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ABSTRACT 
H e r b i c i d e s ,  i n s e c t i c i d e s ,  f e r t i l i z e r s ,  and f i r e  r e t a r d a n t s  a re  c h e m i c a l s  u s e d  

t o  p r o t e c t  o r  enhance c e r t a i n  f o r e s t  r e s o u r c e s .  T h e i r  u s e  may d i r e c t l y  a f f e c t  
anadromous f i s h  by expos ing  them t o  t o x i c  amounts  of  t h e  c h e m i c a l .  1 n d i r e . c t  
e f f e c t s  are a l s o  p o s s i b l e  t h r o u g h  c h e m i c a l l y  i n d u c e d  a l t e r a t i o n  o f  h a b i t a t ,  
i n c l u d i n g  d i r e c t  e f f e c t s  o n  f i sh- f  ood o rgan i sms .  

Data o n  t h e  movement, p e r s i s t e n c e ,  and  t o x i c i t y  o f  c h e m i c a l s  p r o v i d e  a b a s i s  
f o r  e v a l u a t i n g  p o t e n t i a l  d i r e c t  e f f e c t s  o f  c h e m i c a l  u s e  o n  f i s h  and f i s h- f o o d  
o r g a n i s m s .  Data are i n c l u d e d  f o r  s e v e n  h e r b i c i d e s  (2,4-D, p i c l o r a m ,  a t r a z i n e ,  
MSMA, fosamine  ammonium, g l y p h o s a t e ,  and d i n o s e b )  , f i v e  i n s e c t i c i d e s  ( m a l a t h i o n ,  
c a r b a r y l ,  az inphos- methy l ,  c a r b o f u r a n ,  and a c e p h a t e )  , u r e a  f e r t i l i z e r ,  and t h e  
ammonium-based f i r e  r e t a r d a n t s .  Comparison o f  e x p o s u r e s  and t o x i c i t i e s  o f  t h e s e  
materials shows t h e i r  c u r r e n t  u s e s  p r o v i d e  a r e a s o n a b l e  m a r g i n  o f  s a f e t y  t o  
anadromous f i s h  i f  d i r e c t  a p p l i c a t i o n  t o  s u r f a c e  waters i s  a v o i d e d .  

Much less i n f o r m a t i o n  i s  a v a i l a b l e  o n  i n d i r e c t  e f f e c t s  o f  c h e m i c a l  u s e  on 
anadromous f i s h  h a b i t a t .  The p o t e n t i a l  e f f e c t s  are known, b u t  f e w  q u a n t i t a t i v e  
d a t a  e x i s t  t o  e v a l u a t e  t h e i r  i m p o r t a n c e .  A p p a r e n t l y ,  t h e  b e s t  way t o  minimize  
i n d i r e c t  e f f e c t s  i s  t o  minimize  t h e  e f f e c t s  o f  c h e m i c a l s  o n  a l l  b i o t a  i n  t h e  
r i p a r i a n  zone.  

R e s e a r c h  i s  needed on t h e  r o l e  o f  b u f f e r  s t r i p s  i n  r e d u c i n g  e n t r y  and impac t  
of f o r e s t  c h e m i c a l s  i n  streams, p a t t e r n s  of e n t r y  o f  s e l e c t e d  c h e m i c a l s  i n t o  
s t r e a m s ,  i n s t r e a m  f a t e  of most  f o r e s t  c h e m i c a l s ,  t o x i c i t y  c h a r a c t e r i s t i c s  o f  
c o m b i n a t i o n s  o f  f o r e s t  c h e m i c a l s ,  t h e  i n t e r a c t i o n  between amount and d u r a t i o n  o f  
o rgan i sm e x p o s u r e  t o  t o x i c a n t s ,  p o t e n t i a l  l a t e n t  e f f e c t s  f rom s h o r t - t e r m  e x p o s u r e  
e f f e c t s  o f  f o r e s t  c h e m i c a l s  on  a q u a t i c  s p e c i e s  u n d e r  f i e l d  c o n d i t i o n s ,  and t h e  
i n d i r e c t  e f f e c t s  o f  u s i n g  f o r e s t  c h e m i c a l s  o n  anadromous f i s h  h a b i t a t .  

KEYWORDS: Anadromous f i s h ,  f i s h  h a b i t a t ,  h e r b i c i d e ,  i n s e c t i c i d e ,  u r e a  f e r t i l i z e r ,  
f i r e  r e t a r d a n t s ,  2,4-D, p i c l o r a m ,  a t r a z i n e ,  MSMA, f o s a m i n e  ammonium, g l y p h o s a t e ,  
d i n o s e b ,  c a r b a r y l ,  a c e p h a t e ,  m a l a t h i o n ,  a z i n p h o s - m e t h y l ,  c a r b o f u r a n ,  ammon.ia. 
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PREFACE 
T h i s  i s  one of a series of p u b l i c a t i o n s  on t h e  i n f l u e n c e  of f o r e s t  and 

rangeland management o n  anadromous f i s h  h a b i t a t  i n  w e s t e r n  Nor th  America. T h i s  
paper a d d r e s s e s  t h e  e f f e c t s  of f o r e s t  chemicals  on f i s h  h a b i t a t .  Our i n t e n t  i s  t o  
p rov ide  managers and u s e r s  of f o r e s t s  and range lands  w i t h  t h e  most complete 
in fo rmat ion  a v a i l a b l e  f o r  e s t i m a t i n g  t h e  consequences o f  v a r i o u s  management 
a l t e r n a t i v e s .  

I n  t h i s  series of papers ,  w e  w i l l  summarize pub l i shed  and unpubl ished r e p o r t s  
and d a t a  as  w e l l  a s  t h e  o b s e r v a t i o n s  o f  s c i e n t i s t s  and r e s o u r c e  managers developed 
over  y e a r s  of exper ience  i n  t h e  West. These compi la t ions  w i l l  be v a l u a b l e  t o  
r esource  managers i n  planning u s e s  of f o r e s t  and rangeland r e s o u r c e s ,  and t o  
s c i e n t i s t s  i n  planning f u t u r e  r e s e a r c h .  

P rev ious  p u b l i c a t i o n s  i n  t h i s  series i n c l u d e :  

1. 

2. 
3 .  
4 .  

6 .  
7.  
8. 
11. 
12. 

1 3 .  

" Habi ta t  requirements  of anadromous sa lmonids ,"  by D .  W .  Reiser and T .  C .  
B jo rnn .  
"Impacts o f  n a t u r a l  e v e n t s , "  by Douglas N .  Swanston. 
"Timber ha rves t  ," by T .  W .  Chamberlin. 
"Planning f o r e s t  roads  t o  p r o t e c t  salmonid h a b i t a t  ," by C a r l t o n  S .  Yee and 
Ter ry  D .  Roe lo f s .  
" S i l v i c u l t u r a l  t r e a t m e n t s , "  by Fred  H. E v e r e s t  and R .  Dennis Harr. 
" E f f e c t s  of l i v e s t o c k  g r a z i n g , "  by W i l l i a m  S .  P l a t t s .  
" E f f e c t s  of mining,"  by Susan B .  Mar t in  and W i l l i a m  S .  P l a t t s .  
" Process ing  m i l l s  and camps," by Donald C .  Schmiege. 
" R e h a b i l i t a t i n g  and enhancing stream h a b i t a t :  1. Review and e v a l u a t i o n , "  by 
James D .  H a l l  and Ca lv in  0 .  Baker. 
" R e h a b i l i t a t i n g  and enhancing stream h a b i t a t :  2 .  F i e l d  a p p l i c a t i o n s , "  by 
Gordon H .  Reeves and T e r r y  D . Roelof s. 
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USE OF CHEMICALS IN 
THE FOREST 

INTRODUCTION 
F o r e s t  chemicals  are used t o  

p r o t e c t  o r  enhance a wide a r r a y  of 
f o r e s t  r e sources .  T h e i r  u s e  may have 
adve r se  e f f e c t s  on  anadromous f i s h  o r  
t h e i r  h a b i t a t .  F o r e s t  managers, 
r e g u l a t o r y  o f f i c i a l s ,  and t h e  
i n t e r e s t e d  p u b l i c  b e l i e v e  s t r o n g l y  
t h a t  i f  f o r e s t  chemicals  are used,  
t hey  must y i e l d  s i g n i f i c a n t  b e n e f i t s  
w i thou t  imposing unreasonably  adve r se  
envi ronmenta l  e f f e c t s .  W e  review and 
summarize what i s  known about  t h e  
i n t e r a c t i o n  between f o r e s t  chemicals  
and anadromous f i s h  and t h e i r  h a b i t a t .  
Our objective is tc! provide the reader 
w i t h  a s c i e n t i f i c  b a s i s  f o r  making 
informed, t e c h n i c a l l y  sound d e c i s i o n s  
about  t h e  u s e  of t h e s e  impor tant  
management t o o l s  w i t h  r e s p e c t  t o  
anadromous f i s h  and t h e i r  h a b i t a t .  

The t h r e e  major c a t e g o r i e s  of 
f o r e s t  chemicals  are p e s t i c i d e s , l /  
f e r t i l i z e r s ,  and f i r e  r e t a r d a n t s .  
Many chemicals  are used i n  both  
a g r i c u l t u r e  and f o r e s t r y ,  but  t h e  
magnitude, i n t e n s i t y ,  and p a t t e r n s  of  
use  are markedly d i f f e r e n t  ( t a b l e  1). 
The common, chemical ,  and t r a d e  names 
of f o r e s t  chemicals  used i n  t h i s  paper  
are i n  appendix t a b l e  18. 

T a b l e  1- - Compara t i ve  annual use  o f  c h e m i c a l s  i n  a g r i c u l t u r e  and 
f o r e s t r y  

A g r i c u l t u r e  F o r e s t r y  

lo3 k i l o g r a m s  

P e s t  i c i des , 1980 :L/ 
I n s e c t i c i d e s  138 924 217 1 
H e r b i c i d e s  202 030 27169 
F u n g i c i d e s  22 700 - y g  

l o 3  m e t r i c  t o n s  

F e r t i  1 i z e r s ,  1978:?/ 
N i t r o g e n  9 636 55 
Phosphorus 2 273 5 

L / A g r i c u l t u r a l  d a t a  a r e  f r o m  t a b l e  3, P e s t i c i d e  I n d u s t r y  
Sa les  and  Usage, 1980 m a r k e t  e s t i m a t e s ,  U.S. Env i ronmenta l  
P r o t e c t i o n  Agency, Washington, D.C., September 1980; 
f o r e s t r y  d a t a  a r e  o n l y  f o r  USDA F o r e s t  S e r v i c e ,  N a t i o n a l  
F o r e s t  Systems l a n d ,  f r o m  t a b l e  E l ,  P e s t i c i d e- U s e  A d v i s o r y  
Memorandum 284 (2150 P e s t i c i d e - U s e  Management and 
C o o r d i n a t i o n ,  March  12, 19811, USOA F o r e s t  S e r v i c e ,  
Washington, D.C. 

Z/USDA F o r e s t  S e r v i c e ,  N a t i o n a l  F o r e s t  Systems l a n d  o n l y .  
?/Bengtson (1979) .  

AjThis  p u b l i c a t i o n  r e p o r t s  r e s e a r c h  
wi th  p e s t i c i d e s .  It does  n o t  c o n t a i n  
recommendations f o r  t h e i r  u s e ,  no r  
does  i t  imply that t h e  u s e s  d i scussed  
here  have been r e g i s t e r e d .  A l l  u s e s  
of p e s t i c i d e s  must be  r e g i s t e r e d  by 
a p p r o p r i a t e  S t a t e  and /o r  F e d e r a l  
agenc ies  b e f o r e  they  can  be recom- 
mended. The u s e  of t r a d e ,  f i r m ,  o r  
c o r p o r a t i o n  names i n  t h i s  p u b l i c a t i o n  
i s  f o r  t h e  in fo rma t ion  and convenience 
of t h e  r e a d e r .  Such use  does  n o t  
c o n s t i t u t e  a n  o f f i c i a l  endorsement o r  
approva l  by t h e  U.S. Department of 
A g r i c u l t u r e  of any product  o r  s e r v i c e  
t o  t h e  e x c l u s i o n  of o t h e r s  that may be  
s u i t a b l e .  

1 



PESTICIDES land-managing a g e n c i e s  o r  by v a r i o u s  
S t a t e  and p r i v a t e  groups .  Fumigants 

P e s t i c i d e s  are d e f i n e d  f o r  regula-  and f u n g i c i d e s  account  f o r  10 t o  
1 7  p e r c e n t  o f  t h e  t o t a l ,  bu t  t h e i r  u s e  
i s  l a r g e l y  r e s t r i c t e d  t o  f o r e s t  
n u r s e r i e s .  

t o r y  purposes  a s  a g e n t s  used t o  
p r e v e n t ,  d e s t r o y ,  r e p e l ,  o r  m i t i g a t e  
p e s t s .  The term p e s t i c i d e  i n c l u d e s  
many s p e c i f i c  chemical  s u b s t a n c e s ,  
which c a n  be grouped accord ing  t o  t h e  
type  of p e s t  they  are in tended  t o  
c o n t r o l :  h e r b i c i d e s ,  i n s e c t i c i d e s ,  
f u n g i c i d e s ,  r o d e n t i c i d e s ,  p i s c i c i d e s ,  
and animal r e p e l l e n t s .  Although many 
p e s t i c i d e s  are r e g i s t e r e d  by t h e  U.S. 
Environmental P r o t e c t i o n  Agency (EPA) 
f o r  use  i n  a g r i c u l t u r e ,  fewer t h a n  10 
have s u b s t a n t i a l  u s e  i n  f o r e s t r y .  
F o r e s t r y  u s e s  account  f o r  l ess  t h a n  
1 p e r c e n t  o f  t h e  t o t a l  p e s t i c i d e s  used 
i n  t h e  Uni ted S t a t e s .  

Herb ic ides  and i n s e c t i c i d e s  
account  f o r  more t h a n  80 p e r c e n t  of 
t h e  p e s t i c i d e s  used by t h e  USDA F o r e s t  
S e r v i c e  ( t a b l e  2 ) .  I n  g e n e r a l ,  t h e s e  
f i g u r e s  underes t ima te  t h e  t o t a l  u s e  i n  
f o r e s t r y  because they do n o t  i n c l u d e  
p e s t i c i d e s  a p p l i e d  by o t h e r  F e d e r a l  

The s p e c i f i c  h e r b i c i d e s  and 
i n s e c t i c i d e s  used o n  t h e  N a t i o n a l  
F o r e s t s  o r  o n  o t h e r  l a n d s  through 
F e d e r a l  a s s i s t a n c e  p r o j e c t s  coord i-  
na ted  by t h e  USDA F o r e s t  S e r v i c e  a r e  
l i s t e d  i n  t a b l e s  3 and 4. 2,4-D and 
pic loram ( a l o n e  o r  i n  combinat ion w i  
o t h e r  h e r b i c i d e s )  accounted f o r  abou 
7 0  p e r c e n t  of t h e  h e r b i c i d e s  a p p l i e d  
i n  t h e  f i s c a l  y e a r s  1979, 1980, and 
1981. 
i n c r e a s e d  as bo th  r e g i s t r a t i o n  and 
use- exper ience have expanded. The 

The u s e  o f  g lyphosa te  h a s  

t h  
.t 

amount of i n s e c t i c i d e  used was much 
lower i n  f i s c a l  y e a r  1981 compared t o  
t h e  two p r e v i o u s  y e a r s .  Malathion,  
c a r b a r y l ,  and acepha te  accounted f o r  
n e a r l y  a l l  t h e  i n s e c t i c i d e  used f o r  
s i l v i c u l t u r a l  purposes  i n  t h e  f i s c a l  
y e a r s  1979, 1980, and 1981. 

Table 2 - -Pes t i c ides  used by the  USOA Fores t  Service 

1/ 2/ 3/ 
Pest i c i de F i s c a l  year  1981- F i s c a l  year  1980- F i s c a l  year  1979 - 

4/ 5/ Percent o f  5/ Percent o f  4/ 5/ Percent o f  e- Pounds- t o t a l  pounds s" Pounds- t o t a l  pounds - Acres- Pounds- t o t a l  pounds 

Herb ic ides  197.043 6/380,828 76.0 229,877 11371,748 62.1 184,048 51471,184 63.2 
Fumigants and fung ic ides  3,618 85 363 17.0 2 375 63 015 10.5 1,334 81 265 10.9 
I nsec t i c  i des 49,671 !/31:595 6.3 173:500 10/156:590 26.2 272,420 fi/173:000 23.2 
Rodentic i des  51,537 1,570 .3 29,693 2,063 .3 44,920 9,066 1.2 

8,998 2,723 .5 9 502 9 137 1.2 Repe l len ts  6,220 1,278 .2 
Wood p reserva t i ves  _ _  255 <.l 
P i s c i c i d e s  92 28 <.l 256 633 .1 239 915 1 
A1 gacides 8 353 <.l 17 429 <.l 54 408 <.l 

- -  1,564 .3 - 12/-- - 12/-- E/-- 

Behavioral  chemicals E/_- A?/-- E/-- !Y- - 12/-_ 12/-- 2,270 17 <.l 
Tota l  308.01 2 501,271 100 444,716 598,765 100 514,786 744,992 100 

Percent o f  
5-year average 66 77 _ -  95 92 _ _  110 115 -- 

--  = n o t  app l i cab le ,  unless otherwise ind ica ted .  
Note: The f i s c a l  y e a r  begins October 1 o f  the  p rev ious  year  and runs through September 30 o f  the  year  designated. 

$;Pesticide-Use Advisory Memorandum 316 (2150 Pest ic ide-Use Management and Coordinat ion,  A p r i l  5, 1982), USOA Fores t  Service,  Washington, O.C. 
J/Pesticide-Use Advisory Memorandum 284 (2150 Pest ic ide-Use Management and Coordinat ion, March 12, 1981), USDA Fores t  Service. Washington, O.C. 
-q/Pesticide-Use Advisory Memorandum 246 (2140 Pest ic ide-Use Management, June 5, 1980). USDA Fores t  Service,  Washington, O.C. 
3/1 acre I 0.4 hectare.  6.1 pound = 0.45 ki logram. 
,/30 percent by a e r i a l  app l i ca t ion .  
g/23 percent by a e r i a l  app l i ca t ion .  

26 percent by a e r i a l  app l i ca t ion .  
7$9 percent by a e r i a l  app l i ca t ion .  

84 percent by a e r i a l  app l i ca t ion .  
1T/87 percen t  by a e r i a l  app l i ca t ion .  
EINo use reported. 
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Table 3- -Herb ic ides  most comnonly used by t he  USOA F o r e s t  Serv ice  

H e r b i c i d e  
1/ 2/ 3/ 

F i s c a l  y e a r  1981- F i s c a l  y e a r  1980- F i s c a l  y e a r  1979- 

2.4-0 
2.4-0 + p i c l o r a m  
Pic1 oram 
A t r a z i n e  
Minera l  s p i r i t s  
Glyphosate 
Dalapon 
Simazine 
Fosamine amnonium 
Hexazi none 
Dicamba 
2 . 4 4  + 2.4-OP 
Sodium metaborate 

+ sodium c h l o r a t e  
Amnoni um su l  famate 

Percent o f  Percent o f  Percent o f  
Acres?/ Pound&/ t o t a l  pounds Acres?/ Pounds?/ t o t a l  pounds e . 1  Pounds21 t o t a l  Pounds - 
72,587 
69,158 
15,190 

5,968 

12,489 
4,286 

85 3 
1,702 
4,550 
4,208 
1.142 

15 
2 60 

-- 

145,474 38.2 
89,143 23.4 
33.722 8.9 
21,725 5.7 

17.622 4.6 
12,694 3.3 

7,307 1.9 
6,693 1.8 
6.487 1.7 
4.786 1.3 
4,180 1.1 

2,410 .6 
3.000 .8 

-- -- 

A m i t r o l e  986 2 ; 333 .6 
MSMA 940 61 7 .2 
2.4-0 + dicamba 1,612 3,421 .9 

-- - - no use repor ted.  
Note: The f i s c a l  y e a r  begins October 1 of t he  prev ious  y e a r  

117,174 205.676 
9,090 12.670 

68.001 35.849 
7,099 29,772 

50 15.615 
5,667 9,601 
4,076 9,084 
1.016 4,790 
1,649 8.340 
2,768 3.900 
3,714 4,207 
1.777 6,877 

11 3.700 
173 1,983 
822 1.902 

1,386 42 1 
288 164 

55.3 73,449 
3.4 57.000 
9.6 15.853 
8.0 5,299 
4.2 89 
2.6 3,668 
2.4 4,240 

4,298 
1,949 

383 

1.3 
2.2 
1.0 
1.1 1.060 
1.8 3.1 52 

1.0 11 
.5 450 
.5 880 
.1 3,558 
<.l 6,232 

185,323 
1  35,307 

24,947 
18,915 
6,600 
5,841 

10,611 
9,927 
7,939 

839 
1,404 
8,947 

793 
3,502 
1,710 

18.604 
14,971 

39.3 
28.7 

5.3 
4.0 
1.4 
1.2 
2.3 
2.1 
1.7 

.2 

.3 
1.9 

.2 

.7 

.4 
3.9 
3.2 

and runs th rough September 30 o f  t he  y e a r  designated. 

I l P e s t i c i d e - U s e  Adv isory  Memorandum 316 (2150 Pest ic ide-Use Management and Coord ina t ion ,  A p r i l  5 
2 /Pes t ic ide-Use Adv isory  Memorandum 284 (2150 Pest ic ide-Use Management and Coord ina t ion ,  March li. 19811, USDA F o r e s t  Servic;. Washingto;. D.C. 
j / P e s t i c i d e - U s e  Adv isory  Memorandum 246 (2140 Pest ic ide-Use Management. June 5. 1980). USDA F o r e s t  Service, Washington, D.C. 

acre  = 0.4 hectare .  
r/l pound = 0.45 k i logram.  

19821, USOA F o r e s t  Serv ice  Washington D.C. 

T a b l e  4 - - I n s e c t i c i d e s  mos t  comnonly used by  t h e  USDA F o r e s t  S e r v i c e  

1/ 2 1  3/  
I n s e c t i c i d e  F i s c a l  y e a r  1981- F i s c a l  y e a r  1980- F i s c a l  y e a r  1979- 

P e r c e n t  o f  Acre&/ Pound&/ t k a l  e r c e n t  p o d s  o e&/ Pounds21 t o t a l  P e r c e n t  poundfs o 
Acre&/  Pound&/ t o t a l  pounds - 

-- 
193,364 

51,178 
23,400 

-- 
3 70 
101  

3 1  

4,324 2.5 
5,469 3.2 

93,512 54.1 
50,508 29.2 
11,706 6.7 

2,521 1.5 
2,295 1.3 

309 .2 
124 <.l 

68 <.l 

-- 6,431 
-- 5,511 

9,601 4,854 
4,984 4,521 
3,014 2,261 

-- 765 
-- 480 
-- 163 
-- 162 

l o /  - -  E/-- - 

20.3 
17.4 
15.3 
14.3 

7.2 
2.4 
1.5 

.5 

.5 
10/ -- - 

-- 17,923 
-- 4,223 

141,485 102,347 
26,091 29,687 

3 
-- 40 
-- 1,607 
-- 443 
64 8 1  

58 54 

-- 

11.4 
2.7 

65.3 
19.0 
< .1 
< .1 
1.0 

.3 
<.l 

< . l  

A z i  nphos-me hy16/ 
Carbo  f u r a n d  
M a l a t h i o n  
Car  b a r y  1  
Acephate  
E t h y l e n e  i b r o m i d d /  

L i n d a n e  
D i  a z i  no@ 

Te t r a c l  o r v i  np ho& 

-- = d a t a  n o t  a p p l i c a b l e ,  u n l e s s  o t h e r w i s e  i n d i c a t e d .  
Note :  The f i s c a l  y e a r  b e g i n s  O c t o b e r  1 o f  t h e  p r e v i o u s  y e a r  and runs t h r o u g h  September 30 o f  t h e  y e a r  d e s i g n a t e d .  

i / P e s t i c i d e - U s e  A d v i s o r y  Memorandum 316 (2150  P e s t i c i d e - U s e  Management and C o o r d i n a t i o n ,  A p r i l  5, 19821, USDA F o r e s t  S e r v i c e ,  

z / P e s t i c i d e - U s e  A d v i s o r y  Memorandum 284 (2150 P e s t i c i d e - U s e  Management and C o o r d i n a t i o n ,  March  12, 19811, USDA F o r e s t  S e r v i c e ,  

3 / P e s t i c i d e - U s e  A d v i s o r y  Memorandum 246 (2140  P e s t i c i d e - U s e  Management, June  5, 1980). USDA F o r e s t  S e r v i c e ,  Washington, D.C. 
511 a c r e  = 0.4 h e c t a r e .  

5/1 pound = 0.45 k i l o g r a m .  
5 / C o n t r o l  o f  seed and cone i n s e c t s  i n  s e e d- p r o d u c t i o n  areas .  
7 / C o n t r o l  o f  b a r k  b e e t l e s  on  c u t  l o g s .  

. g / C o n t r o l  o f  t i c k s  and  l i c e  on c a t t l e .  
g / C o n t r o l  o f  i n s e c t s  i n  f o r e s t - t r e e  n u r s e r i e s .  
TO/No use r e p o r t e d .  

Toxap h e n e l  B 

Washington, D.C. 

Washington, D.C. 

v a l u e s  i n  t h e  p e s t i c i d e - u s e  a d v i s o r y  memorandums a r e  t h e  number o f  t r e e s  t r e a t e d .  
N o t  a l l  a p p l i c a t i o n s  a r e  p e r  acre ;  i n  p r o j e c t s  f o r  c o n t r o l  o f  seed and cone i n s e c t s ,  f o r  i n s t a n c e ,  t h e  
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FERTILIZERS Table 5--Fire retardant use in the United S t a t e d l  

F e r t i l i z e r s  are a p p l i e d  annua l ly  
t o  on ly  a s m a l l  p o r t i o n  of commercial 
f o r e s t  land,  ( t a b l e  1). S e v e r a l  
p r i v a t e  and p u b l i c  land-management 
g roups ,  however, have been app ly ing  
f o r e s t  f e r t i l i z e r s  f o r  o v e r  10 y e a r s ,  
p a r t i c u l a r l y  i n  t h e  P a c i f i c  Northwest ,  
where n i t r o g e n  d e f i c i e n c i e s  occur  and,  
t o  a much lesser degree ,  i n  t h e  
S o u t h e a s t ,  where phosphorous d e f i c i -  
e n c i e s  may occur .  
1975, abou t  300 000 ha o f  Douglas- fi r  
f o r e s t s  were f e r t i l i z e d  i n  wes te rn  
Oregon and Washington (Moore 1975b).  
Bengtson (1979) wrote  a n  e x c e l l e n t  
d i s c u s s i o n  of t h e  u s e  of f e r t i l i z e r s  
i n  American f o r e s t r y  . 

Between 1965 and 

FIRE RETARDANTS 

The use  of chemical  f i r e  r e t a r d-  
a n t s  h a s  i n c r e a s e d  s t e a d i l y  s i n c e  they 
were i n t r o d u c e d  i n  t h e  1930's  
( t a b l e  5 ) .  Douglas (1974) and N o r r i s  
e t  al.Z/ summarized most of t h e  
l i t e r a t u r e  on both  t h e  u s e  and impac t s  
of chemical  f i r e  r e t a r d a n t s .  F i r e  
r e t a r d a n t s  are n o t  always thought  of 
as  chemical  a g e n t s ,  b u t ,  i n  f a c t ,  t h e y  
are. The chemical  n a t u r e  of f i r e  
r e t a r d a n t s  h a s  changed s i n c e  they  were 
f i r s t  developed.  Bora te  sa l t s  were 
t h e  f i r s t  chemical  f i r e  r e t a r d a n t s  t o  
be widely used.  They were e f f e c t i v e ,  
l o n g- l a s t i n g  r e t a r d a n t s ,  but  were a l s o  
p o t e n t  s o i l  s t e r i l a n t s  t h a t  r e t a r d e d  
e s t a b l i s h m e n t  and regrowth of 
v e g e t a t i o n .  Ben ton i t e  c l a y  suspen- 
s i o n s  i n  water have a l s o  been used ,  
but they  are n o t  a s  e f f e c t i v e  as  o t h e r  
materials.  T h e  chemical  f i r e  r e t a r d-  
a n t s  i n  common u s e  today are composed 

/Unpublished r e p o r t ,  "The behavior  
and impact o f  chemical  f i r e  r e t a r d a n t s  
i n  f o r e s t  streams," by L. A. N o r r i s ,  
C .  L.  H a w k s ,  W .  L. Webb, D .  G .  Moore, 
W .  B.  Bo l l en ,  and E .  Holcombe, U.S. 
Dep. Agr ic . ,  For .  Se rv . ,  Pac. Northwest 
For.  and Range Exp. S t n . ,  For.  S c i .  
Lab.,  C o r v a l l i s ,  Oreg.,  1978. 

Year Quantity used User group 

. - 
1956 87 000 All users 
1961 28 400 000 All users 
1966 22 500 000 USDA For. Serv. 
1966 12 200 000 Cal i f .  Div. For. 
1966 3 800 000 US01 Bur. Land Manage. 

All users 64 400 000 1970 
USOA For. Serv. 197721 56 669 902 

197$/ 24 371 221 USDA For. Serv. 
1979 1 54 795 771 USOA For. Serv. 
1980=/ 39 348 023 USDA For. Serv. 

USDA For. Serv. 19812/ 44 712 371 

I/Personal comnunication, G. E.  Cargi l l ,  U.S. Department o f  Agri- 

/Fiscal year. 

cul ture ,  Forest Service,  Washington, O.C. (December 14, 1980 and 
September 21, 1982 - memorandums with attachments). 

The f i s c a l  year begins October 1 of  the previous 
year and runs through September 30 of the year designated. 
70 percent of  t h i s  use i s  in  Oregon, Washington, and California. 

About 

p r i n c i p a l l y  o f  ammonium phosphate  o r  
ammonium s u l f a t e  and s m a l l  amounts of 
s e v e r a l  o t h e r  chemica l s ,  such a s  dyes ,  
w e t t i n g  a g e n t s ,  t h i c k e n e r s ,  c o r r o s i o n  
i n h i b i t o r s ,  and b a c t e r i c i d e s .  

RELATIQN OF USE OF 
CHEMICALS IN THE 
FOREST TO ANADROMOUS 
FISH HABITAT 

Water i s  e s s e n t i a l  t o  t h e  h a b i t a t  
of anadromous f i s h .  The q u a l i t y  of 
t h e  water t h a t  f o r e s t e d  watersheds  
y i e l d  r e f l e c t s  human a c t i v i t i e s  and 
n a t u r a l  p rocesses .  F o r e s t  l a n d s  
comprise  on ly  one- third  of t h e  t o t a l  
area of t h e  Uni ted S t a t e s ,  bu t  they 
r e c e i v e  more t h a n  h a l f  o f  t h e  t o t a l  
p r e c i p i t a t i o n  and y i e l d  more than  
t h r e e- f o u r t h s  o f  t h e  t o t a l  stream- 
flow.  F o r e s t e d  watersheds  i n  t h e  
Uni ted S t a t e s  o n  t h e  average  r e c e i v e  
more t h a n  114  c m  o f  p r e c i p i t a t i o n  and 
y i e l d  more t h a n  5 1  c m  of runoff  
a n n u a l l y ,  more t h a n  seven times t h e  
average  amount from o t h e r  l a n d s  
(S to rey  1965) .  C l e a r l y ,  t h e  
p o s s i b i l i t y  t h a t  chemical  u s e  i n  
f o r e s t  management may a l t e r  water 
q u a l i t y ,  o r  some o t h e r  a s p e c t  o f  
anadromous f i s h  h a b i t a t ,  d e s e r v e s  
c a r e f u l  c o n s i d e r a t i o n .  

4 



The chemicals  used i n  f o r e s t r y  may 
have d i r e c t  o r  i n d i r e c t  e f f e c t s  o r  no 
e f f e c t  on  anadromous f i s h .  Direct 
e f f e c t s  r e q u i r e  t h a t  t h e  organism and 
t h e  chemical  come i n  p h y s i c a l  con- 
tact.  Once i n  c o n t a c t ,  t h e  chemical  
must be t aken  up by t h e  organism and 
moved t o  t h e  s i t e  of biochemical  
a c t i o n  where t h e  chemical  must be 
p r e s e n t  i n  a n  a c t i v e  form a t  a con- 
c e n t r a t i o n  h igh enough t o  cause  a 
b i o l o g i c a l  e f f e c t  ( f i g .  1 ) .  Direct 
chemical  e f f e c t s  can  be eva lua ted  
by us ing  t r a d i t i o n a l  concepts  of  
t ox ico logy  and dose- response 
r e l a t i o n s h i p s .  

A DIRECT CHEMICAL EFFECT REQUIRES: 
1. D I R E C T  P H Y S I C A L  C O N T A C T  W I T H  T H E  C H E M I C A L .  
2. U P T A K E  BY T H E  O R G A N I S M . .  
3. M O V E M E N T T O T H E  B I O C H E M I C A L  

S I T E  O F  A C T I O N .  
R E S I D E N C E  A T T H E  S I T E  O F  A C T I O N  I N  
S U F F I C I E N T  Q U A N T I T Y  A N D  I N  A  T O X I C  
F O R M  T O  C A U S E  A N  E F F E C T .  

Figure  1.--A d i r e c t  chemical  e f f e c t  
r e q u i r e s  that a c h a i n  of  e v e n t s  t a k e s  
p l a c e ,  i n c l u d i n g  d i r e c t  c o n t a c t  
between t h e  organism and t h e  chemical ,  
uptake  of  t h e  chemical  and i t s  
movement t o  t h e  biochemical  s i t e  o f  
a c t i o n ,  and r e s i d e n c e  a t  t h e  s i t e  of 
a c t i o n  i n  a n  a c t i v e  form, i n  
s u f f i c i e n t  q u a n t i t y  and long enough 
f o r  a d i r e c t  e f f e c t  t o  occur.  

I n d i r e c t  e f f e c t s  r e s u l t  from 
chemical ly  induced m o d i f i c a t i o n  o f  t h e  
h a b i t a t ,  r a t h e r  t h a n  from t h e  d i r e c t  
i n t e r a c t i o n  between t h e  chemical  and 
t h e  .organism. Examples of  i n d i r e c t  
e f f e c t s  are insec t i c ide- induced  de- 
creases i n  t h e  biomass of terrestr ial  
o r  a q u a t i c  i n s e c t s  r e s u l t i n g  i n  a 
d e c r e a s e  i n  t h e  supply  of food f o r  
anadromous f i s h ,  and r e d u c t i o n  i n  
cove r ,  shade ,  and sources  of food 
from r i p a r i a n  v e g e t a t i o n  as  a r e s u l t  
of h e r b i c i d e  d e p o s i t i o n  i n  a 
s t r eams ide  zone. 

DIRECT CHEMICAL 
EFFECTS 

One of t h e  hazards  of us ing  chemi- 
cals  i n  t h e  f o r e s t  i s  t h e  r i s k  of 
d i r e c t  adve r se  t o x i c  e f f e c t s  on 
non ta rge t  organisms.  The two f a c t o r s  
t h a t  de termine  t h e  degree  of hazard 
are t h e  t o x i c i t y  of  t h e  chemical  and 
t h e  l i k e l i h o o d  t h a t  non ta rge t  orga- 
nisms w i l l  be exposed t o  t o x i c  doses .  
T o x i c i t y  a l o n e  does  n o t  make a chem- 
ica l  hazardous,  exposure t o  a t o x i c  
dose must a l s o  occur .  The re fo re ,  a n  
adequate  hazard assessment  r e q u i r e s  
e q u a l  c o n s i d e r a t i o n  of both t h e  l i k e -  
l ihood  of exposure and t h e  t o x i c i t y  of 
t h e  chemical  ( N o r r i s  1971a, Sanders 
1379).  

TOXICITY IN AQUATIC SPECIES 

Acute t o x i c i t y  i s  t h e  f a i r l y  r a p i d  
response  of organisms t o  a few, 
r e l a t i v e l y  l a r g e  doses  of chemical  
admin i s t e red  ove r  a s h o r t  p e r i o d  of 
t i m e .  Chronic t o x i c i t y  i s  t h e  slow o r  
de layed response  of organisms t o  many, 
r e l a t i v e l y  s m a l l  d o s e s  of chemical  
admin i s t e red  ove r  a long pe r iod  of 
t i m e .  The kind of response  ( a c u t e  o r  
c h r o n i c )  depends on  t h e  magnitude of 
t h e  dose and t h e  d u r a t i o n  of exposure.  

EXPOSURE iN THE 
AQUATIC ENVIRONMENT 

Aquat ic  organisms may come i n  
d i r e c t  c o n t a c t  w i t h  a chemical  i n  
water, sediment ,  o r  food.  The rate 
and method of a p p l i c a t i o n  and behavior  
of t h e  chemical  i n  t h e  environment 
de termine  both  t h e  l e v e l  and t h e  l e n g t h  
of t i m e  any p a r t i c u l a r  chemical  w i l l  
be i n  one o r  more of  t h e s e  t h r e e  
compartments. 
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Chemicals in Water 

Chemicals may e n t e r  water by one 
o r  more of t h e  fo l lowing  r o u t e s :  
d i r e c t  a p p l i c a t i o n ,  d r i f t ,  mobi l i-  
z a t i o n  i n  ephemeral stream channe l s ,  
over land f low,  and l e a c h i n g .  Each 
r o u t e  of e n t r y  r e s u l t s  i n  a d i f f e r e n t  
l e v e l  and d u r a t i o n  of e n t r y  and,  
t h e r e f  o r e ,  a d i f f e r e n t  magnitude and  
d u r a t i o n  of exposure .  The degree  t o  
which any p a r t i c u l a r  r o u t e  of e n t r y  
o p e r a t e s  depends on t h e  n a t u r e  of t h e  
a p p l i c a t i o n ,  c h a r a c t e r i s t i c s  of t h e  
chemical ,  and c h a r a c t e r i s t i c s  of t h e  
area t r e a t e d .  

Many f o r e s t  chemicals  are a e r i a l l y  
a p p l i e d  by e i t h e r  f ixed-  o r  ro ta ry-  
wing a i r c r a f t ,  a l t h o u g h  a l a r g e  
p r o p o r t i o n  of h e r b i c i d e s  are a p p l i e d  
by ground-based equipment such as 
hand-held n o z z l e s  f e d  from e i t h e r  
high- o r  low- pressure pumping systems,  
backpack s p r a y e r s ,  a i r - b l a s t  s p r a y e r s ,  
d i r e c t  s t em- in jec t ion  equipment,  o r ,  
o c c a s i o n a l l y ,  by scattering of pe l-  
l e t i z e d  chemical  by hand ( t a b l e  2 ) .  
Aerial  a p p l i c a t i o n s  i n  o r  nea r  a q u a t i c  
zones p r e s e n t  t h e  g r e a t e s t  p r o b a b i l i t y  
of i n t r o d u c i n g  chemica l s  i n t o  t h e  
a q u a t i c  environment by e i t h e r  d i r e c t  
a p p l i c a t i o n  o r  d r i f t .  Aerial  a p p l i-  
c a t i o n s  away from a q u a t i c  zones do  n o t  
o f f e r  any g r e a t e r  o p p o r t u n i t y  f o r  
chemical  e n t r y  i n t o  water than  any 
o t h e r  type  of a p p l i c a t i o n .  Chemicals 
t h a t  are  a p p l i e d  i n  o r  near a q u a t i c  
zones w i t h  ground-based equipment c a n  
a l s o  e n t e r  streams by d i r e c t  a p p l i-  
c a t i o n  and d r i f t .  

