e1  ated i m p u r i t i e s  averaged 5.75 percen t  i n  1984. Th is  was reduced t o  2.5 
percen t  i n  1985. The company has pledged t o  f u r t h e r  reduce DDT-re1 ated 
i m p u r i t i e s  t o  0.1 percent  b y  January 1, 1987 (E l  lenberger ,  1985). D i c o f o l  
i t s e l f  r e a d i l y  metabo l i zes  and degrades t o  d i ch l o robenzy l  i c  ac id  and d i c h l o r o -  
benzophenone; DDT, DDE, o r  DDD a re  no t  breakdown products  ( G i l  l e t t e ,  1985). 

The major  use o f  d i c o f o l  i s  c o n t r o l  o f  m i t e s  i n  c i t r u s  and co t t on .  The s t a t e s  
o f  C a l i f o r n i a  and F l o r i d a  have i n v e s t i g a t e d  d i c o f o l  as a  poss ib l e  c o n t r i b u t o r  
t o  environmental  l e v e l s  o f  DDT compounds (R i  seborough, e t  a1 . , 1984; Mischke, -_. 
e t  a l . ,  1985; Agee, 1985; P i c k e r e l  1 ,  e t  a1 ., 1984).  I n  s p ~ t e  o f  l a r g e - s c a l e  - 
a p p r c a t i o n  (annual  l y  approx imate ly  1 3  Xl 1  i o n  pounds i n  Cal i f o r n i  a  and 
200,000 pounds i n  F l o r i d a ) ,  t h e  unanimous c o n c l u s i o n  was t h a t  t he  l e v e l  o f  
i m p u r i t i e s  was i n s i g n i f i c a n t  compared t o  r e s i d u e s  from h i s t o r i c a l  a p p l i c a t i o n .  

Whi le  da ta  on t h e  amount o f  d i c o f o l  used i n  ash ing ton  i s  no t  ava i l ab l e ,  i t  i s  
n o t  used e x t e n s i v e l y  (Maxwell,  1986). I n  t h  Yakima bas in ,  a p p l i c a t i o n  i s  
approved f o r  hops (new p l  an t ings  on l y ) ,  c h e r  i es ,  and pears.  Over t h e  pas t  
t e n  years, t h e r e  has been l i t t l e  o r  no use o  d i c o f o l  because t a r g e t  pes ts  had 
become r e s i s t a n t .  There has been a  s l i g h t  i n c r e a s e  i n  use over  t he  pas t  two 
years,  bu t  r e s i s t a n c e  t o  d i c o f o l  con t inues  t o  l i m i t  a p p l i c a t i o n s  (Brown, 
1986). 

Inasmuch as d i c o f o l  has a  low l e v e l  o f  DDT- related i m p u r i t i e s ;  does n o t  break 
down t o  g i v e  DDT, DDE, o r  DDD; and i s  used i smal l  amounts i n  the  Yakima 
bas in ,  i t  i s  u n l i k e l y  t h a t  i t s  use has c o n t r i b u t e d  s i g n i f i c a n t l y  t o  contami-  
n a t i o n  by  DDT compounds i n  t h e  Yakima R i ve r .  



R e s u l t s  f rom t h e  p resen t  s t u d y  show t h a t  d i e 1  d r i n  ( s e v e r e l y  r e s t r i c t e d  use) 
and PCB-1260 (new use e l i m i n a t e d )  a r e  wides r e a d  low-1 eve1 contaminants  o f  t h e  
Yakima system. D i e l d r i n  i s  one of  t h e  most commonly d e t e c t e d  o r g a n o c h l o r i n e  
p e s t i c i d e s  i n  U.S. s u r f a c e  wa te rs  ( G i i  l iom,  1985); p o l y c h l o r i n a t e d  b i p h e n y l s  
a r e  among t h e  most  w i d e l y  d i s t r i b u t e d  p o l  l u t a n t s  on e a r t h  (Konasewich, e t  a1 . , 
1982).  Wi th  t h e  e x c e p t i o n  of a1 d r i n '  s  d e t e c t i o n  i n  Spr ing ISn ipes  C r e e k T t h e r e  
was no ev idence o f  f r e s h  i n p u t s  o f  e i t h e r  compound t o  t h e  r i v e r .  

USGS and USFWS h i s t o r i c a l  d a t a  a r e  a l s o  a v a i l  a b l e  on d i e l d r i n  i n  Yakima R i v e r  
water  and f i s h .  T h i s  i n f o r m a t i o n  i s  p l o t t e d  i n  F i g u r e  8 .  The decrease i n  
d i e l d r i n  c o n c e n t r a t i o n s  para1 l e l s  t h a t  observed f o r  DDT compounds. An annual 
c y c l e  i n  occur rence  i s  a l s o  e v i d e n t  f o r  d i e l d r i n .  

A1 d r i n  was wi thdrawn f rom a g r i c u l t u r a l  use b o u t  12 y e a r s  ago. The p r e v i o u s l y  
ment ioned d e t e c t i o n  o f  a  h i g h  a l d r i n  c o n c e n t r a t i o n  i n  Spr ing ISn ipes  Creek 
sediment i s  unusual because a1 d r i n  i s  r a p i d 1  y metabol  i z e d  t o  i t s  epoxide,  
d i e l d r i n ,  i n  t h e  environment.  A l d r i n ' s  h a l f - l i f e  i n  s o i l  has been c a l c u l a t e d  
a t  0.3 year ,  w i t h  95 p e r c e n t  d isappearance r a n g i n g  between 1 t o  6  y e a r s  and 
averag ing 3  y e a r s  (Edwards, 1973).  Present- day a1 lowed uses a r e  subsur face  
i n s e r t i o n  f o r  t e r m i t e  c o n t r o l ,  d i p p i n g  non- food r o o t s ,  and m o t h p r o o f i n g  b y  
m a n u f a c t u r i n g  process i n  c l o s e d  systems (EPA, 1985b).  The presence o f  a1 d r i n  
i n  sediment c o u l d  be t h e  r e s u l t  o f  i l l e g a l  use, improper  d i s p o s a l  o f  a  con- 
t a i n e r ( ~ ) ,  o r  perhaps, d i s t u r b a n c e  o f  subsur face s o i l  s  c o n t a i n i n g  h i g h  con- 
c e n t r a t i o n s  f rom h i s t o r i c a l  a p p l i c a t i o n .  