Direct a p p l i c a t i o n  and d r i f t  are  
p h y s i c a l  p r o c e s s e s  t h a t  are l a r g e l y  
independent  of t h e  chemical  p r o p e r t i e s  
of t h e  material being a p p l i e d .  The 
p r i n c i p a l  v a r i a b l e s  are v e r t i c a l  and 
h o r i z o n t a l  d i s t a n c e  between t h e  p o i n t s  
of a p p l i c a t i o n  and t h e  exposed waters, 
p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  
material being a p p l i e d  ( d r o p l e t  o r  
p e l l e t  s i z e  and c h a r a c t e r i s t i c s  o f  t h e  
car r ie r ) ,  a tmospher ic  c o n d i t i o n s  (wind 
speed and d i r e c t i o n ,  r e l a t i v e  humidi ty ,  
and temperature , ) ,  and t y p e  of a p p l i-  

c a t i o n  equipment and i t s  o p e r a t i n g  
pa ramete r s .  The concep t s ,  p r i n c i p l e s ,  
and p r a c t i c e  of aer ia l  a p p l i c a t i o n  of 
p e s t i c i d e s  are p resen ted  i n  a series 
of f i v e  p a p e r s  (by Maksymiuk, 
Jasumback, McComb, and Wi t t )  i n  t h e  
p roceed ings  of a p e s t i c i d e  a p p l i-  
c a t o r s '  t r a i n i n g  course  (Cap izz i  and 
W i t t  1971) ,  t h e  proceedings  of a 
workshop o n  behavior  and assessment  o f  
p e s t i c i d e- s p r a y  a p p l i c a t i o n  (Rober t s  
1976) ,  and a USDA handbook (U.S. 
Department of A g r i c u l t u r e  1976).  

Direct Application to Surface Waters 

Direct a p p l i c a t i o n  i s  the r o u t e  
most l i k e l y  t o  i n t r o d u c e  s i g n i f i c a n t  
q u a n t i t i e s  of chemicals  i n t o  s u r f a c e  
waters. It has  t h e  p o t e n t i a l  t o  
produce t h e  h i g h e s t  c o n c e n t r a t i o n s  
and,  t h e r e f o r e ,  cause  t h e  most 
pronounced a c u t e  t o x i c  e f f e c t s .  The 
d u r a t i o n  of e n t r y  and t h e  subsequent  
d u r a t i o n  o f  exposure ,  however, w i l l  be 
br ief- - a few minutes  t o  a few days  
( N o r r i s  and Moore 1 9 7 1 ,  N o r r i s  1978) .  
Concen t ra t ions  t h a t  r e s u l t  depend on 
t h e  rate  of a p p l i c a t i o n  and t h e  r a t i o  
of s t ream- surface  area t o  volume. The 
p e r s i s t e n c e  o f  t h e  chemical  i n  t h e  
a p p l i c a t i o n  zone depends o n  t h e  l e n g t h  
of t h e  stream t r e a t e d ,  t h e  v e l o c i t y  of 
s t reamflow,  and t h e  hydrologic  
c h a r a c t e r i s t i c s  o f  t h e  stream 
channe l .  The c o n c e n t r a t i o n  of 
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i n t roduced  chemicals  normally 
d e c r e a s e s  r a p i d l y  w i t h  downstream 
movement because of d i l u t i o n  and t h e  
i n t e r a c t i o n  of t h e  chemical  w i t h  
v a r i o u s  p h y s i c a l  and b i o l o g i c a l  
components of t h e  stream system. 

Drift From Nearby Spray Areas 

D r i f t  from nearby sp ray  areas i s  
similar t o  d i r e c t  a p p l i c a t i o n  excep t  
t h a t  peak c o n c e n t r a t i o n s  are lower and 
t h e  p r o b a b i l i t y  of impacts on  stream 
organisms i s  reduced. Acc iden ta l  
d r i f t  of chemical  from nearby s p r a y  
areas t o  stream s u r f a c e s  i s  a l i k e l y  
means of chemical  e n t r y  i n t o  s u r f  ace 
waters, bu t  one t h a t  can  be minimized 
through c a r e f u l  s e l e c t i o n  of chemical  
fo rmula t ions ,  carriers, and equipment,  
and a t t e n t i o n  t o  a tmospher ic  and 
o p e r a t i n g  cond i t ions .  

Mobilization in Ephemeral Stream Channels 

Ephemeral s t ream channe l s  are 
d i f f i c u l t  t o  see from t h e  a i r  and may 
be sprayed a long w i t h  t h e  rest of t h e  
area. The problem may be more a c u t e  
du r ing  aerial  a p p l i c a t i o n s ,  because 
ground a p p l i c a t i o n s  u s u a l l y  p rov ide  
g r e a t e r  o p p o r t u n i t y  f o r  avoiding t h e s e  
areas. Res idues  remaining i n  ephemeral 
stream channe l s  are a v a i l a b l e  f o r  
m o b i l i z a t i o n  by t h e  expanding stream 
system (desc r ibed  by H e w l e t t  and 
Hibbe r t  1967) t h a t  develops  du r ing  
heavy p r e c i p i t a t i o n .  T h i s  p r o c e s s  
probably  accoun t s  f o r  i n c r e a s e s  i n  
chemicals  o c c a s i o n a l l y  observed i n  
streams d u r i n g  t h e  f i r s t  s torms a f t e r  
a p p l i c a t i o n  ( N o r r i s  1967, N o r r i s  e t  
a l .  1978,  1982).  

Overland Flow 

Overland f low occur s  i n f r e q u e n t l y  
on most f o r e s t  l a n d s  because t h e  
i n f i l t r a t i o n  c a p a c i t y  of  t h e  f o r e s t  
f l o o r  and s o i l  i s  u s u a l l y  f a r  g r e a t e r  
t han  rates of p r e c i p i t a t i o n  (Rothacher  
and Lopushinsky 1974).  Bare and 
h e a v i l y  compacted s o i l  may y i e l d  

s u r f a c e  r u n o f f ,  but  t h e s e  areas are 
n o t  widespread and would seldom be 
t r e a t e d  w i t h  f o r e s t  chemicals .  

Leachw 

Leaching of chemicals  through t h e  
s o i l  p r o f i l e  i s  a p rocess  of major 
p u b l i c  concern ,  but  i t  i s  t h e  least  
l i k e l y  t o  occur  i n  f o r e s t  environ-  
ments. Most chemicals  used i n  
f o r e s t r y  are r e l a t i v e l y  immobile i n  
s o i l .  I n t e n s e  l each ing  can  move 
chemicals  a few c e n t i m e t e r s  t o  1 m i n  
dep th ,  but  t h e s e  d i s t a n c e s  are s h o r t  
i n  comparison t o  d i s t a n c e s  between 
t r e a t e d  areas and streams ( N o r r i s  
1971b). Most f o r e s t  chemicals  d o  n o t  
p e r s i s t  long enough f o r  s i g n i f i c a n t  
l each ing  t o  occur .  

The v a r i o u s  r o u t e s  of chemical  
e n t r y  i n t o  streams r e s u l t  i n  widely  
d i f f e r e n t  degrees  of  exposure t o  
a q u a t i c  organisms.  Direct a p p l i c a t i o n  
and d r i f t  are l i k e l y  t o  r e s u l t  i n  t h e  
h ighes t  c o n c e n t r a t i o n s  of chemicals  i n  
water, but  p e r s i s t e n c e  i s  b r i e f .  
Mobi l i za t ion  i n  ephemeral stream 
channels  and over land f low are as so-  
c i a t e d  w i t h  p e r i o d s  of s i g n i f i c a n t  - 
p r e c i p i t a t i o n ,  t h e r e f o r e ,  t h e  concen- 
t r a t i o n s  i n  t h e  water w i l l  be subs tan-  
t i a l l y  less t h a n  those  r e s u l t i n g  from 
d i r e c t  a p p l i c a t i o n s ,  a l though  t h e  
d u r a t i o n  of exposure may be s l i g h t l y  
longer .  Leaching ( i f  i t  occur s )  c a n  
in t roduce  on ly  s m a l l  amounts of 
chemical  i n t o  t h e  stream, a l though  t h e  
p rocess  could  be prolonged.  

The degree  t o  which any one of  
t h e s e  r o u t e s  of e n t r y  i s  involved 
depends on  t h e  p r o p e r t i e s  of both  t h e  
chemical  and t h e  environment. 
P r o p e r t i e s  of t h e  chemical  ( such  as 
vapor p r e s s u r e  o r  s o l u b i l i t y  i n  water) 
and t h e  p r o p e r t i e s  of t h e  environment 
( s u c h  as  t empera tu re ,  moi s tu re ,  and 
s o i l  c h a r a c t e r i s t i c s )  i n t e r a c t  t o  
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produce t h e  p a r t i c u l a r  behavior  
(movemen.t, p e r s i s t e n c e ,  and f a t e )  w e  
observe i n  t h e  environment ( f i g .  2 ) .  
T h i s  behavior  l a r g e l y  de te rmines  t h e  
r o u t e  of e n t r y  o f  chemicals  i n t o  
f o r e s t  streams. 

OF CHEMICAL 

INTERACTION 

PROPERTIES OF 

BEHAVIOR 

Figure  2.--The p r o p e r t i e s  of t h e  
chemical i n t e r a c t  w i t h  t h e  p r o p e r t i e s  
of t h e  environment i n  a manner d i r e c-  
t e d  by the l a w s  of n a t u r e  t o  produce 
t h e  movement, p e r s i s t e n c e ,  and f a t e  of 
t h e  chemical--which determine t h e  
l e v e l  and d u r a t i o n  o f  a n  organism's  
exposure.  

Chemicals on Sediment 

Stream sediments  may be contami- 
nated w i t h  f o r e s t  chemicals  by 
d e p o s i t i o n  o f  sediments  c a r r y i n g  
adsorbed chemicals  from t h e  l a n d  o r  by 
t h e  a d s o r p t i o n  of chemical  from t h e  
water o n t o  sediments  a l r e a d y  i n  p l a c e  
i n  t h e  stream ( B a r n e t t  e t  a l .  1967) .  

The d e p o s i t i o n  of chemical ly  
contaminated sediments  i n  streams 
r e q u i r e s  t h a t  t h e  chemical be  p r e s e n t  
i n  t h e  e r o d i b l e  l a y e r  of s o i l  a t  t h e  
t i m e  e r o s i o n  o c c u r s .  P e r s i s t e n c e  of 
t h e  chemical  i s  t h e  predominant f a c t o r  
a f f e c t i n g  i t s  presence  i n  t h e  s o i l .  
Th i s  c h a r a c t e r i s t i c  w i l l  be d i s c u s s e d  
i n  more d e t a i l  i n  a l a t e r  s e c t i o n .  I n  
g e n e r a l ,  however, n e a r l y  a l l  chemicals  
are a p p l i e d  between March and October ,  
and su r face- eros ion  e v e n t s  a r e  most 
f r e q u e n t l y  a s s o c i a t e d  w i t h  i n t e n s e  
win te r  s to rms  from l a t e  November 
through February.  Thus,  a p p r e c i a b l e  
q u a n t i t i e s  o f  a p a r t i c u l a r  chemical  
must p e r s i s t  f o r  1 t o  9 months f o r  
harmful amounts t o  be p r e s e n t  i n  t h e  
s o i l  a t  t h e  t i m e  t h e  f i r s t  su r face -  
e r o s i o n  e v e n t s  are l i k e l y  t o  occur .  

E r o s i o n  i s  o f t e n  a c c e l e r a t e d  by f o r e s t  
management, bu t  t h e  p r i n c i p a l  s o u r c e s  
of sediment are road c o n s t r u c t i o n ,  
road f a i l u r e ,  l a n d s l i d e s ,  and 
streambank e r o s i o n  (Rice  e t  a l .  
1972) .  Chemicals are seldom a p p l i e d  
i n  such  a temporal  and s p a t i a l  
r e l a t i o n s h i p  w i t h  t h e s e  e r o s i o n  
e v e n t s .  W e  b e l i e v e  s i g n i f i c a n t  
movement of chemical  r e s i d u e s  t o  
streams by t h i s  p r o c e s s  i s  u n l i k e l y .  
The i n c i d e n c e  of s u r f a c e  e r o s i o n  from 
f o r e s t  l a n d s  n e a r  anadromous f i s h  
h a b i t a t  i s  d i s c u s s e d  i n  d e t a i l  i n  
s e v e r a l  o t h e r  papers  i n  t h i s  
c ompe nd i um . 

Chemicals may be adsorbed from 
water ( s e e  ear l ie r  d i s c u s s i o n  of 
chemicals  i n  w a t e r )  by sediments  
a l r e a d y  i n  t h e  stream. 
chemical  t o  sediments  may be by 
chemical ,  p h y s i c a l ,  o r  a combinat ion 
of t h e s e  t y p e s  of bonding, as  d e t e r-  
mined by t h e  physical- chemical  prop- 
e r t i e s  of both  t h e  chemical  and t h e  
sediment .  The a d s o r p t i o n  p r o c e s s  i s  
beyond t h e  scope of o u r  paper .  It was 
reviewed i n  a series of symposium 
papers  e d i t e d  by Weber and M a t i j e v i c  
(19b8). The a d s o r p t i o n  c h a r a c t e r i s-  
t i c s  of f o r e s t  chemica l s  are d i s c u s s e d  
i n  a l a t e r  s e c t i o n  of t h i s  paper .  

Adsorpt ion o f  

N o r r i s  (1969) and N o r r i s  e t  a l .  
(1982) r e p o r t e d  t h e  d i s c h a r g e  o f  p e s t i-  
c i d e s  i n  stream water i s  be l i eved  t o  
r e p r e s e n t  t h e  m o b i l i z a t i o n  o f  chemi- 
cals i n  ephemeral stream channels .  
T h i s  r e s e a r c h  d i d  n o t  d i s t i n g u i s h  
between p e s t i c i d e s  i n  s o l u t i o n  and 
t h o s e  adsorbed o n  sediments  eroded 
from t h e  stream channel .  

Chemicals in the Food Chain 

Chemicals may be i n  o r  on t h e  food 
of anadromous f i s h  i f  t h e  food 
subs tance  i s  sprayed d i r e c t l y  ( f o r  
i n s t a n c e ,  i f  t e r res t r ia l  i n s e c t s  t h a t  
are sprayed f a l l  i n t o  t h e  w a t e r ) ,  o r  
i f  food s u b s t a n c e s  bioaccumulate t h e  
chemical  from t h e  water. Residues  i n  
food from d i r e c t  sp ray ing  are l i k e l y  
t o  occur  p r i m a r i l y  d u r i n g  o r  s h o r t l y  
a f t e r  a p p l i c a t i o n .  Few d a t a  are 
a v a i l a b l e  on t h i s  p rocess .  
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Bioaccumulation i s  t h e  uptake  by 
a n  organism of  a chemical  from i t s  
environment ( f o r  example, t h e  uptake  
by f i s h ,  v i a  t h e  g i l l s ,  of  DDT from 
t h e  water). Kenaga (1975, 1980a, b)  
and Geyer e t  a l .  (1980) provide  good 
reviews and s u b s t a n t i a l  d a t a  on 
bioaccumulation of  o r g a n i c  chemicals  , 
i n c l u d i n g  many p e s t i c i d e s .  The 
physica l- chemical  p r o p e r t i e s  o f  t h e  
compound and t h e  organism are t h e  
predominant f a c t o r s  t h a t  de termine  t h e  
e x t e n t  of  bioaccumulation.  The most 
impor t an t  p r o p e r t i e s  are t h e  l e v e l  of 
f a t  i n  t h e  organism and t h e  r a t i o  of  
f a t  s o l u b i l i t y  t o  water s o l u b i l i t y  of 
t h e  chemical .  

Bioaccumulation r e s u l t i n g  i n  
c o n c e n t r a t i o n s  of chemical  i n  a n  
organism t h a t  are 100,000 t i m e s  t h e  
c o n c e n t r a t i o n  of  t h e  chemical  i n  t h e  
water have been noted .  The h i g h e s t  
v a l u e s  occur  i n  organisms w i t h  a h i g h  
f a t  c o n t e n t  t h a t  are exposed t o  
chemicals  w i t h  a h igh  f a t  s o l u b i l i t y /  
water s o l u b i l i t y  r a t i o .  DDT o r  TCDD 
i n  f i s h  are p e r t i n e n t  examples. 
Chemicals t h a t  are h i g h l y  water 
s o l u b l e  , l i k e  p i c lo ram o r  g lyphosa te  , 
show l i t t l e  tendency t o  bioaccumulate.  
The r e l a t i o n  of water s o l u b i l i t y  t o  
b ioaccumula t ion  i s  i l l u s t r a t e d  i n  
f i g u r e  3, and d a t a  f o r  s p e c i f i c  
chemicals  are g i v e n  i n  t a b l e  6. 

Table 6--Water solubility and bioconcentration factor!! 

Water Bi oconcentration 
Chemical sol ubi 1 i t y  factor 

Ace p ha t e 
Atrdzi ne 
Pic1 oram 

Oinoseb 
C a r Da r j  1 
Mal athion 
Carbofuran 
Glyphosate 
0344 
Cnl ordecone 
Mi rex 
Wethoxychl or 
Urea 
DDT 

2,4-0 

Milligrams/liter 

650 000 
33 

430 
900 
50 
40 

145 
41 5 

12 000 
254 000 

.3 

.6 

.003 

.002 
1 000 000 

0.3 
86 
20 
13 
68 
77 
37 
21 
3 

333 
820 

16 360 

22 500 

.5 

.5 

'I A 

1 I J 
1 0 1 2 3 4 

Log water solubility ( p d e s / l i t e r )  

B 

L - 1  0 1 2  3 4 5 e 7 

Log water solubility (pg/liter) 

Figure  3.--The r e l a t i o n  of water 
s o l u b i l i t y  t o  bioaccumulation.  

*' 

A. 

B. 

Aqueous s o l u b i l i t i e s  and 
b ioconcen t ra t ion  f a c t o r s  of  o r g a n i c  
chemicals  i n  rainbow t r o u t .  Log 
b i o c o n c e n t r a t i o n  f a c t o r  = 
3.41 - 0.508 l o g  water s o l u b i l i t y ,  
r2 = 0.93. The b ioconcen t ra t ion  
f a c t o r  i s  t h e  c o n c e n t r a t i o n  of  a 
chemical  i n  f i s h  d iv ided  by i t s  
c o n c e n t r a t i o n  i n  water (from 
f i g .  2, Chiou e t  a l .  1977). 

Aqueous s o l u b i l i t i e s  and 
bioaccumulation i n  ad ipose  t i s s u e  
of rats. Log bioaccumulation 
f a c t o r  = 1.20  - 0.56 l o g  water 
s o l u b i l i t y ,  r2 = 0.64. The 
bioaccumulation f a c t o r  is t h e  
c o n c e n t r a t i o n  of a chemical  i n  
ad ipose  t i s s u e  d i v i d e d  by i ts  
c o n c e n t r a t i o n  i n  t h e  d i e t  (from 
f i g .  1, Geyer e t  a l .  1980). 

I/From Kenaga (1980b) . 
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APPROACHES TO TOXIC 
WAZAR5 ASSESSMENT 

S e v e r a l  s p e c i f i c  methods have been 
used t o  e v a l u a t e  t o x i c  hazards  f o r  
a q u a t i c  s p e c i e s .  Most have used a 
s p e c i f i e d  f r a c t i o n  (expressed as  a 
decimal)  of  t h e  L C 5 0  ( o r  s imil iar  
measure of r e sponse )  as  a n  estimate o f  
t h e  no- tox ic- ef fec t  exposure  l e v e l  
( N a t i o n a l  Academy of  Sciences- Nat ional  
Academy of Engineer ing 1973, U.S. 
Envi ro  m e n  t a1 Pro t ec t i o n  Ag enc y 
1 9 7 6 ) .  T h i s  f r a c t i o n  i s  o f t e n  c a l l e d  
a n  a p p l i c a t i o n  f a c t o r  o r  s a f e t y  f a c t o r .  
Where on ly  a c u t e  exposures  and s u r v i v a l  
were t h e  primary i n t e r e s t ,  t h e  es t i-  
mates of no- toxic- effect  l e v e l  ranged 
from 0 . 1  t o  O . O 5 ( L C 5 0 )  (Sprague 
1971) .  For  compounds t h a t  were more 
p e r s i s t e n t  i n  t h e  environment o r  when 
estimates of c h r o n i c  exposures  were 
d e s i r e d ,  t h e  e s t i m a t e  of t h e  no- toxic- 
e f f e c t  l e v e l  ranged from 0 .1  t o  
O . O l ( L C 5 0 )  (Sprague 1971) .  These 
methods were popu la r  because t h e  
concep t s  were easy  t o  unders tand and 
apply .  The methods r e l i e d ,  however, 
on a n  assumption t h a t  exposure was 
con t inuous  a t  t h e  s p e c i f i e d  l e v e l  f o r  
a long p e r i o d  ( u s u a l l y  96  o r  more 
hours ) .  T h i s  r a t i o n a l e  i s  perhaps  
a c c e p t a b l e  f o r  l a r g e  streams r e c e i v i n g  
a s t e a d y  i n p u t  of pol . lu tants  o r  f o r  a 
s p e c i f i c  p o l l u t a n t  point- source ,  but  
i t  does  no t  work w e l l  f o r  f o r e s t  
streams where t h e  c o n c e n t r a t i o n  of 
p o l l u t a n t  changes  r a p i d l y .  

A more r e f i n e d  and rea l i s t ic  
method h a s  been pub l i shed  (U.S. Envi- 
ronmental  P r o t e c t i o n  Agency 1980) t h a t  
r e q u i r e s  s u b s t a n t i a l  d a t a  t h a t  d e f i n e  
no- ef fec t  l e v e l s  f o r  a v a r i e t y  of 
a q u a t i c  s p e c i e s .  I n  a d d i t i o n ,  t h e  
method p r o v i d e s  procedures  t h a t  g i v e  
both  a n  i n s t a n t a n e o u s  maximum per-  
m i s s i b l e  c o n c e n t r a t i o n  and a 24-hour 
average p e r m i s s i b l e  c o n c e n t r a t i o n .  
The EPA procedure  i s  a c o n s i d e r a b l e  
imp ro  vement over  e a r l i e r  m e t  hods 
because i t  recogn izes  and allows f o r  
v a r i a b l e  l e v e l s  of exposure .  It i s  
hampered, however, by a p a u c i t y  of 
we l l- def ined ,  no- ef fec t  d a t a  bases  f o r  
many compounds. For  t h e  purposes  of 
hazard assessment  i n  t h i s  paper ,  w e  

have s e l e c t e d  a n  approach t h a t  combines 
t h e s e  two approaches .  W e  have used 
f r a c t i o n a l  L C 5 0  v a l u e s  a s  t h e  b a s i s  
f o r  e s t i m a t i n g  no- ef fec t  c o n c e n t r a t i o n  
v a l u e s  and i n t e g r a l s  o f  t h e  t i m e -  
c o n c e n t r a t i o n  curves  of p o l l u t a n t s  a s  
measured i n  f o r e s t  streams t o  estimate 
exposure .  T h i s  approach i s  d e s c r i b e d  
more s p e c i f i c a l l y  i n  a l a t e r  s e c t i o n  
on hazard assessment .  The nex t  s e c t i o n  
( t h e  behavior  and t o x i c i t y  of commonly 
used f o r e s t  chemica l s )  p rov ides  t h e  
d a t a  on t o x i c i t y  and exposure  t h a t  w e  
u s e  i n  a l a t e r  s e c t i o n  (hazard 
assessment )  t o  re la te  t o x i c i t y  t o  
exposure and the reby  d e r i v e  estimates 
of t h e  margin of s a f e t y .  

5EHAVlOR AND TOXICITY 
OF COMM.0NLY USED 
FOREST CHEMICALS 

The behavior  (movement, p e r s i s t -  
ence ,  and f a t e )  o f  a chemical i n  t h e  
environment de te rmines ,  i n  l a r g e  
measure,  t h e  l i k e l i h o o d  and t h e  n a t u r e  
of t h e  exposure  organisms w i l l  
r e c e i v e .  Leonard e t  a l .  (1976) made 
a n  i n t e n s i v e  review o f  t h i s  s u b j e c t  
f o r  many p e s t i c i d e s .  Although t h e i r  
emphasis w a s  on a g r i c u l t u r e ,  many of 
t h e  concep t s  and some of t h e  d a t a  are 
r e l e v a n t  i n  f o r e s t r y .  I n  t h i s  s e c t i o n ,  
w e  review what i s  known about  t h e  
physical- chemical  p r o p e r t i e s ,  movement 
and p e r s i s t e n c e  i n  s o i l ,  e n t r y  and 
f a t e  i n  f o r e s t  waters, bioaccumula- 
t i o n ,  and t o x i c i t y  t o  a q u a t i c  s p e c i e s  
of seven h e r b i c i d e s ,  f i v e  i n s e c t i c i d e s ,  
u r e a  f e r t i l i z e r ,  and t h e  ammonium- 
based f i r e  r e t a r d a n t s .  These s p e c i f i c  
materials were s e l e c t e d  f o r  review 
because they  are ( o r  are l i k e l y  t o  be) 
t h e  most widely  used materials i n  
t h e i r  class i n  f o r e s t r y  i n  the United 
S t a t e s .  The common and s c i e n t i f i c  
names of organisms mentioned i n  t h i s  
paper  are  i n  appendix t a b l e s  1 9  ( f i s h )  
and 20 ( i n v e r t e b r a t e s ) .  
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In fo rma t ion  on rates and methods 
of a p p l i c a t i o n  and carriers f o r  
p e s t i c i d e s  are i n  t h e  "Oregon Weed 
Con t ro l  Handbook" (Whi tes ides  1981) ,  
t h e  "Oregon I n s e c t  Con t ro l  Handbook" 
(Cap izz i  and F i s h e r  1977) ,  and 
" P e s t i c i d e  Uses f o r  Forestry."?/  

HERBICIDES 
2,4-D 

0 -CH -C co 
OH 0" 

CI 
2,4-0 

2,4-D i s  one member of  a l a r g e  
f ami ly  of phenoxy h e r b i c i d e s  which 
have been reviewed by t h e  Na t iona l  
Research  Counci l  of  Canada (1978) and 
N o r r i s  (1981). The most e x t e n s i v e l y  
used h e r b i c i d e  i n  f o r e s t r y ,  2,4-D i s  
formula ted  as  water- soluble  amine 
salts f o r  d i r e c t  stem i n j e c t i o n  o r  a s  
esters t h a t  are u s u a l l y  d i s s o l v e d  i n  
d i e s e l  o i l  o r  emuls i f i ed  i n  water f o r  
aerial  o r  ground a p p l i c a t i o n  t o  f o l i a g e  
o r  bark.  Rates of a p p l i c a t i o n  between 
1.12 and 4.48 kg/ha  are common. 
s p e c i f i c  in fo rma t ion  o n  t h e  u s e  of 
t h i s  h e r b i c i d e  i s  reviewed by Na t iona l  
F o r e s t  P roduc t s  A s s o c i a t i o n  (see 
f o o t n o t e  3) and Newton (1981).  

More 

Behavior in the Environment 

The physical- chemical  p r o p e r t i e s  
of t h e  a c i d ,  s a l t ,  and ester forms of 
2,4-D are p e r t i n e n t  because t h e  
h e r b i c i d e  may be i n  t h e  environment i n  
any of t h e s e  forms. It i s  u s u a l l y  
a p p l i e d  as t h e  ester,  but  i s  r a p i d l y  
hydro l i zed  under most c i rcumstances  t o  
e i t h e r  t h e  a c i d  o r  t h e  s a l t  form, 
depending on t h e  pH of t h e  environment 
( P a r i s  e t  a l .  1975,  N a t i o n a l  Research 
Council  of Canada 1978,  N o r r i s  1981) .  

?'Unpublished r e p o r t ,  " P e s t i c i d e  
uses  f o r  f o r e s t r y , "  prepared  by Natl. 
For.  Prod. ASSOC., Washington, D.C. ,  
1980 

The a c i d  of 2,4-D i s  s o l u b l e  t o  
about  900 m g / l i t e r  a t  25 OC i n  
water. The dimethylamine sa l t  of 
2,4-D i s  ext remely  s o l u b l e  i n  water 
(300 g/100 g )  and o t h e r  p o l a r  
s o l v e n t s ,  such as a l c o h o l s  and 
ketones ,  but  i t  has  low s o l u b i l i t y  i n  
kerosene  and d i e s e l  o i l .  Many 2,4-D 
esters are a v a i l a b l e ;  t h o s e  commonly 
used i n  f o r e s t r y  are low i n  water 
s o l u b i l i t y  ( less than  500 m g / l i t e r )  
but  are very  s o l u b l e  i n  o rgan ic  
s o l v e n t s  and o i l s .  The a c i d  and s a l t  
forms of 2,4-D have n e g l i g i b l e  vapor 
p r e s s u r e ,  which means they are no t  
very  v o l a t i l e .  
esters v a r i e s  from 10-5 mmg 
( h i g h- v o l a t i l e  e s t e r s )  t o  mmHg 
( low- vola t i l e  esters) .  

The va o r  p r e s s u r e  of  

The methyl ,  e t h y l ,  p ropy l ,  
i s o p r o p y l ,  b u t y l ,  and amyl e s t e r s  a r e  
c a l l e d  h i g h- v o l a t i l e  esters. They are 
no t  used i n  f o r e s t r y .  Propylene 
g l y c o l  b u t y l  e t h e r  (PGBE), i s o o c t y l ,  
butoxyethyl ,  2- ethyl  hexyl ,  and 
propylene g l y c o l  esters (and o t h e r s  o f  
similar p r o p e r t i e s )  are c a l l e d  low- 
v o l a t i l e  esters and are commonly used 
i n  f o r e s t r y .  House e t  a1.,4/ 
Na t iona l  Research Council  of  Canada 
(1978),  and Weed Science  S o c i e t y  of 
America (1979) review t h e  phys ica l-  
chemical  p r o p e r t i e s  of  2,4-D i n  
more d e t a i l .  

2,4-D p e r s i s t s  i n  s o i l  f o r  on ly  
s h o r t  p e r i o d s .  Research reviewed by 
House e t  a l .  ( s e e  f o o t n o t e  4 )  i n d i -  
cates m i c r o b i a l  decomposit ion i s  
t h e  predominant p r o c e s s  of 2,4-D 
d i sappea rance  from s o i l .  Environ- 
mental  f a c t o r s  t h a t  f a v o r  r a p i d  
m i c r o b i a l  metabolism a l s o  f a v o r  t h e  
d isappearance  of 2,4-D from f o r e s t  
f l o o r  and s o i l .  Recent r e s e a r c h  
reviewed by Na t iona l  Research Counci l  
of Canada (1978) and N o r r i s  (1981) 
suppor t  t h e s e  conc lus ions .  

i 'unpubl ished f i n a l  r e p o r t  , 
"Assessment of e c o l o g i c a l  e f f e c t s  of 
e x t e n s i v e  o r  r epea ted  u s e  of I 

h e r b i c i d e s , "  by W. G.  House, L. H. 
Goodson, H. M. Gadberry, and K. W. 
Dockter ,  Con t rac t  DAHC 15-68-C-0119, 
Advanced R e s .  P r o j .  Agency, Dep. 
Defense, Midwest Res. I n s t .  P ro j .  
3103-B, Kansas C i t y ,  Mo., 1967. 
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I n  l a b o r a t o r y  s t u d i e s  w i t h  
f o res t - f  l o o r  material, N o r r i s  (1966, 
197T)a) and N o r r i s ' a n d  Gre ine r  (1967) 
r e p o r t  h a l f  l i v e s  f o r  2,4-D t h a t  range 
from 10 t o  20 days .  I n  t h e  f i e l d ,  
2,4-1> d i sappeared  complete ly  from a n  
oak- fores t  s o i l  i n  30 days  (Altom and 
S t r i t z k e  1972) ,  90 p e r c e n t  i n  31 days  
i n  a Minnesota f o r e s t  ,?I and 40  
pe rcen t  i n  15  days from a s o u t h e r n  
C a l i f o r n i a  c h a p a r r a l  s i t e  (Plumb e t  
a l .  1977) .  

2,4-D i s  e x t e n s i v e l y  adsorbed by 
s o i l  o r g a n i c  matter ( N o r r i s  1970b) ,  
which t e n d s  t o  reduce i t s  m o b i l i t y  i n  
s o i l .  I n  l i g h t ,  sandy s o i l s  w i t h  a 
h i g h  pK, however, i t  may show 
s u b s t a n t i a l  m o b i l i t y  ( s e e  f o o t n o t e  4 ) .  
F o r e s t  s o i l s  are u s u a l l y  high i n  
o r g a n i c  matter and low i n  pH, which 
w i l l  i n h i b i t  t h e  m o b i l i t y  o f  2,4-D. 
I n  f i e l d  s t u d i e s ,  2,4-D r e s i d u e s  are  
no t  normally found deeper  than  20 o r  
30 c m ,  even a f t e r  prolonged p e r i o d s  of 
heavy p r e c i p i t a t i o n  (Altom and 
S t r i t z k e  1972, Plumb e t  a l .  1977, 
S tewar t  and Gaul 1977, N o r r i s  e t  a l .  
1 9 8 2 ,  see f o o t n o t e  5 ) .  

N o r r i s  (1981) reviewed t h e  e n t r y  
and f a t e  of  2,4-D (and t h e  o t h e r  
phenoxy h e r b i c i d e s )  i n  f o r e s t  waters. 
H e  concluded d i r e c t  a p p l i c a t i o n  and 
d r i f t  t o  s u r f a c e  waters are t h e  
p rocesses  most l i k e l y  t o  produce t h e  
h i g h e s t  r e s i d u e  l e v e l s ,  bu t  t h e  
p e r s i s t e n c e  i s  b r i e f .  M o b i l i z a t i o n  of 
r e s i d u e s  from ephemeral stream 
channe l s  may a l s o  i n t r o d u c e  2,4-D t o  
f o r e s t  stream systems,  bu t  t h e  
c o n c e n t r a t i o n s  are n o t  l i k e l y  t o  
exceed t h e  c o n c e n t r a t i o n  r e s u l t i n g  
from d i r e c t  a p p l i c a t i o n  o r  d r i f t .  

/Unpublished moni tor ing r e p o r t ,  
FY1977 ae r i a l  h e r b i c i d e  p r o j e c t  , 
prepared by U.S. Dep. Agr ic . ,  For.  
Serv.  , Chippewa Natl. For .  , Cass Lake, 
Minn., 1977. 

N o r r i s  (1967) r epor ted  maximum 
c o n c e n t r a t i o n s  o f  2,4-D ranging from 
0.001 t o  0.13 m g / l i t e r  dur ing  and 
s h o r t l y  a f t e r  a p p l i c a t i o n .  The t i m e  
r e q u i r e d  t o  r e t u r n  t o  nonde tec tab le  
l e v e l s  ( l e s s  t h a n  0.001 m g / l i t e r )  
va r i ed  w i t h  t h e  n a t u r e  o f  t h e  area and 
t h e  maximum c o n c e n t r a t i o n  observed.  
T i m e s  r ang ing  from less t h a n  1 hour t o  
more than  168  hours  have been no ted ,  
w i t h  less t h a n  2 days  u s u a l l y  r e q u i r e d .  

A p p l i c a t i o n  t o  marshy areas can 
l e a d  t o  h i g h e r  t h a n  normal l e v e l s  of 
stream contaminat ion.  I n  one i n s t a n c e ,  
c o n c e n t r a t i o n s  approaching 0 .9  m g / l i t e r  
2,4-D were found i n  water f lowing from 
a marshy area.  Long-term ou t f low of 
2,4-D has n o t  been noted.  Once t h e  
i n i t i a l  stream c o n c e n t r a t i o n  d e c l i n e d  
t o  n o n d e t e c t a b l e  l e v e l s ,  no 2,4-D 
r e s i d u e s  were found d u r i n g  subsequent  
p e r i o d s  o f  heavy p r e c i p i t a t i o n  t h e  
f i r s t  f a l l  a f t e r  a p p l i c a t i o n  ( N o r r i s  
1967, 1968) .  N o r r i s  (1969) and N o r r i s  
e t  a l .  (1982) r e p o r t e d  heavy p r e c i p i-  
t a t i o n  w i l l  m o b i l i z e  any s u r f a c e  
r e s i d u e s  o f  2,4-D that are  p r e s e n t  i n  
ephemeral stream channe l s .  

Few q u a n t i t a t i v e  s t u d i e s  o f  2,4-D 
d i s c h a r g e  f o r  whole wa te r sheds  have 
been conducted.  N o r r i s  e t  a l .  (1982) 
r e p o r t e d  0.014 p e r c e n t  of t h e  2,4-D 
( 4 . 6  kg/ha)  a p p l i e d  t o  a 7-ha watershed 
appeared i n  s t reamflow,  a l l  i n  a 12-day 
p e r i o d  d u r i n g  t h e  f i r s t  heavy s torm 
a f t e r  a p p l i c a t i o n  (abou t  4 months 
a f t e r  a p p l i c a t i o n ) .  S u f f l i n g  e t  a l .  
(1974) no ted  less than  0.001 p e r c e n t  
l o s s  of 2,4-D a p p l i e d  t o  a powerl ine  
right-of-way i n  a s imilar  s tudy .  

R e s u l t s  of moni tor ing o p e r a t i o n a l  
a p p l i c a t i o n s  of 2,4-D are l a r g e l y  i n  
agreement w i t h  r e s e a r c h  f i n d i n g s .  The 
U.S. Depa tment o f  A g r i c u l t u r e ,  F o r e s t  
S e r v i c e , d 5  analyzed t h e  r e s u l t s  of 
moni tor ing phenoxy h e r b i c i d e s  i n  
streams a f t e r  o p e r a t i o n a l  a p p l i c a t i o n  

!?/Memorandum, "Summary of phenoxy 
h e r b i c i d e s  i n  water," (2150, P e s t i c i d e  
Use Management), from F. 3 .  Kopechky 
t o  t h e  Chie f ,  U.S. Dep. Agric .  , For .  
Se rv . ,  June 23,  1980. 
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i n  P a c i f i c  Northwest f o r e s t s .  R e s u l t s  
of a n a l y s e s  of  680 samples t a k e n  i n  
connec t ion  w i t h  304 d i f f e r e n t  app l i ca-  
t i o n s  i n  4 y e a r s  were summarized. 
They r e p o r t e d  t h a t  of t h e  304 a p p l i c a-  
t i o n s  moni tored ,  84 p e r c e n t  d i d  no t  
r e s u l t  i n  d e t e c t a b l e  stream contamina- 
t i o n ,  14  p e r c e n t  had r e s i d u e s  up t o  
0.005 m g / l i t e r ,  1 p e r c e n t  had between 
0.005 and 0 .01 m g / l i t e r ,  and 1 percen t  
exceeded 0 .01 m g / l i t e r  (maximum r e s i d u e  
w a s  0.040 m g / l i t e r )  . 

Few f i e l d  d a t a  are a v a i l a b l e  on  
2,4-D l e v e l s  i n  sediment o r  a q u a t i c  
s p e c i e s  i n  f o r e s t  streams. The f a t e  
of 2,4-D i n  f o r e s t  streams h a s  no t  
been determined,  but  w e  b e l i e v e  
downstream movement, a d s o r p t i o n ,  and 
degrada t ion  ( p r o c e s s e s  observed i n  
o t h e r  a q u a t i c  systems) r e s u l t  i n  a 
r e d u c t i o n  i n  both  t h e  c o n c e n t r a t i o n  
and t o t a l  l e v e l  of  $4-D i n  a q u a t i c  

f a t e  of  2,4-D i n  a q u a t i c  systems where 
t h e  h e r b i c i d e  i s  used t o  c o n t r o l  
a q u a t i c  weeds. H e  c i t e d  t h e  r e s e a r c h  
of s e v e r a l  i n v e s t i g a t o r s  i n  no t ing  
t h a t  t h e  c o n c e n t r a t i o n  of 2,4-D i n  
h y d r o s o i l  o r  f i s h  f l e s h  d i d  no t  
u s u a l l y  exceed t h e  c o n c e n t r a t i o n  i n  
water, and d i sappea rance  from t h e  
system i n  g e n e r a l  w a s  r a p i d  ( n e a r l y  
100- fold r e d u c t i o n  i n  c o n c e n t r a t i o n  i n  
29 days  i n  ponds).  S t r e i t  (1979) 
r e p o r t e d  2,4-D w a s  n o t  found on 
a q u a t i c  sediments  a t  c o n c e n t r a t i o n s  
greater t han  i n  the water. The 
sediments  i n  t h i s  s tudy  ranged from 
2.3 t o  31.9 p e r c e n t  o r g a n i c  matter. 
N e s b i t t  and Watson (1980) noted  
numerous f a c t o r s  i n f l u e n c e d  t h e  
p e r s i s t e n c e  o f  2,4-D i n  a n  A u s t r a l i a n  
r i v e r .  The number of  l i v e  b a c t e r i a ,  
n i t r o g e n  and phosphorus concent ra-  
t i o n s ,  sediment l e v e l s ,  and 
tempera ture  were impor tant .  

systems.  G a n g s t a d  3 reviewed t h e  

Bioaccumulation i s  most l i k e l y  t o  
occur when organisms are exposed t o  

LIUnpublished d r a f t  r e p o r t ,  "2,4-D 
h e r b i c i d e  r e s i d u e s  i n  t r e a t e d  waters," 
by E. 0. Gangstad, U.S. Dep. Agric.- 
U.S. Dep. In t . e r . ,  Weed C o n t r o l  Comm., 
Washington, D.C. ,  1979. 

p e r s i s t e n t  chemicals  t h a t  have low 
water s o l u b i l i t y  and h igh  l i p i d  
s o l u b i l i t y .  2,4-D does no t  meet t h e s e  
c r i ter ia  t o  t h e  same degree  a s  do t h e  
c h l o r i n a t e d  hydrocarbon i n s e c t i c i d e s .  
Organisms exposed t o  phenoxy h e r b i c i d e s  
w i l l  t a k e  up some of t h e  chemical ,  but  
g e n e r a l l y  t h e  bioaccumulation r a t i o  
w i l l  be low and t h e  r e s i d e n c e  t i m e  
w i l l  be b r i e f ,  once exposure c e a s e s .  
Bohm and Muel ler  (1976) r e p o r t e d  a n  
accumula t ion  f a c t o r  of  2.2 f o r  t h e  
a l g a ,  Scenedesmus, exposed t o  
0.022 m g / l i t e r  f o r  8 hours .  
(1974) d i d  n o t  d e t e c t  unmetabolized 
2,4-D i n  t h e  components of a n  
a q u a t i c - t e r r e s t r i a l  model ecosystem. 
S c h u l t z  (1973) found less than 
0.005 mg/kg 2,4-D i n  t h r e e  s p e c i e s  of  
f i s h  exposed t o  2,4-D (2 .5  m g / l i t e r )  
f o r  p e r i o d s  of 4,  7 ,  o r  14  days ,  
a l though  u n s p e c i f i e d  me tabo l i c  
p roduc t s  ranged from 0.031 t o  
0.122 mg/kg. A s  p a r t  of  a widespread 
survey of t h e  Swedish environment f o r  
phenoxy h e r b i c i d e s  , Erne (1975) 
r epor t ed  on ly  3 pe rcen t  of 330 samples 
of muscles  from hea l thy  f i s h  ( s e v e r a l  
s p e c i e s  from 1 2 0  l o c a t i o n s )  con ta ined  
d e t e c t a b l e  r e s i d u e s  of 2,4-D ( r e s i d u e s  
ranged from 0.05 t o  1 . 5  mg/kg). I n  a n  
a q u a t i c  area t r e a t e d  wih 1 .2  kg/ha 
2,4-D ( g r a n u l e  form) ,  musse ls  
con ta ined  0.38 t o  0.70 mg/kg 2,4-D, 
r e f l e c t i n g  t h e i r  consumption of a l g a e  
t h a t  had adsorbed t h e  h e r b i c i d e .  
F i s h ,  on  t h e  o t h e r  hand, d i d  not  
zoiitaiii d e t e c t a b l e  residues ( l e s s  t k r i  

0.04 mg/kg) (Smith and Isom 1967).  
S c h u l t z  and Whitney (1974) r epor t ed  
2,4-D r e s i d u e s  t h a t  ranged from 
u n d e t e c t a b l e  t o  0.162 mg/kg i n  a 
v a r i e t y  of f i s h  s p e c i e s .  About 
80 p e r c e n t  d i d  no t  c o n t a i n  d e t e c t a b l e  
r e s i d u e s .  A stream gast ropod d i d  no t  
c o n c e n t r a t e  2,4-D from water (0.0002 
t o  0.05 m g / l i t e r  2,4-D i n  wa te r )  
du r ing  a 24-hour exposure pe r iod  
( S t r e i t  1979) .  Sigmon (1979) r e p o r t e d  
no measurable r e s i d u e s  ( l e s s  than  
0.05 mg/kg) of  2,4-D i n  b l u e g i l l s  
a f t e r  8 days  i n  water con ta in ing  
3 m g / l i t e r  2,4-D (bu toxye thy l  e s t e r ) .  
Rodgers and S t a l l i n g s  (1972) noted  
2,4-D and i t s  m e t a b o l i t e s  were r a p i d l y  
e l i m i n a t e d  from f i s h  a f t e r  exposure 
ceased.  Ex tens ive  d a t a  from 

Sanborn 
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Ellgehausen e t  a l .  (1980) suppor t  
t h e s e  f i n d i n g s .  The l a c k  o f  bioaccumu- 
l a t i o n  e v i d e n t  i n  ' t h e s e  r e s u l t s  i s  
c o n s i s t e n t  w i t h  t h e  physical- chemical  
p r o p e r t i e s  of t h e  h e r b i c i d e .  

Toxicity 

A review of  t h e  t o x i c i t y  t o  f i s h  
of 2,4-D h e r b i c i d e s  i n d i c a t e s  they 
vary ( w i t h  96-hour LC5o's ranging 
from less  than  1 m g / l i t e r  t o  more than  
400 m g / l i t e r )  , depending on fo rmula t ion  
( N a t i o n a l  Research Council  o f  Canada 
1978) .  Most s t u d i e s  emphasized l e t h a l  
c o n c e n t r a t i o n  of t h e  compounds, c a r r i e d  
o u t  by s t a t i c  b ioassays ;  t h e i r  f i e l d  
a p p l i c a b i l i t y  i s  t h u s  somewhat l i m i t e d .  
The test animals  used i n  most s t u d i e s  
have been b l u e g i l l s ,  a s p e c i e s  
g e n e r a l l y  cons ide red  less s e n s i t i v e  
t h a n  salmonids.  

A review of t h e  t o x i c i t y  of 2,4-D 
dimethylamine (DMA) h e r b i c i d e s  
i n d i c a t e s  i t  i s  r e l a t i v e l y  low t o  
f i s h .  Folmar (1976) r e p o r t e d  a 
96-hour LC50 f o r  rainbow t r o u t  a t  
100 m g / l i t e r ,  but  he noted avoidance 
r e a c t i o n  w e l l  below t h e  96-hour LC50 
v a l u e .  Davis and Hughes (1963) and 
Hughes and Davis (1963) t e s t e d  t h e  
t o x i c i t y  of d i f f e r e n t  f o r m u l a t i o n s  of 
2,4-D t o  b l u e g i l l s .  They found con- 
s i d e r a b l e  v a r i a t i o n  i n  t h e  t o x i c i t y  of 
d i f f e r e n t  f o n n u l a t i o n s  and even i n  t h e  
t o x i c i t y  o f  a s i n g l e  f o r m u l a t i o n .  The 
r e s e a r c h e r s  be l i eved  t h e s e  i n c o n s i s t -  
e n c i e s  could  be a t t r i b u t e d  t o  t h e  
d i f f e r e n t  ba tch  l o t s  and manufactur ing 
p l a n t s .  The a lkanolamine s a l t  and t h e  
dimethylamine f o r m u l a t i o n s  were t h e  
l eas t  t o x i c  (800 and 166 m g / l i t e r ,  
r e s p e c t i v e l y ,  a s  48-hour LC50, 
depending on ba tch)  of 11 f o r m u l a t i o n s  
of 2,4-D t e s t e d  on b l u e g i l l s .  The 
i s o p r o p y l  es te r  and b u t y l  ester were 
t h e  most t o x i c  (0 .8  and 1 . 3  m g / l i t e r  
as 48-hour LC50, r e s p e c t i v e l y ,  f o r  
b l u e g i l l s ) .  These esters are n o t  

used i n  f o r e s t r y .  Davis  and H a r d c a s t l e  
(1959) found d i f f e r e n c e s  i n  LC50 
v a l u e s  f o r  2,4-D and o t h e r  h e r b i c i d e s  
when waters from two d i f f e r e n t  s o u r c e s  
were used i n  t o x i c i t y  tests .  

Walker (1964a) compared t o x i c i t y  
of f o r m u l a t i o n s  of 2,4-D t o  s e v e r a l  
f i s h  s p e c i e s  and found t h a t  t h e  b u t y l ,  
PGBE, and butoxyethanol  esters were 
most t o x i c  (96-hour LC50 less t h a n  
4 m g / l i t e r ) ,  and t h e  sodium s a l t  and 
i s o o c t y l  ester were less t o x i c  (LC50 
66 and 160 m g / l i t e r ,  r e s p e c t i v e l y ) .  
H e  a l s o  r e p o r t e d  a 96-hour LC50 of 
about  90 m g / l i t e r  f o r  a w e t t i n g  a g e n t  
( a  sodium b o r a t e  m i x t u r e ) .  

I n  a comprehensive s t u d y ,  Meehan 
e t  a l .  (1974) t e s t e d  t h e  t o x i c i t y  of 
v a r i o u s  f o r m u l a t i o n s  of 2,4-D t o  
sa lmonids  and found t h a t  less t h a n  
50 m g / l i t e r  2,4-D a c i d  produced no 
m o r t a l i t y  excep t  i n  p i n k  salmon f r y .  
The b u t y l  ester, however, w a s  very  
t o x i c ,  caus ing  a lmost  complete 
m o r t a l i t y  i n  a l l  Spec ies  a t  concen- 
t r a t i o n s  g r e a t e r  t h a n  1 m g / l i t e r .  
i s o o c t y l  ester  was t h e  l e a s t  t o x i c  of 
t h e  ester f o r m u l a t i o n s ,  bu t  caused 
s i g n i f i c a n t  m o r t a l i t y  i n  f r y  of 
s e v e r a l  s p e c i e s  a t  1 and 5 m g / l i t e r .  
The a u t h o r s  d i d  n o t e ,  however, t h a t  
t h e  b u t y l  and PGBE ester  f o r m u l a t i o n s  
of 2,4-D posed a more s i g n i f i c a n t  
hazard t o  f i s h  t h a n  t h e  i s o o c t y l  ester 
i f  d i r e c t  a p p l i c a t i o n  o f  t h e  chemical 
t o  t h e  water s u r f a c e  occur red .  
No-ef f ec t l e v e l s  ( surv iva  1) o € t h e  
v a r i o u s  f o r m u l a t i o n s  v a r i e d  from less  
t h a n  1 mg a c i d  e q u i v a l e n t s  (a .e . )  p e r  
l i t e r  f o r  a l l  ester f o r m u l a t i o n s  t o  
50 m g / l i t e r  f o r  t h e  a c i d .  

The 

Lorz e t  a l .  (1979) observed no 
m o r t a l i t y  of y e a r l i n g  coho salmon 
exposed t o  200 m g / l i t e r  of 2,4-D (DMA) 
f o r  144 hours ,  n o r  d i d  they  observe 
any subsequent  e f f e c t s  when t h e s e  f i s h  
were t e s t e d  i n  seawater. 

S u b l e t h a l  e f f e c t s  o f  PGBE esters 
of 2,4-D have been demonstra ted f o r  
f i s h  (Cope 1966).  Spawning of 
b l u e g i l l s  w a s  de layed  2 weeks i n  ponds 
t r e a t e d  w i t h  5 and 10 m g / l i t e r  of t h e  
h e r b i c i d e .  H i l t i b r a n  (1967) observed 
t h a t  f e r t i l i z e d  eggs of g r e e n  s u n f i s h  
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developed normally when exposed t o  
1 m g / l i t e r  of t h e  PGBE ester of 2,4-D 
under s ta t ic  water cond i t ions .  
B l u e g i l l s ,  g r e e n  s u n f i s h ,  l a k e  
chubsuckers ,  and smallmouth bass  f r y ,  
however, appeared t o  be more suscept-  
i b l e  t o  t h e  h e r b i c i d e ,  t hey  f a i l e d  t o  
s u r v i v e  t h e  8-day d u r a t i o n  of t h e  t e s t .  

Woodward/ found 96-hour LC50 
va lues  of 0 .6  t o  1.0 m g / l i t e r  w i t h  
PGBE ester o f  2,4-D f o r  c u t t h r o a t  
t r o u t  f r y .  H e  d i d  no t  f i n d  t h a t  
t o x i c i t y  was a f f e c t e d  by pH o r  water 
hardness .  Woodward and Mayer (1978) 
noted t h a t  s u r v i v a l  of c u t t h r o a t  t r o u t  
a l e v i n s  w a s  s i g n i f i c a n t l y  reduced when 
they were con t inuous ly  exposed t o  con- 
c e n t r a t i o n s  of  0.06 and 0.124 m g / l i t e r  
2,4-D PGBE ester. The a u t h o r s  sugges- 
t e d  that t h e  no- effec t  c o n c e n t r a t i o n  
f o r  c u t t h r o a t  t r o u t  w a s  0 .03  m g / l i t e r  
2,4-D PGBE ester. 

Much o f  t h e  work on f i s h  t o x i c i t y  
of t h e  phenoxy h e r b i c i d e s  concerns  t h e  
PGBE esters o f  2,4-D o r  2,4,5-T, bu t  
l i t t l e  has  been done on  mix tu res  of 
t h e s e  compounds. Hughes and Davis 
(1963) found both  t h e  24- and 48-hour 
L C 5 o ' s  f o r  b l u e g i l l s  exposed t o  t h e  
PGBE ester of  2,4-D were 2 . 1  m g / l i t e r  
under s t a t i c  c o n d i t i o n s  i n  water w i t h  
a mean pH o f  6.9 and mean hardness  o f  
29 m g / l i t e r .  Meehan e t  a l .  (1974) 
observed t h a t  t h e  96-hour no- effec t  
l e v e l  ( s u r v i v a l j  f o r  coho salmon 
f i n g e r l i n g s  exposed to the PGEE ester  
of 2,4-D w a s  less than  1 m g / l i t e r .  A 
mean f r y  m o r t a l i t y  of 26.7 p e r c e n t  
occur red  a f t e r  t h e  96-hour exposure t o  
l m g / l i t e r  of  t h e  h e r b i c i d e  i n  water 
t h a t  ranged i n  hardness  from 10.0 t o  
33.6 m g / l i t e r  as ca lc ium p l u s  
magnesium. A 48-hour LC50 of 
1.1 m g / l i t e r  PGBE ester o f  2,4-D was 
r e p o r t e d  by Cope (1966) f o r  rainbow 
t r o u t  (no  water q u a l i t y  g i v e n ) .  B u t l e r  
(1965) observed t h a t  t h e  48-hour LC50 
f o r  t h e  e s t u a r i n e  longnose k i l l i f i s h  
was 4 .5  m g / l i t e r  i n  seawater. 

/ P e r s o n a l  communication, D. 
Woodward, U.S. Dep. I n t e r . ,  F i s h  and 
Wildl .  Se rv . ,  F i sh- Pes t i c .  R e s .  U n i t ,  
Jackson,  Wyo., 1977. 

Cope e t  a l .  (1970) observed 
b i o c o n c e n t r a t i o n  of t h e  PGBE ester of 
2,4-D i n  f i s h  t i s s u e s  1 t o  3 days  
a f t e r  t r ea tmen t .  No d e t e c t a b l e  
r e s i d u e s  of t h e  h e r b i c i d e  were found 
a f t e r  4 days i n  b l u e g i l l s  exposed t o  
10 m g / l i t e r  PGBE ester of  2,4-D. 
H i s t o l o g i c a l  and biochemical  changes 
were a l s o  observed i n  b l u e g i l l s  
exposed t o  2,4-D (PGBE e s t e r )  a t  and 
above 5 m g / l i t e r  i n  ponds i n  Oklahoma 
(Cope e t  a l .  1970).  The pathology 
involved l i v e r ,  v a s c u l a r  system, and 
b r a i n ,  w i th  d e p l e t i o n s  of l i v e r  
glycogen,  g l o b u l a r  d e p o s i t s  i n  t h e  
blood v e s s e l s ,  and stasis and engorge- 
ment of t h e  b r a i n  c i r c u l a t o r y  system. 

No d e a t h s  occur red  i n  y e a r l i n g  
coho salmon exposed t o  PGBE ester 
2,4-D p l u s  2,4,5-T f o r  96 hours  a t  
e q u a l  t o  o r  less t h a n  0.800 m g / l i t e r  
(nominal c o n c e n t r a t i o n s ,  s t a t i c )  o r  
0 .21  m g / l i t e r  (nominal c o n c e n t r a t i o n  
i n  flow- through exposure t anks  (Lorz 
e t  a l .  1979) ) .  I n  both  t h e  s t a t i c  and 
flow- through sys tems,  t h e  amount of  
h e r b i c i d e  recovered w a s  very  low even 
though e x t r a  care was t aken  i n  mixing. 

Matida e t  a l .  (1975) noted t h a t  
when a mix tu re  of  2,4-D and 2,4,5-T a s  
t h e  butoxye t hanol  est e r (comme r c i a l l y  
c a l l e d  "Brush Ki l l e r" )  w a s  a e r i a l l y  
spread over  9.5 ha of f o r e s t  a t  a r a t e  
of 4.05 kg/ha  2,4-D and 1 .95 kg/ha 
2,4,5-T a c t i v e  i n g r e d i e n t ,  no 
appreciable change vas noted in t h e  
a q u a t i c  community. The a u t h o r s  were 
unable  t o  d e t e c t  t h e  chemical  i n  t h e  
stream dur ing  t h e  48-hour o b s e r v a t i o n  
pe r iod  a f t e r  sp ray ing .  S i m i l a r l y ,  
f i s h e s  ( c h e r r y  salmon and dace (genus 
no t  i d e n t i f i e d )  f i n g e r l i n g s )  showed no 
m o r t a l i t y  o r  abnormal behavior ,  and t h e  
s t and ing  c r o p  of  i n v e r t e b r a t e s  appeared 
unchanged. I n  a l a t e r  l a b o r a t o r y  
s tudy ,  Matida e t  a l .  (1976) found t h a t  
a mix tu re  o f  2,4-D and 2,4,5-T 
produced t o x i c  e f f e c t s  on a q u a t i c  
i sopods  ( A s e l l u s  h i l g e n d o r f f i i ) ,  
che r ry  salmon f r y ,  and dace f i n g e r-  
l i n g s .  The 96-hour LC50 f o r  t h e  
groups  t e s t e d  were 1 .6  ( i sopod) ,  
0.6 ( che r ry  sa lmon) ,  and 1.3 
(dace) m g / l i t e r .  Exposures of che r ry  
salmon f i n g e r l i n g s  t o  c o n c e n t r a t i o n s  
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of 0.47 and 0.62 m g / l i t e r  "Brush 
K i l l e r "  f o r  96 hours  caused h i s t o l o g-  
i c a l  changes of l ' i v e r  parenchyma, 
which t h e  a u t h o r s  cons ide red  a non- 
s p e c i f i c  response t o  a t o x i c  a g e n t .  

Johnson and F i n l e y  (1980) summa- 
r i z e d  t h e  r e s u l t s  of t h e  s t u d i e s  
(1965-78) of t h e  USDI F i s h  and W i l d l i f e  
S e r v i c e ,  Columbia, Missour i ,  labora-  
t o r y .  They p rov ide  a u s e f u l  t a b l e  of 
a c u t e- t o x i c i t y  v a l u e s  of v a r i o u s  
fo rmula t ions  o f  2,4-D t o  a v a r i e t y  o f  
i n v e r t e b r a t e  and f i s h  s p e c i e s .  

Sanders  (1969) s t u d i e d  t h e  e f f e c t  
of s e v e r a l  2,4-D f o r m u l a t i o n s  on t h e  
amphipod Gammarus l a c u s t r i  s .  The 
butoxyethanol  ester was most 
toxic--with a 24-hour LC50 of 
1 . 4  mg/ l i ter - - fol lowed by t h e  PGBE 
es te r  ( 2 . 1  m g / l i t e r ) ,  and t h e  i s o o c t y l  
ester ( 6 . 8  m g / l i t e r ) .  The 
dimethylamine s a l t  w a s  n o t  t o x i c  a t  
100 m g / l i t e r  (96 hours ) .  
s t u d y ,  Sanders  (1970) showed t h e  
v a r i a b l e  t o x i c i t y  of s e v e r a l  2,4-D 
f o r m u l a t i o n s  t o  v a r i o u s  c r u s t a c e a n s .  
The PGBE e s t e r s  were g e n e r a l l y  most 
t o x i c ,  fo l lowed by t h e  bu toxye thy l  
es t  e r formula t i o n  s . 2,4-D-dime t hy- 
lamine (DMA) was t h e  l eas t  t o x i c .  
C r a y f i s h  were r e p o r t e d  t o  be  less 
s e n s i t i v e  i n  t h i s  test  than  Daphnia,  
seed shrimp, g l a s s  shrimp, scuds  
(amphipods),  and sowbugs ( i s o p o d s ) .  
S c h u l t z  and Harman (1974) pub l i shed  a n  
e x c e l l e n t  review of t h e  l i t e r a t u r e  on 
t h e  use  of 2,4-D i n  f i s h e r i e s  as  i t  
relates t o  t o x i c i t y ,  r e s i d u e s ,  and 
e f f e c t s  on organisms. 

I n  a l a t e r  

L Picloram 

Picloram i s  a broad-spectrum 
h e r b i c i d e  used f o r  c o n t r o l  of  a w i d e  
v a r i e t y  of woody annua l  and p e r e n n i a l  
broadleaf  weeds. It i s  a v a i l a b l e  i n  
both  s a l t  and ester f o r m u l a t i o n s ,  but  
t h e  most common used i n  f o r e s t r y  i s  
e i t h e r  a potass ium o r  amine s a l t .  It 
i s  o f t e n  a p p l i e d  i n  combination w i t h  
2,4-D (Weed Sc ience  S o c i e t y  of America 
1979) .  
p e l l e t s  o r ,  more commonly, as  a 
d i l u t e d  s p r a y  mix tu re .  Rates of 
a p p l i c a t i o n  range up t o  1 . 1 2  kg/ha .  
Pic loram may a l s o  be used i n  
s t e m- i n j e c t i o n  t r e a t m e n t s .  N a t i o n a l  
F o r e s t  P roduc t s  A s s o c i a t i o n  (see 
f o o t n o t e  3)  and Newton (1981) review 
u s e s  of p ic lo ram i n  f o r e s t r y .  

Pic loram may be a p p l i e d  a s  

Behavior in the Envb-onment 

Amine and potass ium sa l t s  of 
p ic lo ram are h igh ly  water s o l u b l e  and 
have n e g l i g i b l e  vapor p r e s s u r e  ( l e s s  
t h a n  mmHg). The phys ica l-  
chemical  p r o p e r t i e s  o f  p ic loram a re  
reviewed i n  d e t a i l  by t h e  N a t i o n a l  
Research Counci l  o f  Canada (1974) and 
t h e  Weed Sc ience  S o c i e t y  of America 
(1979) .  

Pic loram i s  both p e r s i s e n t  and 
mobi le  i n  s o i l .  These c h a r a c t e r i s t i c s  
are reviewed i n  d e t a i l  by House e t  a l .  
( s e e  f o o t n o t e  4 ) ,  Goring and Hamaker 
(1971) ,  and N a t i o n a l  Research Counci l  
o f  Canada (1974) .  N o r r i s  (1970a, b) 
n o t e s ,  however, t h a t  p ic loram i s  
adsorbed by o r g a n i c  matter and i s  
degraded by m i c r o b i a l  a c t i o n .  I n  t h e  
f o r e s t  environment,  which i s  c h a r a c t e r-  
i s t i c a l l y  h igh  i n  o r g a n i c  matter and 
low i n  pH, s u b s t a n t i a l l y  less m o b i l i t y  
and p e r s i s t e n c e  have been found t h a n  
i n  s e v e r a l  a g r i c u l t u r a l  environments.  
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Movement of t h e  h e r b i c i d e  i n  t h e  
s o i l  p r o f i l e  i s  governed by t h e  n e t  
water f low,  w i t h  maximum l o s s e s  
occur r ing  under w a r m ,  humid condi-  
t i o n s ,  a f t e r  heavy r a i n f a l l ,  and i n  
l i g h t  s o i l s  t h a t  are low i n  o rgan ic  
c o n t e n t .  The removal of  p ic loram 
through r a i n f a l l  and l each ing  i s  one  
of t h e  major f a c t o r s  governing i t s  , 

d i s s i p a t i o n  under f i e l d  c o n d i t i o n s  
(Na t iona l  Research Council  of  Canada 
1974) .  
envi ronmenta l  concern ,  because leached 
p ic loram may be t r a n s p o r t e d  t o  a q u a t i c  
ecosystems.  Residues i n  s u r f a c e  
runoff  have reached 2 m g / l i t e r  a f t e r  
a p p l i c a t i o n  a t  1.1 kg/ha  (Na t iona l  
Research  Counci l  o f  Canada 1974). 
S t u d i e s  have i n d i c a t e d ,  however, t h a t  
under most c o n d i t i o n s  only  small 
p r o p o r t i o n s  of  p ic loram ( l e s s  than  
5 p e r c e n t )  a p p l i e d  t o  a watershed are 
t r a n s p o r t e d  i n  s u r f a c e  runof f .  

T h i s  m o b i l i t y  i s  a l s o  of 

N o r r i s  e t  a l .  (1976) determined 
t h e  p e r s i s t e n c e  and l each ing  
c h a r a c t e r i s t i c s  of  both  p ic loram and 
2,4-D a t  s e v e r a l  sites on power 
t r a n s m i s s i o n  l i n e  rights-of-way i n  
Oregon and Washington. Study si tes 
ranged from zones of low t o  h igh 
tempera ture  and r a i n f a l l .  Both 
h e r b i c i d e s  showed a r a p i d  d e c l i n e  i n  
c o n c e n t r a t i o n  a f t e r  a p p l i c a t i o n .  
B i o l o g i c a l l y  s i g n i f i c a n t  r e s i d u e s  were 
seldom p r e s e n t  more than  1 2  months 
a f t e r  a p p l i c a t i o n  and no l each ing  of  
h e r b i c i d e  below 39 c m  was d e t e c t e d  
( r e l a t i v e l y  l i t t l e  h e r b i c i d e  was 
d e t e c t e d  below 1 5  cm). When a f o r e s t  
f l o o r  w a s  p r e s e n t ,  n e a r l y  a l l  t h e  
h e r b i c i d e  w a s  found i n  t h i s  l a y e r .  A t  
a n o t h e r  s i t e ,  N o r r i s  e t  a l .  (1982) 
r e p o r t e d  p ic loram and 2,4-D disap-  
peared  from s o i l  w i t h i n  29 months w i t h  
no s i g n i f i c a n t  l each ing  i n  t h e  s o i l  
p r o f i l e .  

An e x t e n s i v e  moni tor ing  e f f o r t  f o r  
p ic loram and 2,4-D i n  f o r e s t  streams 
f lowing a c r o s s  powerline rights- of-way 
t r e a t e d  w i t h  t h e s e  h e r b i c i d e s  f a i l e d  
t o  show measurable l e v e l s  of  chemicals  
i n  streams. I n  s e v e r a l  cases, i n t e n-  
s i v e  sampling was done wi th  au tomat i c  
equipment f o r  p e r i o d s  i n  excess of 
6 months a f t e r  a p p l i c a t i o n  ( N o r r i s  e t  
a l .  1976).  

Where s o i l  compaction has  occurred  
o r  where ephemeral streams have been 
t r e a t e d ,  s u r f  ace r e s i d u e s  of  p ic loram 
may o c c a s i o n a l l y  be mobi l ized .  N o r r i s  
(1969) r e p o r t e d  a maximum concent ra-  
t i o n  of  0.078 m g l l i t e r  i n  s u r f a c e  
runoff  water from a power l ine  
right-of-way dur ing  t h e  f i r s t  f a l l  
r a i n s  a f t e r  a p p l i c a t i o n .  
s i t u a t i o n ,  S u f f l i n g  e t  a l .  (1974) 
r epor t ed  0.038 m g / l i t e r  p ic loram i n  
runoff  t h e  f i r s t  day a f t e r  a p p l i c a-  
t i o n .  I n  a n  Arizona watershed s t u d y ,  
Johnsen (1980) found a peak concent ra-  
t i o n  of p ic loram of 0.320 m g / l i t e r  i n  
t h e  f i r s t  f low i n  a n  ephemeral stream 
157 days  a f t e r  a p p l i c a t i o n  (2 .8  kg/ha  
t o  113 ha of t h e  146-ha watershed) .  
The c o n c e n t r a t i o n  decreased w i t h  t i m e  
( l e s s  t h a n  0 .1  m g / l i t e r  a f t e r  207 days ,  
less than 0.01 m g / l i t e r  a f t e r  506 days ,  
last d e t e c t a b l e  r e s i d u e  a t  915 days ) .  
A t o t a l  of 1.1 p e r c e n t  of t h e  p ic loram 
a p p l i e d  was discharged i n  streamflow, 
89 pe rcen t  i n  t h e  f i r s t  s p r i n g  runoff  
pe r iod  a f t e r  a p p l i c a t i o n .  

I n  a similar 

I n  a rangeland s e t t i n g  where 
p ic loram was used t o  c o n t r o l  
s t r eams ide  v e g e t a t i o n ,  r e s i d u e s  a s  
h igh  as  0.37 m g / l i t e r  were found 
dur ing  t h e  f i r s t  two s torms a f t e r  
a p p l i c a t i o n .  Subsequent samples d i d  
n o t  c o n t a i n  more t h a n  0.05 m g / l i t e r  
(Davis e t  a l .  1968) .  N o r r i s  e t  a l .  
(1982) found a similar p a t t e r n  a t  a 
more e x t e n s i v e l y  s t u d i e d  area. I n  
both  s t u d i e s ,  t h e  c o n c e n t r a t i o n s  were 
h i g h e s t  w i t h  t h e  f i r s t  runoff  e v e n t s  
and decreased r a p i d l y .  A t  one s i t e ,  
0.35 p e r c e n t  of t h e  p ic loram a p p l i e d  
t o  a 7-ha watershed w a s  d i scha rged  i n  
stream water i n  t h e  7 months between 
t h e  t i m e  of a p p l i c a t i o n  and t h e  t i m e  
t h e  las t  sample con ta in ing  h e r b i c i d e  
was c o l l e c t e d .  A l l  h e r b i c i d e  
d i s c h a r g e  occur red  dur ing  t h e  f i r s t  
s torms,  s u f f i c i e n t  t o  g e n e r a t e  
s t reamflow,  a f t e r  a p p l i c a t i o n .  
S u f f l i n g  e t  a l .  (1974) found abou t  
0.22 p e r c e n t  of t h e  p i c lo ram a p p l i e d  
t o  a Great Lakes f o r e s t  opening ( a  
powerline right- of-way) was con ta ined  
i n  runoff  water i n  t h e  f i r s t  y e a r  
a f t e r  a p p l i c a t i o n .  
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Only n e g l i g i b l e  r e s i d u e s  of 
p ic lo ram o c c u r t i n  streams i n  t r e a t e d  
areas; a p p a r e n t l y  t h e  h e r b i c i d e  i s  
r a p i d l y  d i l u t e d  (Haas e t  a l .  1 9 7 1 ) .  
F i e l d  p l o t s  a d j a c e n t  t o  a small stream 
were t r e a t e d  w i t h  1.1 kg/ha o f  
p ic lo ram,  and water samples were 
c o l l e c t e d  0, 0 .8 ,  and 1 . 6  km 
downstream from t h e  p l o t s  a f t e r  e a c h  
r a i n  f o r  5 months a f t e r  a p p l i c a t i o n .  
Pic loram w a s  d e t e c t e d  (0.029 m g / l i t e r )  
i n  stream samples only  dur ing t h e  
f i r s t  s i g n i f i c a n t  r u n o f f .  No r e s i d u e s  
were found i n  subsequent samples (Haas 
e t  a l .  1971).  

Pic loram contaminat ion i n  l a k e s  
has  n o t  been r e p o r t e d ,  but l e v e l s  i n  
farm ponds a d j a c e n t  t o  p l o t s  t r e a t e d  
wi th  1.1 kg/ha pic loram reached 
1 m g / l i t e r  ( N a t i o n a l  Research Counci l  
of Canada 1974) .  D i s s i p a t i o n  of t h e  
h e r b i c i d e  i n  ponds appears  t o  be 
r a p i d .  One s tudy  found a n  i n i t i a l  
d e c l i n e  of 1 4  t o  18 p e r c e n t  of t h e  
p ic lo ram p e r  day,  fo l lowed by a 
d e c l i n e  of less t h a n  1 p e r c e n t  p e r  day 
15 weeks a f t e r  a p p l i c a t i o n  (Haas e t  
a l .  1 9 7 1 ) .  Residues  of p ic loram 
(148 pg/kg) i n  pond sediments  
immediately a f t e r  a p p l i c a t i o n  were 
only twice t h a t  i n  t h e  water, 
according to' Kenaga (1973, a s  c i t e d  i n  
Na t iona l  Research Counci l  of Canada 
1974).  A f t e r  75 days ,  7 ug/kg 
pic loram was d e t e c t e d  i n  t h e  pond 
sediments  and O . l p a / k g  picloram was 
found i n  t h e  water. Dennis e t  a l .  
(1977) measured pic loram r e s i d u e s  i n  
water and sediment from ponds and 
streams a f t e r  e x t e n s i v e  u s e  of 
p ic loram f o r  c o n t r o l  of woody 
v e g e t a t i o n  on p a s t u r e s  i n  West 
V i r g i n i a .  P ic lo ram r e s i d u e s  reached 
h igher  l e v e l s  i n  water i n  ponds (up t o  
0.437 m g / l i t e r )  t h a n  i n  streams (up  t o  
0.011 m g l l i t e r ) ,  a l though  t h e  l e v e l s  
g e n e r a l l y  dec reased  w i t h  both  t i m e  and 
d i s t a n c e  from t h e  t r e a t e d  area. 
G e n e r a l l y ,  r e s i d u e s  were h i g h e r  i n  t h e  
water t h a n  i n  t h e  sediment i n  both  
streams and ponds. No p ic lo ram w a s  
d e t e c t e d  i n  stream sediments  d e s p i t e  
c o n c e n t r a t i o n s  i n  water t h a t  ranged 
from n o n d e t e c t a b l e  t o  0.011 m g / l i t e r .  

Johnsen and Warskow (1980) 
i n j e c t e d  p ic lo ram and 2,4-D i n t o  a 
small stream (s t ream- discharge volume 
w a s  0.036 m /second)  f o r  50 minu tes  
t o  a c h i e v e  a c o n c e n t r a t i o n  of 
6.26 m g / l i t e r  p ic loram.  The h i g h e s t  
c o n c e n t r a t i o n  o u t s i d e  t h e  treatment 
zone was 2.4 m g / l i t e r  a t  t h e  f i r s t  
sampling s t a t i o n ,  0.4 km downstream. 
Peak c o n c e n t r a t i o n s  a t  o t h e r  downstream 
l o c a t i o n s  were 0.94 m g / l i t e r  a t  0 .8  km; 
0.32 m g / l i t e r  a t  1 . 6  km; 0.014 m g / l i t e r  
a t  3.2 km; and 0.001 m g / l i t e r  a t  
6.4 km. The h e r b i c i d e  was n o t  de tec-  
t e d  a f t e r  2 days .  Stream water, 
o r i g i n a l l y  c o n t a i n i n g  1.280 m g / l i t e r  
p ic loram,  con ta ined  on ly  
0.544 m g / l i t e r  ( a  57- percent 
r e d u c t i o n )  a f t e r  exposure  t o  d i r e c t  
s u n l i g h t  f o r  8.8 hours .  