The use o f  t h e  two rema in ing  compounds, e n d o s u l f a n  and e n d r i n ,  i s  s t i l l  a l lowed 
i n  a g r i c u l t u r e .  Endosu l fan i s  appl i e d  t o  a  v a r i e t y  o f  c r o p s  i n  t h e  Yakima 
bas in ,  i n c l u d i n g  grapes, po ta toes ,  t r e e  f r u i t s ,  corn ,  s m a l l  g r a i n s ,  a l f a l f a ,  
and g rass  ( W i l  l e t ,  1985).  I t s  occu r rence  i n  t h e  water samples c o l l e c t e d  i n  
B i r c h f i e l d  D r a i n  d u r i n g  t h e  p r e s e n t  s t u d y  i s  p r o b a b l y  due t o  i t s  use as a  
c o v e r  s p r a y  on orchards (Fau l  coner ,  1986).  

The use o f  e n d r i n ,  a  r o d e n t i c i d e ,  has been s e v e r e l y  c u r t a i  l e d  i n  Washington. 
P r i o r  t o  1983, t h e r e  were no l e g a l  r e s t r i c t i o n s  on i t s  a p p l i c a t i o n .  E n d r i n  
a p p l i c a t i o n  now must be f o r  c r i s i s  s i t u a t i o n s  o n l y  and approved b y  WSDA 
(Toohey, 1986).  I n  1984, one approved a p p l i c a t i o n  o f  30 ga l  l o n s  occur red ,  
t h i s  i n  t h e  Wapato area (Fau lconer ,  1986).  No a p p l i c a t i o n s  o c c u r r e d  i n  t h e  
Yakima b a s i n  i n  1985. The f a c t  t h a t  e n d r i n  ( o r  i t s  m e t a b o l i t e  e n d r i n  a lde-  
hyde) was d e t e c t e d  a t  low l e v e l s  i n  o n l y  t h r e e  o f  t h e  46 f i s h  t i s s u e  samples 
analyzed i n  t h e  p resen t  s t u d y  and was never  d e t e c t e d  i n  wa te r  o r  sediment, 
suggests t h a t  r e s i d u e s  f rom p a s t  use do n o t  pose a  t h r e a t  t o  t h e  Yakirna R i v e r  
a q u a t i c  environment.  
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(Water d a t a  f r o m  S c h u l t z  [I9731 and USGS Water Data  Repor ts  f o r  wa te r  
years  1968-1982; f i s h  d a t a  f rom S c h m i t t ,  , 19851. 
Non- detect ions p l o t t e d  a t  o n e- h a l f  t h e  d e ~ c t i o n  1 i m i  t .) 





Resu l ts  o f  t h e  present  s t udy  and USGS h i s t o r i c a l  d a t a  show t h a t  t r a n s p o r t  
o f  t h e  organochl o r i  ne e s t i c i d e s  DDT (and m e t a b o l i t e s )  and d i e l d r i n  t o  
t h e  Yakima R i ve r  occurs  p r i m a r i l y  d u r i n g  t h e  i r r i g a t i o n  season. T r i bu-  
t a r i e s  t o  t he  Yakima i d e n t i f i e d  i n  t h e  p resen t  s t udy  as predominant 
sources were S u l f u r  Creek, B i r c h f i  e l d  Dra in ,  Granger Dra i  , and Spr ing/ 
Snipes Creek. Concent ra t ions measured i n  these t r i b u t a r i e s  may be h i g  
enough t o  pose a  t h r e a t  t o  aqua t i c  l i f e  and make them u n f i t  sources o f  
f i sh f o r  consumption b y  humans and w i  l d l  i f e .  

pounds and d i e l d r i n  have low water s o l u b i l i t i e s  ( ( 1  ppm) and tend 
ssoc ia ted w i t h  p a r t i c u l  a t e  m a t t e r  suspended i n  t he  water c o l  umn. 

E i g h t y  percent  o r  more o f  t h e  DDT and d e l d r i n  i n  a g r i c u l t u r a l  r u n o f f  i s  
assoc ia ted w i t h  t h e  p a r t i c u l a t e  phase ( auchope, 1978). For t h i s  reason, 
e ros i on  c o n t r o l  i s  an e f f e c t i v e  mea reduc ing  t h e  t r a n s  
o rganoch lo r ines  from f i e l d s  t o  i r r i g a t i o n  r e t u r n s  and subse 
Yakima R iver .  

Ecol ogy should work w i t h  t h e  S o i l  Conservat ion Service,  s o i l  conserva t ion  
d i s t r i c t s ,  i r r i g a t i o n  d i s t r i c t s ,  and farmers t o  design, fund, and imple-  
ment a  p l an  t o  reduce e ros ion ,  f ocus ing  i n i t i a l l y  on t h e  t r i  
ages i d e n t i f i e d  above. Th is  would reduce o r a n o c h l o r i  e  loads t o  t he  
Yakima and generate  concomitant water qua1 i t y  improvements: r educ t i ons  
i n  suspended so l  i d s ,  t u r b i d i t y ,  and phosphates. 

2. Concent ra t ions o f  two cu r ren t1  y used p e s t i c i d e s ,  endosul f a n  and d i  az i  
approached o r  exceeded a c u t e l y  t o x i c  l e v e l s  i n  B i r c h f i e l d  Dra in .  Endosul- 
f a n  was de tec ted  i n  Yakima R i ve r  f i s h  and sediment downstream o f  B i r ch -  
f i e l d  Dra in .  D iaz inon has been p r e v i o u s l y  de tec ted  i n  t h e  d ischarge  from 
t h i s  d r a i n .  Ecology should work w i t h  Department o f  A g r i c u l  Lu re  inspec-  
t o r s ,  a p p l i c a t o r s ,  and farmers t o  reduce o r  e l i m i n a t e  t h e  d ischarge  o f  
these compounds, f ocus ing  i n i t i  a1 l y  on t h e  B i r c h f i  e l  d  dra inage area. 

3. Add i t i ona l  bed sediment samples should be c o l l  ec ted i n  Spr ing/Snipes 
Creek t o  v e r i f y  t h e  presence o f  h i g h  a l d r i n  concen t ra t i ons  ( o r  h i g h  
l e v e l s  o f  i t s  metabol i t e  d i e l d r i n ) .  