3 

The p hys ica 1-chemica 1 p r o p e r t i e s  
of p ic loram are n o t  compat ible  w i t h  
e x t e n s i v e  bioaccumulat ion.  The h i g h  
water s o l u b i l i t y  of p ic loram and i t s  
low l i p i d  s o l u b i l i t y  sugges t  i t  w i l l  
be r a p i d l y  e x c r e t e d  as  exposure  
d e c r e a s e s .  Residue a n a l y s e s  of 
a q u a t i c  organisms exposed t o  p ic lo ram 
i n d i c a t e  that t h i s  h e r b i c i d e  i s  n o t  
b ioconcen t ra ted  i n  i n v e r t e b r a t e s  o r  
o t h e r  food- chain organisms ( N a t i o n a l  
Research Counci l  of Canada 1 9 7 4 ) .  
Daphnia exposed t o  1 m g / l i t e r  o f  t h e  
potass ium s a l t  of p ic loram had 
whole-body r e s i d u e s  o f  t h e  h e r b i c i d e s  
e q u a l  t o  t h a t  p r e s e n t  i n  t h e  water 
(Hardy 1966) .  B ioconcen t ra t ion  of 
p ic lo ram ( a c i d )  was n o t  e v i d e n t  i n  
mosqu i to f i sh  exposed t o  1 m g / l i t e r  
( a . e . )  f o r  18 days  (Youngson and 
Meikle 1972, as c i t e d  i n  N a t i o n a l  
Research Counci l  of Canada 1974) .  The 
c o n c e n t r a t i o n  f a c t o r  f o r  t h e s e  f i s h  on 
a wet-weight,  whole-body b a s i s  w a s  
o n l y  0.02. The 18-day exposure  t o  
p ic lo ram w a s  adequa te  t o  a c h i e v e  a 
s t e a d y- s t a t e  l e v e l  of accumulat ion i n  
t h e  mosqu i to f i sh .  Kenaga (1980a) 
r e p o r t e d  a b i o c o n c e n t r a t i o n  f a c t o r  of 
31 i n  a f lowing  water system compared 
t o  a f a c t o r  of  0.02 i n  a s t a t i c  
system. 
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T o x c i  

The t o x i c i t y  of p ic loram t o  f i s h  
i s  in f luenced  by i t s  fo rmula t ion  and 
t h e  q u a l i t y  of t h e  water (Se rgean t  e t  
a l .  1970, Woodward 1976). Technical-  
g rade  p ic loram ( a c t i v e  i n g r e d i e n t  
90 p e r c e n t )  w a s  found t o  be more t o x i c  
under a l k a l i n e  c o n d i t i o n s  (Woodward 
1976) t h a n  under nona lka l ine  
c o n d i t i o n s .  I n c r e a s i n g  t h e  pH from 
6.5 t o  8.5 i n c r e a s e d  t h e  t o x i c i t y  t o  
c u t t h r o a t  and lake t r o u t  by a f a c t o r  
of  2 i n  both  s p e c i e s .  I n c r e a s i n g  
tempera ture  l e d  t o  a n  i n c r e a s e  i n  
t o x i c i t y ,  bu t  i n c r e a s i n g  ha rdness  d i d  
no t  (Woodward 1976) .  

The a c u t e  t o x i c i t y  of  p ic loram 
v a r i e s  cons ide rab ly  w i t h  t h e  
fo rmula t ion  and f i s h  s p e c i e s .  The 
i s o o c t y l  ester of p ic loram appea r s  t o  
be t h e  most t o x i c  commercial formula-  
t i o n  (Kenaga 1969,  Sergeant  e t  a l .  
1970, N a t i o n a l  Research Council  of 
Canada 1974). LC5o's  r e p o r t e d  f o r  
t h i s  fo rmula t ion  are about  1 m g / l i t e r  
f o r  s e n s i t i v e  s p e c i e s .  Tordon 22K 
(potassium s a l t )  i s  cons ide rab ly  
less t o x i c  t o  s e v e r a l  f i s h  s p e c i e s  
( t a b l e  7 ) .  

Table 7--Mortality data for  several f i s h  species exposed t o  Tordon 22K for  
96 h o u r d l  

Concentration 
Fish species Water temperature (ac id  equivalents) Mortality/ 

Degrees C Mi! 1 i grams/l iter Percent 

Black bul l  head 10 91 50 

B1 uegi 11 
Brook t rout  

10 
18 
10 
10 

69 

91 
69 

5.4 
0 
50 
50 
0 

8 rown t rout  10 52 50 
10 22 0 

Fathead minnow 10 29 50 
10 22 0 

Green sunfish 10 91 50 
10 

Lake emerald shiner 21-26 
Rainbow t rout  10 

10 

39 
30 
58 
22 

0 
50 
50 
0 

Green s u n f i s h  exposed t o  t h e  
9 9- perc  en t anal y t i c a l  -g r ade p i c 1 o ram 
( 1 . 2  m g / l i t e r  a . e . )  were n o t  a f f e c t e d ,  
but  t h e  t echn ica l- grade  o r  t h e  
22-percent commercial fo rmula t ion  of  
p ic loram ( f o r  up t o  1 hour)  caused 
immobi l iza t ion  but  n o t  d e a t h  (Se rgean t  
e t  a l .  1970).  Recovery of n o m a 1  
swimming response  fol lowed t r a n s f e r  t o  
c l e a n  pond water. Two subsequent 
exposures  t o  t h e  h e r b i c i d e  shor t ened  
t h e  recovery t i m e s ;  a f t e r  a f o u r t h  
exposure ,  however, many of t h e  f i s h  
f a i l e d  t o  r ecover .  Analyt ica l- grade  
p ic loram d i d  no t  a f f e c t  swimming 
behavior  of green  s u n f i s h .  Se rgean t  
and coworkers sugges ted  t h a t  
t echnica l- grade  and commercial 
fo rmula t ions  of p ic loram might c o n t a i n  
a t o x i c  impur i ty .  

Based on a v a i l a b l e  in fo rma t ion ,  
ch ron ic  p ic loram t o x i c i t y  t o  f i s h  i s  
no t  cumula t ive  i n  terms of l e t h a l i t y  
( N a t i o n a l  Research  Council  of  Canada 
1974, Woodward 1976) .  Long-term 
exposures ,  however, have been shown t o  
af  f e c t  f i s h  development and growth 
(Woodward 1976) and swimming response  
and l i v e r  h i s topa tho logy  (Sergeant  e t  
a l .  1970).  Woodward (197 6) observed 
t h a t  t h e  no- effec t  c o n c e n t r a t i o n  of  
t echn ica l- grade  p ic loram f o r  l a k e  
t r o u t  was a p p a r e n t l y  less t h a n  
0.035 m g / l i t e r ,  because t h i s  l e v e l  o f  
h e r b i c i d e  reduced f r y  s u r v i v a l  and 
growth. Most m o r t a l i t i e s  occurred  
dur ing  yolk  a b s o r p t i o n ,  which took  
4 t o  5 days  longe r  i n  p i c lo ram- t rea ted  
f i s h .  

~ 

l/Modified from Kenaga (1969). 
YSO-percent mortality indicates the calculated or derived 96-hour LC50 

values: 0-percent morta l i ty  indicates the highest concentration producing 
no mortal i ty  . 
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I n  a long- term experiment 
(10 weeks),  Hardy (1966) found that 
growth and reproduc t ion  of Daphnia 
were unaf fec ted  by 1.0 m g / l i t e r  o f  
p ic loram.  Lynn (1965) r e p o r t e d  t h a t  
Daphnia su rv ived  a 24-hour exposure  t o  
380 m g / l i t e r  of Tordon 101, b u t  
95 p e r c e n t  were k i l l e d  a t  a 
c o n c e n t r a t i o n  o f  530 m g / l i t e r .  
Sanders  and Cope (1968) found t h e  
24-hour LC50 f o r  s t o n e f l y  nymphs 
( P t e r o n a r c y s  c a l i f o r n i c a )  exposed t o  
p ic lo ram ( t e c h n i c a l ,  e m u l s i f i a b l e  
c o n c e n t r a t e )  was 120  m g / l i t e r ,  bu t  t h e  
96-hour LC50 was 48 m g / l i t e r .  
Johnson and F i n l e y  (1980) ,  us ing  
pic loram ( t e c h n i c a l  material 90 t o  
100 p e r c e n t ) ,  g i v e  t h e  96-hour LC50 
of Gammarus f a s c i a t u s  and P te ronarcys  
(2d-year c l a s s )  a s  0.027 and 
0.048 m g / l i t e r ,  r e s p e c t i v e l y .  

Lorz e t  a l .  (1979) es t ima ted  t h e  
24-hour LC50 of Tordon 22K and 
Tordon 101 ( a  4 : l  mix tu re  of 
2,4-D:picloram) a s  17.5  and 20 
m g / l i t e r ,  r e s p e c t i v e l y ,  f o r  y e a r l i n g  
coho salmon. When t h e  s u r v i v o r s  were 
cha l l enged  w i t h  seawater, some of t h e  
groups  that had rece ived  t h e  lowest  
h e r b i c i d e  c o n c e n t r a t i o n  s u f f e r e d  
m o r t a l i t i e s  t o  70 p e r c e n t .  Reasons 
f o r  t h e  d e a t h s  i n  seawater a f t e r  low 
h e r b i c i d e  exposure  are  unknown. When 
coho salmon y e a r l i n g s  were exposed f o r  
96 and 360 hours  t o  Tordon 101 and 
t h e n  r e l e a s e d  i n t o  a small c o a s t a l  
stream, t h e i r  downstream movement was 
g e n e r a l l y  i n h i b i t e d  excep t  f o r  t h e  
groups  r e c e i v i n g  t h e  lowest  concentra-  
t i o n  (0 .3  m g / l i t e r ) .  I n  well- planned 
s p r a y  o p e r a t i o n s  i n  f o r e s t r y ,  s imilar 
c o n c e n t r a t i o n s  ( t h o s e  t h a t  might cause  
i n h i b i t i o n  of m i g r a t i o n )  are u n l i k e l y  
t o  occur  i n  streams. 

Atrazine 

A t r a z i n e  i s  one of a l a r g e  group 
of compounds c a l l e d  t r i a z i n e  
h e r b i c i d e s .  It i s  widely  used as a 
s e l e c t i v e  h e r b i c i d e  f o r  c o n t r o l  of 
broadleaf  and g r a s s y  weeds i n  both  
a g r i c u l t u r e  and f o r e s t r y  a t  rates up 
t o  4 .48 kg/ha.  A t  h i g h e r  ra tes  of 
a p p l i c a t i o n ,  i t  can  be used f o r  
n o n s e l e c t i v e  c o n t r o l  of v e g e t a t i o n  on 
noncroplands .  N a t i o n a l  Fores t  
P roduc t s  A s s o c i a t i o n  (see f o o t n o t e  3)  
and Newton (1981) reviewed t h e  use  of 
a t r a z i n e  i n  f o r e s t r y  . An e x t e n s i v e  
review of t h e  t r i a z i n e  h e r b i c i d e s  i s  
inc luded  i n  a s p e c i a l  volume o f  
“Residue Reviews‘* (Gunther and Gunther 
1970) .  

Behavior in the Environment 

A t r a z i n e  h a s  f a i r l y  low s o l u b i l i t y  
i n  water ( 3 3  m g / l i t e r )  w i t h  
s u b s t a n t i a l  s o l u b i l i t y  i n  s e v e r a l  
o r g a n i c  s o l v e n t s  (chloroform,  52 000 
m g / l i t e r ;  methanol ,  18 000 m g / l i t e r ;  
d i e t h y l  e t h e r ,  1 2  000 m g / l i t e r ) .  
Althou h i t s  vapor  p r e s s u r e  i s  low 
(3x10-’ mmHg), i t  i s  r e p o r t e d  t o  
v o l a t i l i z e  from bo th  v e g e t a t i o n  and 
s o i l  s u r f a c e s  (Kearney e t  a l .  1964, 
Burt  1974) .  

A t  normal rates of a p p l i c a t i o n ,  
most of t h e  a t r a z i n e  d i s a p p e a r s  w i t h i n  
a y e a r  o f  a p p l i c a t i o n .  Axe e t  a l .  
(1969) found on ly  33 p e r c e n t  of t h e  
a t r a z i n e  remained i n  s o i l  5 days  a f t e r  
a p p l i c a t i o n .  B i r k  and Roadhouse 
(1964) r e p o r t e d  90- percent l o s s  o f  
a t r a z i n e  w i t h i n  1 y e a r  i n  a g r i c u l t u r a l  
s o i l s .  I n  t h e  same s t u d y ,  they found 
85 p e r c e n t  of t h e  a t r a z i n e  was i n  t h e  
t o p  2.5-cm l a y e r  of s o i l  and 5.7 
p e r c e n t  i n  t h e  2.5- t o  5.0-cm s o i l  
l a y e r  a f t e r  21 c m  of r a in  had f a l l e n .  
Marr iage e t  a l .  (1975) r e p o r t e d  no 
s i g n i f i c a n t  accumulat ion of a t r a z i n e  
even a f t e r  annua l  a p p l i c a t i o n s  o f  
4.5  kg/ha i n  n i n e  consecu t ive  y e a r s .  
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Measurable r e s i d u e s  of  a t r a z i n e  were 
conf ined t o  t h e  upper 15  c m  of  t h e  
s o i l  p r o f i l e ,  w i th  t h e  v a s t  m a j o r i t y  
of t h e  h e r b i c i d e  i n  t h e  0- t o  5-cm 
s o i l  l a y e r .  

A t r a z i n e  l o s s e s  i n  runoff  water 

H a l l  e t  a l .  
and s o i l  sediment have been measured 
on a g r i c u l t u r a l  l ands .  
(1972) r e p o r t e d  a t r a z i n e  l o s s e s  i n  
runoff  ranging from 0.01 t o  5.0 p e r c e n t  
of  t h e  a p p l i e d  a t r a z i n e  w i t h i n  t h e  
f i r s t  s eason  a f t e r  a p p l i c a t i o n .  About 
90 p e r c e n t  o f  t h e  l o s s  occur red  w i t h i n  
t h e  1st month a f t e r  a p p l i c a t i o n .  
The magnitude,  frequency , and i n t e n s i t y  
of p r e c i p i t a t i o n  were impor tant  f a c t o r s  
i n  de te rmin ing  t h e  amount of  a t r a z i n e  
i n  r u n o f f .  Runoff of  water i n  t h i s  
s tudy  ranged from 17 t o  68 p e r c e n t  of  
t h e  i n c i d e n t  p r e c i p i t a t i o n ,  r e s u l t i n g  
i n  l o s s  of  as  much a s  10 000 kg of 
s o i l / h a  ( s i l t y  c l a y  loam s o i l ,  
14- percent  s l o p e ) .  I n  two small ( 1 . 3 -  
and 1.4-ha) a g r i c u l t u r a l  watersheds  i n  
Georgia ,  0.2 and 1 . 9  p e r c e n t  of  t h e  
a t r a z i n e  a p p l i e d  were recovered  i n  
storm- generated runoff  d u r i n g  t h e  
f i r s t  90 days  a f t e r  a p p l i c a t i o n  (1.45 
and 4.03 kg/ha) .  The f i r s t  runoff  
e v e n t s  were 6 and 24 days  a f t e r  
a p p l i c a t i o n .  Most of  t h e  a t r a z i n e  
recovered  ( 8 3  and 99 p e r c e n t )  was i n  
s o l u t i o n  (Leonard e t  a l .  1979). 

Frank and S i r o n s  (1979) monitored 
streams i n  11 a g r i c u l t u r a l  watersheds  
(average  s i z e  4279 h a )  f o r  a t r a z i n e  i n  
both water and sediment.  The herbi-  
c i d e  o r  i t s  m e t a b o l i t e s  were found i n  
80 p e r c e n t  of  t h e  streams w i t h  a mean 
c o n c e n t r a t i o n  of  0.0014 m g / l i t e r  . 
Peak c o n c e n t r a t i o n  d i d  n o t  exceed 
0.032 m g / l i t e r .  
t h e  a t r a z i n e  d i s c h a r g e  w a s  a s s o c i a t e d  
w i t h  s torm r u n o f f ,  21  p e r c e n t  i n  base  
f low, and a n  a d d i t i o n a l  22 p e r c e n t  as  
t h e  r e s u l t  of  chemical  s p i l l s .  Afra- 
z i n e  w a s  d e t e c t e d  i n  stream-bottom 
sediments  i n  4 of  10 sets of samples 
( c o n c e n t r a t i o n s  ranged from n o t  
d e t e c t e d  t o  20 mg/kg). 

About 62 p e r c e n t  of  

Smith e t  a l .  (1975) analyzed water 
samples from i r r i g a t i o n  d i t c h e s  and 
b a s i n s  t h a t  had been sprayed w i t h  
a t r a z i n e  when d i t c h e s  were d ry .  
t h e  d i t c h e s  had been f i l l e d  twice, no 
r e s i d u e s  of a t r a z i n e  were d e t e c t e d  i n  
t h e  water. These r e s u l t s  i n d i c a t e  
m o b i l i z a t i o n  of a t r a z i n e  i n  ephemeral  
s t ream channe l s  i s  most l i k e l y  t o  be 
r e s t r i c t e d  t o  t h e  f i r s t  few s i g n i f i -  
c a n t  s torms a f t e r  a p p l i c a t i o n .  Weidner 
(1974) noted  a s i g n i f i c a n t  degree  of 
a t r a z i n e  degrada t ion  i n  ground water, 
a l though  t h e  rate of degrada t ion  w a s  
s lower than  would be expected  f o r  t h e  
same h e r b i c i d e  i n  s o i l .  Maier-Bode 
(1972) r e p o r t e d  t h a t  i n i t i a l  concen- 
t r a t i o n s  of  a t r a z i n e  o f  0.5 m g / l i t e r  
i n  water dec reased  by 90 pe rcen t  
w i t h i n  2 weeks and 99 pe rcen t  w i t h i n  
8 weeks i n  expe r imen ta l  f i s h  ponds. 
Herb ic ide  c o n c e n t r a t i o n s  i n  t h e  s e d i-  
ment 4 days  and 8 weeks a f t e r  
a p p l i c a t i o n  were 180 p e r c e n t  and 
50 pe rcen t  of  t h e  r e s p e c t i v e  i n i t ' a l  

c o l l e c t e d  water samples from a small 
stream d r a i n i n g  a Christmas tree 
p l a n t a t i o n ;  h e  r epor t ed  a t r a z i n e  
r e s i d u e s  i n  water ranging from 
0.42 m g / l i t e r  1 0  minutes  a f t e r  
a p p l i c a t i o n  (3.0 kg/ha) t o  
0.02 m g / l i t e r  1 7  days  la te r .  
r a i n  3 days  a f t e r  a p p l i c a t i o n  
inc reased  t h e  c o n c e n t r a t i o n  t o  
0.21 m g / l i t e r  on  t h e  4 t h  day,  bu t  
i t  had decreased t o  0.04 m g j l i t e r  by 
t h e  next  day,  presumably r e f l e c t i n g  
decreased load ing  of s i l t  wi th  
adsorbed a t r a z i n e .  

A f t e r  

c o n c e n t r a t i o n s  i n  water. Newtozl 97 

Heavy 

/Pe r sona l  communication, M. Newton, 
For.  Res. Lab., C o r v a l l i s ,  Oreg., 1967. 
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Based on i t s  physical- chemical  
p r o p e r t i e s ,  a t r a z i n e  would be  expected 
' t o  show l i t t l e ' t e n d e n c y  f o r  bioaccumu- 
l a t i o n .  Bohm and Muel ler  (1976) noted 
t h a t  i n c r e a s i n g  water s o l u b i l i t y  of 
t h e  h e r b i c i d e  r e s u l t e d  i n  a d e c r e a s e  
i n  t h e  a b s o l u t e  l e v e l  o f  t h e  h e r b i c i d e  
i n  a l g a e .  The accumulat ion f a c t o r  w a s  
31.8. A f t e r  a t r a n s f e r  o f  contamina- 
t e d  a l g a e  i n t o  a n  a t r a z i n e- f r e e  
medium, t h e  h e r b i c i d e  w a s  r a p i d l y  
desorbed,  excep t  f o r  about  10 p e r c e n t  
of t h e  r e s i d u e ,  which was a p p a r e n t l y  
bound i r r e v e r s i b l y  t o  c e l l  s t r u c t u r e s .  
S t r e i t  (1979) repor ted  c o n c e n t r a t i o n  
f a c t o r s  ranging from less than  1 t o  8 
i n  some body p a r t s  o f  a stream 
gast ropod exposed t o  0.5 m g / l i t e r  
a t r a z i n e  f o r  24 hours .  P a r i s  e t  a l .  
(1975) r e p o r t e d  no measurable 
a d s o r p t i o n  of  a t r a z i n e  by dense  
p o p u l a t i o n s  o f  microorganisms i n  
a q u a t i c  c u l t u r e s .  El lgehausen e t  a l .  
(1980) s t u d i e d  t h e  bioaccumulat ion,  
d e p u r a t i o n ,  and b i o c o n c e n t r a t i o n  of 
a t r a z i n e  by a l g a e ,  daphnids ,  and 
c a t f i s h .  They r e p o r t e d  bioaccumula- 
t i o n  f a c t o r s  o f  about  90, 1, and 5 ;  
d e p u r a t i o n  h a l f t i m e s  o f  0 .03  hour ,  
9 .5  hours ,  and 1 . 5  days ;  and biomagni- 
f i c a t i o n  f a c t o r s  of less than  10. The 
i n t e n s i v e  s t u d y  r e p o r t e d  by t h e s e  
a u t h o r s  i n d i c a t e s  no s i g n i f i c a n t  
b ioaccumulat ion of a t r a z i n e  w i l l  occur  
i n  a q u a t i c  environments i n  t h e  
f o r s s t .  A mollusk accumulated 
a t r a z i n e  t o  a l e v e l  3 t o  4 times 
g r e a t e r  t h a n  t h e  c o n c e n t r a t i o n  i n  
water (0.05 m g / l i t e r )  d u r i n g  a 72-hour 
exposure  p e r i o d .  Most of t h e  accumula- 
t i o n  occur red  i n  t h e  f i r s t  1 2  hours .  
S i m i l a r  r e s u l t s  were ob ta ined  w i t h  
w h i t e f i s h .  Water r a t h e r  than  food 
appeared t o  be  t h e  major source  of  t h e  
h e r b i c i d e  (Gunkel and S t r e i t  1980).  

Douglass e t  a l .  (1969) found a 
peak  c o n c e n t r a t i o n  of a t r a z i n e  i n  
stream water o f  0.03 m g / l i t e r  s h o r t l y  
a f t e r  a p p l i c a t i o n  ( 4 .  kg/ha)  and d u r i n g  
t h e  f i r s t  p e r i o d s  of heavy p r e c i p i t a-  
t i o n .  A f t e r  t h i s  t i m e ,  r e s i d u e s  d i d  
n o t  exceed 0.010 m g / l i t e r  ( t h e  minimum 
q u a n t i f i a b l e  c o n c e n t r a t i o n ) .  I n  a 
second a p p l i c a t i o n  (3 .36  kg/ha 2,4-D 
p l u s  5 kg/ha a t r a z i n e ) ,  a n  unsprayed 
3-m b u f f e r  s t r i p  was l e f t  a d j a c e n t  t o  
t h e  stream. No r e s i d u e s  o f  e i t h e r  
h e r b i c i d e  were d e t e c t e d  i n  t h e  water. 
I n  one t e s t ,  a t r a z i n e  c o n c e n t r a t i o n s  
were abou t  40 times h igher  on sed i-  
ments t h a n  i n  water, a l though  t h e  
c o n c e n t r a t i o n  on t h e  sediment seemed 
independent  of t h e  o r g a n i c -m a t t e r  
c o n t e n t  o v e r  a range from 2.3  t o  
31.9 p e r c e n t  ( S t r e i t  1979).  

Toxicity 

Labora to ry  and f i e l d  tests  have 
i n d i c a t e d  t h a t  a t r a z i n e  i s  moderate ly  
t o x i c  t o  f i s h  compared w i t h  o t h e r  
h e r b i c i d e s .  Macek e t  a l .  (1976) 
i n v e s t i g a t e d  t h e  e f f e c t s  o f  a t r a z i n e  
on s u r v i v a l ,  growth, and reproduc t ion  
of t h r e e  s p e c i e s  of f i s h .  Using s o f t  
water ( h a r d n e s s  33  t o  40 m g / l i t e r )  and 
a continuous- flow a p p a r a t u s ,  Macek e t  
a l .  (1976) were a b l e  t o  show i n  a c u t e  
t o x i c i t y  tes ts  t h a t  both  t h e  96-hour 
and i n c i p i e n t  L C 5 0  f o r  f a t h e a d  
minnows were 1 5  m g / l i t e r  a t r a z i n e .  
The a c u t e  96-hour LC50 f o r  b l u e g i l l s  
was more t h a n  8 . 0  m g / l i t e r  and t h e  
i n c i p i e n t  LC5o w a s  6.7 m g / l i t e r  (5 .4  
t o  8 . 4 ) ,  which a g r e e s  w i t h  t h e  96-hour 
LC50  of abou t  6 m g / l i t e r  a t r a z i n e  
( w e t t a b l e  powder) r e p o r t e d  by Walker 
(1964b) f o r  t h i s  s p e c i e s .  The 96-hour 
LC50 f o r  a t r a z i n e  t o x i c i t y  t o  brook 
t r o u t  r e p o r t e d  by Macek e t  a l .  (1976) 
was 6 .3  m g / l i t e r  ( 4 . 1  t o  9.7) and t h e  
i n c i p i e n t  LC50 w a s  4 . 9  m g / l i t e r  ( 4 . 0  
t o  6 .0) .  
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Lorz  e t  a l .  (1979) found t h a t  
y e a r l i n g  coho salmon exposed f o r  
144 hours  t o  15  m g / l i t e r  a t r a z i n e  
s u f f e r e d  o n l y  a 25-percent m o r t a l i t y .  
When t h e  s u r v i v o r s  of t h e  b ioassay 
were chal lenged w i t h  seawater, on ly  
t h e  two groups t h a t  had r ece ived  t h e  
h i g h e s t  a t r a z i n e  c o n c e n t r a t i o n  
s u f f e r e d  any a d d i t i o n a l  m o r t a l i t y .  

Spawning, s u r v i v a l ,  and growth of 
b l u e g i l l s  and f a t h e a d  minnows were no t  
a f f e c t e d  by exposure t o  0.095 and 
0.213 m g / l i t e r  a t r a z i n e ,  r e s p e c t i v e l y  
(Macek e t  a l .  1976).  H i l t i b r a n  (1967) 
found t h a t  10 m g / l i t e r  g r a n u l a r  
a t r a z i n e  d i d  n o t  a f f e c t  embryo 
development of g reen  s u n f i s h ,  o r  
s u r v i v a l  of  b l u e g i l l s  and g reen  
s u n f i s h  du r ing  8 days.  Lake  
chubsucker f r y  su rv ived  10 m g / l i t e r  
w e t t a b l e  powder a t r a z i n e .  S i m i l a r l y ,  
p a r e n t a l  s u r v i v a l ,  egg p roduc t ion ,  and 
h a t c h a b i l i t y  of  brook t r o u t  appeared 
t o  be u n a f f e c t e d  by exposure t o  
0.72 m g / l i t e r  a t r a z i n e  (Macek e t  a l .  
1976) .  S u r v i v a l  and growth of brook 
t r o u t  f r y  were, however, s i g n i f i c a n t l y  
reduced a f t e r  90  days  of exposure t o  
0.72, 0.45,  and 0.24 m g / l i t e r  atra-  
z i n e .  Ana lys i s  of muscle t i s s u e  from 
b l u e g i l l s ,  f a t h e a d  minnows, and brook 
t r o u t  i n d i c a t e d  t h a t  t h e s e  f i s h  d i d  
n o t  b i o c o n c e n t r a t e  d e t e c t a b l e  amounts 
of a t r a z i n e  ( d e t e c t i o n  l i m i t s  ranged 
from 0.2 t o  1 . 7  mg/kg) a f t e r  prolonged 
exposure  ( b l u e g i l l s  exposed t u  
0.094 m g / l i t e r  f o r  78 weeks, brook 
t r o u t  exposed t o  0.74 m g / l i t e r  f o r  44  
weeks, and f a t h e a d  minnows exposed t o  
0 .21  m g / l i t e r  f o r  4 3  weeks) (Macek e t  
a l .  1976).  

Walker (1964b) observed no f i s h  
m o r t a l i t y  a f t e r  a p p l i c a t i o n  of 2.0 t o  
6.0 m g / l i t e r  a t r a z i n e  t o  ponds 
i n f e s t e d  by a q u a t i c  weeds. H e  
sugges ted ,  however, that a t r a z i n e  
could  a f f e c t  f i s h  i n  ways o t h e r  t h a n  
d i r e c t  t o x i c i t y .  A r e d u c t i o n  i n  
bottom fauna  w a s  observed immediately 
a f t e r  a p p l i c a t i o n .  Among t h e  most 
s e n s i t i v e  were m a y f l i e s  
(Ephemeroptera) ,  c a d d i s f l i e s  
( T r i c h o y t e r a ) ,  l e e c h e s  (Hi rud inea ) ,  
and gas t ropods  (Musculium) . S t u d i e s  
by Macek e t  a l .  (1976) on  t h e  c h r o n i c  
t o x i c i t y  of  a t r a z i n e  t o  s e l e c t e d  
a q u a t i c  i n v e r t e b r a t e s  i n d i c a t e d  t h a t  
morphological  development of progeny 
i s  p a r t i c u l a r l y  s e n s i t i v e .  Exposure 
of two s u c c e s s i v e  g e n e r a t i o n s  of 
chironomids t o  0 .23  m g / l i t e r  a t r a z i n e  
r e s u l t e d  i n  reduced ha tch ing  s u c c e s s ,  
l a r v a l  m o r t a l i t y ,  developmental  retar-  
d a t i o n ,  and a r educ t ion  i n  t h e  
percentage  of pupat ing  l a r v a e  and 
emerging a d u l t s .  Continuous exposure  
t o  0.25 m g / l i t e r  a t r a z i n e  s i g n i f  i- 
c a n t l y  reduced p roduc t ion  of Daphnia 
magna. Development t o  t h e  seven th  
i n s t a r  of  t h e  F1 g e n e r a t i o n  of 
gammarids exposed t o  0.14 m g / l i t e r  
a t r a z i n e  w a s  reduced 25 p e r c e n t  below 
t h a t  of lower c o n c e n t r a t i o n s  and 
c o n t r o l s .  
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MSMA I I 

MSMA i s  a p e n t a v a l e n t  o r g a n i c  
a r s e n i c a l  h e r b i c i d e .  I n  f o r e s t r y ,  i t s  
p r i n c i p a l  u s e  h a s  been stem i n j e c t i o n ,  
both  f o r  precommercial  th inn ing  and t o  
a i d  i n  c o n t r o l  of c e r t a i n  bark b e e t l e s .  
These p a r t i c u l a r  p a t t e r n s  of use  
p rov ide  only  l i m i t e d  o p p o r t u n i t y  f o r  
e n t r y  i n t o  t h e  a q u a t i c  environment.  
Na t iona l  F o r e s t  P roduc t s  A s  s o c i a t i o n  
( s e e  f o o t n o t e  3) and Newton (1981) 
reviewed t h e  u s e  of MSMA i n  f o r e s t r y .  
N o r r i s '  r e p o r t e d  t h e  r e s u l t s  of a 
major s t u d y  of t h e  behavior  and impact 
of t h e  o r g a n i c  a r s e n i c a l  h e r b i c i d e s  i n  
t h e  f o r e s t  environment.  

Behavior in the Environment 

The water s o l u b i l i t y  of MSMA i s  
2 5  g / 1 O O  g of water a t  20 OC. 
Although i t  h a s  very l i t t l e  vapor 
p r e s s u r e ,  MSMA may be  a l t e r e d  by 
m i c r o b i a l  a c t i o n  t o  d e r i v a t i v e s  of 
a r s i n e  t h a t  are  v o l a t i l e .  The 
behavior  of MSMA i n  t h e  environment 
was reviewed by Ray (1975).  I n  s o i l s ,  
MSMA reacts  w i t h  i r o n ,  aluminum, 
calcium, and magnesium t o  form com- 
pounds of low s o l u b i l i t y .  Wauchope 
(1975) r e p o r t e d  t h e  o r g a n i c  a r s e n i c a l s  
are i n t e n s i v e l y  adsorbed by s o i l s  w i t h  
h igh  c o n t e n t s  of c l a y ,  i r o n ,  and 
aluminum oxide.  The p h y t o t o x i c i t y  of 
MSMA i s  r a p i d l y  d i s s i p a t e d  i n  s o i l ,  
probably through a s t r o n g  i n t e r a c t i o n  
between t h e  h e r b i c i d e  and s o i l  
p a r t i c l e s .  Some m i c r o b i a l  degrada t ion  
of MSMA h a s  been r e p o r t e d ;  a n  a r s e n a t e  
was t h e  product  of t h e  metabolism (Von 
Endt e t  a l .  1968) .  Robinson (1975) 

g ' u n p u b l i s h e d  r e p o r t ,  "The behavior  
and impact of o r g a n i c  a r s e n i c a l  
h e r b i c i d e s  i n  t h e  f o r e s t :  f i n a l  
r e p o r t  on c o o p e r a t i v e  s t u d i e s  ," by 
L. A.  N o r r i s ,  U.S. Dep. A g r i c . ,  For.  
Serv.  Pac.  Northwest For .  and Range 
Exp. S t n . ,  For .  S c i .  Lab.,  C o r v a l l i s ,  
Oreg , ,  1974. 

measured a r s e n i c  r e s i d u e s  i n  s o i l s  
o v e r  a 5-year p e r i o d  a f t e r  annual  
a p p l i c a t i o n s  of MSMA a t  rates ranging 
from 4.4 through 288 kg/ha.  Elemental  
a r s e n i c  d i d  no t  i n c r e a s e  i n  any p l o t  
r e c e i v i n g  MSMA a t  rates less than  
36 kg/ha.  The mechanisms of loss  i n  
t h e s e  s t u d i e s  were n o t  determined.  

Dickens and H i l t b o l d  (1967)  
conducted column l e a c h i n g  s t u d i e s  t h a t  
showed t h a t  a f t e r  20  s u c c e s s i v e  2.5-cm 
inc rements  of water were added t o  a 
loam sand,  abou t  h a l f  of t h e  a p p l i e d  
MSMA remained i n  t h e  s u r f a c e  2 .5  c m  of 
s o i l  and none was l eached  below 1 5  c m .  
Using columns of f o r e s t - f l o o r  material  
and s o i l  from ponderosa p i n e ,  
Douglas-f i r ,  and mixed-f i r  f o r e s t  
t y p e s ,  N o r r i s  ( s e e  f o o t n o t e  10) 
determined MSMA w a s  r a p i d l y  l eached  
through t h e  f o r e s t - f l o o r  material bu t  
w a s  n o t  l eached  i n  t h e  t h r e e  d i f f e r e n t  
s o i l s  by 86.4 c m  o f  water a p p l i e d  over  
a 20-day p e r i o d .  I n  tests  wi th  
2.54 c m  o f  und i s tu rbed  f o r e s t- f l o o r  
material ,  a s  l i t t l e  a s  2.5 c m  of water 
d e l i v e r e d  over  a n  8-day p e r i o d  w a s  
s u f f i c i e n t  t o  move abou t  h a l f  o f  t h e  
s u r f  ace- appl ied MSMA through t h e  
f o r e s t - f l o o r  mater ia l .  These r e s u l t s  
i n d i c a t e  t h a t  MSMA d e p o s i t e d  o n  t h e  
f o r e s t  f l o o r  w i l l  r e a d i l y  move through 
i t  t o  t h e  soil- - even w i t h  small 
amounts o f  p r e c i p i t a t i o n .  Once 
reach ing  t h e  s o i l ,  however, MSMA i s  
r a p i d l y  immobilized. 

N o r r i s  ( s e e  f o o t n o t e  l o ) ,  
r e p o r t i n g  t h e  work of Canut t  and 
N o r r i s ,  observed a d e c l i n e  w i t h  t i m e  
i n  t h e  a r s e n i c  c o n c e n t r a t i o n  i n  t h e  
f o r e s t  f l o o r  under s t a n d s  t h a t  had 
been precommercially th inned  w i t h  
MSMA. The f a t e  o f  a r s e n i c  i n  t h e  
f o r e s t  f l o o r  was n o t  determined,  bu t  
t h e  s m a l l  i n c r e a s e s  i n  s o i l  r e s i d u e s  
i n d i c a t e d  some movement from f o r e s t  
f l o o r  t o  s o i l .  
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N o r r i s  (see f o o t n o t e  10) looked 
f o r  a r s e n i c  i n  f o u r  d i f f e r e n t  streams 
flowing from areas t h a t  had been 
precommercial ly th inned w i t h  MSMA. 
Samples were c o l l e c t e d  a t  v a r i o u s  
i n t e r v a l s  a f t e r  t r e a t m e n t ,  w i t h  
s p e c i a l  emphasis g i v e n  t o  storm 
p e r i o d s  when runoff  e v e n t s  might  occur  
and a g a i n  d u r i n g  s p r i n g  r u n o f f .  Only 
f i v e  samples con ta ined  d e t e c t a b l e  
q u a n t i t i e s  of  a r s e n i c ;  f o u r  of t h e s e  
f i v e  were a t  t h e  minimum l e v e l  of 
d e t e c t i o n ;  t h e  f i f t h  sample w a s  from 
a n  upstream s i te  presumably c o n t a i n i n g  
water t h a t  had no t  passed  through 
areas p r e v i o u s l y  th inned wi th  MSMA. 
The r e s u l t s  of  t h i s  s tudy  i n d i c a t e  t h e  
c a r e f u l  a p p l i c a t i o n  of MSMA i n  
t h i n n i n g  programs poses  l i t t l e  o r  no 
t h r e a t  of  i n c r e a s e d  a r s e n i c  l e v e l s  i n  
a q u a t i c  systems.  

Woolson e t  a l .  (1976) determined 
t h e  d i s t r i b u t i o n  and p e r s i s t e n c e  of 
MSMA i n  two a q u a t i c  model ecosystems.  
One system con ta ined  sandy loam s o i l  
as t h e  sediment,  channel  c a t f i s h ,  and 
c r a y f i s h ;  t h e  second system con ta ined  
sediment,  a l g a e ,  daphnids ,  Gambusia, 
and c r a y f i s h .  The c o n c e n t r a t i o n  of 
a r s e n i c  i n  t h e  water was reduced from 
2 t o  10 times i n  5 days.  C a t f i s h  
showed l i t t l e  tendency t o  
bioaccumulate a r s e n i c  from MSMA 
(b ioaccumula t ion  r a t i o  of 4 : l )  and 
showed s u b s t a n t i a l  r e d u c t i o n  i n  
bioaccumulation l e v e l  a f t e r  14  days  i n  
f r e s h  water. C r a y f i s h  (3rocambarus 
c l a r k i )  showed h ighe r  l e v e l s  of 
accumulation (b ioaccumula t ion  r a t i o s  
of 8 0 : l  t o  480: l ) .  They a l s o  showed 
a 50-percent d e c r e a s e  i n  a r s e n i c  
c o n c e n t r a t i o n  a f t e r  18 days  i n  f r e s h  
water. The second experiment was 
conducted s i m i l a r l y ,  and d i f f e r e n t  
r e s u l t s  were ob ta ined .  Gambusia had 
bioaccumulation r a t i o s  of about  100:1, 
but c r a y f i s h  showed bioaccumulation 
r a t i o s  of less than  1 O : l .  Daphnids 
and a l g a e  had bioaccumulation r a t i o s  
of 5 : l  and 34:1, r e s p e c t i v e l y .  
Although MSMA does  show a s l i g h t  
tendency f o r  bioaccumulation,  t h e  
l i m i t e d  , p r o b a b i l i t y  t h a t  i t  w i l l  be 
p r e s e n t  i n  a q u a t i c  systems i n  t h e  
f o r e s t  reduces  t h e  importance of t h i s  
c h a r a c t e r i s t i c .  