4. The p o t e n t i a l  f o r  sub le tha l  adverse e f f e c t s  f rom DDT compounds and 
d i e l d r i n  on f i s h  f rom t h e  lower  Yakima R i ve r  should e  eva luated.  One 
prorni s ing  approach f o r  eval  u a t i n g  these e f f e c t s  i s  t h e  h i  s t o p a t h o ~ o g i c a l  
examinat ion o f  r e s i d e n t  f i s h  (espec i  a1 l y  bottom-1 i v i n g  spec ies)  t o  
determine t h e  types and inc idence  o f  abnormal i ti es ( i .e., 1 es ions)  . 
(Ecology i s  p lann ing  t h i s  t ype  o f  survey a t  K iona i n  J u l y  1986.) 

t o x i c i t y  o f  bed sediments was n o t  eva luated i n  t he  present  s tud 
c t i o n  o f  ben th i c  i n v e r t e b r a t e  popu la t i ons  cou ld  have a  nega t i ve  

impact on salmonid and o the r  f i  she r i es  resources.  
samples should be screened f o r  t o x i c i t y  b y  b ioassa  



6. The Columbia R i ve r  pool  behind McNary Dam (Lake Wal l u l  a) has been t h e  
u l t i m a t e  s i nk  f o r  Yakima R i ve r  sediment s i n c e  t he  1940s. Resu l t s  o f  t h e  
o n l y  r e l e v a n t  s tudy  known t o  have been done showed t h a t  DDE and PCBs i n  
Columbia R i ve r  w h i t e  s turgeon peak i n  Lake Wal lu la .  Two o f  t h e  t h r e e  
muscle sampl es c o l l e c t e d  t h e r e  exceeded FDA c r i t e r i a  f o r  t-DDT and PCBs 
(Bos ley and Gate ly ,  1981).  For these reasons i t  i s  recommended t h a t  Lake 
Wal l u l a  be inc luded  as one of t h e  s t a t i o n s  i n  Ecology 's  1987 BWMP f i s h  
c o l l e c t i o n s ,  w i t h  subsequent t i s s u e  a n a l y s i s  f o r  a  range o f  p e s t i c i d e s  
and PCBs. 
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Appendix I .  Cleaning procedures f o r  c o n t a i n e r s  used i n  Eco logy 's  1985 s t u d y  
o f  DDT and o the r  contaminants i t h e  Yakima R i ve r .  

Organochlor ines 

1. Rinse w i t h  pes t i c i de- g rade  methy lene c h l o r i d e ,  and d r a i n .  

Herb ic ides .  Ac id IBase-Neutra ls  

Wash con ta iners ,  c l osu res ,  and t e f l o n  1 i n e r s  i n  ho t  t a p  water w i t h  
1 aboratory- grade, non-phosphate de te rge  

R i  nse t h r e e  t imes w i  t h  t a p  water.  

Rinse w i t h  1:l n i t r i c  ac id .  

Rinse t h r e e  t imes w i t h  ASTM Type 

Rinse w i t h  pes t i c ide- grade  methy 

Oven d ry .  

Remove con ta iners ,  c losures ,  and 

1 d e - i o n i  zed water. 

l e n e  ch 

t e f  1 on 

1 o r i d e .  

1 i n e r s  from oven. 

Place t e f l o n  l i n e r s  i n  c l osu res  and p l a c e  c l osu res  on con ta i ne rs .  A t -  
tendant  t o  wear g loves  and con ta i ne rs  n o t  t o  be removed f rom p repa ra t i on  
room u n t i l  sealed. 

Vol a t i  l es ,  T o t a l  Organic Carbon 

1. Wash v i a l s ,  septa,  and c l osu res  i n  ho t  ap water w i t h  1 aboratory-grade, 
non-phosphate de te rgen t .  

2. Rinse t h r e e  t imes w i t h  t a p  water .  

3. Rinse t h r e e  t imes  w i t h  ASTM Type 1 de- ion i zed  water.  

4. Oven d r y  v i a l s ,  septa,  and c l osu res .  

5. Remove v i a l s ,  septa, and c l osu res  from oven. 

6. Place septa i n  c losures ,  t e f l o n  s i d e d o w n ,  and p l a c e o n v i a l s .  At tendant 
t o  wear g loves  and v i a l s  n o t  t o  be removed from p r e p a r a t i o n  room u n t i l  
se a1 ed . 
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Mercury 

B o t t l e s  

1. Wash i n  h o t ,  soapy water .  

2. R inse w i t h  h i g h - p u r i t y  water .  

3. Rinse w i t h  concen t ra ted  HNO3. 

4. R inse severa l  t i m e s  w i t h  h i g h - p u r i t y  w a t e r .  

5. Bake i n  oven a t  450°C f o r  8 hours .  

Caps and L i n e r s  

1. Remove t e f  l o n  l i n e r s .  

2. Wash b o t h  caps and l i n e r s  i n  ho t ,  soapy water .  

3. R inse w i t h  h i g h - p u r i t y  water .  

4. R inse t e f l o n  l i n e r s  w i t h  c o n c e n t r a t e d  MNO3. 

5. R inse w i t h  h i g h - p u r i t y  wa te r .  

O the r  Met a1 s  

1. F i l l  w i t h  1 + 1 HC1 (AR g rade) .  

2.. A1 low t o  s tand one week a t  room tempera tu re .  

3. Emptyand  r i n s e w i t h d i s t i l l e d  wa te r .  

4. F i l l  w i t h  1 + 1 HNO3 (AR g rade) .  

5. A1 low t o  s tand one week a t  room tempera tu re .  

6. Empty and r i n s e  w i t h  d i s t i l  l e d  wa te r .  

7.  F i l l  w i t h  d e- i o n i z e d  wa te r .  

8. A1 low t o  s tand severa l  weeks o r  u n t i l  needed, changing wa te r  p e r i o d i c a l  ly 
t o  ensure c o n t i n u e d  c l e a n i n g .  



Appendix II. CNFRL methodology f o r  o rganoch lo r i ne  pesticides1PCBs a n a l y s i s  
o f  f i s h  t i s s u e  samples. 