Toxicity 

Only l i m i t e d  d a t a  are a v a i l a b l e  on  
t o x i c i t y  e f f e c t s  of  MSMA t o  f i s h .  The 
96-hour LC50 ranges  from 12 t o  more 
than  100 m g / l i t e r ,  depending on 
s p e c i e s ,  test c o n d i t i o n s ,  and t h e  
amount of  a c t i v e  i n g r e d i e n t  i n  t h e  
fo rmula t ion  t e s t e d  ( U . S .  Environmental  
P r o t e c t i o n  Agency 1975, Johnson and 
F in ley  1980).  McCorkle e t  a l .  (1977) 
found. less than  10- percent  m o r t a l i t y  
occurred  i n  f i n g e r l i n g  channel  c a t f i s h  
he ld  f o r  48  hours  under s t a t i c  
c o n d i t i o n s  a t  10 m g / l i t e r  of MSMA. 

Sanders (1970) found t h a t  MSMA was 
not  t o x i c  t o  t h e  scud (Gammarus 
f a s c i a t u s )  a f t e r  96 hours of exposure  
a t  100 m g / l i t e r .  Spehar e t  a l .  (1980) 
r e c e n t l y  completed exper iments  on t h e  
comparative t o x i c i t y  of a r s e n i c  
compounds and t h e i r  accumula t ion  i n  
i n v e r t e b r a t e s  and f i s h .  These 
i n v e s t i g a t o r s  noted  t h a t  c o n c e n t r a t i o n  
of 1 mg As/l i ter  as a r s e n i c  I11 was 
l e t h a l  t o  amphipods w i t h i n  1 week. 
The same c o n c e n t r a t i o n  of a r s e n i c  
supp l i ed  as a r s e n i c  V ,  disodium 
methanearsonate (DSMA), o r  sodium 
dimethyl  a r s o n a t e  (SDMA) d i d  no t  
s i g n i f i c a n t l y  d e c r e a s e  t h e  s u r v i v a l  of 
amphipods (Gammarus pseudolimnaeus) 
and Daphnia magna a f t e r  2 weeks of 
exposure,  o r  o t h e r  s p e c i e s  i n c l u d i n g  
s t o n e f l i e s ,  s n a i l s ,  and rainbow t r o u t  
a f t e r  28 days .  
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Fosamine 
Ammonium 

The p r o b a b i l i t y  o f  ground-water contam- 
i n a t i o n  o r  movement o f  fosamine 
ammonium t o  streams by l e a c h i n g  i s  
n e g l i g i b l e .  

Fosamine ammonium i s  a new 
h e r b i c i d e  t h a t  i s  expected t o  be 
i n c r e a s i n g l y  used i n  f o r e s t r y .  It i s  
r e g i s t e r e d  f o r  c o n t r o l  of a wide 
v a r i e t y  of woody v e g e t a t i o n .  It i s  
u s u a l l y  a p p l i e d  a s  a f o l i a r  s p r a y  
e i t h e r  by ae r i a l  o r  ground equipment 
dur ing  t h e  2 months be fo re  f a l l  
c o l o r a t i o n .  Rates of a p p l i c a t i o n  o f  
3.36 t o  6.72 kg/ha are common. 
N a t i o n a l  F o r e s t  P roduc t s  A s s o c i a t i o n  
( s e e  f o o t n o t e  3)  and Newton (1981) 
d i s c u s s  t h e  u s e  of fosamine ammonium 
i n  more d e t a i l .  

Behavior in the Environment 

F i e l d  d a t a  on stream con tamina t ion  
w i t h  fosamine ammonium are l a c k i n g ,  
bu t  because d i r e c t  a p p l i c a t i o n  and 
d r i f t  are  probably t h e  p r i n c i p a l  
r o u t e s  of e n t r y ,  t h e  d a t a  base  f o r  
2,4-D i s  probably a p p l i c a b l e .  
Fosamine ammonium undergoes decompos- 
i t i o n  i n  water. I n  l a b o r a t o r y  tes ts ,  
fosamine ammonium (pH 5)  w a s  com- 
p l e t e l y  degraded i n  2 weeks. A t  more 
n e u t r a l  pH's ,  however, t h e  compound 
w a s  q u i t e  s t a b l e  i n  water (Han 
1979a) .  A s t r o n g  i n t e r a c t i o n  o f  
fosamine ammonium w i t h  s o i l  s u g g e s t s  
i t  i s  l i k e l y  t o  be  adsorbed o n  
suspended sediments  o r  stream-bottom 
sediments  where i t  e n t e r s  f o r e s t  
streams. Stream-bottom sediments  l o s e  
fosamine i n  3 months o r  less.ll/  

Fosamine ammonium i s  h i g h l y  water 
s o l u b l e  (179 g/100 g a t  25 OC)  w i t h  
s u b s t a n t i a l l y  l ess  s o l u b i l i t y  i n  
nonpolar  o r g a n i c  s o l v e n t s  (0.02 g i n  
100 g n-hexane a t  25 O C ) .  It has 
l i t t l e  vapor  p r e s s u r e  (4x10-6 mmHg 
a t  25 OC). 

Fosamine ammonium i s  n o t  
p e r s i s t e n t  i n  s o i l s ;  l a b o r a t o r y  
s t u d i e s  i n d i c a t e  t h e  mechanism of 
d i sappearance  i s  r a p i d  decomposi t ion 
by s o i l  microorganisms (Han 1979a).  
I n  greenhouses ,  a h a l f - l i f e  of about  
10 days has been recorded.  I n  f i e l d  
s t u d i e s  i n  Delaware, I l l i n o i s ,  and 
F l o r i d a ,  a h a l f - l i f e  o f  about  1 week 
was found f o r  t h e  p a r e n t  compound (Han 
1979a).  Fosamine ammonium shows on ly  
l i m i t e d  m o b i l i t y  i n  column l e a c h i n g  
s t u d i e s .  A f t e r  56 c m  of l e a c h i n g  
water had been a p p l i e d ,  60 t o  8 0  per-  
c e n t  o f  t h e  h e r b i c i d e  was con ta ined  i n  
t h e  t o p  10-cm zone of t h e  s o i l  
column. A f t e r  1 y e a r  and 165 c m  o f  
r a i n  i n  t h e  f i e l d ,  9 3  p e r c e n t  o f  t h e  
chemical  p r e s e n t  w a s  i n  t h e  t o p  10 c m  
of s o i l .  S t u d i e s  of l each ing  i n  s o i l  
columns showed t h a t  fosamine ammonium 
i s  r e a d i l y  bound by s o i l  p a r t i c l e s  
and,  d e s p i t e  i t s  h i g h  water s o l u b i l -  
i t y ,  has  l i t t l e  tendency t o  l e a c h .  

S p e c i f i c  i n f o r m a t i o n  o n  bioaccumu- 
l a t i o n  of fosamine ammonium i s  
l i m i t e d ;  a s  w i t h  o t h e r  p e s t i c i d e s  o f  
h igh water s o l u b i l i t y ,  however, t h e  
p r o b a b i l i t y  of bioaccumulat i o n  i s  
l i m i t e d .  Laboratory tests  have 
demonstra ted t h a t  fosamine ammonium 
i s  n o t  bioaccumulated.  Residues  i n  
f i s h  t i s s u e s  were comparable t o  t h e  
c o n c e n t r a t i o n  o f  t h e  h e r b i c i d e  i n  
water (Newton and Norgren 1977).  
Residues  i n  channe l  c a t f i s h  exposed t o  
1.1 % / l i t e r  14C-carbonyl-labeled 
fosamine ammonium i n  water f o r  4 weeks 
were found t o  p l a t e a u  i n  2 t o  3 weeks, 
w i t h  a n  accumulat ion f a c t o r  ( r a t i o  of 
r e s i d u e  i n  f i s h  t o  r e s i d u e  i n  w a t e r )  
of less t h a n  1. I n  a s e p a r a t e  
exper iment ,  channe l  c a t f i s h  were p laced  
f o r  4 weeks i n  a t a n k  c o n t a i n i n g  
( 1 4 C )  f osamine-ammonium-treated s o i l  
(15  m g / l i t e r )  t h a t  had been aged f o r  
30 days  be fo re  f l o o d i n g  and i n i t i a t i o n  
of f i s h  exposure .  The r e s i d u e  l e v e l s  
i n  t h i s  group of c a t f i s h  a l s o  reached 

11/Unpublished d a t a  of J. Harrod, 
Biochemicals Dep., 1007 Market S t . ,  
Wilmington, D e l . ,  1979. 
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a p l a t e a u  i n  2 t o  3 weeks w i t h  a n  
accumula t ion  f a c t o r  of less than  1. 
I n  both  exper iments ,  a f t e r  t h e  4-week 
exposures ,  t h e  f i s h  were t r a n s f e r r e d  
t o  f r e s h  water f o r  2-week depura t ion  
p e r i o d s ,  du r ing  which r e s i d u e  l e v e l s  
dropped 50 t o  90 p e r c e n t .  
on t h e  f i s h  were observed dur ing  t h e s e  
exper iments  (Han 1979b). I n  rats,  
fosamine ammonium w a s  r a p i d l y  e x c r e t e d  
(0.05- percent  r e t e n t i o n  i n  body .beyond 
72 hours)  (Chrzanowski e t  a l ,  1979) .  

No e f f e c t s  

Toxicity 

There i s  l i t t l e  publ ished d a t a  on  
t h e  t o x i c i t y  of  fosamine ammonium t o  
f i s h .  Unpublished f i n d i n g s  of E. I. 
duPont d e  Nemours and Company, 
I n c .  ,12/ i n d i c a t e  t h a t  rainbow t r o u t  
and f a t h e a d  minnows have a 96-hour 
LC50 of 1000 m g / l i t e r  (product )  ; 
b l u e g i l l s  e x h i b i t  a 96-hour LC50 of 
670 m g / l i t e r  (p roduc t ) .  

I n  a r e c e n t  series of l a b o r a t o r y  
b ioassays  , McLeay and Gordon (1980) 
added e x t e n s i v e l y  t o  t h e  t o x i c i t y  d a t a  
f o r  K r e n i t e  w i t h  t h e i r  p a r t i a l  
l i f e- c y c l e  s t u d i e s  of  coho salmon (egg 
through smol t )  and rainbow t r o u t  (egg 
through f i n g e r l i n g )  . H i g h l i g h t s  from 
t h e i r  s tudy  are as  fo l lows:  

e For both  f i s h  s p e c i e s ,  t h e ' a l e v i n  
(yolk- sac f r y )  was t h e  s t a g e  most 
s e n s i t i v e  t o  fosamine ammonium; 
4-day median l e t h a l  c o n c e n t r a t i o n s  
(LC50) , i n c l u d i n g  pos texposure  
m o r t a l i t y ,  were 618 (coho) and 367 
(rainbow) m g / l i t e r .  

8 Egg s t a g e s  were g e n e r a l l y  h igh ly  
t o l e r a n t  of  fosamine ammonium. 

Swim-up f r y  and young f i n g e r l i n g s  
of both  s p e c i e s  were somewhat more 
t o l e r a n t  t o  f osamine ammonium t h a n  
w a s  t h e  a l e v i n  s tage- - year l ing  
coho p resmol t s  were s l i g h t l y  more 
t o l e r a n t  t han  coho f i n g e r l i n g s  
(4-day LC50 v a l u e s  of  7014 and 
5361 m g / l i t e r ,  r e s p e c t i v e l y )  ; coho 
smol t s  showed a minor i n c r e a s e  i n  
s e n s i t i v i t y  compared t o  t h e  
presmol t  s t a g e .  

Postexposure m o r t a l i t i e s  occur red  
a f t e r  a 4-day exposure of a l l  l i f e  
s t a g e s  of  each salmonid s p e c i e s  t o  
f osamine ammonium. 

No groups  su rv iv ing  p rev ious  
exposure  t o  fosamine ammonium 
showed any l a t e n t  e f f e c t s  
throughout t h e  obse rva t ion  p e r i o d  
i n  f r e s h  water. 

Four-day LC50 va lues  f o r  swim-up 
f r y  exposed t o  fosamine ammonium 
v a r i e d  12- fold when t h e  d i l u e n t  
waters v a r i e d  i n  pH, ha rdness ,  and 
a l k a l i n i t y  ( i n c r e a s e s  i n  t o x i c i t y  
were r e l a t e d  t o  i n c r e a s e s  i n  pH, 
a l k a l i n i t y  , and ha rdness ) .  

Comparison of t h e  a c u t e  t o x i c i t y  
of fosamine ammonium wi th  o t h e r  
brush- contro l  h e r b i c i d e s  (2,4-D, 
2,4,S-T, s i l v e x ,  p ic loram,  
a m i t r o l e ,  and g lyphosa te )  t o  
salmonid f i s h  i n d i c a t e d  t h a t  
fosamine ammonium w a s  2 t o  4 
o r d e r s  of  magnitude less t o x i c .  

I n  a n o t h e r  s tudy ,  no m o r t a l i t y  w a s  
observed i n  y e a r l i n g  coho salmon 
exposed t o  c o n c e n t r a t i o n s  up t o  
200 m g / l i t e r  of fosamine ammonium 
(Lorz e t  a l .  1979) no r  was subsequent 
s u r v i v a l  i n  seawater a f f e c t e d .  

12/Unpublished d a t a  of E. I. DuPont 
d e  Nemours and Co., I n c . ,  Biochemicals  
Dep., 1007 Market St., Wilmington, 
D e l . ,  1979. 

27 
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Glyphosate 

OH 
Glyphosate 

Glyphosate  i s  a new h e r b i c i d e  t h a t  
i s  expected t o  be used i n c r e a s i n g l y  i n  
f o r e s t r y .  It i s  proving u s e f u l  f o r  
both  s i t e  p r e p a r a t i o n  and release 
t r e a t m e n t s  a t  rates of a p p l i c a t i o n  up 
t o  4.48 kg/ha.  N a t i o n a l  F o r e s t  
P roduc t s  A s s o c i a t i o n  (see f o o t n o t e  3) 
and Newton (1981) d i s c u s s  t h e  u s e  of 
g lyphosa te  i n  more d e t a i l ;  Chykaliuk 
e t  a l .  (1981) have pub l i shed  a n  
e x t e n s i v e  b ib l iography  on t h i s  
chemical .  

Behavior in the Environment 

Glyphosate  i s  h igh ly  water s o l u b l e  
(12 000 m g / l i t e r  a t  25 OC) w i t h  much 
lower s o l u b i l i t y  in o r g a n i c  s o l v e n t s .  
It has n e g l i g i b l e  vapor p r e s s u r e .  

I n  g e n e r a l ,  g lyphosa te  i s  very 
immobile i n  s o i l ,  r a p i d l y  adsorbed by 
s o i l  p a r t i c l e s ,  and s u b j e c t  t o  some 
degree  of m i c r o b i a l  degrada t ion .  
Sprankle  e t  a l .  (1975a, b) showed 
g lyphosa te  w a s  r a p i d l y  i n a c t i v a t e d  i n  
s o i l ,  a p p a r e n t l y  by p h y s i c a l  
a d s o r p t i o n  p r o c e s s e s ,  because 
a u t o c l a v i n g  t h e  s o i l  d i d  n o t  s t o p  t h e  
i n a c t i v a t i o n  . Addi t ion  o f phosphate 
t o  t h e  s o i l  a l t e r e d  t h e  a v a i l a b i l i t y  
of t h e  g l y p h o s a t e  (Hance 1976) .  The 
i n i t i a l  b inding of g lyphosa te  t o  t h e  
s o i l  w a s  r e v e r s i b l e ,  w i t h  phosphate 
i o n s  competing f o r  b inding sites. 
Thus, t h e  i n i t i a l  r a p i d  i n a c t i v a t i o n  
of g lyphosa te  i n  s o i l  probably r e s u l t s  
from r a p i d  a d s o r p t i o n  r a t h e r  than 
degrada t ion .  Some m i c r o b i a l  
d e g r a d a t i o n  of t h e  h e r b i c i d e  does  
occur  i n  soi l- - 4 5- percent d e g r a d a t i o n  
occurs  i n  28 days ,  accord ing  t o  
Sprank le  e t  a l .  (1975a, b ) .  They a l s o  
showed by t h i n- l a y e r  chromatography 
t h a t  g lyphosa te  w a s  immobile i n  s o i l .  

Moshier and Penner (1978) r e p o r t e d  
decomposi t ion o f  g lyphosa t e  was 
s u b s t a n t i a l l y  d i f f e r e n t  i n  d i f f e r e n t  
s o i l s .  A f t e r  32 days ,  t h e  ra te  of 
decomposi t ion i n  t h r e e  s o i l s  w a s  40,  
9.5,  and 3 p e r c e n t  o f  t h e  amount 
o r i g i n a l l y  added. Rueppel e t  a l .  
(1977) ,  r e p o r t i n g  on e x t e n s i v e  work i n  
bo th  s o i l  and water, found the degree  
of g lyphosa te  decomposi t ion i n  s o i l s  
ranged from 5 t o  50  p e r c e n t  i n  
28  days ,  depending on t h e  s o i l .  I n  
two of t h r e e  s o i l s  examined, 90 p e r c e n t  
of t h e  chemical  was d i s s i p a t e d  i n  l ess  
t h a n  1 2  weeks. Aminomethylphosphonic 
a c i d  was t h e  only  s i g n i f i c a n t  s o i l  
m e t a b o l i t e  of g lyphosa te ,  and i t  
degraded 1 6  t o  35  p e r c e n t  i n  60 days  
i n  v a r i o u s  s o i l s .  The a u t h o r s  
c l a s s i f i e d  t h e  chemical  a s  immobile i n  
s o i l ,  based on l e a c h i n g  exper iments .  
These f i n d i n g s  on t h e  behavior  o f  
g lyphosa te  i n  s o i l  are  c o n s i s t e n t  w i t h  
t h e  r e s e a r c h  r e p o r t e d  by Tors tensson  
and Aamesepp (1977) and Hance (1976).  

Glyphosate  w a s  a p p l i e d  t o  a n  
a g r i c u l t u r a l  watershed a t  1.10, 3.36, 
and 8 .96  kg/ha (Edwards e t  a l .  1980) ,  
and runoff  from n a t u r a l  r a i n f a l l  a f t e r  
t r e a t m e n t s  i n  e a r l y  s p r i n g  w a s  
measured and analyzed t o  d e f i n e  
c o n c e n t r a t i o n  and t r a n s p o r t .  The 
h i g h e s t  c o n c e n t r a t i o n  (5 .2  m g / l i t e r )  
w a s  found i n  runoff  o c c u r r i n g  1 day 
a f t e r  t r e a t m e n t  a t  t h e  h i g h e s t  rate.  
Glyphosate (0.004 m g / l i t e r )  w a s  
d e t e c t e d  i n  runoff  from t h i s  watershed 
up t o  4 months a f t e r  t r e a t m e n t .  For  
t h e  lower ra tes  o f  a p p l i c a t i o n ,  
maximum c o n c e n t r a t i o n  of t h e  h e r b i c i d e  
i n  runoff  w a s  0.094 m g / l i t e r  f o r  
e v e n t s  o c c u r r i n g  9 t o  10 days  a f t e r  
a p p l i c a t i o n ,  and decreased  t o  
0.002 m g / l i t e r  w i t h i n  2 months of 
t r e a t m e n t .  The maximum amount 
t r a n s p o r t e d  by runoff  was 1 . 8 5  p e r c e n t  
o f  t h e  amount a p p l i e d ,  most of which 
occur red  dur ing  a s i n g l e  s torm o n  t h e  
day a f t e r  a p p l i c a t i o n  of t h e  h i g h e s t  
rate of g l y p h o s a t e  (8 .96  kg /ha ) .  I n  
each  o f  t h e  t h r e e  s t u d y  y e a r s ,  
h e r b i c i d e  t r a n s p o r t e d  i n  t h e  f i r s t  
runoff  even t  a f t e r  t r ea tment  accounted 
f o r  99 p e r c e n t  of t h e  t o t a l  h e r b i c i d e  
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runoff  on  one watershed.  Glyphosate 
r e s i d u e s  i n  t h e  upper 2.5 c m  of 
t r e a t e d  s o i l  decreased l o g a r i t h m i c a l l y  
wi th  t i m e ;  t h e y  p e r s i s t e d  s e v e r a l  
weeks longe r  t h a n  i n  t h e  runoff  water. 

Most of  t h e  d a t a  o n  t h e  f a t e  of 
g lyphosa te  i n  water come from c a n a l  
s t u d i e s  where g lyphosa te  w a s  used f o r  
weed c o n t r o l  on  banks. Comes e t  a l .  
(1976) looked f o r  bo th  g lyphosa te  and 
i t s  p r i n c i p a l  m e t a b o l i t e  i n  t h e  f i r s t  
f low of  water through two c a n a l s ,  
a f ter  a p p l i c a t i o n s  of 5.6 kg/ha t o  
d i t c h  banks when t h e  c a n a l s  were d ry .  
Some of t h e  h e r b i c i d e  w a s  a p p l i e d  t o  
s u r f a c e s  of  t h e  c a n a l  that would be 
below t h e  normal w a t e r l i n e .  No 
g lyphosa te  o r  m e t a b o l i t e  w a s  d e t e c t e d  
i n  t h e  f i r s t  f low of water through t h e  
c a n a l s .  S o i l  samples c o l l e c t e d  t h e  
day be fo re  t h e  c a n a l s  were f i l l e d  
(about  23 weeks a f t e r  t r ea tmen t )  
con ta ined  0 .35  m g / l i t e r  g lyphosa te  and 
0.78 m g / l i t e r  m e t a b o l i t e  i n  t h e  0- t o  
10-cm l a y e r .  When g lyphosa te  was 
added t o  f lowing canal water 
( s u f f i c i e n t  t o  ach ieve  150 p g / l i t e r )  , 
about  30 p e r c e n t  of  t h e  h e r b i c i d e  was 
l o s t  i n  1 . 6  km of  t r a v e l .  T h e r e a f t e r ,  
t h e  rate of  d i sappea rance  d iminished;  
about  58 p e r c e n t  w a s  p r e s e n t  8 and 
1 4  km downstream from t h e  i n t r o d u c t i o n  
sites on two s tudy  c a n a l s ,  which 
i m p l i e s  i n t e r a c t i o n  between t h e  
c o n c e n t r a t i o n  and t h e  mechanism of 
l o s s .  Rueppel e t  a l .  (1977) r epor t ed  
less than  0.02 p e r c e n t  of a p p l i e d  
g lyphosa te  w a s  removed i n  runoff  
p rocesses  from s o i l  a f t e r  a r t i f i c i a l  
r a i n  w a s  a p p l i e d  a t  t h e  rate of 
1 . 9  cm/hour 1, 3, and 7 days  a f t e r  
a p p l i c a t i o n  o f  chemical .  

R e l a t i v e l y  l i t t l e  has  been done on 
t h e  bioaccumulation of g lyphosa te ,  
p r i m a r i l y  because i t s  physica l-  
chemical  p r o p e r t i e s  are such t h a t  
bioaccumulation i s  no t  expected t o  
be s u b s t a n t i a l .  S t u d i e s  of  f i s h  
metabolism demonstrated t h a t  
g lyphosa te  has  a n  extremely low 
bioaccumulation f a c t o r .  I n  t h r e e  f i s h  
species- - channel  c a t f i s h ,  largemouth 
bass ,  and rainbow t rout- - the  maximum 
l e v e l s  of  g lyphosa te ,  a f t e r  14  days  
exposure t o  10 m g / l i t e r ,  d i d  no t  
exceed 0.55, 0.12, and 0.11 m g / l i t e r ,  
r e s p e c t i v e l y .  These r e p r e s e n t  
bioaccumulation f a c t o r s  of less than  
0.18 (Sacher  1978) .  

No r e s i d u e s  of g lyphosa te  o r  
i t s  primary m e t a b o l i t e  (aminomethyl- 
phosphonic a c i d )  were d e t e c t e d  i n  t h e  
f i l l e t s  o r  eggs of rainbow t r o u t  
exposed t o  t h e  isopropylamine sa l t  
(Folmar e t  a l .  1979).  I n  rainbow 
t r o u t  exposed t o  2 .0  m g / l i t e r  of 
Roundup, however, t h e  f i l l e t s  
conta ined 8 0  mg/kg of g lyphosa te  and 
t h e  eggs con ta ined  60 mg/kg, r ep resen t-  
i n g  accumula t ion  f a c t o r s  of  40  and 30. 
Midge l a r v a e  c o l l e c t e d  i n  d r i f t  and 
s u b s t r a t e  samplers  f o r  7 days  a f t e r  
exposure t o  2.0 m g / l i t e r  d i d  n o t  
c o n t a i n  d e t e c t a b l e  g lyphosa te  r e s i d u e s  
(Folmar e t  a l .  1979).  

Sacher  (1978) summarized t h e  
behavior  and impact  of  g lyphosa te  i n  
t h e  a q u a t i c  environment.  He r e p o r t e d  
g lyphosa te  d i s s i p a t e d  r a p i d l y  i n  s t a t i c  
water, fo l lowing  f i r s t - o r d e r  k i n e t i c s ;  
t h e  h a l f - l i f e  of  g lyphosa te  i n  the  
pond w a s  12  days.  
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Folmar e t  a l .  (1979) conducted 
s t u d i e s  t o  determine t h e  a c u t e  
t o x i c i t y  t o  f o u r  a q u a t i c  i n v e r t e b r a t e s  
and f o u r  s p e c i e s  of f i s h  of g lyphosa te ,  
t h e  isopropylamine sa l t  of g lyphosa te ,  
t h e  formulated h e r b i c i d e  Roundup, and 
t h e  Roundup s u r f a c t a n t .  The 96-hour 
LC50 v a l u e s  f o r  Roundup v a r i e d  from 
2 .3  m g / l i t e r  f o r  t h e  f a t h e a d  minnow t o  
1 3  m g / l i t e r  f o r  t h e  channel  c a t f i s h  
t o  4 3  m g / l i t e r  f o r  mature  scuds  
(Gammarus pseudolimnaeus).  Rainbow 
t r o u t  were i n t e r m e d i a t e  i n  s e n s i-  
t i v i t y .  Technical- grade g l y p h o s a t e ,  
t h e  a c t i v e  i n g r e d i e n t  i n  Roundup, w a s  
l ess  t o x i c  t h a n  Roundup o r  t h e  
s u r f a c t a n t ;  t h e  96-hour LC50 f o r  
rainbow t r o u t  w a s  140 m g / l i t e r  
(g lyphosa te )  and 2 m g / l i t e r  
( s u r f a c t a n t ) .  Roundup w a s  more t o x i c  
t o  rainbow t r o u t  and b l u e g i l l s  a t  
h igher  tes t  t empera tu res ,  and was more 
t o x i c  a t  pH 7.5  t h a n  a t  pH 6.5. Eyed 
eggs of rainbow t r o u t  were t h e  most 
r e s i s t a n t  l i f e  s t a g e ,  and s e n s i t i v i t y  
i n c r e a s e d  a s  t h e  f i s h  e n t e r e d  t h e  
sac- f ry  and swim-up s t a g e s .  I n  avoid-  
ance s t u d i e s ,  rainbow t r o u t  d i d  no t  
avo id  c o n c e n t r a t i o n s  of t h e  isopro-  
pylamine s a l t  up t o  10.0 m g / l i t e r ;  
mayfly nymphs avoided Roundup a t  
c o n c e n t r a t i o n s  of 10 m g / l i t e r ,  b u t  
no t  a t  1 . 0  m g / l i t e r .  

I n  a s imula ted  ae r i a l  a p p l i c a t i o n  
o f  Roundup t o  a f o r e s t e d  area, 
Hi ldebrand e t  a l .  (1980) found n o  
d e t e c t a b l e  e f f e c t s  on Daphnia magna i n  
a f o r e s t  pond a f t e r  a p p l i c a t i o n  of 
2.2,  22, and 220 kg/ha.  

I 0 

NO> 
Dinoseb 

Dinoseb i s  a c o n t a c t- a c t i o n  
h e r b i c i d e  a v a i l a b l e  i n  two forms--free 
phenol and amine o r  ammonium s a l t  o f  
t h e  phenol.  Its only  r e g i s t e r e d  u s e  
i n  f o r e s t r y  i s  as  a d e s i c c a n t  be fo re  
burning f o r  f o r e s t - s i t e  p r e p a r a t i o n  
( S t a t e  o f  Oregon o n l y ) .  Although 
i t s  scope of u s e  i s  l i m i t e d ,  i t  i s  
inc luded  i n  t h i s  paper because of i t s  
h igh  t o x i c i t y  t o  a q u a t i c  s p e c i e s  and 
i t s  use  i n  areas of impor tan t  
anadromous f i s h  h a b i t a t .  

Behavior in the Environment 

The phenol  form of d inoseb  has sub- 
s t a n t i a l  vapor p r e s s u r e  (0.01 m a g  a t  
78 OC) and i s  s o l u b l e  t o  52 m g / l i t e r  
i n  water, 23.4 p e r c e n t  i n  e t h y l  
a l c o h o l ,  and 8.7 p e r c e n t  i n  d i e s e l  
f u e l  a t  25 OC (Melnikov 1971) .  
The s a l t  forms are h i g h l y  s o l u b l e  i n  
water and have s u b s t a n t i a l l y  less 
vapor p r e s s u r e .  I n t e r c o n v e r s i o n  
between t h e  s a l t  and f r e e  phenol forms 
i s  expec ted ,  depending on t h e  pH of  t h e  
medium and t h e  p resence  of o t h e r  i o n s .  

Dinoseb i s  s u b j e c t  t o  v o l a t i l i -  
z a t i o n  from s o i l .  Hol l ingsworth  and 
Ennis  (1953) showed that t h i s  p r o c e s s  
depended on ambient t empera tu re ,  
mois tu re  c o n t e n t  o f  t h e  s o i l ,  and t h e  
f o r m u l a t i o n  a p p l i e d .  It was at tr ib-  
u ted  t o  water-vapor d i s t i l l a t i o n  by 
Barrons  e t  a l .  (1953) and d i d  n o t  
occur  a t  s o i l  pH above 8. 

The r e s i d u a l  l i f e  of d inoseb  i s  3 
t o  5 weeks i n  w a r m ,  mois t  s o i l s .  
Carryover  from one season  t o  t h e  n e x t  
i s  n o t  expected (Klingman and Ashton 
1975).  Dinoseb i s  n o t  t i g h t l y  
adsorbed o n  most a g r i c u l t u r a l  s o i l s ,  
and i t  c a n  l e a c h  i n  many sandy s o i l s ;  
Davis  and Selman (1954)  r e p o r t e d  t h a t  
t h e  phenol form moved less t h a n  2 c m  
w i t h  5 c m  of r a i n  i n  any s o i l  t h e y  
t e s t e d .  The amine s a l t ,  however, 
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leached 3.8 c m  i n  sandy loam, 6.3 c m  
i n  c l a y  loam, and 8 .9  c m  i n  loam a f t e r  
the  same amount of  r a i n .  Upchurch and 
Mason (1962) r epor t ed  d inoseb 
i n t e r a c t e d  s t r o n g l y  wi th  s o i l  o r g a n i c  
matter. Dinoseb w a s  a lmost  comple te ly  
adsorbed a t  pH 2.3. 
moderate tempera ture  and r a i n f a l l ,  and 
a t  normal rates of a p p l i c a t i o n ,  
d inoseb  should  n o t  be leached from t h e  
t o p  f o o t  of t h e  a c i d  f o r e s t  s o i l s  of  
t h e  P a c i f i c  Northwest i n  t h e  1st y e a r  
a f t e r  a p p l i c a t i o n .  S u b s t a n t i a l  
decomposit ion by m i c r o b i a l  a c t i o n  
t a k e s  p l a c e  w i t h i n  t h e  1st yea r  of  
ap p 1 ica t i o  n . 
may remain i n  s o i l  from 2 weeks t o  
6 months, depending on  t h e  environment 
i n  which i t  i s  used.  

I n  zones of 

P hy t o t ox i  c l e v e  1 s 

W e  found no publ ished in fo rma t ion  
o n  t h e  l e v e l s  o r  p e r s i s t e n c e  of  
d inoseb  i n  stream water. We assume 
2,4-D i s  a reasonab le  model f o r  
d inoseb  because d i r e c t  a p p l i c a t i o n  and 
d r i f t  are probably t h e  main r o u t e s  of  
e n t r y  i n t o  streams. 

Data on d inoseb  bioaccumulation 
are l ack ing .  I n  t h e  phenol form, 
bioaccumulation dur ing  p e r i o d s  of 
exposure  should  be expected .  
sa l t  form, t h i s  behavior  w i l l  be less 
pronounced. Lorz e t  a l .  (197 9) found 
measurable r e s i d u e s  of d inoseb  i n  a 
few coho salmon exposed t o  
0.02 m g / l i t e r  of  d inoseb  f o r  
384 hours .  Most samples d i d  n o t  
c o n t a i n  d e t e c t a b l e  r e s i d u e s  ( l e v e l s  
ranged from less t h a n  0.01 t o  
0.03 mg/kg i n  g i l l ,  0.37 mg/kg i n  
k idney,  0.4 mg/kg i n  l i v e r ,  and 
1 .4  mg/kg i n  s p l e e n ) .  

I n  t h e  

Toxicity 

Dinoseb i s  more t o x i c  t o  humans, 
animals ,  and f i s h  t h a n  most 
h e r b i c i d e s .  The a c u t e  and c h r o n i c  
e f f e c t s  of  d inoseb  on  c u t t h r o a t  and 
l a k e  t r o u t  were i n v e s t i g a t e d  by 
Woodward (1976),  who found t h a t  
t o x i c i t y  of  a g i v e n  exposure was 
g r e a t l y  i n f l u e n c e d  by water q u a l i t y .  
Decreasing t h e  pH o f  t h e  water 
r e s u l t e d  i n  a corresponding i n c r e a s e  
i n  d inoseb  t o x i c i t y  t o  f i s h .  S i m i l a r  
f i n d i n g s  were r e p o r t e d  by Lipschuetz  

and Cooper (1961) f o r  technica l- grade  
d inoseb.  Decreas ing  t h e  pH from 8.0 
t o  6.9 i n c r e a s e d  t h e  t o x i c i t y  of  
d inoseb  t o  rainbow t r o u t  by a f a c t o r  
of 5. High tempera ture  and hardness  
of t h e  water a l s o  tend t o  maximize t h e  
t o x i c i t y  of  d inoseb  t o  f i s h ,  bu t  t o  a 
lesser e x t e n t  t h a n  pH (Webb as c i t e d  
by L ipschue tz  and Cooper 1961, 
Woodward 1976).  

The 96-hour L C ~ O ' S ,  under 
varying c o n d i t i o n s  of pH, tempera ture ,  
and hardness ,  ranged from 0.41 t o  
1 .35  m g / l i t e r  d inoseb  f o r  c u t t h r o a t  
t r o u t  and from 0.032 t o  1.40 m g / l i t e r  
f o r  lake t r o u t  (Woodward 1976).  
Lipschuetz  and Cooper (1961) observed 
similar d inoseb  v a l u e s  f o r  rainbow 
t r o u t .  T h e i r  24-hour LC50 a t  pH 8.0 
was 0.30 m g / l i t e r  ( t e c h n i c a l )  and a t  
pH 6.9 w a s  0.073 m g / l i t e r  (18 OC). 
Western blacknose dace  i n  water of 
pH 8.0 and 21 OC had a 24-hour 
LC50 of 0.24 m g / l i t e r  d inoseb  
( t e c h n i c a l ) .  Using a d inoseb  
fo rmula t ion  composed of secondary 
bu ty l  d i n i t r o p h e n o l  and secondary 
amylbutyl  d i n i t r o p h e n o l ,  L ipschue tz  
and Cooper (1961, c i t i n g  t h e  1955 work 
of Webb) r epor t ed  a 24-hour LC50 f o r  
r eds ide  s h i n e r s  of 0.16 m g / l i t e r  i n  
s o f t  water (18 m g / l i t e r  hardness ,  
pH 7.6) and of 0.24 m g / l i t e r  i n  hard  
water (105 m g / l i t e r  hardness ,  pH 8 .2) .  

Woodward (197 6) observed no 
cumula t ive  m o r t a l i t y  of l a k e  and 
c u t t h r o a t  t r o u t  w i t h  ch ron ic  exposures  
( 8  t o  1 2  days)  t o  d inoseb.  Prolonged 
exposures  o f  0.005 t o  0.010 m g / l i t e r  
d inoseb,  however, a f f e c t e d  y o l k  
a b s o r p t i o n  t i m e  and f r y  growth. Yolk 
a b s o r p t i o n  t i m e  i nc reased  by 6 t o  
9 days  over  that of t h e  c o n t r o l s ,  and 
f r y  growth w a s  reduced a t  a l l  concen- 
t r a t i o n s  of d inoseb  t e s t e d .  
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Lorz e t  a l .  (1979) c a l c u l a t e d  
t h e  24-hour LCs0 of  d inoseb  t o  
y e a r l i n g  coho salmon t o  be 
0.190 m g / l i t e r ,  and t h e  144-hour 
LC50 was es t ima ted  t o  be 
0.088 m g / l i t e r  (under  s t a t i c  condi-  
t i o n s )  a t  10 OC and pH 7.0. 
s u r v i v o r s  of t h i s  b ioassay were cha l-  
lenged wi th  seawater, no m o r t a l i t i e s  
occurred .  I n  a flowing-water system, 
t h e  t o x i c i t y  of  d inoseb  appeared 
grea ter- - 93 p e r c e n t  of coho salmon 
y e a r l i n g s  exposed f o r  G days  t o  
0.060 m g / l i t e r  d i e d ,  and a l l  were dead 
i n  1 6  days ;  i n  t h e  group exposed t o  
0.040 m g / l i t e r ,  94 pe rcen t  d i ed  dur ing  
t h e  16-day exposure.  Releas ing  
d inose  b-exposed coho salmon and 
moni tor ing  t h e i r  downstream movement 
showed that groups  exposed t o  0.040 
and 0.060 m g / l i t e r  f o r  48  hours  were 
less migra to ry  t h a n  t h e  c o n t r o l s .  
Year l ing  coho salmon exposed t o  
0.100 m g / l i t e r  f o r  114 hours  showed 
e x t e n s i v e  n e c r o s i s  of  t h e  l i v e r ,  
kidney,  and g i l l  l ame l l ae ;  however, 
examinat ion  of t i s s u e s  of  f i s h  exposed 
t o  0.040 and 0.060 m g / l i t e r  showed 
only  minor dege ne ra t  i v e  changes . 

When 

INSECTICIDES rl ‘;-s-;-c+o 

Malathion CHI-0’ ‘0-C, H ,  

H i - % ,  
O-C:H, 

Malathion 

Malath ion i s  a n  organophosphate 
i n s e c t i c i d e  that r e c e i v e s  e x t e n s i v e  
use  i n  both a g r i c u l t u r e  and f o r e s t r y .  
It has been a v a i l a b l e  f o r  u s e  s i n c e  
1959. In fo rma t ion  on t h e  u s e  and 
impact of  mala th ion i n  t h e  f o r e s t  are  
i n  two envi ronmenta l  impact s t a t e m e n t s  
(U.S. Department o f  A g r i c u l t u r e ,  
F o r e s t  Service’  1976; U.  S .  Department 
of  A g r i c u l t u r e ,  Animal and P l a n t  
Hea l th  I n s p e c t i o n  S e r v i c e ,  1980) .  The 
most r e c e n t  uses  of  mala th ion on l a n d s  
managed by t h e  F o r e s t  S e r v i c e  have 
been f o r  c o n t r o l  of  wes te rn  sp ruce  
budworm and g ras shopper s  on  wes te rn  
f o r e s t s  and ranges  ( a e r i a l l y  a p p l i e d  
a t  0.8 kg /ha ) .  

Behavior in the Environment 

Various  a s p e c t s  of  t h e  behavior of  
ma la th ion  i n  t h e  environment are c i t e d  
i n  s e v e r a l  c h a p t e r s  of  Haque and Freed 
(1975).  
s u r e  of  ~ x I O - ~  mmHg (30 OC) and a 
water s o l u b i l i t y  of  145 m g / l i t e r .  
i s  s o l u b l e  i n  most o r g a n i c  s o l v e n t s ,  
but i s  of  l i m i t e d  s o l u b i l i t y  i n  
petroleum o i l s .  

Mala th ion has a vapor pres-  

It 

Mala th ion d i s a p p e a r s  r a p i d l y  from 
s o i l ,  probably  by both chemical  and 
b i o l o g i c a l  means. Konrad e t  a l .  
(1969) r e p o r t e d  50- to 90-pe;rcent 
d i sappea rance  i n  24 hours ,  i n  bo th  
s t e r i l e  and n o n s t e r i l e  s o i l  systems,  
depending on t h e  type  of s o i l .  
Malathion d i s a p p e a r s  r a p i d l y  from s o i l  
even a t  h igh  rates of a p p l i c a t i o n .  
Rober ts  (1962) r e p o r t e d  mala th ion 
a p p l i e d  t o  t h e  s o i l  from a t r a c t o r -  
mounted s p r a y e r  a t  85.8 kg/ha  
‘comple te ly  d i sappea red  a f t e r  6 months; 
on ly  3 . 1  kg/ha  remained a f t e r  1 month. 
Both t h e  p e r s i s t e n c e  and m o b i l i t y  of 
ma la th ion  were determined a t  land 
waste-water d i s p o s a l  s i t e s  where t h e  
chemical  was a p p l i e d  by s p r i n k l e r  
i r r i g a t i o n  f o r  long p e r i o d s .  I n  t h e s e  
tests, t h e  chemicals  were a p p l i e d  
(0 .1  m g / l i t e r )  i n  t h e  secondary 
e f f l u e n t  from a two- stage t r i c k l i n g  
f i l t e r  f o r  15 weeks. Malathion was 
never p r e s e n t  i n  e x c e s s  of  0.002 mg/kg 
i n  t h e  s o i l  and 0.001 m g / l i t e r  i n  t h e  
s o i l  water. These r e s u l t s  i n d i c a t e  
ma la th ion  w i l l  n e i t h e r  accumulate i n  
s o i l  nor  t r a n s l o c a t e  i n  s o i l  waters 
under t h e  t y p e s  of  c o n d i t i o n s  t e s t e d  
( J e n k i n s  e t  a l .  1978) .  

Concen t ra t ions  of mala th ion i n  
s t r eam water were monitored i n  
connect ion  w i t h  t h e  sp ruce  budworm 
c o n t r o l  p r o j e c t s  conducted i n  t h e  
S t a t e  of  Washington i n  1976 
( t a b l e  8 ) .  Tracy e t  a l .  (1977) 
r epor t ed  t h e  peak c o n c e n t r a t i o n s  of  
mala th ion i n  streams wi thou t  b u f f e r  
s t r i p s  were 0.037 t o  0.042 m g / l i t e r ;  
i n  streams w i t h  b u f f e r  s t r i p s ,  peak 
c o n c e n t r a t i o n s  ranged from nondetec t- 
a b l e  t o  0.017 m g / l i t e r .  
no t  d e t e c t e d  i n  most of  t h e  48-hour 
pos t sp ray  samples. No r e s i d u e s  were 
found i n  f i s h  o r  b e n t h i c  organisms 
from t h e s e  streams. 

Residues were 
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Table &-Peak concentrations o f  malathion and Sevin-4-Oil i n  stream Water 
ed by stream size and buffering,  Okanogan and Wenatchee National 

Chemical and 
stream Streamflow 

Cubic meters 
per second 

Mal athion:/ 
Hansel Creek 0.34 
Gold Creek .ll 
Nason Creek 25 
L i t t l e  Bridge Creek .57 
Taneum Creek-- 

Teanaway River-- 

Spray day 1 3.3 
Spray d y  3 3.3 

Spray day 1 5.1 
Spray day 2 5.1 

~ e v i n - 4 - 0 i l  :Y 
Gate Creek .14 
Yellow Jacket Creek .01 

Protection Peak concentration 

Mi;yam& 
P 

Nonbuffered 37 
Nonbuffered 42 
Buffered 3 
Buffered 0 

Buffered 17 
Buffered 4 

Buffered 1 
Buffered 21 

Nonbuffered 11 
Nonbuff ered 5 

l/Tracy e t  a l .  (1977). 
T/Malathion applied as ul  tralow-volume spray 
j /Sevin-4-0i l  (carbaryl)  applied a t  about 1 ib/acre (1.12 kg/ha). 

13 o d a c r e  (0.91 kg/ha). 

Eiche lbe rge r  and Lichtenberg  
(1971) determined t h e  p e r s i s t e n c e  of 
mala th ion i n  r i v e r  water. When t h e  
ma la th ion  w a s  added a t  0.010 m g / l i t e r ,  
0.002 m g / l i t e r  w a s  observed a f t e r  
1 week, 0.001 %/ l i te r  w a s  measured 
a f t e r  2 weeks, and no d e t e c t a b l e  
r e s i d u e  w a s  found a f t e r  4 weeks. I n  a 
s o i l- f  ree , aqueous system t h a t  had 
been i n o c u l a t e d  w i t h  a s o i l  extract,  
ma la th ion  d isappeared  i n  two phases ;  a 
r e l a t i v e l y  slow phase accounted f o r  
about  30 p e r c e n t  d i sappea rance  i n  
180 hours ,  and a more r a p i d  phase 
accounted f o r  more than  50 percen t  
d i sappea rance  i n  t h e  next  60 hours.  
Degradat ion  i n  t h e  a q u a t i c  system 
would have r ep resen ted  both chemical  
deg rada t ion  ( t h e  s low phase) and 
m i c r o b i a l  deg rada t ion  ( t h e  r a p i d  
phase) .  Freed e t  a l .  (1979) r e p o r t e d  
ha l f  l i v e s  of  mala th ion of 1.3 days  a t  
37  OC and 11 days a t  20 OC, when 
t h e  pH w a s  7.4 ( i n  a l a b o r a t o r y  sys tem 
t h a t  would be expected  t o  have low 
b i o l o g i c a l  a c t i v i t y ) .  A t  pH 6.1, t h e  
h a l f - l i f e  of mala th ion w a s  120  days.  
Konrad e t  a l .  (1969) r e p o r t e d  a 
similar e f f e c t  of  pH o n  ma la th ion  
p e r s i s t e n c e  i n  aqueous systems.  I n  a 
more n a t u r a l  aqueous system, however, 
t hey  r e p o r t e d  more than  90- percent 
decomposit ion of ma la th ion  i n  t h e  
water i n  230 hours.  Walker (1978) 
r epor t ed  ma la th ion  w a s  t h e  s h o r t e s t  
l i v e d  of t h e  i n s e c t i c i d e s  t e s t e d  i n  
both f r e s h  and sa l t  water. Half  l i v e s  
i n  h i s  system v a r i e d  from 11 days  i n  
f r e s h  water t o  less t h a n  2 days  i n  
s a l i n e  water. 

Malathion i s  expected t o  show 
l i t t l e  bioaccumulation.  Kenaga 
(1980a, b) p r e d i c t e d  a bioconcent ra-  
t i o n  f a c t o r  of 37. P a r i s  e t  a l .  
(1975) found no measurable a b s o r p t i o n  
of mala th ion by dense popu la t ions  of  
microorganisms. The h igh  water 
s o l u b i l i t y  and t h e  low f a t  s o l u b i l i t y  
of  mala th ion w i l l  r e s u l t  i n  i t s  r a p i d  
e x c r e t i o n  o r  e l i m i n a t i o n  from organisms 
that have accumulated i t .  Residues of 
mala th ion have been found i n  mi lk  
c o l l e c t e d  from catt le 5 hours  a f t e r  
they were sprayed a t  rates s e v e r a l  
times t h e  normal rate used i n  aerial  
a p p l i c a t i o n s  i n  f o r e s t r y .  Only trace 
amounts were found 3 days  a f t e r  
t r ea tmen t .  The r a p i d  d isappearance  of 
t h e  i n s e c t i c i d e  w a s  a t t r i b u t e d  t o  i t s  
rap id  e x c r e t i o n  by t h e  animal.  The 
s h o r t  p e r s i s t e n c e  of ma la th ion  i n  t h e  
a q u a t i c  environment w i l l  a l s o  be a n  
impor tant  f a c t o r  i n  l i m i t i n g  i t s  
bioaccumulation.  

Toxicity 

Hoffman (1957) ,  S tavinoha e t  a l .  
(1966) , and L iv ings ton  (197 7) reviewed 
t h e  l i t e r a t u r e  and noted  t h a t  t h e  
organophosphate i n s e c t i c i d e s  were 
g e n e r a l l y  s h o r t  l i v e d  i n  t h e  
environment, d i d  no t  s i g n i f i c a n t l y  
bioaccumulate o r  biomagnify, and had a 
r e l a t i v e l y  uniform and well- understood 
e f f e c t  on  a v a r i e t y  of organisms. The 
" safe"  c o n c e n t r a t i o n s  of  organophos- 
pna te  i n s e c t i c i d e s  have been e s t i m a t e d  
through a c u t e  t o x i c i t y  s t u d i e s  and 
de te rmina t ion  of envi ronmenta l  p e r s i s t -  
ence (Benson 1969).  Although t h e  
a c u t e  t o x i c i t y  of  t h e s e  compounds t o  
a q u a t i c  organisms i s  g e n e r a l l y  lower 
than  t h e  o rganoch lo r ines ,  i t  v a r i e s  
widely (Ta rzwe l l  1958, P icke r ing  
e t  al .  1962,  Macek and McAllister 
1970, Johnson and F i n l e y  1980). 

Toxic a c t i o n  t o  v a r i o u s  s p e c i e s  
has been a s s o c i a t e d  w i t h  s p e c i f i c  
r e a c t i o n s  t o  s y n e r g i s t i c  o r  antagon- 
i s t i c  e f f e c t s  between t h e  pa ren t  
compounds and h y d r o l y s i s  products .  
Numerous s t u d i e s  have shown t h a t  
c h o l i n e s t e r a s e  i s  t h e  primary s i t e  
of a c t i o n  of t h e  organophosphate 
compounds. Symptoms of a c u t e  t o x i c i t y  
vary from s p e c i e s  t o  s p e c i e s ,  however, 
and d i v e r s e  fo rmula t ions  have d i f -  
f e r e n t  a c u t e  e f f e c t s .  
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Eaton (1970) conducted a s tudy  of 
c h r o n i c  ma la th ion  t o x i c i t y  t o  
b l u e g i l l s  s imilar t o  t h e  s tudy  by 
Mount and Stephan (1967) on  t h e  
f a t h e a d  minnow. I n  E a t o n ' s  s t u d y ,  
c o n c e n t r a t i o n s  of 66 and 28 u g / l i t e r  
were l e t h a l  t o  a l l  f i s h  w i t h i n  1 6  and 
54 days ,  r e s p e c t i v e l y ,  and some were 
k i l l e d  a t  1 5  u g / l i t e r .  Reproduction 
and e a r l y  f r y  s u r v i v a l  w e r e  una f fec ted  
by t h e  7.4 p g / l i t e r  c o n c e n t r a t i o n  t h a t  
c r i p p l e d  a d u l t  f i s h  a f t e r  exposure f o r  
s e v e r a l  months. 

Mulla and Mian (1981) syn thes i zed  
and i n t e r p r e t e d  much of  t h e  a v a i l a b l e  
in fo rma t ion  on t h e  impact of  ma la th ion  
and p a r a t h i o n  on n o n t a r g e t  f l o r a  and 
fauna  i n  a q u a t i c  ecosystems,  a s  w e l l  
a s  t h e  p e r s i s t e n c e  and d i s t r i b u t i o n  of 
t h e s e  chemicals  i n  a q u a t i c  h a b i t a t s .  
Malathion was shown t o  have low 
t o x i c i t y  t o  s e v e r a l  mol lusks ,  bu t  w a s  
cons ide rab ly  more t o x i c  t o  c r u s t a c e a n s  
(water  f l e a s ,  amphipods, shr imp,  and 
j u v e n i l e  c r a b s ) .  Immature non ta rge t  
i n s e c t s ,  such as cadd i s f  l ies,  
s t o n e f l i e s ,  and m a y f l i e s ,  were h i g h l y  
s e n s i t i v e  . M a  l a t h i o n  e x h i b i t e d  
d i f f e r e n t i a l  t o x i c i t y  t o  v a r i o u s  f i s h  
s p e c i e s ;  some species showed a 
s u b s t a n t i a l  deg ree  of t o l e r a n c e .  

Although ma la th ion  i s  a widely 
used organophosphate i n s e c t i c i d e  
e n t e r i n g  s u r f a c e  waters i n  v a r i o u s  
ways, r e s i d u e  i n t e r p r e t a t i o n  i s  
d i f f i c u l t  because of t h e  t o x i c i t y  o f  a 
" p e r s i s t e n t "  m e t a b o l i t e  (malaoxon),  
which i s  no t  e a s i l y  i d e n t i f i e d  i n  
t i s s u e s .  Cook e t  a l .  (1976) sugges ted  
a l t e r n a t e  methods of  a n a l y s i s ,  
i n c l u d i n g  a n a l y s i s  f o r  ma la th ion  
monoacid i n  t h e  g u t  and measurement of  
b r a i n  a c e t y l c h o l i n e s t e r a s e  a c t i v i t y ,  
because t h e  p a r e n t  compound i s  r a p i d l y  
absorbed and a l t e r e d  by f i s h .  
(1969) found that a b a s i c  h y d r o l y s i s  
byproduct of  ma la th ion ,  w i th  a 
pronounced s y n e r g i s t i c  e f f e c t  
demonstrated between ma la th ion  and i t s  
two h y d r o l y s i s  p r o d u c t s ,  was more 
t o x i c  t o  f a t h e a d  minnows than  t h e  
p a r e n t  compound. Bender and Westman 
(1976) found t h a t  ma la th ion  could  
damage e a s t e r n  mudminnows through 
e i t h e r  a c u t e  o r  c h r o n i c  t o x i c i t y  a t  
c o n c e n t r a t i o n s  of  0.09 t o  
0 .24  m g / l i t e r  ( t h e  LC5o's o f  
ma la th ion  and i t s  p r i n c i p a l  h y d r o l y s i s  
p r o d u c t s ) .  Desi e t  a l .  (1976) found 
that a l though  ma la th ion  w a s  only  
s l i g h t l y  t o x i c  t o  gupp ies ,  i t  w a s  
h igh ly  t o x i c  t o  i n v e r t e b r a t e s  such a s  
Daphnia magna (LC50 0.003 m g / l i t e r )  
and t o  j u v e n i l e  forms of v a r i o u s  
s p e c i e s .  They found t h a t  ma la th ion  
a f f e c t s  a q u a t i c  organisms d i f f e r e n t l y  
and,  by e x e r t i n g  stress on " s o p h i s t i-  
c a t e d  f u n c t i o n s"  and exhaus t ing  t h e  
a d a p t a b i l i t y  of  such organisms,  i t  i s  
"not  a n  e n t i r e l y  harmless  agen t  f o r  
t h e  environment."  Table  9 summarizes 
some of t h e  d a t a  on a c u t e  t o x i c i t y  
a v a i l a b l e  f o r  ma la th ion  t o  impor tant  
i n v e r t e b r a t e  and f i s h  spec ie s .  

Bender 
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Table 9--Acute t ox i c i t y  of malathion t o  various invertebrate and f i s h  species 

Stage or  
Test  organism weight Temper a t u  r e  96-h LC50 Reference 

Grams Degree C mg/l i t e r  - 
Invertebrates:  

fish: 
C h i  nook salmon 
Coho salmon 
Coho salmon 
Cutthroat  t r o u t  
Rainbow t r o u t  
Rainbow t rou t  
l ake  t r o u t  
Brown t r o u t  
Brown t r o u t  
Fathead minnow 
Fathead m i  nnow 
Fathead minnow 
B1 ack bu l l  head 
B1 uegi 11 
B1 uegi 11 
B1 uegi 11 
Wall eye 
Y el 1 ow perch 

1.Y 
111 

YC 1 
J Y  

8 
1.4-5 

.9 
-6-1.7 

1 .o 
1.4 

-6-1.7 
.3 

1.1 
.6-1.7 
.9 

1-1.5 
1-2 
1.2 
1-2 
1.5 
1.5 
1.3 
1.4 

15 
15 
21  
21 
15 
15 

20 
12 
13 
12 
12 
13 
12 
12 
13 
18 
25 
25 
18 
25 
18 
25 
18 
18 

21 .0010 
29.001 8 
3.0 

.00076 

.00069 

.0013 

.023 

.17 

.lo1 

.28 

.20 

.20 
,076 
,101 
.20 

8.650 
12.5 
23 
12.9 
.09 
. lo3 
.095 
.064 
.263 

Johnson and Finley 1980 
Johnson and Finley 1980 
Johnson and Finley 1980 
Johnson and Finley 1980 
Johnson and Finley 1980 
Johnson and Finley 1980 

Katz 1961 
Johnson and Finley 1980 
Macek and McAl1 i s t e r  1970 
Johnson and Finley 1980 
Johnson and Finley 1.980 
Macek and McAllister 1970 
Johnson and Finley 1980 
Johnson and Finley 1980 
Macek and McAll i s t e r  1970 
Johnson and Finley 1980 
Henderson and Pickering 1958 
Pickering e t  a l .  1962 
Johnson and Finley 1980 
Pickering e t  a1 . 1962 
Johnson and Finley 1980 
Henderson e t  a l .  1959 
Johnson and Finley 1980 
Johnson and Finley 1980 

l / F i  rst i n s t a r .  
, 7/48-hour EC50. 

3/Mature. 
?/Fi r s t- year  c lass .  

0 7j/Juveni 1 e. 

Johnson and F in l ey  (1980) noted 
t h a t  0.3-g lake t r o u t  f r y  were twice 
as s e n s i t i v e  t o  mala th ion  as 45-g 
f i n g e r l i n g s .  An i n c r e a s e  i n  temper- 
a t u r e  from 7 OC t o  29 O C  caused a 
4- fold i n c r e a s e  i n  t o x i c i t y  t o  
b l u e g i l l s .  V a r i a t i o n s  i n  water 
hardness  d i d  no t  app rec i ab ly  a l ter  
t h e  t o x i c i t y  t o  f i s h  o r  i n v e r t e b r a t e s .  
Salmonids exposed t o  0.120 t o  
0.300 m g / l i t e r  mala th ion  showed 
70- to 80-percent inhibition of 
a c e t y l c h o l i n e s t e r a s e  (AChE), and 
a c t i v i t y  indexes  were reduced by 50 t o  
70 pe rcen t  of t h a t  of unexposed f i s h .  
Go ld f i sh  exposed t o  s u b l e t h a l  l e v e l s  
showed a s i g n i f i c a n t l y  reduced 
avoidance response  a t  l e v e l s  below 
t h a t  caus ing  a reduced AChE a c t i v i t y .  

Exposures of  rainbow t r o u t  t o  
s u b l e t h a l  l e v e l s  of  mala th ion  f o r  
1 hour caused s e v e r e  t i s s u e  damage t o  
t h e  g i l l s  and minor nonspec i f i c  l i v e r  
l e s i o n s .  Ponds g iven  f o u r  semimonthly 
t r e a tmen t s  up t o  0.02 m g / l i t e r  dur ing  
May through J u l y  produced no d i s ce rn-  
i b l e  e f f e c t s  on  r e s i d e n t  b l u e g i l l s  o r  
channel  c a t f i s h .  Popu l a t i ons  of 
a q u a t i c  i n s e c t s ,  however, were 
s i g n i f i c a n t l y  depressed  by h igh  bu t  
not  low t r ea tmen t  rates. These d a t a  
i n d i c a t e  t h a t  u se  of mala th ion  needs 
c a r e f u l  p lanning  because some s p e c i e s  
and h a b i t a t - s p e c i f i c  r e a c t i o n s  t o  t h i s  
p e s t i c i d e  c a n  cause  adve r se  e f f e c t s .  
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I I Carbaryl 

C a r b a r y l  i s  a broad- spectrum, 
r e l a t i v e l y  n o n p e r s i s t e n t  carbamate  
i n s e c t i c i d e  t h a t  h a s  been used f o r  
n e a r l y  30 y e a r s  t o  s u p p r e s s  v a r i o u s  
types  of i n s e c t  i n f e s t a t i o n s .  
Reg i s te red  f o r  use  a g a i n s t  many 
i n s e c t s ,  i t s  p r i n c i p a l  u s e  i n  
a g r i c u l t u r e  i s  a t  rates o f  0.5 t o  
2.24 kg/ha a c t i v e  i n g r e d i e n t ,  o f t e n  
i n  r epea ted  sp ray  t r e a t m e n t s .  I n  
f o r e s t r y ,  i t  i s  used t o  c o n t r o l  
d e f o l i a t i n g  i n s e c t s  (U.S. Department 
of A g r i c u l t u r e ,  F o r e s t  S e r v i c e  1976) .  
F o r e s t- a p p l i c a t i o n  rates o f  more than  
1 . 1 2  kg/ha are uncommon. 
yea r  1980, most o f  t h e  c a r b a r y l  used 
i n  F o r e s t  S e r v i c e  programs was 
a e r i a l l y  a p p l i e d  f o r  g rasshopper  
c o n t r o l  o n  wes te rn  f o r e s t  and range 
lands .  Mount and Oehme (1981) 
publ ished a n  e x t e n s i v e  l i t e r a t u r e  
review o n  c a r b a r y l- - i t s  chemis t ry ,  
t o x i c i  t y  , metabolism , environment a1 
degrada t ion ,  and s o  on. 

I n  f i s c a l  

Behavior in the Envioment 

Carbary l  i s  s o l u b l e  i n  most p o l a r  
o r g a n i c  s o l v e n t s  and t o  about  
0.01 p e r c e n t  i n  water. I n  t h e  s o i l ,  
c a r b a r y l  i s  a t t a c k e d  by s o i l  microbes  
and i s  n o t  expected t o  l e a c h  
s i g n i f i c a n t l y  from t h e  upper s o i l  
s u r f a c e s .  Bol lag and L i u  (1971) 
i s o l a t e d  s e v e r a l  microorganisms 
capab le  of me tabo l i z ing  c a r b a r y l  i n  
s o i l .  A h a l f - l i f e  o f  abou t  12  days  
w a s  noted i n  s e v e r a l  o f  t h e s e  
systems. I n  s o i l ,  c a r b a r y l  h a s  shown 
a h a l f - l i f e  of about  8 days  f o r  
a p p l i c a t i o n  rates  ranging from 3.36 t o  
30.2 kg/ha (Union Carbide 1968) .  
Carbary l  w a s  d e t e c t e d  i n  s o i l  and t h e  
f o r e s t  f l o o r  f o r  64 and 128  days ,  
r e s p e c t i v e l y ,  a f t e r  a p p l i c a t i o n  

(Wil lcox 1972) .  Goring et a l .  (1975) 
e s t i m a t e d  t h e  p e r s i s t e n c e  o f  s e v e r a l  
p e s t i c i d e s  i n  s o i l ,  based o n  a s e a r c h  
of many r e f e r e n c e s .  They i n d i c a t e  t h e  
e s t i m a t e d  t i m e  r e q u i r e d  f o r  50- percent  
d i sappearance  o f  c a r b a r y l  from s o i l  
ranged from 1 .5  t o  6 months. 

LaFleur  (197 6) s t u d i e d  c a r b a r y l  
movement and l o s s  i n  t h e  s o i l  p r o f i l e  
and i t s  accumulat ion i n  underground 
water over  a 16-month p e r i o d .  R a i n f a l l  
d u r i n g  t h e  s t u d y  was 182 c m .  The upper 
1 m o f  s o i l  con ta ined  abou t  6 p e r c e n t  
o f  t h e  a p p l i e d  c a r b a r y l  1 6  months 
a f t e r  a p p l i c a t i o n .  None was. found i n  
t h e  10- t o  20-cm l a y e r  a f t e r  t h e  4 t h  
month. Loss o f  c a r b a r y l  wi th  t i m e  i n  
t h e  upper 1 m of s o i l  depended on 
c o n c e n t r a t i o n ,  and t h e  h a l f - l i f e  was 
less t h a n  1 month. I n  under ly ing  
ground water, c a r b a r y l  appeared w i t h i n  
2 months a f t e r  a p p l i c a t i o n  and per-  
s i s t e d  through t h e  8 t h  month. The 
maximum ground-wat er concent  rat i o n  wa s 
0 .3  p m o l e / l i t e r  a t  t h e  end o f  t h e  2d 
month. 

No c a r b a r y l  w a s  d e t e c t e d  i n  t h e  
f i e l d  p l o t  o r  s o i l  water a t  a l and  
wastewater d i s p o s a l  s i t e  t h a t  r ece ived  
c a r b a r y l  ( 0 . 1  m g / l i t e r  i n  w a t e r )  over  
a 15-week p e r i o d  ( J e n k i n s  e t  a l .  1978).  
The a u t h o r s  concluded t h a t  c a r b a r y l  
does  n o t  accumulate o r  t r a n s l o c a t e  
under  t h e  f i e l d  c o n d i t t o n s  of t h i s  
tes t .  Haque and Freed (1974) pre-  
d i c t e d  c a r b a r y l  w i l l  l e a c h  less  than  
20 c m  i n  t h e  s o i l  p r o f i l e  t h a t  r e c e i v e s  
a n  annua l  r a i n f a l l  o v e r  150 c m .  
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Car0 e t  a l .  (1974) r epor t ed  95 
p e r c e n t  of t h e  c a r b a r y l  i n  a n  a g r i c u l-  
t u r a l  s o i l  had d i sappea red  w i t h i n  
135 days.  Of t h e  4 kg of  c a r b a r y l  
a p p l i e d ,  5.8 g were recovered dur ing  
t h e  1st y e a r  i n  runoff  water and sed i-  
ment. Over 90 p e r c e n t  of  this l o s s  
occur red  i n  a s i n g l e  r a i n f a l l  19  days  
a f t e r  a p p l i c a t i o n .  About 75 pe rcen t  
of t h e  s e a s o n a l  l o s s  w a s  con ta ined  i n  
water and 25 p e r c e n t  i n  sediment. 

P a r i s  e t  a l .  (1975) i n d i c a t e d  
c a r b a r y l  was degraded both  chemical ly  
and b i o l o g i c a l l y ;  t h e  rate of  b io log i-  
cal degrada t ion  was p r o p o r t i o n a l  t o  
t h e  d e n s i t y  of  microorganisms. 
Chemical d e g r a d a t i o n  predominated i n  
t h e i r  s tudy .  The p e r s i s t e n c e  of 
c a r b a r y l  i n  water appea r s  t o  be 
b r i e f .  I f  c a r b a r y l  i s  a p p l i e d  ove r  
open water, such as  small brooks o r  
ponds, i n i t i a l  d e p o s i t s  of  h %/l i te r  
o r  less i n  water dep ths  of  about 
1 0  c m  may be expected  t o  degrade 
comple te ly  o r  d i s a p p e a r  i n  1 o r  2 days  
( L i c h t e n s t e i n  e t  a l .  1966) .=I 
Eiche lbe rge r  and Lichtenberg  (1971) ,  
i n  de termining t h e  p e r s i s t e n c e  of 
s e v e r a l  i n s e c t i c i d e s  i n  r i v e r  water, 
found on ly  5 p e r c e n t  o f  t h e  o r i g i n a l  
0 .01  %/ l i t e r  of  c a r b a r y l  remained 
1 week a f t e r  a p p l i c a t i o n .  No r e s i d u e s  
w e r e  d e t e c t e d  a f t e r  2 weeks. Romine 
and Buss ian  (see f o o t n o t e  13) found no 
d e t e c t a b l e  c a r b a r y l  i n  t h e  water of  a 
farm pond 2 days  a f t e r  i t  had been 
sprayed a t  t h e  rate of 6.7 kg/ha.  
Res idues  immediately a f t e r  sp ray ing  
were 4 .8  m g / l i t e r .  Residues i n  t h e  
sediment d i sappea red  a f t e r  4 days.  

=/Unpublished r e p o r t ,  "The 
d e g r a d a t i o n  of c a r b a r y l  a f t e r  s u r f a c e  
a p p l i c a t i o n  t o  a farm pond," P r o j .  
Rep. l l l A 1 3 ,  by R. R.  Romine and R. A. 
Bussian,  Union Carbide Corp., S a l i n a s ,  
C a l i f . ,  1971. 

e / U n p u b l i s h e d  r e p o r t ,  "An 
i n v e s t i g a t i o n  i n t o  t h e  e f f e c t  o n  f i s h  
of Sev in  ( c a r b a r y l )  used i n  rice 
c u l t u r e ,  * @  Pittman-Robertson P ro j .  
W-52-R, p repa red  by Resour. Agency, 
Wildl .  I n v e s t .  Lab., Ca l i f  Dep. F i s h  
and G a m e ,  Sacramento, 1963. 

Kar inen e t  a l .  (1967) r e p o r t e d  t h e  
c o n c e n t r a t i o n  of  c a r b a r y l  i n  e s t u a r i n e  
water dec reased  50 p e r c e n t  i n  38 days.  
When mud w a s  p r e s e n t ,  more than 
9(t-percent loss occur red  i n  10 days. 
The c a r b a r y l  was adsorbed where 
decomposit ion cont inued a t  a s lower  
rate. The p r i n c i p a l  m e t a b o l i t e  of  
c a r b a r y l ,  1-napthal ,  w a s  less per-  
s i s t e n t .  Ca rba ry l  a p p l i e d  
(11.2 kg/ha) t o  a t i d a l  mud f l a t  
d i sappea red  r a p i d l y .  The i n i t i a l  
r e s i d u e  l e v e l  of  10.7 mg/kg dec reased  
r a p i d l y  t h e  1st day when t h e  t i d e  
removed c a r b a r y l ,  and t h e  1-napthal  
m e t a b o l i t e  was n o t  adsorbed on mud. 
The l e v e l  i n  t h e  t o p  2.5 c m  of mud 
decreased from 3.8 mg/kg 1 day a f t e r  
t r ea tmen t  t o  0.1 mg/kg by t h e  42d day.  

Carbaryl  w a s  monitored i n  stream 
and pond water i n  t h e  E a s t e r n  Uni ted  
S t a t e s .  Values ranged from nondetec t -  
a b l e  t o  0.03 m g / l i t e r ;  most v a l u e s  
were around 0.001 m g / l i t e r  (Tracy 
e t  a l .  1977) .  I n  t h e  P a c i f i c  
Northwest ,  Tracy e t  a l .  (1977) 
r epor t ed  0.005 t o  0.011 m g / l i t e r  a s  
peak c o n c e n t r a t i o n s  of c a r b a r y l  i n  
streams i n  areas sprayed f o r  c o n t r o l  
of wes te rn  sp ruce  budworm ( t a b l e  8 ) .  
These v a l u e s  were f o r  streams wi thou t  
b u f f e r  s t r i p s .  Res idues  were a t  o r  
n e a r  d e t e c t i o n  limits i n  samples 
c o l l e c t e d  48 hours  a f t e r  a p p l i c a t i o n .  
Tracy e t  a l .  (1977) d i d  no t  f i n d  
measurable c a r b a r y l  i n  a q u a t i c  i n s e c t s  
f r o =  s t r e a s  f l o v i r g  through t r e a t e d  
f o r e s t  areas. 

Where c a r b a r y l  was a p p l i e d  a t  
0.84 kg/ha f o r  c o n t r o l  o f  sp ruce  
budworm, Hu lbe r t  (1978) measured peak 
c o n c e n t r a t i o n s  of 0.026 and 
0.042 m g / l i t e r  i n  water, and S t a n l e y  
and T r i a l  (1980) d e t e c t e d  peak concen- 
t r a t i o n s  of  0.0009 t o  0.008 m g / l i t e r  
i n  brooks (3 t o  8 m wide) and 0.0004 
t o  0.002 m g / l i t e r  i n  r i v e r s  (15  t o  
100 m wide),  s h o r t l y  a f t e r  app l i ca-  
t i o n .  Buf fe r  s t r i p s  of  150  m were 
used. Along one stream where no 
b u f f e r  s t r i p  was used,  a peak 
c o n c e n t r a t i o n  of  0.016 m g / l i t e r  was 
d e t e c t e d .  The c o n c e n t r a t i o n s  
decreased e x p o n e n t i a l l y  w i t h  t i m e  
a f t e r  a p p l i c a t i o n .  The h a l f - l i f e  f o r  
c a r b a r y l  i n  t h e s e  stream systems was 
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23 hours  i n  brooks and 28 hours  
i n  r i v e r s .  The rate c o n s t a n t  
(0.028 hour-') r e p o r t e d  by S t a n l e y  
and T r i a l  (1980) f o r  c a r b a r y l  d i s -  
appearance i n  streams was s imil iar  t o  
t h e  decay c o n s t a n t s  determined i n  t h e  
l a b o r a t o r y  f o r  c a r b a r y l  i n  r i v e r  water 
(0.017 hour-') and pond water 
(0.028 hour- l )  ( E i c h e l b e r g e r  and 
L ich tenber  1971, Kanazawa 1975).  

salmon, brook t r o u t ,  and sl imy 
s c u l p i n s  d i d  n o t  c o n t a i n  d e t e c t a b l e  
r e s i d u e s  o f  c a r b a r y l  24 ,  48,  o r  
168 hours  a f t e r  aer ia l  a p p l i c a t i o n  o f  
1 .12 kg/ha t o  f o r e s t s  i n  t h e  Eastern 
United S t a t e s .  

M a r a n c i k-  157 no ted  t h a t  A t l a n t i c  

Bernhardt  e t  a l .  (1978) conducted 
a much more i n t e n s i v e  s t u d y  of 
c a r b a r y l  i n  s i x  streams i n  Washington 
S t a t e .  Peak c o n c e n t r a t i o n s  of 0.005, 
0.013, 0.014, 0.020, 0.029, and 
0.121 m g / l i t e r  were observed w i t h i n  
t h e  t r e a t e d  area i n  t h e s e  s i x  streams. 
Residues  t y p i c a l l y  d e c l i n e d  from peak 
l e v e l s  w i t h i n  a few hours  a f t e r  
a p p l i c a t i o n .  Residue l e v e l s  were much 
lower a t  downstream l o c a t i o n s .  I n  
Squi lchuck Creek, t h e  stream t h a t  
r ece ived  t h e  g r e a t e s t  exposure ,  
r e s i d u e s  of 100 t o  1 2 0  mg/kg were 
measured i n  b e n t h i c  organisms, 131  t o  
152 mg/kg i n  c u t t h r o a t  t r o u t ,  and 32  
t o  335 mg/kg i n  sediment.  
were n o t  found i n  t h e s e  s u b s t r a t e s  a t  
most o t h e r  l o c a t i o n s  and,  w i t h  the  
e x c e p t i o n  of t h e  sediment ,  were n o t  
found 30 days  a f t e r  a p p l i c a t i o n  i n  
Squi lchuck Creek. 

Residues 

15/Unpublished r e p o r t ,  " E f f e c t  of 
i n s e c t i c i d e s  used f o r  sp ruce  budworm 
c o n t r o l  i n  1975 on f i s h , "  p .  11-34 i n  
"1975 Cooperat ive  P i l o t  Con t ro l  Pro j- 
ect of Dylox, Matacil, and Sumithion: 
f o r e s t  s p r u c e  budworm c o n t r o l  i n  
Maine," by J. Marancik, U.S. Dep. 
Agr ic . ,  For .  Se rv . ,  Nor theas t .  Area, 
Upper Darby, Penn., 1976. 

Kenaga (1980b) p r e d i c t e d  a 
bioaccumulat ion f a c t o r  o f  77 f o r  
c a r b a r y l .  I n  a model a q u a t i c  
ecosystem,  Kanazawa e t  a l .  (1975) 
r e p o r t e d  h i g h e r  v a l u e s .  They found 
bioaccumulat ion r a t i o s  o f  2,OOO:l t o  
4,OOO:l f o r  a l g a e  and duckweed, b u t  
v a l u e s  o f  on ly  1OO:l t o  500:l f o r  
s n a i l s ,  c a t f i s h ,  and c r a y f i s h .  The 
sediment i n  t h e  system was t h e  major  
r e p o s i t o r y  f o r  t h e  chemical .  The d a t a  
sugges t  t h a t  c a r b a r y l  w a s  t i g h t l y  
bound t o  s o i l  p a r t i c l e s  and humic 
subs tances .  Daphnia, which are 
ex t remely  s e n s i t i v e  t o  c a r b a r y l ,  were 
u n a f f e c t e d  when placed i n  c l e a n  water 
t h a t  had been i n  c o n t a c t  w i t h  t h e  
sediments  from t h i s  test f o r  3 days .  