1.0 I n t r o d u c t i o n  

The 27 organochl o r i n e  contaminants ( i n c l u d i n g  o rganoch lo r ine  p e s t i -  
c ides ,  o t h e r  o rganoch lo r ine  contaminants ,  and PCB A roc lo r  m i x t u r e s )  
t h a t  a re  t o  be measured a re  l i s t e d  i n  Attachment A. Attachment B  
summarizes s teps used t o  separate  and measure these res idues  i n  
t i s s u e  ( p l a n t  and animal)  samples. Organic contaminants w i l l  be 
e x t r a c t e d  from t i s s u e  w i t h  a  s o l v e n t  and separated from l i p i d s  b y  
ge l  permeat ion chromatography. Residue e x t r a c t s  w i  l 1  be f r a c t i o n a -  
t e d  i n t o  r e s o l v a b l e  m i x t u r e s  b y  a d s o r p t i o n  chromatography ( F l  o r i s i  l 
and S i l i c a  g e l ) .  Component m i x t u r e s  w i  11 then  be analyzed b y  gas 
chromatography, and a t  our  request ,  some (as much as 10 percen t  f o r  
sample batches) o f  t h e  sarnpl e  s e t  w i  11 be conf i rmed by  GCMS. 

Sampl e  P repa ra t i on  

Sampl e  Homogenati on 

Sampl es should be homogenized so t h a t  rep1 i c  a te  a1 i quot  element 
concen t ra t i ons  are w i t h i n  f 10 pe rcen t  standard dev i  a t  i on .  

Mo i s tu re  De te rmina t ion  

Percent  m o i s t u r e  con ten t  i n  homogenized t i s s u e  sampl es w i  1 1 be 
determined w i t h  a  C.W. Brabender M o i s t u r e  and V o l a t i l e s  t e s t e r  
o r  equi  v  a1 en t  . 
E x t r a c t i o n  o f  Tissue 

A m o d i f i e d  Hesselberg and Johnson (1972) method o r  equ i va l en t  
w i l l  be used f o r  e x t r a c t i o n .  Ground t i s s u e  (10.0 g) w i  1 1 be mixed 
w i t h  anhydrous Na2S04 (40  g)  and p  aced i n  a  g l a s s  e x t r a c t i o n  column 
over  a  p ledge t  of g l ass  wool and N $04 (1-2 cm- 1  ayer)  . Another 
l a y e r  of Na2S04 w i  11 be p laced on op and methylene c h l o r i d e  (200 
mL) w i  1  l be added t o  t h e  column f o  e x t r a c t i o n .  The so l ven t  f l o w  
r a t e  w i l l  t hen  be ad justed t o  3-5 mL/min by man ipu la t i ng  t h e  stop-  
cock a t  t h e  lower t o p  o f  t h e  t i s s u e  and methylene c h l o r i d e  (MeC12) 
end o f  t h e  column. The e l u a t e  f rom t h e  column e x t r a c t i o n  w i l  1 be 
c o l l e c t e d  i n  a  250 mL double  r e s e r v o i r  f l  ask ( o r  equ i va l en t )  designed 
f o r  e f f i c i e n t  so l ven t  removal (May and S t a l l i n g ,  1979). A f t e r  ex- 
t r a c t i o n  i s  complete, MeC12 w i l l  b e  s t r i p p e d  f rom t h e  l i p i d  by  
r o toevapo ra t i on  a t  ambient tempera w e  ( t o  m in im ize  losses  o f  vo l a -  
t i  1  e  c o n s t i t u e n t s ) .  A f t e r  so l ven t  removal, t h e  double  r e s e r v o i r  
vessel  wal I s  w i l l  be r i n s e d  w i t h  methy lene  ch1or ide:cyclohexane 
( 1 : l )  and t h e  l i p i d  concen t ra te  d i  u ted  t o  1 0  mL i n  t h e  c a l i b r a t e d  
smal l  r e s e r v o i r  o f  t h e  c o l l e c t i o n  l ask .  Measured p o r t i o n s  o f  t h e  
" l i p i d "  e x t r a c t  w i l l  be used f o r  GPC f r a c t i o n a t i o n  and l i p i d  
determi  na t i on .  
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2.4 L i p i d  A n a l y s i s  

An a l i q u o t  o f  t h e  " l i p i d "  e x t r a c t  used f o r  GPC w i l l  be t r a n s f e r r e d  
t o  an a c c u r a t e l y  weighed v i  a1 . The s o l v e n t  w i  11 be s l o w l y  evapora- 
t e d  o v e r n i g h t  a t  90°C ( u s i n g  a  h e a t i n g  b l o c k ) ,  and t h e  v i a l  w i l l  
t hen  be reweighed f o r  l i p i d  determ 

Gel Permeat ion Chromatography (GPC 

L i p i d  m a t e r i a l s  w i  11 be removed from organ ic  r e s i d u e s  b y  s i z e  f r a c -  
t i o n a t i o n  us ing  an automated g e l  pe rmeat ion  system (GPC Autoprep 1001, 
equipped w i t h  a  column o f  SX-3 Biobeads, 200/400 mesh) ( S t a l  l i n g ,  
e t  a l  . , 1972; Anoop and Tucker, 1977; o r  e q u i v a l e n t )  . The GPC c o l -  -- 
umn must be c h a r a c t e r i z e d  b e f o r e  use t o  e s t a b l i s h  t h e  r e l a t i v e  e l u -  
t i o n  p a t t e r n s  o f  1 i p i d  m a t e r i a l s  and n e u t r a l  p e s t i c i d e s .  Neu t ra l  
r e s i d u e s  w i l l  be e l u t e d  i n t o  d o u b l e  r e s e r v o i r  f l a s k s  (May and S t a l -  
l i n g ,  1979; o r  e q u i v a l e n t )  w i t h  l: 1 methylene ch lo r ide :cyc lohexane ,  
concen t ra ted  b y  r o t o e v a p o r a t i o n ,  and brought  up t o  f i n a l  volume w i t h  
hex ane . 
F l o r i s i l  F r a c t i o n a t i o n  

F l o r i s i l  f r a c t i o n a t i o n  w i  11 be done b y  t h e  method o f  R i b i c k ,  e t  a1 . 
(1981) o r  e q u i v a l e n t .  F l  o r i s i  l ( F i  sher, 60-100 mesh o r  e q u i v a l e n t )  
w i l l  be a c t i v a t e d  a t  135°C u n t i l  columns are preapred. Five-gram 
columns w i l l  be dry-packed and immedi a t e l y  r i n s e d  w i t h  20 mL hexane, 
and then  t h e  concen t ra ted  GPC e l u a t e s  ( i n  hexane) w i l l  be t r a n s -  
f e r e d  t o  t h e  columns. ( F l  o r i s i  l columns must be p e r i o d i c a l  l y  
c h a r a c t e r i z e d  t o  e s t a b l i s h  r e 1  a t i v e  e l u t i o n  p a t t e r n s  o f  non-pol  a r  
and p o l a r  compounds; oven temperature ,  room humid i t y ,  and ba tch - to -  
b a t c h  s o l v e n t  v a r i a t i o n s  may g r e a t 1  y  a f f e c t  t h e  e l u t i o n  behav io r . )  
Non-polar and modera te ly  p o l a r  r e s i d u e s  w i l l  be e l u t e d  w i t h  40 mL o f  
f i v e  percent  d i e t h y l  e t h e r  i n  hexane ( 5  p e r c e n t  f r a c t i o n ) .  More 
p o l a r  compounds, i n c l u d i n g  d i e l d r i n ,  e n d r i n ,  and p h t h a l a t e s ,  w i l l  
t y p i c a l  l y  b e  e l u t e d  w i t h  38 mL o r  4 0  percen t  d i e t h y l  e t h e r  i n  
p e t r o l  eum e t h e r  ( 4 0  p e r c e n t  f r a c t i o n )  . 
Both f r a c t i o n s  w i  1 1  be c o l  l e c t e d  i 125 mL doub le  r e s e r v o i r  f l  asks 
o r  e q u i v a l e n t .  One t o  two m i l l i l i t e r s  o f  i sooc tane  w i l l  be added t o  
each f l  ask t o  p reven t  l o s s  o f  v o l a t i l e  p e s t i c i d e s ,  and e t h e r s  w i  I 1  
be removed b y  r o t o e v a p o r a t i o n .  The 40 p e r c e n t  f r a c t i o n  w i l l  be 
b rough t  t o  5  mL w i t h  i s o o c t a n e  f o r  gas chromatographic a n a l y s i s ,  and 
t h e  5  pe rcen t  f a c t i o n  ( o r  a  measured a l i q u o t )  w i  1 1  be t r a n s f e r r e d  t o  
s i l i c a  g e l  f o r  f u r t h e r  f r a c t i o n a t i o n .  

S i  l i c a  Gel F r a c t i o n a t i o n  

S i  l i c a  g e l  f r a c t i o n a t i o n  w i  11 e  done b y  t h e  method o f  R i b i c k ,  e t  
a l .  (1981) o r  e q u i v a l e n t .  S i l i c a  e l  ( S i l i c a  Gel 60, 70-230 m e 3  - 
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ASTM, E. Merck o r  e q u i v a l e n t )  w i l l  be a c t i v a t e d  a t  135°C u n t i l  c o l -  
umn p r e p a r a t i o n .  Five-gram s i l  i c a  g e l  columns w i  11 be dry-packed 
j u s t  b e f o r e  use and immed ia te l y  r i n s e d  w i t h  20 mL hexane. R e l a t i v e  
e l u t i o n  p a t t e r n s  must be c h a r a c t e r i  zed p e r i o d i c a l  ly, as f o r  F l o r i s i l  . 
The f i v e - p e r c e n t  f r a c t i o n s  ( o r  a  measured a l i q u o t )  w i l l  be t r a n s f e r -  
r e d  t o  t h e  columns. The PCB f r a c t i o n  ( i n c l u d i n g  A r o c l o r  m i x t u r e s ,  
a l d r i n ,  h e p t a c h l o r ,  HCB, m i r e x ,  and 80-90 p e r c e n t  o f  t h e  DDE) w i l  1 
be e l u t e d  w i t h  38 mL 0.5 p e r c e n t  benzene i n  hexane. The p e s t i c i d e  
f r a c t i o n  ( P e s t i c i d e  F r a c t i o n ,  i n c l u d i n g  t h e  r e m a i n i n g  DDE and o t h e r  
r e s i d u e s )  w i l l  be e l u t e d  w i t h  35 mL 25- percent  d i e t h y l  e t h e r  i n  
hexane. Both e l u a t e s  wi 11 be c o n c e n t r a t e d  t o  1-2 mL b y  ro toevapora -  
t i o n  ( a f t e r  t h e  a d d i t i o n  o f  i soocane) ,  d i l u t e d  t o  5  mL w i t h  i sooc tane ,  
and t r a n s f e r r e d  t o  c u l t u r e  tubes  f o r  gas chromatograph ic  a n a l y s i s .  

3.0 Sampl e  Anal y s i  s--Gas chromatography wi t h  E l  e c t r o n  Capture  F r a c t i o n  

3.1 Packed Column Gas Chromatographic A n a l y s i s  

3.1.1 F o r t y  Percent  F r a c t i o n  f rom F l  o r i s i  1 and P e s t i c i d e  F r a c t i o n  f rom 
S i l i c a  Gel-Column: 

T y p i c a l  c o n d i t i o n s  (U.S. EPA Method 608 o r  e q u i v a l e n t )  f o r  gas 
chromatograph ic  a n a l y s i s  are :  

GC column: 6  f o o t  x  2  mm I.D. g l a s s  c o n t a i n i n g  1.5 p e r c e n t  
SP 2250+1.95 p e r c e n t  SP 2401 on Supe lcopor t  
(100/120 mesh) o r  e q u i v a l e n t  

De tec to r :  63Ni e l  e c t r o n  c a p t u r e  d e t e c t o r  equ i  pped w i t h  a  
l i n e a r i  z e r  

Flow c o n d i t i o n s :  30 mL/min o f  u l t r a p u r e  N2 

Column tempera tu re :  i s o t h e r m a l  a t  180-200°C 

I n j e c t o r  tempera tu re :  220°C 

D e t e c t o r  tempera tu re :  350°C 

I d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  contaminant  r e s i d u e s  i n  these 
f r a c t i o n s  a r e  based on r e t e n t i o n  t i m e s  and peak magni tude ( a r e a  o r  
h e i g h t )  o f  e x t e r n a l  s tandard  compounds. 
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3.1.2 P C B  Fract ion from S i l i c a  Gel Column: 

Typical condit ions (Webb and McCal 1 ,  1973, o r  equiva lent )  f o r  gas 
chromatographic an at y s i  s are:  

Column: 6 f o o t  x 2 mm I.D. l a s s  containing 3 percent SE-30 
on 801100 mesh GAS Chrom 0 ( o r  equiva lent )  

Detector:  63Ni e l ec t ron  c a p t u r e  de tec to r  equi pped with a 
1 i nea r i  zer  

Flow condi t ions :  30 mL/min o f  u l t r apure  N2 

Column temperature: isothermal a t  190-200°C 

In jec to r  temperature: 220°C 

Detector temperature: 350°C 

Packed column i d e n t i f i c a t i o n  and uan t i t a t ion  of P C B  Aroclor r e s i -  
dues a r e  based on r e l a t i v e  r e t e n t i o n  times vs.  p,p8-QDE and peak 
magnitude ( a r e a  o r  he ight )  and response f a c t o r s  f o r  external  stand- 
ard Aroclor 1242, 1248, 1254, and 1250 compounds as described by 
Webb and McCall (1973) o r  equ iva len t .  