I n  a s imi la r  sys tem,  Sanborn 
(1974) d i d  n o t  d e t e c t  any 
unmetabolized c a r b a r y l  i n  s e v e r a l  
components ( i n c l u d i n g  a l g a e )  o f  t h e  
ecosystem, a l t h o u g h  s e v e r a l  m e t a b o l i c  
p roduc t s  were prominent.  P a r i s  e t  a l .  
(197 5) found no measurable  a d s o r p t i o n  
of c a r b a r y l  by microorganisms. 
Exposures o f  channel  c a t f i s h  f o r  
28 d a y s  t o  14C-carbaryl i n  t h e  d i e t  
(2 .8  mg/kg) o r  by b a t h  (0.25 m g / l i t e r )  
produced whole-body r e s i d u e s  o f  9 a n d  
11 ug/kg, r e s p e c t i v e l y .  Within 
28 days ,  78 p e r c e n t  o f  t h e s e  r e s i d u e s  
were e l i m i n a t e d  by t h e  diet- exposed 
f i s h  bu t  on ly  11 p e r c e n t  by t h e  
bath-exposed f i s h  (Johnson and F i n l e y  
1980) .  Korn (1973) found t h a t  channel  
c a t f i s h  d i d  n o t  accumulate  c a r b a r y l  
because they  metabo l i ze  o r  e x c r e t e  t h e  
compound. Marancik,  c i t i n g  Tompkins 
(1975,  see f o o t n o t e  1 5 ) ,  r e p o r t e d  t h a t  
pumpkinseed ( s u n f i s h )  exposed t o  
5 m g / l i t e r  Sev in  f o r  2 hours  accumu- 
l a t e d  12 .6  mg/kg i n  t h e  t i s s u e  by t h e  
end of t h e  exposure  p e r i o d ,  bu t  e l i m i -  
na ted  99.8  p e r c e n t  w i t h i n  24 hours  
a f t e r  exposure  ended. These d a t a  
sugges t  c a r b a r y l  b ioaccumulat ion w i l l  
be l i m i t e d  and i t s  p e r s i s t e n c e  b r i e f .  
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Table 10--Acute t o x i c i t y  o f  carbaryl  t o  various inver tebrate  and f i s h  species 

Test organism 
Stage o r  
weight Temp era t u r e  96-h LC50 Reference 

Grams Degree C mg/l i t e r  

Invertebrates: 
Daphnia pul ex 
Asel lus sp. 
Gammarus fasc ia tus 
Pteronarcys sp. 

F ish:  
Coho salmon 
Coho salmon 
Coho salmon 
Cut throat  t r o u t  
Cutthroat t r o u t  
Rainbow t r o u t  
Rainbow t r o u t  
Fathead minnow 
Fathead minnow 
Fathead minnow 
Ye1 low perch 
B1 uegi 11 
B1 uegi 11 
B1 uegi 11 
B1 uegi 11 

1Y 

Y c 2 Y  
# 

1.0 
-6-1.7 
2.7-4.1 
.5 

1.5 
3.2 

-- 

-6-1.7 -- 
.8 
.6 
1.2 

0 . 7  

-6-1.7 -- 

16 
18 
21 
16 

13 
13 
20 
12 

12 
20 
18 

18 
12 
18 
17 
18 

9.5 

-- 

-- 

0.0064 
.28 
.026 
.0048 

4.34 
.764 
.997 

7.1 
6.7 
1.95 
1.35 
14.6 
6.7 
14.6 
5.1 
6.76 

6.76 
5.3 

4/39 

Johnson and F in ley  1980 
Johnson and F in ley  1980 
Johnson and F in ley  1980 
Sanders and Cope 1968 

Johnson and F in ley  1980 
Macek and McA l l i s te r  1970 
Katz 1961 
Johnson and F in ley  1980 
Woodward and Mauck 1980 
Macek and McAl1 i s t e r  1970 
Katz 1961 
Macek and McAl1 i s t e r  1970 
Henderson e t  a l .  1960 
Johnson and F in ley  1980 
Johnson and F in ley  1980 
Johnson and F in ley  1980 
Johnson and F in ley  1980 
Macek and McAl1 i s t e r  1970 
Henderson e t  a l .  1960 

-- = data no t  avai lable. 

1/Fi  r s t  i ns ta r .  
T I m t u r e .  
3/Second-year cl ass. 
TiContai  ned i n  o i  1 d i  spersi  on, 49 percent a c t i  ve ingred ient  . 

T o x c i  Stewar t  e t  a l .  (1967) s t u d i e d  t h e  
a c u t e  e f f e c t s  of  c a r b a r y l  and i t s  
h y d r o l y t i c  product  l- naphtha1 on  
v a r i o u s  mar ine  s p e c i e s .  They found 
t h a t  c a r b a r y l  w a s  more t o x i c  t o  l a r v a l  
and a d u l t  c r u s t a c e a n s  than  t o  l a r v a l  

Table  1 0  summarizes t h e  t o x i c i t y  
of  c a r b a r y l  f o r  s e v e r a l  i n v e r t e b r a t e  
and f i s h  s p e c i e s .  

Courtemanch and Gibbs (1980) noted  
shor t -  and long- term e f f e c t s  on  stream 
i n v e r t e b r a t e s  a f t e r  sp ray ing  w i t h  
c a r b a r y l .  The i n i t i a l  pos t sp ray  
response  w a s  a n  i n c r e a s e  i n  d r i f t ,  
and t h e  benthos  showed s i g n i f i c a n t  
d e c l i n e s  among P lecop te ra ,  Ephemerop- 
tera,  and Tr i chop te ra .  P l ecop te ra  d i d  
n o t  r e p o p u l a t e  any t r e a t e d  stream by 
60 days  pos t t r ea tmen t .  These f i n d i n g s  
are similar t o  those  of  Burdick e t  a l .  
(1960),  who r e p o r t e d  a r educ t ion  i n  
s t and ing  c r o p  of t o t a l  stream 
i n v e r t e b r a t e s  a f t e r  f o r e s t  sp ray ing  
w i t h  Sevin .  
t h e  chemical  was most appa ren t  on 
P l e c o p t e r a ,  e s p e c i a l l y  i n  streams 
t r e a t e d  f o r  two consecu t ive  y e a r s .  

The long- term e f f e c t  of  

and adult mollusks and juvenile 
f i s h e s .  Carbaryl  w a s  more t o x i c  t h a n  
l- naphthal .  Ca r l son  (1972) found t h a t  
long- term exposure of  f a t h e a d  minnows 
t o  c a r b a r y l  a t  a c o n c e n t r a t i o n  of 
0.68 m g / l i t e r  caused a d v e r s e  e f f e c t s  
on  s u r v i v a l  and spawning. 

The t e r a t o g e n i c  e f f e c t s  of  
c a r b a r y l  and ma la th ion  on developing 
medaka embryos exposed i n  s t a t i c  tests 
were i n v e s t i g a t e d  by Solomon (1978) 
and Solomon and Weis (1979).  The 
primary s i te  of a c t i o n  of t h e s e  
i n s e c t i c i d e s  w a s  t h e  c i r c u l a t o r y  
system. S i g n i f i c a n t  e f f e c t s  on  
c i r c u l a t o r y  anomal ies  were produced a t  
c o n c e n t r a t i o n s  of  5 m g / l i t e r  c a r b a r y l  
and 20 m g / l i t e r  mala th ion.  

39 



Woodward and Mauck (1980) found 
s t o n e f l y  n a i a d s  and amphipods were 
c o n s i d e r a b l y  more s e n s i t i v e  than 
c u t t h r o a t  t r o u t  t o  c a r b a r y l  and t h u s  
would show t h e  g r e a t e s t  impact a f t e r  
f o r e s t  sp ray ing  t h a t  caused stream 
contaminat ion.  Johnson and F i n l e y  
(1980) provided t h e  fo l lowing  n o t e s  
on c a r b a r y l  tests  conducted a t  t h e  
Columbia F i s h e r i e s  Research Laboratory:  

L i t t l e  o r  no a l t e r a t i o n  i n  
t o x i c i t y  r e s u l t e d  when t empera tu res  
were i n c r e a s e d  from 10 t o  21C f o r  
daphnids  o r  from 7 t o  1 7 C  f o r  
c u t t h r o a t  t r o u t  and A t l a n t i c  
salmon. Conversely ,  t o x i c i t y  t o  
brook t r o u t  and yel low perch  was 
s i g n i f i c a n t l y  i n c r e a s e d  (4- t o  
11- fo ld )  by s imilar  temperature  
i n c r e a s e s .  I n c r e a s e s  i n  t h e  pH of  
tes t  s o l u t i o n s  from 6.5 t o  8.5 
dec reased  t o x i c i t y  t o  s t o n e f l i e s  by 
one- half .  However, a l k a l i n e  test  
s o l u t i o n s  (pH 8 . 5  t o  9.0) were 
1 .4  t o  1 1 . 4  times more t o x i c  t o  
t r o u t ,  salmon, and yel low perch  
than  were test  s o l u t i o n s  w i t h  lower  
pH ( 6 . 5  t o  7 . 5 ) .  V a r i a t i o n s  i n  
ha rdness  (12 t o  300 mg/ l )  d i d  n o t  
a p p r e c i a b l y  a l t e r  t o x i c i t y  t o  
scuds ,  t r o u t ,  o r  yel low perch .  
T e s t  s o l u t i o n s  aged f o r  3 weeks 
were less t o x i c  t o  s t o n e f l y  n a i a d s ,  
y e t  more t o x i c  t o  c u t t h r o a t  t r o u t .  

L Azinphos-methyl 

Azinphos-methyl i s  a n  organophos- 
pha te  i n s e c t i c i d e  r e g i s t e r e d  f o r  use  
o n  a wide v a r i e t y  of p l a n t s  t o  c o n t r o l  
many i n s e c t  p e s t s .  It has  been a v a i l -  
a b l e  s i n c e  i t  was f i r s t  r e g i s t e r e d  f o r  
u s e  o n  c o t t o n  i n  1954; i t s  most exten-  
s i v e  use  i n  f o r e s t r y  i s  i n  ground 
a p p l i c a t i o n s  f o r  c o n t r o l  of seed  and 
cone i n s e c t s  i n  seed p roduc t ion  areas. 

Behavior in the Environment 

A comprehensive review o f  t h e  u s e  
and behavior  o f  az inphos -methy l  i n  
American a g r i c u l t u r e  was made by 
Anderson e t  a l .  (1974).  I n f e r e n c e s  
can be made t o  f o r e s t r y  uses .  
Azinphos-methyl i s  s o l u b l e  t o  
29 m g / l i t e r  i n  water (25 OC) and 
i s  r e a d i l y  s o l u b l e  i n  most o r g a n i c  
s o l v e n t s  ( excep t  a l i p h a t i c s ) .  

The Chemagro D i v i s i o n  o f  BayChem 
Corpora t ion  h a s  conducted s o i l  
p e r s i s t e n c e  s t u d i e s  of azinphos- 
methyl  (Anderson e t  a l .  1974) .  They 
r e p o r t  t h e  average h a l f - l i f e  o f  t h e  
compound was abou t  3 months, a l though  
i t  v a r i e d  s u b s t a n t i a l l y  i n  d i f f e r e n t  
s o i l  t y p e s  and i n  d i f f e r e n t  geograph ic  
l o c a t i o n s .  I n  muck-sand s o i l s  of 
F l o r i d a ,  t h e  r e d u c t i o n  averaged more 
than  50 p e r c e n t  i n  1 month. I n  c l a y  
s o i l s  o f  Lou i s iana ,  a SO-percent 
r e d u c t i o n  r e q u i r e d  3 months, bu t  i n  
Kansas c l a y  s o i l s ,  t h e  t i m e  w a s  
between 2 and 3 months. R a i n f a l l  o n  
t h e  Lou is iana  p l o t s  was 24.4 c m ;  o n  
t h e  Kansas p l o t s ,  i t  was 36.6 c m  
(Anderson e t  a l .  1974) .  Haque and 
Freed (1974) estimate az inphos -methy l  
would l e a c h  less t h a n  2 0  cm i n  s o i l s  
r e c e i v i n g  150 c m  of r a i n f a l l .  R e s u l t s  
of t h e s e  tests  s u g g e s t  t h e  p e r s i s t e n c e  
of azinphos-methyl and i t s  m o b i l i t y  
are n o t  s u f f i c e n t  t o  r e s u l t  i n  e i t h e r  
bu i ldup  of t h e  compound i n  t h e  s o i l  o r  
i t s  t r a n s f e r  i n t o  ground water. 

W e  d i d  no t  f i n d  any pub l i shed  
r e p o r t s  o f  azinphos-methyl i n  f o r e s t  
waters. There are unconfirmed r e p o r t s  
of azinphos-methyl i n  s u r f a c e  and 
s u b s u r f a c e  water d r a i n i n g  from s e e d  
o r c h a r d s  o n  sandy s o i l s  i n  t h e  
s o u t h e a s t e r n  Uni ted S t a t e s .  I t s  
predominant p a t t e r n  of u s e  minimizes 
t h e  l i k e l i h o o d  that f o r e s t r y  u s e s  of 
t h i s  i n s e c t i c i d e  w i l l  r e s u l t  i n  i t s  
r e s i d u e s  e n t e r i n g  f o r e s t  s u r f a c e  
waters i n  t h e  West. 

Meyer (1965) r e p o r t e d  t h e  h a l f - l i f e  
o f  azinphos-methyl would be about  
2 days  i n  t h e  a q u a t i c  environment.  I n  
Meyer 's  s t u d y ,  t h e  pH o f  t h e  v a r i o u s  
ponds ranged from 7.2 t o  8.0 and, 
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Table l l - -Acute  t o x i c i t y  o f  azinphos-methyl t o  various inver tebra te  and f i s h  species 

Test organism 
Stage o r  
weight Temperature 96-h LC50 Ref e r e  nc e 

Grams Degree C mg/l i t e r  - 
Invertebrates:  

Asel lus sp. 
Gammaru s f asc i a t u  s 
Pteronarcys sp. 

Fish:  
Coho salmon 
Coho salmon 
Coho salmon 
Rainbow t r o u t  
Rainbow t r o u t  
Rainbow t r o u t  
Fathead minnow 
Fathead minnow 
Fathead minnow 
B1 uegi 11 
B l u e g i l l  
B1 uegi 11 
Largemouth bass 
Largemouth bas s 

$; 
uc2Y 

0.7 -- 
.6-1.7 

.6-1.7 
_ -  

1 .o 
1-2 

1.2 
1.5 

.6-1.7 
1-2 

.6-1.7 

.9 

.6-1.7 

15 
21 
15 

12 
20 
13 
20 
13 
12 
25 
18 
18 
18 
18 
25 
18 
18 

0.021 
.00015 
.0019 

.006 1 

.0042 

.017 

.0032 

.0014 

.0043 

.0093 

.235 

.235 

.022 

.022 

.0052 

.005 

.0048 

Johnson and F in ley  1980 
Johnson and F in ley  1980 
Johnson and F in ley  1980 

Johnson and F in ley  1980 
Katz 1961 
Macek and McAll i s t e r  1970 
Katz 1961 
Macek and McAll i s t e r  1970 
Johnson and F in ley  1980 
Henderson e t  a l .  1960 
Macek and McA l l i s t e r  1970 
Johnson and F in ley  1980 
Johnson and F in ley  1980 
Macek and McAll i s t e r  1970 
Henderson e t  a l .  1960 
Macek and McA l l i s t e r  1970 
Johnson and F in ley  1980 

-- = data not  avai lable.  

l/Ma t u r e  . 
?/Second-year c l  ass. 

a f t e r  a p p l i c a t i o n  o f  1 mg/liter 
azinphos-methyl,  t h e  r e s i d u e s  dropped 
from 0.8 m g / l i t e r  a t  4 hours  t o  
0.4 m g / l i t e r  a t  48 hours  a f t e r  
a p p l i c a t i o n .  A t  4 clays, t h e  r e s i d u e  
l e v e l  was 0.1 m g / l i t e r  and w a s  

::nt:%5 r e p o r t e d  a h a l f - l i f e  of 
1 . 2  days  i n  a n  outdoor  pond. The 
degrada t ion  was more r a p i d  where both  
s u n l i g h t  and microorganisms were 
a c t i v e  t h a n  i n  indoor  tests. 
and L i c h t e n s t e i n  (1972) showed 
az inphos -methyl  was s u b j e c t  t o  
photodecomposit ion i n  a q u a t i c  
systems.  These tests sugges t  t h a t  
t h e  decompo s i t  i o n  of  azinpho s-me t hy 1 
i n  a n  a q u a t i c  environment i s  r e l a t i v e -  
l y  r a p i d ,  and accumula t ion  i s  no t  
expected .  Iwata e t  a l .  (1977) 
r epor t ed  that d i sappea rance  of 
az inphos-methyl  fo l lowed f i r s t - o r d e r  

a b l e  a t  14 days.  F l i n t  

Liang 

16/Unpublished r e p o r t ,  " S o i l  runoff  , 
l e a c h i n g ,  and a d s o r p t i o n  and water 
s t a b i l i t y  s t u d i e s  w i t h  Guthion,"  
Rep. 28936, by D. R .  F l i n t ,  D. D. 
Church, H. R. Shaw, and J. Armour, 
Chemagro Corp., Kansas C i t y ,  Mo., 1970. 

k i n e t i c s  i n  a s i l t y  c l a y  loam s o i l  
w i th  a lOO-fold d e c r e a s e  i n  
c o n c e n t r a t i o n  i n  105 days.  

Azinphos-methyl should  show l i t t l e  
p o t e n t i a l  f o r  bioaccumulation.  I n  
d a i r y  ca t t l e ,  i t  appea r s  t o  be r a p i d l y  
exc re t ed  ( E v e r e t t  e t  a l .  1966, 
L o e f f l e r  e t  a l .  1966).  No r e s i d u e s  
are found i n  m i l k  1 to 2 d i y s  a f t e r  
t r e a t e d  f eed  w a s  withdrawn. T h i s  
in fo rma t ion ,  combined w i t h  w h a t  i s  
known of t h e  p h y s i c a l  p r o p e r t i e s  of  
azinphos-methyl, s u g g e s t s  t h a t  i t s  
bioaccumulation i s  n o t  l i k e l y  t o  be 
e x t e n s i v e ,  and i t  should  clear r a p i d l y  
from organisms once exposure ceases. 

T o x c i  

S e v e r a l  r e s e a r c h e r s  have s t u d i e d  
t h e  t o x i c i t y  of  az inphos -methyl  t o  
i n v e r t e b r a t e s  and f i s h e s  (Henderson 
e t  a l .  1960,  Katz 1961,  Macek and 
McAllister 1970, Johnson and F i n l e y  
1980).  
t h a n  mala th ion.  Tab le  11 prov ides  a 
summary of  i t s  a c u t e  t o x i c i t y  t o  a 
v a r i e t y  of  i n v e r t e b r a t e s  and f i s h e s .  

It i s  2 t o  10 times more t o x i c  
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Johnson and F i n l e y  (1980) noted 
t h a t  v a r i a t i o n s %  i n  test  tempera tures  
from 2 "C t o  18 "C f o r  rainbow t r o u t  
and 1 2  "C t o  22 "C f o r  b l u e g i l l s  
produced no change i n  t o x i c i t y  of  
az inphos -methyl  a t  t h e  lower tempera- 
t u r e s  and a 2- fold i n c r e a s e  a t  the  
h ighe r  t empera tu res .  Yellow pe rch  
became s u b s t a n t i a l l y  more s u s c e p t i b l e  
wi th  a n  i n c r e a s e  i n  tempera ture ;  
96-hour LC50's decreased from 0.04 
t o  0.0024 m g / l i t e r  when tempera ture  
w a s  i n c r e a s e d  from 7 O C  t o  22 O C .  
V a r i a t i o n s  i n  water hardness  from 12 
t o  300 m g / l i t e r  produced no change i n  
t o x i c i t y  t o  scuds  o r  f i s h .  A lka l ine  
s o l u t i o n s  (pH 8.5 t o  9 .0)  were 
s l i g h t l y  less t o x i c  t o  f i s h  than  more 
a c i d i c  s o l u t i o n s  (pH 6.5 t o  7 .5) .  
Aqueous d e g r a d a t i o n  from 1 t o  3 weeks 
produced a 1 . 3 -  t o  2- fold i n c r e a s e  i n  
96-hour LC5o's f o r  A t l a n t i c  salmon 
and yel low perch.  A t l a n t i c  salmon 
eggs were h igh ly  t o l e r a n t  t o  poison-  
i n g  (11-day LC50 g r e a t e r  t h a n  
50 m g / l i t e r ) .  The s u s c e p t i b i l i t y  
of yolk- sac f r y  equaled  that of 
f i n g e r l i n g s .  Time- independent 
LC5o's (TILC50) were 0.000 23,  
0.000 29, and 0.000 32 m g / l i t e r  f o r  
A t l a n t i c  salmon, b l u e g i l l s ,  and ye l low 
perch ,  r e s p e c t i v e l y .  The TILC50 i s  
a s t a t i s t i c a l  estimate of  t h e  t o x i c a n t  
c o n c e n t r a t i o n  a t  which 50 p e r c e n t  of 
t h e  test  p o p u l a t i o n  would be expected  
t o  s u r v i v e  a long- term exposure.  
Cumulative t o x i c i t y  indexes  v a r i e d  
from 10.9 t o  20.5, i n d i c a t i n g  a 
moderate t o  h igh degree  of cumula t ive  
a c t i o n  ( f o r  a n  organophosphate) .  

The cumula t ive  t o x i c i t y  index  i s  
t h e  numer ica l  r a t i o  of t h e  96-hour 
LC50 t o  t h e  TILCSO f o r  a chemical .  
Th i s  r a t i o  can  s e r v e  as  a n  estimate 
of t h e  cumula t ive  a c t i o n  of  a t o x i -  
c a n t .  For example, a r a t i o  of  2 : l  
s u g g e s t s  l i t t l e  cumula t ive  a c t i o n .  
Adelman e t  a l .  (1976) found t h a t  
0.000 51 m g / l i t e r  but  no t  
0.000 33 m g / l i t e r  d r a s t i c a l l y  
reduced egg p roduc t ion  of t h e  
f a t h e a d  minnow, but  caused no o t h e r  
appa ren t  adve r se  e f f e c t s .  

mP Carbof uran 

HIC-NH-C-0 
1; 

Carbof uran 

HIC-NH-C-0 
1; 

Carbof uran 

Carbofuran i s  a broad- spectrum 
carbamate i n s e c t i c i d e .  It has major  
r e g i s t r a t i o n s  f o r  a wide v a r i e t y  of  
s o i l  and f o l i a r  i n s e c t  p e s t s  i n  
numerous a g r i c u l t u r a l  c rops .  F o r e s t r y  
u s e s  i n c l u d e  c o n t r o l  of seed and cone 
i n s e c t s  i n  n u r s e r i e s  and seed o rcha rds  
and a s  a r o o t  d i p  a t  t i m e  of p l a n t i n g  
( s e e  f o o t n o t e  3 ) .  

Behavior in the Envirorment 

Carbofuran i s  s o l u b l e  t o  
700 m g / l i t e r  i n  water (25 OC) and 
has a vapor p r e s s u r e  of  ~ ~ 1 0 - 5  mmHg 
(33  OC). The modera te ly  low vapor 
p r e s s u r e  s u g g e s t s  low v o l a t i l i t y  from 
soil. Tu and Miles (1976) c l a s s e d  
ca rbofu ran  as  s l i g h t l y  v o l a t i l e  ( t h e  
least  v o l a t i l e  group)  i n  s o i l  a t  
20 OC. Carbofuran,  l i k e  t h e  o t h e r  
carbamate i n s e c t i c i d e s ,  d i s a p p e a r s  
r a p i d l y  from s o i l .  Fuhremann and 
L i c h t e n s t e i n  (1980) measured abou t  60- 
and 90-percent l o s s e s  of  ca rbofu ran  i n  
14 days  from loam and sandy s o i l s  i n  
which o a t s  were germinated and grown. 
Car0 e t  a l .  (1973) r epor t ed  i t  
d i sappea red  from s o i l  by appa ren t  
f i r s t - o r d e r  k i n e t i c s  wi th  h a l f  l i v e s  
ranging from 46 t o  117 days .  The 
r e a c t i o n  i s  l i k e l y  mediated by bo th  
chemical  and b i o l o g i c a l  p rocesses .  
Ge tz in  (1973) r epor t ed  h a l f  l i v e s  
ranging from 3 t o  50 weeks i n  
d i f f e r e n t  s ter i le  and n o n s t e r i l e  
s o i l s .  The loss  w a s  7 t o  10 times 
f a s t e r  i n  a l k a l i n e  s o i l s  (pH 7.9) t h a n  
i n  a c i d  o r  n e u t r a l  s o i l s  (pH 4 .3  
t o  6 .5) .  Goring e t  a l .  (1975) 
inc luded  ca rbofu ran  i n  t h e  "moderately 
p e r s i s t e n t  i n  s o i l "  group of 
p e s t i c i d e s  ( h a l f  l i v e s  of 1 . 5  t o  
6 months) .  Sanborn (1974) d i d  n o t  
d e t e c t  a b ioaccumula t ion  of ca rbofu ran  
i n  a multicomponent model ecosystem, 
a l though  ev idence  of  s u b s t a n t i a l  
deg rada t ion  on t i g h t  b inding appeared  
i n  a l l  components. Add i t iona l  
s p e c i f i c  d a t a  on  ca rbofu ran  are 
l a c k i n g ,  but  i t  i s  expected  t o  behave 
s i m i l a r l y  t o  o t h e r  carbamate 
i nsec t i c i d e  s . 
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We d i d  no t  f i n d  any publ ished 
r e p o r t s  of  ca rbofu ran  i n  f o r e s t  
waters. There are unconfirmed r e p o r t s  
of ca rbofu ran  i n  s u r f a c e  and 
subsur face  water d r a i n i n g  from s e e d  
o rcha rds  on  sandy s o i l s  i n  t h e  
s o u t h e a s t e r n  United S t a t e s .  I ts 
predominant p a t t e r n  of u s e  minimizes 
t h e  l i k e l i h o o d  that f o r e s t r y  u s e s  of 
t h i s  i n s e c t i c i d e  w i l l  r e s u l t  i n  i t s  
r e s i d u e s  e n t e r i n g  f o r e s t  s u r f a c e  
waters i n  t h e  West. 

Toxicity 

Data on  ca rbofu ran  t o x i c i t y  are 
l i m i t e d .  It i s  cons ide rab ly  more 
t o x i c  t h a n  t h e  o t h e r  carbamate 
i n s e c t i c i d e s  ( s u c h  as  c a r b a r y l ) .  
Johnson and F i n l e y  (1980) summarized 
t h e  work c a r r i e d  o u t  a t  t h e  Na t iona l  
F i s h  Research Labora to ry ,  Columbia, 
Missouri .  Salmonids had 96-hour 
LC5o's of  0.164 t o  0.560 m g / l i t e r ,  
c y p r i n i d s  ( f a t h e a d  minnow) 
0.872 m g / l i t e r ,  and p e r c i d s  (ye l low 
perch)  0.147 m g / l i t e r .  P a r r i s h  
e t  a l .  (1977) c a l c u l a t e d  t h e  
96-hour LC50 of ca rbofu ran  
t o  t h e  sheepshead minnow t o  be 
0.386 m g / l i t e r .  Adu l t s  exposed t o  
c o n c e n t r a t i o n s  e q u a l  t o  o r  g r e a t e r -  
t h a n  0.049 m g / l i t e r  showed s i g n i f i -  
c a n t l y  g r e a t e r  m o r t a l i t y  t h a n  c o n t r o l  
f i s h  d u r i n g  t h e  131-day s tudy.  
i n g  success  from eggs spawned by f i s h  
exposed t o  0.049 ng/liter was 
s i g n i f i c a n t l y  less t h a n  f o r  eggs of 
nonexposed f i s h .  M o r t a l i t y  of  f r y  
hatched from eggs  spawned by f i s h  
exposed t o  0.23 and 0.049 m g / l i t e r  w a s  
s i g n i f i c a n t l y  g r e a t e r  t h a n  c o n t r o l  f r y  
m o r t a l i t y .  Davey e t  a l .  (1976) noted  
t h a t  ca rbofu ran  w a s  t h e  least t o x i c  of  
f i v e  r i c e- f i e l d  p e s t i c i d e s  t o  t h e  
mosqu i to f i sh  and g reen  s u n f i s h .  
Klaassen  and Kadoum (1979) found 
t h a t  ca rbofu ran  w a s  p r e s e n t  i n  t h e  
water and mud o f  a farm pond o n l y  
immediately a f t e r  a p p l i c a t i o n  of  
0.025 m g / l i t e r .  No adve r se  e f f e c t s  
were observed . 

Hatch- 

kH3 I Acephate I CHJ-o' 
I 1 

Acephate is a modera te ly  
p e r s i s t e n t ,  organophosphate 
i n s e c t i c i d e .  It i s  used t o  c o n t r o l  
d e f o l i a t i n g  i n s e c t s  on s e v e r a l  
a g r i c u l t u r a l  c rops .  I n  f o r e s t r y ,  i t  
is  used t o  c o n t r o l  seed and cone 
i n s e c t s  i n  seed o rcha rds  and t h e  
western  sp ruce  budworm i n  f o r e s t  
s t a n d s  ( 1 . 5  kg/ha) ( s e e  f o o t n o t e  3 ) .  

Behavior in the Environment 

Willcox and C o f f e y z j  summarized 
t h e  behavior  and t h e  t o x i c i t y  of  
acephate .  It i s  degraded i n  s o i l  by 
m i c r o b i a l  a c t i o n .  Chevror@/ 
r epor t ed  t h a t  i n  s o i l  from n i n e  
l o c a t i o n s  a c r o s s  t h e  United S t a t e s ,  
acepha te  had a h a l f - l i f e  ranging from 
0.5 t o  13 days when t h e  s o i l  was 
f o r t i f i e d  t o  1 o r  10 mg/kg. The 
l o n g e s t  p e r s i s t e n c e  was i n  a h i g h l y  
o r g a n i c  muck s o i l .  I n  e i g h t  o f  t h e  
n i n e  s o i l s ,  t h e  h a l f - l i f e  ranged from 
0.5 t o  4 days.  
r e s i d u e s  d e c l i n e d  from 5.5 mg/kg i n  
1 day t o  0.03 mg/kg i n  20 days  and t o  
less t h a n  0.02 mg/kg 70 days  a f t e r  
aerial  a p p l i c a t i o n  of 0.56 kg/ha  i n  
Pennsylvania .  S o i l  r e s i d u e s  were n o t  
d e t e c t e d  a f t e r  3 days  (Devine 1975) .  
Sze to  e t  a l .  (1978) r epor t ed  a 
90-percent dec rease  i n  acepha te  i n  
10  days i n  open f o r e s t  f l o o r ,  bu t  o n l y  
about  a 70-percent d e c r e a s e  i n  semiopen 
o r  dense ly  covered areas i n  a P a c i f i c  
Northwest f o r e s t .  No r e s i d u e s  were 
d e t e c t e d  30 days  a f t e r  a p p l i c a t i o n .  

I n  t h e  f i e l d ,  acepha te  

17/Unpublished r e p o r t ,  
"Environmental impact of  acepha te  
i n s e c t i c i d e  (Orthene) ,'I by 
H. Willcox I11 and T. Coffey,  Jr., 
U.S. Dep. Agr ic . ,  For.  Serv . ,  S t a t e  
and P r i v .  For . ,  For .  I n s e c t  and D i s .  
Manage., Nor theas t .  Area, Upper Darby, 
Penn., 1977. 

g / U n p u b l i s h e d  r e p o r t ,  "The impact 
of  Orthene on t h e  environment ,*I 
prepared  by Chevron Chem. Co., 
Richmond, C a l i f . ,  1973. 
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I n  l a b o r a t o r y  s t u d i e s ,  acepha te  
( f r e s h l y  added) was r e a d i l y  leached i n  
s o i l .  Aged s o i l  r e s i d u e s  are much 
less mobile.  The s h o r t  p e r s i s t e n c e  of  
acepha te  i n  b i o l o g i c a l l y  a c t i v e  s o i l s  
i s  be l i eved  t o  minimize t h e  l i k e l i h o o d  
of s i g n i f i c a n t  movement t o  ground 
water. According t o  Chevron ( s e e  
f o o t n o t e  18) acepha te  i s  hydrolyzed 
s lowly i n  water ( h a l f - l i f e  a t  2 1  O C :  

46 days  a t  pH 7.0,  55  days  a t  pH 5 .0 ,  
and 1 6  days  a t  pH 9 .0) .  I n  tests 
conducted t o  de termine  i f  acepha te  
would be moved by runoff  water, 
r e s i d u e s  were found i n  both  runoff  
water and a s s o c i a t e d  s o i l  p a r t i c l e s .  
Sediments and submerged v e g e t a t i o n  
w i l l  a l s o  abso rb  acepha te ,  but  the  
r e s i d u e  l e v e l s  d e c l i n e  r a p i d l y .  

F l a v e l l  e t  a l .  (1977) summarized 
t h e  r e s u l t s  of  a q u a t i c  moni tor ing  of  
p i l o t - s c a l e  a p p l i c a t i o n s  of acepha te  
t o  c o n t r o l  t h e  wes te rn  sp ruce  budworm 
i n  t h r e e ,  405-ha b locks  i n  Montana i n  
1976. Stream water c o l l e c t e d  t h e  day 
of a p p l i c a t i o n  from f i v e  streams i n  
t h e  t r e a t e d  areas con ta ined  acepha te  
r e s i d u e s  that ranged from 0.003 t o  
0.961 m g / l i t e r .  The ave rage  peak 
c o n c e n t r a t i o n  f o r  a l l  f i v e  streams 
w a s  0.466 m g / l i t e r  (on ly  one sample 
of t h e  69 c o l l e c t e d  i n  t h i s  s tudy  
con ta ined  a c o n c e n t r a t i o n  g r e a t e r  t h a n  
0 .5  m g / l i t e r ) .  Rapid r e d u c t i o n  i n  
c o n c e n t r a t i o n  occur red ,  t y p i c a l l y  
10- fold i n  2 t o  6 hours .  Res idues  
averaged 0.065 mg/kg ( r ange  0.026 t o  
0.139 mg/kg) i n  f i s h  and 0.036 mg/kg 
( r ange  0.0 t o  0.107 mg/kg) i n  i n s e c t s .  

Rabeni and G i b b z /  found 0.135 
and 0.113 m g / l i t e r  acepha te  i n  two 
s t r eams  1 hour a f t e r  a p p l i c a t i o n  of 
0.56 kg/ha.  A f t e r  1 day,  t h e s e  
l e v e l s  were reduced t o  0.013 and 
0.065 m g / l i t e r .  No r e s i d u e s  were 
found i n  f o u r  s p e c i e s  of f i s h  o r  

E 'Unpub l i shed  r e p o r t ,  "The impac t  o f  
Or thene ,  a sp ruce  budworm i n s e c t i c i d e  , 
on a q u a t i c  macro inve r t eb ra t e s  i n  
Maine, 1977,"  Rep. NA-FR-7, by C .  F. 
Rabeni and K. E .  Gibbs, U.S.  Dep. 
Agric.  , For .  Serv.  , Nor theas t .  Area, 
Broomall, Penn. , 1979. 

i n  bottom sediments  from a pond 
2 weeks a f t e r  t r ea tmen t  w i t h  ace- 
pha te  a t  0.56 kg/ha (Bocsor and 
O'Connor 1975) .  

Sanborn (1974) r e p o r t e d  acepha te  
d i d  n o t  accumulate i n  a l g a e ,  clams,  
c r a b s ,  Daphnia, Elodea ,  mosqu i to f i sh ,  
o r  s n a i l s  i n  a model ecosystem t h a t  
had both terrestr ial  and a q u a t i c  
components. The acepha te  w a s  a p p l i e d  
a t  1 .12  kg/ha t o  t h e  terrestr ial  
p o r t i o n  of t h e  system. The d a t a  
a l s o  i n d i c a t e  more t h a n  95-percent 
decomposit ion of acepha te  i n  t h e  
system i n  33 days. Chevron ( s e e  
f o o t n o t e  18) r e p o r t e d  acepha te  
a p p l i e d  t o  ach ieve  0.1 m g / l i t e r  i n  
water w a s  no t  d e t e c t e d  6 weeks l a t e r .  

B l u e g i l l s  were con t inuous ly  
exposed t o  1 .0  o r  0 .01  m g / l i t e r  
acepha te  ( l4C-1abeled) f o r  35  days ,  
and t i s s u e  samples analyzed p e r i o d i -  
c a l l  t o  de termine  t h e  rate and e x t e n t  
of "C-residue accumulation.  A f t e r  
t h e  exposure p e r i o d ,  t h e  f i s h  were 
t r a n s f e r r e  t o  u n t r e a t e d  water f o r  
14  d a y s . g 7  The maximum t i s s u e  
c o n c e n t r a t i o n  of r ad io- labe led  
r e s i d u e s  i n  t h e  e d i b l e  p o r t i o n  w a s  
about  10 times t h e  c o n c e n t r a t i o n  i n  
water. Upon t r a n s f e r  t o  uncontami- 
nated  water, f i s h  exposed a t  both  
l e v e l s  e l i m i n a t e d  more t h a n  50 pe rcen t  
of t h e  r e s i d u e s  i n  t h e  e d i b l e  p o r t i o n  
w i t h i n  3 days.  These d a t a  i n d i c a t e  a 
low p o t e n t i a l  f o r  bioaccumulation.  

The e f f e c t s  on  stream f i s h e s  and 
i n v e r t e b r a t e s  of a n  o p e r a t i o n a l  
sp ray ing  of acepha te  t o  suppress  
sp ruce  budworm were i n v e s t i g a t e d  by 
Rabeni and S t a n l e y  (1979).  Acephate 
reached i t s  maximum c o n c e n t r a t i o n  of 
0.14 m g / l i t e r  i n  North Brook and 

%/Unpublished r e p o r t  , "Exposure of 
f i s h  t o  14C-labelled Orthene:  
accumula t ion ,  d i s t r i b u t i o n  and 
e l i m i n a t i o n  of r e s i d u e s , "  by B .  0. 
S l e i g h t  , Bionomics Inc .  , W a r e h a m ,  
Mass. , 1972. 
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0.113 m g / l i t e r  i n  South Brook w i t h i n  
a n  hour of sp ray ing ,  and r e s i d u e s  
remained i n  streamwater f o r  a t  least  
2 days. 
acephate  caused r e l a t i v e l y  minor, 
shor t- term p e r t u r b a t i o n s  t o  t h e  stream 
ecosystem ( d r i f t  of  mac ro inve r t eb ra t e s  
i nc reased ;  t h e  s t and ing  crop  of most 
i n v e  r t e b r a t e  s remained unchanged; 
b r a i n  AChE a c t i v i t y  was depressed  i n  
sucke r s ,  bu t  n o t  i n  t r o u t  o r  salmon; 
and brook t r o u t  a l t e r e d  t h e i r  d i e t ,  
bu t  growth w a s  n o t  a f f e c t e d ) .  
a u t h o r s  drew t h e s e  conc lus ions  because 
t h e  e f f e c t s  observed were e i t h e r  
t r a n s i t o r y  o r  were n o t  adverse .  I f  
t h e  streams were a d v e r s e l y  a f f e c t e d  by 
sp ray  d r i f t ,  i t  w a s  n o t  d e t e c t e d  by 
t h e  methods used 

The a u t h o r s  concluded t h a t  

The 

Wil lcox and Coffey ( s e e  f o o t n o t e  
1 7 )  summarized t h e  p e r t i n e n t  l i t e r a t u r e  
on  environmental  impacts  of acephate  
i n s e c t i c i d e .  Acephate has  a n  ex t remely  
low t o x i c i t y  t o  f i s h  (rainbow t r o u t ,  
96-hour LC50 of  1000 m g / l i t e r ) ;  
though more t o x i c  f o r  i n v e r t e b r a t e s ,  
no a f f e c t s  t o  P l ecop te ra  o r  Ephemerop- 
tera were recognized a f t e r  t r ea tmen t  
a t  0.56 kg a . i . / h a  i n  a Pennsylvania 
stream and pond. Chevro&/ r e p o r t e d  
96-hour LC5o's of  acepha t e  t o  v a r i o u s  
f i s h  s p e c i e s  from 1000 m g / l i t e r  f o r  
rainbow t r o u t  t o  9550 m g / l i t e r  f o r  
g o l d f i s h .  