3.2 High-Resol ution Capi 1 1 a ry  Gas Chromatographic Analysis 

3.2.1 Typical condit ions (Ribick,  -- e t  a1 . , 1982) f o r  gas chromatographic 
ana lys is  a re :  

3.2.1.1 Forty percent f r a c t i o n  from f l o r i s i  l and pes t i c ide  f r a c t i o n s  
from s i l i c a  gel- -  

Column: 24M OV 17 fused s i l i c a  c a p i l l a r y ,  0.25 mm I .Q . ,  0.25 uM 
f i lm thickness o r  equiva lent .  

3.2.1.2 P C B  f r a c t i o n  from s i l i c a  gel- -  

Se30 fused s i l i c a  c a  i l l a r y ,  0.25 mm I.D., 0.25 uM 
f i lm thickness o r  equiva lent .  

I t  i s  s t rongly  recommended t h a t  t h e  bonded o r  immobilized versions 
of t hese  above-mentioned coat ings be used. 
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Both c  
i n  t h e  
O V  17" 

a p i l  l a r y  i n j e c t i o n  systems a r e  sp l  i t / s p l  i t 1  ess types, operated 
s p l i t l e s s  mode w i t h  1.25 m i n  o r  1.0 min, s p l i t  ven t  d e l a y  f o r  
o r  SE 30, r e s p e c t i v e l y .  Septum purge f l o w  r a t e  i s  4  mL/min. 

S p l i t v e n t  f l o w  r a t e  i s  20 mL min .  

Column f l o w  r a t e s  as l i n e a r  v e l o c i t y :  

Column temperature program: 7OUC/ mi n/5"C/mi n/22OUC/9 m i  n  . 
I n j e c t o r  temperature:  220°C 

Detec to r  temperature:  300°C 

Det f l o w :  N2 make-up + H2 

C a r r i e r  gas f 1 ow: 
OV 17--25 mL/min 
SE 38-25 mL/min 

De tec to r :  63Ni e l  e c t r o n  cap tu re  w i t h  1 i n e a r i z e r  

3.2.2 C a p i l l a r y  Q u a n t i t a t i o n  o f  40 Percen t  F r a c t i o n  and P e s t i c i d e  F r a c t i o n  

I d e n t i f i c a t i o n  and quan t i  t a t i o n  o f  contaminant r es i dues  and toxaphene 
components a re  based on r e l a t i v e  r e t e n t i o n  t imes  vs.  a l d r i n  and peak 
magnitude (a rea  o r  h e i g h t )  o f  e x t e r n a l  standard compounds. Confirma- 
t i o n  analyses w i t h  a l t e r n a t e  l i q u i d  phases (e.g., DE-5, DB1701) may 
be requested on some o f  t h e  samples. Fu r t he r  c o n f i r m a t i o n  and/or 
i d e n t i f i c a t i o n  o f  unknown compounds may be requested f o r  up t o  1 0  
percen t  o f  t h e  samples i n  some batches b y  h i g h - r e s o l u t i o n  c a p i l l a r y  
GCMS. 

3.2.3 Cap i l  l a r y  GC Q u a n t i t a t i o n  o f  PCBs 

Cap i l  l a r y  column i d e n t i f i c a t i o n  o f  PCB A roc lo r  res idues  i s  based 
on t h e i r  r e l a t i v e  r e t e n t i o n  versus a l d r i n  o r  p,pl-DDE ( a l d r i n  o r  
p,pl-DDE i s  added t o  each sample p r i o r  t o  c a p i l l a r y  a n a l y s i s ) .  
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3.2.3.1 Q u a n t i t a t i o n  o f  A r o c l o r s  1242, 1249, 1254, and 1260 

For  q u a n t i t a t i o n  o f  A r o c l o r s ,  10 t o  1 5  chromatograph ic  peaks 
a re  s e l e c t e d  as r e p r e s e n t a t i v e  o f  each a r o c l o r  r e g i o n  o f  t h e  
chromatogram. The r e l a t i v e  r e t e n t i o n  t i m e s  o f  peaks a r e  s t o r e d  
i n  t h r e e  d a t a  c a l c u l  a t i o n s  methods : 48, 54, and 60. Using 
Basic Program ARO ( o r  e q u i v a l e n t ) ,  t h e  t h r e e  A r o c l o r  standards,  
t h e i r  asoc i  a ted c a l c u l  a t i o n  methods, and an a p p r o p r i a t e  r e f e r -  
ence peak ( a l d r i n  o r  p,p'-DDE), t h e  B a s i c  Language program 
s o l v e s  a  system o f  t h r e e  l i n e a r  e q u a t i o n s  i n  c o n c e n t r a t i o n  t o  
o b t a i n  R1248, R1254, R1260, R'l24 , . . . R"1260. The t h r e e  
equa t ions  a re :  

where A1248 i s  t h e  t o t a l  a rea f o r  a l l  components (peaks)  i n  t h e  
1248 r e g i o n  taken  f rom a s tandard o r  sample chromatogram, A1254 
i s  t h e  t o t a l  a rea f o r  a1 l components i n  t h e  1254 r e g i o n  taken  
f rom a s tandard  t o  sample chromatogram, A1260 i s  t h e  t o t a l  a rea 
f o r  a1 1  components i n  t h e  1260 r e g i o n  taken  f rom a s tandard o r  
sampl e  chromatogram. 
R1248 = A 1 2 4 8 l c o n c e n t r a t i o n  o f  1248 s tandard,  
R1254 = A1248 /concen t ra t i on  o f  1254 s tandard ,  
R1260 = A1248 /concen t ra t i on  o f  1260 s tandard ,  
R11248 = A 1 2 5 4 l c o n c e n t r a t i o n  o f  1248 s tandard,  e t c .  
C1248 i s  t h e  c o n c e n t r a t i o n  o f  PCB 1248; C1254 i s  t h e  c o n c e n t r a t i o n  
o f  PCB 1254; and C1260 i s  t h e  c o n c e n t r a t i o n  o f  PCB 1260. 

Using t h e  n i n e  R- values (R1249 t o  R"1260) c a l c u l a t e d  f rom t h e  t h r e e  
s tandards '  chromatograms, t h e  Bas ic  program t h e n  c a l  c u l  a tes  t h e  
r e 1  a t i v e  c o n c e n t r a t i o n s  (amounts) o f  A o r c l o r  1248, A r o c l o r  1254, 
and A r o c l o r  1260 components i n  t h e  PCB f r a c t i o n  samples. When 
A r o c l o r  1242- type components appear t o  be  present ,  a  more r i g o r -  
ous c a l c u l a t i o n  may b e  made b y  i n c l u d i n g  A r o c l o r  1242 s tandards  i n  
t h i s  c a l c u l a t i o n .  I n  t h i s  case, an A r o c l o r  1242 s t a n d a r d  may b e  
s u b s t i t u t e d  f o r  A r o c l o r  1248 s t a n d a r d  i n  the  c a l c u l  a t i o n .  

T h i s  method o f  c a l c u l a t i o n  assumes an "average"  R-value ( i  .e., R1248 
i s  assumed t o  be t h e  same f o r  a1 1 " 1 2 4 8- l i k e"  components i n  t h e  1248 
r e g i o n  r e g a r d l e s s  o f  t h e  number o f  c h l o r i n e  atoms a t tached  t o  t h e  
b i p h e n y l  mo lecu le )  and t h e r e f o r e  does n o t  ass ign  s p e c i f i c  R-values 
f o r  i n d i v i d u a l  isomer components. A l though  t h e  r e s o l u t i o n  achieved 
b y  t h e  SE30 c a p i l  l a r y  column i s  p r o b a b l y  adequate f o r  most isomer 
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assignments, t h e  c a l i b r a t i o n  o f  t h e  i n d i v i d u a l  R-values may n o t  be 
c o s t - e f f e c t i v e  f o r  some s tud ies .  ec ause these " average" R-val ues 
a re  used, t h e  PCB c o n c e n t r a t i o n  i s  usual  l y  underest imated when 1242 
i s  present  due t o  t h e  h i ghe r  i n c i d e n c e  o f  2  and 3  c h l o r i n e  s u b s t i -  
t u t e d  b ipheny ls .  I n  t he  same con tex t ,  t h e  PCB concen t ra t i on  o f  an 
environmental  sample w i l l  a l so  be underest imated i f  t h e  lower  
c h l o r i n e - s u b s t i t u t e d  isomers w i t h i n  a  g i ven  A roc l o r  r e g i o n  are a t  
t h e  h i ghes t  concen t ra t i on .  

3.2.3.2 Q u a n t i t a t i o n  o f  I n d i v i d u a l  PCB Isomers 

The c o n t r a c t o r  must a lso  be ab le  t o  i d e n t i f y  i n d i v i d u a l  PCB isomers, 
t h e  cor responding t o t a l  PCB concen r a t i o n  and A roc l o r  m i x t u r e  propor-  
t i o n s  v a l  i d  r e t e n t  i o n  i n d i c e s  ve r sus  added n-a1 k y l  t r i c h l  oroacetates 
(Schwartz and Pe t t y ,  1983; Schwartz, e t  al. ,  1984), and SIMCA 
p a t t e r n  r e c o g n i t i o n  techniques ( D u n n , e t d l . ,  -- 1984). 

Qua1 i t y  Cont ro l  

51 ank 

An o rgan ic  method b lank ex t r ac ted  w i t h  t h e  f i s h  samples w i  11 be 
subjected t o  c leanup b y  f l o r i s i l  and s i l i c a  g e l .  Any i n t e r f e r e n c e s  
found w i l l  t hen  be t r aced  t o  t h e  p rob lema t i c  so lvent /co lumn system. 

De te rmina t ion  o f  E l u t i o n  P r o f i  1 e  

Optimum e l u t i o n  volumes must be exper imenta l  l y  determined. It i s  
adv isab le  t o  chromatograph a  s e t  o f  standards p r i o r  t o  each ba tch  
o f  samples t o  mon i t o r  any changes i n  e l u t i o n  pa t t e rns .  The da ta  
ob ta ined  i n  ana l ys i s  o f  i n d i v i d u a l  e l ua tes  f o r  de te rm ina t i on  o f  t h e  
e l u t i o n  p r o f i l e  w i l l  be inc luded  i n  t h e  f i n a l  r e p o r t .  

Sample Spikes 

Spikes w i l l  be added t o  uncontaminated t i s s u e  a t  t he  beg inn ing  o f  
t h e  c o l  umn e x t r a c t i o n  s tep.  Recover ies  o f  these compounds w i  1 1 
r e f l e c t  l osses  throughout  t h e  e n t i r e  c leanup /de te rmina t ion  process. 
Recoveries should  be w i t h i n  22 s tanda rd  d e v i a t i o n s  o f  t h e  estab- 
1 i shed mean. If a  r ecove ry  i s  o u t  o f  c o n t r o l ,  t h e  p o s s i b l e  cause 
w i l l  be i n v e s t i g a t e d  and co r rec ted  o r  t h e  d a t a  w i l l  be f l agged  as 
p o s s i b l y  b iased .  



Appendix I 1  - c o n t ' d .  

5.0 R e p o r t i n g  

The f i n a l  r e p o r t  w i  11 i n c l u d e :  a1 1 sample r e s i d u e  c o n c e n t r a t i o n  
data;  qua1 i t y  c o n t r o l  r e c o v e r y  r e s u l t s ;  methods and i n s t r u m e n t a l  
parameters w r i  teup; and when i s o m e r- s p e c i f i c  determi  n a t i o n  methods 
have been requested; t h e  r e t e n t i o n  i n d i c e s  o r  e q u i v a l e n t  d a t a  used 
t o  i d e n t i f y  i n d i v i d u a l  PCB components. A d d i t i o n a l l y ,  a l l  raw d a t a  
i n c l u d i n g  p r e p a r a t i o n  o f  standards,  sample worksheets, and raw 
chromatographic d a t a  w i  1  1  be p r o v i d e d  i n  i t s  o r i g i n a l  form. 
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At tachment A. Organic compounds analyzed b y  CNFRL Method01 ogy 

Dacthal  
D i e l d r i n  
c is- Ch 1 ordane 
t rans- Ch l  ordane 
p,p'--DDT 
p,p'-DDE 
p,p'-DDD 
Endr i n  
Endr i n  a1 dehyde 
Hept achl  o r  
Hept achl  o r  epox ide 

Endosu l fan 1/11 
A1 pha-BHC 
Beta-BHC 
Gamma-BHC 
Delta-BHC 
Methoxychl  o r  
M i rex  
c is-Nonachl  o r  
t rans-Nonachl  o r  
Oxychl ordane 
Tox aphene 

o,pl-DDT 
o,p'-DDE 
o,pl-DDD 
Pentach l  o r o a n i s o  l e  
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 
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Appendix I V .  Resu l ts  o f  o rganoch lo r ine  ana lys is  on water samples c o l l e c t e d  by Ecology i n  B i r c h f i e l d  D ra i n  on 
J u l y  2 and August 21, 1985 (ug/L; detected compounds unde r l i ned ) .  

To ta l  T o t a l  
Susp. Organ ic  

Sample Flow Sp. Cond. So l i ds  Carbon Endo- 
Sample L o c t i o n  Number ( c f s )  (umhos/cm) (mg/L) (mg/L) p,p'-DDE p,pl-DDT p,p'-000 t-DDT s u l f a n  

B i r c h f i e l d  D ra i n  above 7296 3.1 278 210 5.3 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0.02 - 
Rosa Canal 

B i r c h f i e l d  D ra i n  @ 7298 no t  323 500 8.0 0.03 - 0.02 - 0 . 0 2 ~  0.05 0.01 - -  
Be auchene Road gaged 

I, 7299 -- 32 5 470 6.9 0.03 - 0.02 0 . 0 2 ~  0.05 0.02 - 
Hubbard D i t c h  7300 26 192 190 4.1 0.01 0 . 0 2 ~  0 . 0 2 ~  0.01 0.01 

Union Gap Canal 7302 38 es t .  83 7 3.2 0.02 0 .04 - 0 . 0 2 ~  - -  0.06 0.05 
B i r c h f i e l d  D ra i n  @ 7303 64 249 380 5.1 0.02 - 0 .O4 - 0.01 - 0.07 0.03 - -  
B i r c h f i e l d  Road 

Postma D i t c h  @ 7304 5 382 13 4.2 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  
B i r c h f i e l d  Road 

August  21  

B i r c h f i e l d  D ra i n  above 8040 8.6 186 36 4.6 0.021.1 0 . 0 4 ~  0 . 0 4 ~  -- 0 . 0 1 ~  
Rosa Canal 

B i r c h f i e l d  D ra i n  below 8041 19 237 73 4.1 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  
Rosa Canal 

B i r c h f i e l d  D ra i n  @ 8042 35 232 160 3.9 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  
Faucher Road 

B i r c h f i e l d  D ra i n  @ 8043 no t  22 6 230 8.0 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  
Beauchene Road 9 aged 

I f  8044 -- 226 250 6.9 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  

Hubbard D i t c h  8045 13 209 78 6.2 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  

Union Gap Canal 8046 49.3 68 15 2.2 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 
,I I* ,I 

0 . 0 1 ~  
8047 69 19 2.2 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  

B i r c h f i e l d  D ra i n  @ 8048 106 209 140 7.2 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  
B i r c h f i e l d  Road 

Postma D i t c h  @ 8049 6.2 34 9. 52 5.4 0 . 0 1 ~  0 . 0 2 ~  0 . 0 2 ~  -- 0 . 0 1 ~  
B i r c h f i e l d  Road 

B i r c h f i e l d  D ra i n  Mouth 8050 112 233 160 4.7 0.01 - 0.02 - 0 . 0 2 ~  0.03 0.02 

NOTE: See Table 5 Pa r t  A f o r  de tec t i on  l i m i t s  o f  o rganoch lo r ines  analyzed but no t  detected.  
u = Not de tec ted  a t  d e t e c t i o n  l i m i t  shown. 



A p p e n d i x  V .  USGS d a t a  o n  DDT c o m p o u n d s  and  d i e l d r i n  i n  Yakima R i v e r  
w a t e r  c o l l e c t e d  a t  K i o n a  ( s t a t i o n  1 2 5 1 0 5 0 0 )  1 9 6 8  - 1 9 8 2  
( u g / L ;  d e t e c t e d  compounds  u n d e r l i n e d ) .  

D a t e  p,p"DDE p , p '  -DDT p,p'-DDD t-DDT D i e l d r i n  



Appendix V - con t inued .  

Date p,p'-DDE p,pl -DDT p,p"DDD t-DDT D i  e l  d r i n  

Source: Schu lz  (1973)  and USGS Water Data  R e p o r t s  f o r  wa te r  y e a r s  
1968-1 982 

u  = Not  d e t e c t e d  a t  d e t e c t i o n  l i m i t  shown. 



Appendix VI.  USFWS d a t a  on DDT compounds and d i e l d r i n  i n  whole f i s h  samples 
c o l l e c t e d  f rom t h e  Yakima R i v e r  a t  Granger, 1970-1980 (ug/Kg, 
we t ) .  

Species Date L i p i d  p,p'-DDE p,pl-DDT p,p'-DDD t-DDT D i e l d r i n  

B r i d g e l i p  sucker 
I t  11 

Black c r a p p i e  

White c rapp ie  
Carp 
11 

Largescal  e sucker 
I 1  

I t  

B l  ack c r a p p i e  

Largescal  e sucker 
Smal lmouth bass 
Carp 
It 

Largesc a1 e sucker 
I 1  

Largemouth bass 
Carp 

Largescal  e sucker 
II 

Northern squawfish 
Carp 

Largescal  e sucker 
11 

Bl  ack c r a p p i e  
II 

Carp 
I 1  

B r i d g e l i p  sucker 
Largemouth bass 
Carp 
II I t  5.0 1700 170 350 2220 20 

Sources: Schmit t ,  e t  a l .  (1981, 1983, 1985). -- 
Note: USFWS d a t a  o l d e r  than 1970 were no t  used because o f  r epo r t ed  i n t e r -  

ferences i n  t h e  ana l ys i s  (Schmi t t ,  1986). 

u = Not de tec ted  a t  d e t e c t i o n  l i m i t  shown. 