Johnson and F i n l e y  (1980) r epo r t ed  
96-nour LC5oPs of ii00 m g / i i t e r  
f o r  rainbow t r o u t  exposed t o  t h e  
t e c h n i c a l  material (94  p e r c e n t ) ,  b u t  
730 m g / l i t e r  when t h e  s o l u b l e  powder 
(75  p e r c e n t )  w a s  used.  
LC50 f o r  v a r i o u s  i n v e r t e b r a t e s  
ranged from 9.5 m g / l i t e r  ( P l e c o p t e r a )  
t o  1000 m g / l i t e r  ( D i p t e r a  l a r v a e ) ,  

The 96-hour 

Woodward and Mauck (1980) sug- 
g e s t e d  that acepha t e  would be the  most 
a c c e p t a b l e  of  f i v e  f o r e s t  i n s e c t i c i d e s  
t e s t e d  from t h e  s t andpo in t  of impact 
on non ta rge t  a q u a t i c  organisms, It 

was nontoxic  t o  c u t t h r o a t  t r o u t ,  and 
t h e  lowest  c o n c e n t r a t i o n  t o x i c  t o  
a q u a t i c  i n v e r t e b r a t e s  w a s  much h ighe r  
t han  t h e  c o n c e n t r a t i o n s  t h a t  could  be 
expected i n  pos t sp ray  water r e s idue .  

HZN-C-NHZ 
FERTILIZERS 

Nit rogen  ( a s  u r e a )  i s  t h e  element  
most commonly a p p l i e d  as a f e r t i l i z e r  
i n  P a c i f i c  Northwest f o r e s t s .  Applica-  
t i o n  rates va ry ,  but  are u s u a l l y  168 
t o  224 kg/ha urea- ni t rogen  (Moore and 
Nor r i s  1974).  Bengtson (1979) reviewed 
t h e  u se  of f e r t i l i z e r s  i n  f o r e s t r y .  

Behavior in the E n v r m n t  

Urea i s  h igh ly  water s o l u b l e  and 
i s  r e a d i l y  moved from s u r f a c e  d e p o s i t s  
i n t o  t h e  f o r e s t  f l o o r  and s o i l .  
Hydrolys i s  t o  ammonium i o n  i s  u s u a l l y  
complete i n  2 weeks. Ammonium 
n i t r o g e n  may be adsorbed by humic 
subs t ances ,  he ld  as a n  exchangeable 
c a t i o n ,  i nco rpo ra t ed  by s o i l  micro- 
organisms, o r  t aken  up by f o r e s t  
vege t a t i on .  Usual ly ,  i t  i s  q u i c k l y  
d i s t r i b u t e d  through t h e  biomass and i s  
cyc led  w i t h i n  t h e  f o r e s t  ecosystem 
(Moore and Nor r i s  1974) .  

F e r t i l i z e r  n i t r o g e n  may e n t e r  t h e  
at$&atiC €GVirOiEE€iit by the S a €  PGii teS  

desc r ibed  f o r  p e s t i c i d e s .  The h i g h e s t  
c o n c e n t r a t i o n s  of u rea  r e s u l t  from 
d i r e c t  a p p l i c a t i o n  t o  stream s u r f a c e s .  
Mob i l i za t i on  i n  ephemeral stream 
channels  and subsu r f ace  d ra inage  are 
impor tan t  r o u t e s  of  e n t r y  f o r  u rea  
t r ans fo rma t ion  p roduc t s ,  p r i m a r i l y  
from t h e  r i p a r i a n  zone. 

s / U n p u b l i s h e d  r e p o r t  , "Orthene 
i n s e c t i c i d e  - t e c h n i c a l  i n fo rma t ion ,"  
prepared by Chevron Chem. Co., 
Richmond, C a l i f . ,  1976. 
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Although f o r e s t  s o i l s  are e x c e l l e n t  
f i l t e r s  f o r  p l a n t  n u t r i e n t s ,  i n c r e a s e d  
l e v e l s  of v a r i o u s  n i t r o g e n  s p e c i e s  
have been measured i n  s e v e r a l  stream 
systems i n  P a c i f i c  Northwest f o r e s t s .  
I n  one of t h e  more i n t e n s i v e  e f f o r t s ,  
Moore (1970) measured t h e  amounts and 
forms of n i t r o g e n  e n t e r i n g  streams 
dur ing  and a f t e r  a e r i a l  a p p l i c a t i o n  of 
224 kg/ha u rea- n i t rogen  i n  a southwest-  
e r n  Oregon f o r e s t .  Urea c o n c e n t r a t i o n s  
inc reased  s lowly and reached a maximum 
of  0.39 m g / l i t e r  urea-N 48 hours  a f t e r  
a p p l i c a t i o n  s t a r t e d .  Ammonium-N 
i n c r e a s e d  s l i g h t l y  above background 
but  d i d  no t  reach 0.10 m g / l i t e r .  
N i  trate-N reached a peak c o n c e n t r a t i o n  
of 0.168 m g / l i t e r  i n  72  hours  and was 
0.140 m g / l i t e r  a t  t h e  end o f  2 weeks. 
N i t r i t e - N  was n o t  d e t e c t e d .  Only 
0.01 p e r c e n t  of  t h e  n i t r o g e n  a p p l i e d  
t o  t h e  watershed w a s  found i n  t h e  
stream up t o  1 5  weeks a f t e r  
a p p l i c a t i o n .  

Low s t reamflow because of l i m i t e d  
p r e c i p i t a t i o n  i n  summer and f a l l  
r e s u l t e d  i n  e s s e n t i a l l y  no loss of 
a p p l i e d  n i t r o g e n  dur ing  t h e  next  
2 4  weeks. E a r l y  storm a c t i v i t y  i n  
November brought t h e  s o i l  mo i s tu re  
back t o  maximum s t o r a g e  c a p a c i t y ,  
and i n  December t h e  n i t r a t e- N 
c o n c e n t r a t i o n  i n  samples f o r  t h e  
f e r t i l i z e d  watershed reached a second 
peak of 0.177 m g / l i t e r .  Both 
s t reamflow and n i t r a t e- N  l e v e l s  
remained h igh through December and 
January ,  r e s u l t i n g  i n  t h e  l o s s  of  a n  
a d d i t i o n a l  23.8 kg a p p l i e d  n i t r o g e n .  
T h i s  i s  92 p e r c e n t  of  t h e  t o t a l  amount 
of f e r t i l i z e r  n i t r o g e n  l o s t  du r ing  t h e  
1st y e a r .  

T o t a l  loss of a p p l i e d  n i t r o g e n  
from t h e  68-ha, f e r t i l i z e d  watershed 
dur ing  t h e  1st yea r  amounted t o  
25.85 kg ( t a b l e  1 2 ) .  Over t h e  same 
p e r i o d ,  t h e  t o t a l  amount of  s o l u b l e  
i n o r g a n i c  n i  t rogen 10s t from t h e  4 9-ha 
c o n t r o l  watershed w a s  2.15 kg. Data 
f o r  s o l u b l e  o r g a n i c  n i t r o g e n ,  t o t a l  
phosphorus, s i l i ca ,  and exchangeable 
c a t i o n  c o n t e n t  of  t h e  stream samples,  
i n c l u d i n g  sodium, potass ium,  ca lc ium,  
magnesium, i r o n ,  manganese, and 
aluminum, i n d i c a t e  t h a t  n i t r o g e n  
f e r t i l i z a t i o n  had no appa ren t  e f f e c t  
on  loss of n a t i v e  s o i l  n i t r o g e n  o r  
o t h e r  p l a n t  n u t r i e n t s .  Movement may 
have occurred  i n  t h e  s o i l  p r o f i l e ,  but  
no measurable change occurred  i n  
s t ream-water q u a l i t y  . 

Table 12--Nitrogen l o s t  from t r e a t e d  Watershed 2 and 
un t rea ted  Watershed 4 ,  South Umpqua Experimental F o r e s t ,  
Juring the 1st year  a f t e r  a p p l i c a t i o n  o f  224 kilograms 
urea-N per hectareL1 

Urea-N NH3-N NO3-N Total 

Kilograms N 

Watershed 2 0.65 0.28 27.09 28.03 
Watershed 4 .02 .06 2.07 2.15 
Net loss .63 .22 25.02 25.88 
Percent  of t o t a l  l o s s  2.44 .86 96.70 100.00 

1/From Moore (1971 1. 

S i m i l a r  d a t a  were r e p o r t e d  by 
Moore (1975b) f o r  s e v e r a l  o t h e r  
moni tor ing  s t u d i e s  conducted 
throughout  t h e  Douglas-f i r  r eg ion .  
Peak c o n c e n t r a t i o n s  of urea- , 
ammonium-, and n i t r a t e- n i t r o g e n  
measured a t  each s i t e  monitored a f t e r  
f e r t i l i z a t i o n  are g i v e n  i n  t a b l e  13. 
Monitoring v a r i e d  from a few weeks 
a f t e r  t r ea tmen t  t o  6 o r  7 months and,  
i n  a few s t u d i e s ,  i t  cont inued a t  
least a f u l l  yea r .  Most sampling 
cont inued u n t i l  t h e  forms of n i t r o g e n  
being measured had decreased t o  nea r  
p re t r ea tmen t  l e v e l s .  

I n c r e a s e s  i n  t h e  c o n c e n t r a t i o n  of 
urea-N ranged from very  low t o  a h igh 
of 44.4 m g / l i t e r .  These i n c r e a s e s  
were a lmost  e n t i r e l y  because of d i r e c t  
a p p l i c a t i o n  t o  s u r f a c e  water, and t h e  
peak c o n c e n t r a t i o n  reached i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  amount of  open 
s u r f a c e  water i n  t h e  t r e a t e d  u n i t .  
The h igh  peak c o n c e n t r a t i o n s  of  
urea-N measured i n  D o l l a r  Creek and 

46 



Table 13--Peak concentrat ions o f  n i t rogen  i n  s t reay samples a f t e r  f o r e s t  f e r t i l i z a t i o n  
w i t h  urea i n  Alaska, Idaho, Oregon, and Washington_/ 

Concentration o f  n i t rogen  
Treated Rate o f  Date o f  

Study s i t e  app l i ca t i on  app l i ca t i on  area Urea-N NH3-NI/ NO3-N 

Burns Creek 
Canyon Creek 
Coyote Creek 
Crabtree Creek 
Dol 1 a r  Creek 
Elochoman River  
Fa i  r c h i  1 ds Creek 
F a l l s  Creek 
JacKson Creek 
J inmwcomel a t e l y  Creek 
McCree Creek 
Mica Creek 
M i l l  Creek 
Nelson Creek 
Newaukum River  
Pat Creek 
Quar tz  Creek 
Roaring Creek 
Row R ive r  
Skookumc huc k R i ve r 
Spencer C reek 
Tahuya River  
Thrash Creek 
Three Lakes - 
Trapper Creek 
Trout  Creek 
Turner Creek 
Waddell Creek 
W i  shbone Creek 

3/56 
2 24 
224 
224 
224 
2 24 
2 24 
213 
168 
2 24 

56 
2 24 
224 
2 24 
168 
2 24 
224 
224 
168 
168 
224 
224 

21224 
213 
224 
224 
224 
224 
2 24 

Oct. 1970 
Oct. 1969 
Mar. 1970 
May 1969 
Apr. 1971 
Nov. 1969 
Apr. 1972 
May 1970 
May 1969 
Apr. 1970 
Oct. 1970 
Sept. 1972 
Dec. 1969 
Apr. 1970 
Sept. 1971 
Apr. 1972 
May 1972 
Mar. 1972 
Oct. 1972 
Sept. 1969 
Nov. 1972 
Oct. 1972 
May 1974 
May 1970 
Apr. 1970 
Mar. 1968 
Mar. 1972 
Dec. 1969 
May 1972 

56 2 
1346 

68 
2 30 

34 
297 
192 
263 

95 
49 

513 
47 

228 
38 

2463 
243 

51 
267 

2630 
191 

3108 
1602 

121  
69 
64 

648 
352 
600 

46 

0 
15.20 

1.39 
24.00 
44.40 
19.10 
23.40 

.09 

.71 

.62 

.30 

.68 
8.60 

.26 
3.26 
1.75 

.76 

.13 
2.63 

.37 
27.20 

-- 

-- 
-- 

.70 
l4.00 

4.36 
2.48 

.30 

0 -- 
.048 
.080 
.490 

.280 

.044 

.040 

-- 

1.28 

0 
0 

.12 

.32 

.008 

.079 
t race  

.040 

.022 

.026 

.123 
1.40 

.06 

.13 

. O l O  

.700 

.046 

.340 
0 

0.068 
.80 
.177 
.25 
.13 

4.00 
.828 

1.67 
.116 
.042 
.210 
.28 

1.32 
2.10 

.438 

.388 

.70 

.210 

.044 

.085 
4/.005 

1.83 
1.88 
2.36 

.121 

.160 

.243 

.99 

.28 

-- - - data n o t  ava i lab le .  

- 1/From Moore ( 1975b 1. 
2/ Inc ludes both i on i zed  (NH4 +) and un- ionized (NH3) ammonia-ni trogen. 
3/Appl ied as amnonium su l fa te .  
$/In t h i s  study, no increase occurred i n  NO3-N. 
/Appl ied as amnonium n i t r a t e .  

Concentration given i s  background leve l .  

F a i r c h i l d s  Creek were because of  
g r e a t l y  expanded s tream-drainage 
systems caused by s p r i n g  runoff  of 
snowmelt. A b u f f e r  s t r i p  w a s  l e f t  
a long  F a i r c h i l d s  Creek, bu t  t h e  
expanded system of  small f e e d e r  
streams s t i l l  r e s u l t e d  i n  d i r e c t  
a p p l i c a t i o n  of  f e r t i l i z e r  t o  a much 
l a r g e r  area of  s u r f a c e  water t h a n  
would normally occur.  

The peak c o n c e n t r a t i o n s  of urea-N 
d i d  no t  p e r s i s t  f o r  more t han  a few 
hours.  Concen t r a t i ons  c h a r a c t e r i s t i -  
c a l l y  reached a peak t h e  day of  a p p l i-  
c a t i o n  and then  decreased  r a p i d l y .  
Within 3 t o  5 days  a f t e r  a p p l i c a t i o n ,  
urea-N i n  t h e  stream r e t u r n e d  t o  
p re t r ea tmen t  concen t r a t i ons .  

Ammonium-nitrogen l e v e l s  a l s o  
i nc reased  as  a r e s u l t  of d i r e c t  a p p l i-  
c a t i o n  of urea  f e r t i l i z e r  t o  open 
water. Urea is r e a d i l y  hydrolyzed t o  
ammonium-N i n  t h e  stream system. Urea 
a p p l i e d  t o  f o r e s t  f l o o r  and s o i l  
s u r f a c e s  w i l l  no t  reach  t h e  stream, 
because i t  hydro lyzes  r a p i d l y  t o  ammo- 
nium ca rbona te  and i s  then  he ld  on 
cation- exchange si tes i n  t h e  s o i l  and 
f o r e s t  f l o o r  l i k e  any o t h e r  ammonium 
sa l t .  
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Peak c o n c e n t r a t i o n s  of n i t r a t e- N 
i n  streams a f t e r  f o r e s t  f e r t i l i z a t i o n  
ranged from no i n c r e a s e  i n  Spencer 
Creek t o  a maximum of 4.00 m g / l i t e r  i n  
a t r i b u t a r y  stream of t h e  Elochoman 
River .  The c o n c e n t r a t i o n  of n i t r a t e- N 
i n  stream samples u s u a l l y  r eaches  a 
peak 2 t o  4 days a f t e r  s p r i n g  app l i ca-  
t i o n  of f e r t i l i z e r .  Concentra t ions  
then  d e c r e a s e ,  but  may remain above 
background f o r  6 t o  8 weeks. Losses 
of a p p l i e d  n i t r o g e n  are very  small 
because t h e  maximum c o n c e n t r a t i o n s  
reached a r e  g e n e r a l l y  below 1 m g / l i t e r  
nitrate-N, and s t reamflow r a p i d l y  
d e c r e a s e s  wi th  t h e  o n s e t  of  t h e  d ry  
summer season.  About ha l f  of  t h e  
a p p l i e d  n i t r o g e n  e n t e r i n g  t h e  stream 
dur ing  t h e  f i r s t  30 days  i s  from 
d i r e c t  a p p l i c a t i o n  and i s  measured as  
urea-  and ammonium-N. The o t h e r  h a l f  
e n t e r s  a s  n i t r a t e .  I n  e a r l y  f e r t i l i z a -  
t i o n  p r o j e c t s  where b u f f e r  s t r i p s  were 
e i t h e r  inadequa te  o r  no t  used,  esti-  
mated t o t a l  loss w a s  between 2 and 
3 p e r c e n t  of t h e  a p p l i e d  n i t r o g e n .  I n  
l a t e r  p r o j e c t s ,  however, where d i r e c t  
a p p l i c a t i o n  t o  open s u r f a c e  water  was 
minimized by b u f f e r  s t r i p s  a long t h e  
main streams and t r i b u t a r i e s ,  measured 
l o s s e s  were less t h a n  0.5 p e r c e n t .  

I n  moni tor ing  s t u d i e s  where 
sampling has  cont inued through t h e  
f i r s t  w i n t e r  a f t e r  f e r t i l i z a t i o n ,  
a d d i t i o n a l  peaks i n  t h e  c o n c e n t r a t i o n  
of n i t r a t e- N have been measured. 
These peaks u s u a l l y  c o i n c i d e  w i t h  
i n t e n s e  w i n t e r  s to rms ,  and t h e  
c o n c e n t r a t i o n  drops  s h a r p l y  between 
them. Maximum c o n c e n t r a t i o n s  measured 
were low and tended t o  d e c r e a s e  wi th  
each s u c c e s s i v e  storm (Moore 1 9 7 1 ) .  

P a t t e r n s  of  n i t r a t e- N loss t o  
streams a f t e r  e a r l y  f a l l  (September, 
October)  a p p l i c a t i o n  of f e r t i l i z e r  are 
similar t o  t h o s e  a f t e r  s p r i n g  app l i ca-  
t i o n .  Peak c o n c e n t r a t i o n s  measured 
dur ing  win te r  s to rms  may no t  be as  
high,  however, because of less t i m e  
du r ing  w a r m  weather  f o r  conver s ion  of  
n i t r o g e n  t o  n i t ra te .  The i n i t i a l  peak 
i n  n i t r a t e- N c o n c e n t r a t i o n  a l s o  occur s  
a f t e r  f e r t i l i z e r  a p p l i c a t i o n  i n  

November and December. Subsequent 
peaks d u r i n g  w i n t e r  s torms are similar 
t o  t h o s e  i n  streams d r a i n i n g  u n t r e a t e d  
areas. A d d i t i o n a l  l o s s e s  as n i t r a t e- N 
may occur  t h e  next  w i n t e r ,  however. 

Toxicity 

Ammonia i s  one of t h e  t o x i c  
breakdown p roduc t s  of f e r t i l i z e r s .  
U .  S. Environmental  P r o t e c t i o n  Agency 
(197 6 )  s t a t e d  : 

Ammonia i s  a pungent ,  
c o l o r l e s s ,  gaseous ,  a l k a l i n e  
compound of n i t r o g e n  and hydrogen 
t h a t  i s  h i g h l y  s o l u b l e  i n  water. 
It i s  a b i o l o g i c a l l y  a c t i v e  com- 
pound p r e s e n t  i n  most waters a s  a 
normal b i o l o g i c a l  d e g r a d a t i o n  
product  of n i t rogenous  o r g a n i c  
matter. It may a l s o  reach ground 
and s u r f a c e  wa te r s  through 
d i s c h a r g e  of i n d u s t r i a l  wastes 
c o n t a i n i n g  ammonia a s  a byproduct ,  
o r  wastes from i n d u s t r i a l  p r o c e s s e s  
us ing  '*ammonia water. " 

When ammonia d i s s o l v e s  i n  
water, some of t h e  ammonia reacts 
wi th  t h e  water t o  form ammonium 
i o n s .  A chemical  e q u i l i b r i u m  i s  
e s t a b l i s h e d  which c o n t a i n s  
un- ionized ammonia (NH3), 
i o n i z e d  ammonia ( N H 4 + ) ,  and 
hydroxide i o n s  (OH-). . . . The 
t o x i c i t y  of  ammonia i s  very  much 
dependent upon pH as w e l l  a s  t h e  
c o n c e n t r a t i o n  of t o t a l  ammonia. 
Other f a c t o r s  a l s o  a f f e c t  t h e  
c o n c e n t r a t i o n  of NH3 i n  water 
s o l u t i o n s ,  t h e  most impor tant  of 
which are tempera ture  and i o n i c  
s t r e n g t h .  . . . 

It h a s  been known s i n c e  e a r l y  
i n  t h i s  cen tu ry  t h a t  ammonia i s  
t o x i c  t o  f i s h e s  and t h a t  t h e  
t o x i c i t y  v a r i e s  w i t h  t h e  pH o f  t h e  
water. . . . 
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I n  most n a t u r a l  waters, t h e  
pH range i s  such t h a t  t h e  
N H ~ +  f r a c t i o n  of  ammonia 
predominates;  however, i n  h i g h l y  
a l k a l i n e  waters, t h e  NH3 
f r a c t i o n  can  reach t o x i c  l e v e l s .  
Many l a b o r a t o r y  exper iments  of  
r e l a t i v e l y  s h o r t  d u r a t i o n  have 
demonstrated t h a t  t h e  l e t h a l  
c o n c e n t r a t i o n s  f o r  a v a r i e t y  of  
f i s h  s p e c i e s  are i n  t h e  range of 
0.2 t o  2.0 mg/l  NH3, w i t h  t r o u t  
being t h e  most s e n s i t i v e  and c a r p  
t h e  most r e s i s t a n t .  Although 
c o a r s e  f i s h  such as  c a r p  s u r v i v e  
longe r  i n  t o x i c  s o l u t i o n s  t h a n  do 
salmonids,  t h e  d i f f e r e n c e  i n  
s e n s i t i v i t y  among f i s h  s p e c i e s  t o  
prolonged exposure i s  probably 
small. . . . The lowest  l e t h a l  
c o n c e n t r a t i o n  r epor t ed  f o r  
salmonids i s  0.2 mg/l NH3 f o r  
rainbow t r o u t  (Salmo g a i r d n e r i  
Liebmann, 1960) .  The t o x i c  
c o n c e n t r a t i o n  f o r  A t l a n t i c  salmon 
smol t s ,  (Salmo salar) (Herber t  and 
Shurben, 1965),  and f o r  rainbow 
t r o u t  (Ball ,  1967) w a s  found t o  be 
on ly  s l i g h t l y  h i g h e r .  Although a 
c o n c e n t r a t i o n  of NH3 below 
0.2 mg/l  may no t  k i l l  a s i g n i f i -  
c a n t  p r o p o r t i o n  of  a f i s h  popula- 
t i o n ,  such c o n c e n t r a t i o n  may s t i l l  
e x e r t  a n  adve r se  p h y s i o l o g i c a l  o r .  
h i s  t o  pa tholog ica 1 e f f e c t  (Lloyd 
and Orr, 1969, Smith and P i p e r ,  
19753. . . . Burrows ( 1 9 6 4 3  found 
p r o g r e s s i v e  g i l l  h y p e r p l a s i a  i n  
f i n g e r  l i n g  chinook salmon, 
(Oncorhynchus t shawytscha)  , dur ing  
a 6-week exposure t o  a t o t a l  
ammonia c o n c e n t r a t i o n  ( expressed  
as NH4) of  0.3 mg/l  (0.002 mg/l  
NH3), which was t h e  lowest  
c o n c e n t r a t i o n  a p p l i e d .  

Another breakdown product  of 
f e r t i l i z e r s  i s  n i t r a t e .  The U.S. 
Environmental  P r o t e c t i o n  Agency (1976) 
has  only  a recommended s t anda rd  r a t h e r  
t h a n  a mandatory s t anda rd  because 
n i t r a t e  has  long been cons ide red  
a lmost  nontoxic  t o  f i s h .  Westin 
(1974) r e p o r t e d  a 96-hour medium 
t o l e r a n c e  l i m i t  (Th) of 
5800 m g l l i t e r  n i t r a t e  f o r  chinook 
salmon f i n g e r l i n g s  and 6000 m g / l i t e r  

f o r  rainbow t r o u t  f i n g e r l i n g s .  Few 
d a t a  are a v a i l a b l e  on  o t h e r  l i f e  
s t a g e s ,  but  Kincheloe e t  a l .  (1979) 
r epor t ed  on n i t r a t e  exposure t o  egg 
and e a r l y  f r y  s t a g e s  of  chinook and 
coho salmon, s t e e l h e a d ,  rainbow, and 
Lahontan c u t t h r o a t  t r o u t .  They found 
t h a t  n i t r a t e  (sodium) w a s  m i l d l y  t o x i c  
t o  t h e  e a r l y  l i f e  s t a g e s  of  s e v e r a l  
salmonids. 
were r e s i s t a n t  t o  n i t r a t e  t o x i c i t y .  
Chinook salmon, rainbow, Lahontan 
c u t t h r o a t ,  and s t e e l h e a d  t r o u t  eggs  
and f r y  e x h i b i t e d  m o r t a l i t i e s  dur ing  
exposure t o  n i t r a t e  c o n c e n t r a t i o n s  as  
low as 5 m g / l i t e r .  
Sapro legn ia  ( fungus)  i n f e s t a t i o n s  of 
t h e  eggs. 
ni t rate  l e v e l s  of  10 m g / l i t e r  
(2  m g / l i t e r  n i t r a t e- N)  i n  s u r f a c e  
waters of low t o t a l  hardness  would 
l i m i t  s u r v i v a l  of some salmonid f i s h  
popu la t ions  because of impaired 
r ep roduc t ive  success .  

Coho salmon eggs  and f r y  

A compl i ca t ion  w a s  

The a u t h o r s  b e l i e v e  t h a t  

Ammonium f e r t i l i z e r s  have a l s o  
been used t o  e n r i c h  f i s h  ponds t o  
i n c r e a s e  p r o d u c t i v i t y  (Swingle 1947, 
Boyd and Sowles 1978).  The app l i ca-  
t i o n  of ammonium f e r t i l i z e r s  can  l e a d  
t o  l o s s e s  of  a l k a l i n i t y  (Hunt and Boyd 
1981) t h a t  subsequen t ly  r e q u i r e  
a d d i t i o n  of a g r i c u l t u r a l  l imes tone  o r  
l iming t o  n e u t r a l i z e  t h e  a c i d i t y .  

S tay  e t  a l .  (1979) s t u d i e d  t h e  
e f f e c t s  of f e r t i l i z i n g  a second-growth 
Douglas- fir  f o r e s t  w i t h  224 kg 
urea-N/ha. Although they  found s h a r p  
i n c r e a s e s  of u rea  i n  t h e  stream dur ing  
f e r t i l i z a t i o n  because of  d i r e c t  a p p l i-  
c a t i o n ,  a l l  n i t r o g e n  forms r e t u r n e d  t o  
nea r  background l e v e l s  s h o r t l y  
a f t e rward .  A 2-month rainbow t r o u t  
b ioassay showed no m o r t a l i t i e s  t h a t  
could be a t t r i b u t e d  t o  byproducts o r  
contaminants  of  urea .  Changes i n  
ben th ic  and d r i f t i n g  i n v e r t e b r a t e s  
could  n o t  be r e l a t e d  t o  t h e  
f e r t i l i z a t i o n  p r o j e c t .  ' 
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FIRE RETARDANTS Behavior in the Environment 

Modern chemical  f i r e  r e t a r d a n t s  
are a complex mixture .  The most 
abundant c o n s t i t u e n t  ( r e s p o n s i b l e  f o r  
t h e  f i r e - r e t a r d a n t  a c t i o n )  i s  
diammonium phosphate (Phos-Chek 
p r o d u c t s ) ,  ammonium s u l f a t e  (F i r e- Tro l  
l o o ) ,  o r  ammonium polyphosphate ( o t h e r  
F i r e- Tro l  p r o d u c t s ) .  Numerous o t h e r  
c o n s t i t u e n t s  are i n  t h e  fo rmula t ions  
a p p l i e d  i n  t h e  f i e l d  , however 
( t a b l e s  14  and 15).  
impact of  chemical  f i r e  r e t a r d a n t s  
have not  been e x t e n s i v e l y  s t u d i e d .  
Douglas (1974) reviewed t h i s  t o p i c ,  
Van Meter and Hardy (1975) conducted 
a n  i n i t i a l  s i m u l a t i o n  s tudy of 
r e t a r d a n t  d i s t r i b u t i o n  i n  streams, and 
C. W. George reviewed t h e  l i t e r a t u r e  
on  r e t a r d a n t  t o x i c i t y  t o  a q u a t i c s  ( s e e  
f o o t n o t e  2 ) .  

The behavior  and 

The p r i n c i p a l  t o x i c  i n g r e d i e n t  of 
t h e  chemical  f i r e  r e t a r d a n t s  c u r r e n t l y  
i n  use i s  be l i eved  t o  be a n  ammonium 
sa l t  ( i n  t h e  form of un- ionized 
ammonia, NH3) ( s e e  f o o t n o t e  2 ) .  A 
r e c e n t  a n a l y s i s ,  however, sugges ted  
that p h o t o l y s i s  o f  t h e  f e r r o c y a n i d e  i n  
s e v e r a l  F i r e- Tro l  r e t a r d a n t  formula-  
t i o n s  may l e a d  t o  p roduc t ion  of 
s u f f i c i e n t  cyan ide  t o  be t h e  primary 
t o x i c a n t  i n  t h e s e  p r o d u c t s . G 1  

Z 'Unpubl ished d r a f t  envi ronmenta l  
assessment r e p o r t ,  " Tox ic i ty  and 
envi ronmenta l  e f f e c t s  of f i r e  r e t a r d-  
a n t  chemica l s ,"  prepared  by U . S .  Dep. 
Agr ic . ,  For.  Se rv . ,  Pac. Northwest 
Reg., P o r t l a n d ,  Oreg., 1979. 

The behavior  of ammonium and 
a m o n i a  i n  t h e  environment i s  similar 
t o  that of t h e  n i t r o g e n  d e r i v e d  from 
t h e  h y d r o l y s i s  of  u r e a  d e s c r i b e d  i n  
t h e  p rev ious  s e c t i o n  on u rea  f e r t i l -  
i z e r .  F i r e- Tro l  931L and 9341, are 
a l s o  ammonium-based f i r e  r e t a r d a n t s ,  
but  they c o n t a i n  f e r r o c y a n i d e  a s  a 
c o r r o s i o n  i n h i b i t o r .  According t o  
Burdick and L ipschue tz  (1948,  quo t ing  
Baudish and Bass 1922) ,  f e r r o c y a n i d e  
s o l u t i o n s  "are decomposable t o  some 
e x t e n t  under t h e  i n f l u e n c e  of l i g h t "  
( s u n l i g h t ) .  The product  of  p h o t o l y s i s  
i s  cyanide:  

y i e l d s  Fe(CN)5 -3 + CN- . 

The CN- t h e n  reacts w i t h  water: 
CN- + H20 y i e l d s  HCN + OH-, i n  
a n  e q u i l i b r i u m  r e a c t i o n  t h a t  i s  
s t r o n g l y  pH dependent.  CN- i s  
r e l a t i v e l y  low i n  t o x i c i t y  t o  a q u a t i c  
s p e c i e s  but HCN i s  q u i t e  t o x i c  
(analogous  t o  t h e  d i f f e r e n c e  
between NH4+ and NH3). A t  
pH 9 . 3 ,  about  h a l f  t h e  cyanide  w i l l  
be HCN and h a l f  CN- (D'amore and 
Be l lo rno  1958) .  The envi ronmenta l  
s i g n i f i c a n c e  of t h i s  r e a c t i o n  was 
brought t o  l i g h t  by a f i s h  k i l l  i n  N e w  
York i n  1948. The f i s h  k i l l  extended 
over 1 2  miles of r i v e r  and was 
a s s o c i a t e d  wi th  i n d u s t r i a l  d i s c h a r g e  
of f e r r o c y a n i d e s  and f e r r i c y a n i d e s  
(Burdick  and L ipschue tz  1948).  
I n v e s t i g a t o r s  showed t h a t  t h e  
f e r r o c y a n i d e  and f e r r i c y a n i d e  
c o n c e n t r a t i o n s  were below t h o s e  
g e n e r a l l y  accep ted  a s  l e t h a l .  
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Table 14--Typical composition o f  some chemical f i r e  retardants!! 

Chemical name 

Percent by weight 
Empirical i n  dry powder o r  Parts per m i l  1 i o n  

formula 1 i q u i d  concentration i n  mixed retardant 

Phos-Chek XAR,2/ Monsanto 

D i  amoni um phosphate 

Modified polysaccharide 

I r on  oxide 

Corrosion i nh ib i t o r s :  

Soluble . s a l t  o f- -  

S i  1 icof  1 uor i  de 

Thi osul f a t e  

2-Mercapto-benzothi azol e 

Flow condi t ioner ( insoluble)  

Phos-Chek 259R-( 1.14 1 b/gal), Monsanto 

D i  amnoni urn phosphate 

Modif ied polysaccharide 

I r o n  oxide 

Corrosion i nh ib i t o r s :  

Soluble s a l t  of-- 

S i  1 i c o f  1 uor i  de 

Thi osul f a t e  

2-Mercapto-benzothi azol e 

Flow condi t ioner ( insoluble)  

Phos-Chek 259R-( 1.6 1 b/gal), Monsanto 

Diamnonium phosphate 

Modif ied polysaccharide 

I r o n  oxide 

Corrosion i nh ib i t o r s :  

Soluble s a l t  of- -  

S i  1 i c o f  1 uor i  de 

Thi osul f a t e  

2-Hercapto-benzothi azol e 

Flow condi t ioner ( insoluble)  

( NH4) 2HP04 85-90 1.02-1. 0 8 ~ 1 0 ~  

-- 5-10 6,000 - 12,000 

Fe203 0-1 0-1,200 

SiF6-2 

'2'3 
C6H4SCSH : N 

-- 

( NH4 I 2HP04 

-- 

Fe 2'3 

a 25-. 58 

-01-5 

.0005-2 

2-4 

92 

2.5 

.75 

1.47 

.71 

.20 

2.0 

92 

2.5 

.75 

1.47 

.71 

.20 

2.0 

300-700 

1,200-6,000 

600- 2,400 

2,400-4,800 

111,000 

3,000 

90 2 

1,768 

854 

24 1 

2,405 

148,000 

4,024 

1,207 

2,366 

1,143 

32 2 

3,219 
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Table 14--Typical composit ion o f  some chemical f i r e  retardant&/, cont inued 

Chemical name 
Empir ica l  

fonnul a 

Percent by weight  
i n  dry powder o r  

1 i qu id  concent ra t ion  
P a r t s  p e r  m i l l i o n  
i n  mixed r e t a r d a n t  

3/ F i r e - T r o l  100,- Chemonics 

Ammoni um s u l f a t e  

A t t a p u l g i  t e  c l a y  

I r o n  oxide 

Corrosion i n h i b i t o r s :  

Soluble s a l t  o f - -  

D i  c h roma t e  

4/ F i r e - T r o l  931L,- Chemonics 

Ammoni um polyphosphate ( 10-34-0) 

A t t a p u l g i  t e  c l  ay 

I r o n  oxide 

Corrosion i n h i b i t o r s :  

Sodium fe r rocyan ide  

5/ A dye- 

F i r e - T r o l  934L, Chemonics 

Amnonium polyphosphate (10-34-0) 

Sodi um fe r rocyan ide  

5/ Sur fac tan t  and water- 

cr07-2 

62 

36 

1 

1 

93 

4 

1-2 

Na4Fe(CNI6 1-2 

169,000 

90,000 

2,500 

2,500 

249,000 

10,700 

2,600-5,400 

2,600-5,400 

258,000 

3,900 

-- 

-- - - in fo rmat ion  n o t  ava i lab le .  

1/From Chemical Economics Handbook, January 1978, Menlo Park, C a l i f o r n i a ,  Phosphorus Products, Page L. 
?/U.S. Patent  3,024,100 (March 6, 19621, Cor ros ion- Inh ib i ted  L i q u i d  F e r t i l i z e r  Compositions, granted t o  

Langguth and S e i f t e r  and assigned t o  Monsanto Chemical Company. U.S. Patent  3,342,749 (September 19, 19671, 
Cor ros ion- Inh ib i  t e d  Phosphate Solut ions,  granted t o  Handleman, Groves, and Langguth and assigned t o  Monsanto 
Company. 

- 3/U.S. Patent  3,196,108 ( J u l y  20, 19651, F i r e  Supressing Composition f o r  A e r i a l  App l i ca t ion ,  granted t o  Nelson 
and assigned t o  Ar izona Agrochemical Corp. (now Chemical I n d u s t r i e s ) .  

?/U.S. Patent  3,960,735 (June 1, 19761, Cor ros ion- Inh ib i ted  Polyphosphate Compositions, granted t o  Lacey and 
assigned t o  E a r l y  C a l i f o r n i a  Indus t r ies ,  Inc. 

?/The fo rmu la t ion  and concent ra t ion  o f  these compounds were fu rn ished  by Chemonics and are n o t  inc luded 
because o f  t h e i r  p r o p r i e t a r y  natures. 
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Taole 15--Concentrat ion o f  s p e c i f i c  i ons  i n  pe chemical f i r e  
re ta rdan ts  (es t ima ted  f rom data i n  t a b l e  14)- 

S p e c i f i c  i o n  

Pa r t s  pe r  
m i l  1 i o n  
i n  mixed 

Formula r e t a r d a n t  

Phds-Chek XA, Monsanto: 

Amnonium + ammonia21 

Phosphate 

S i  1 i c o f l u o r i d e  

T h i  osul  f a t e  

NH3 26,300-27,900 

 PO^-^ 73,000-77,700 

SiF6-' 300-700 

1,200-6,000 

600-2,400 
C7H5NS2 Mercaptobenzoth iazole (MET) 

Piios-Cnek 259R (1.14 l b l g a l ) ,  Monsanto: 

28,600 Anunoni urn + ammoni a l l  

Pnosphate  PO^-^ 79,800 

NH3 

Si1 i c o f l u o r i d e  

T n i o s u l f a t e  

SiF6-' 1,768 

s203-2 854 

Mercap tobenzo t h i  a LO 1 e (MET) C7H5NS2 24 1 

Phos-Chek 25911 (1.6 1 b l g a l  ) , Monsanto: 

NH3 Ammonium + ammonial! 40,140 

Pnosphate 

S i1  i c o f l u o r i d e  

T h i o s u l f a t e  

 PO^-^ 112,000 

SiF6-2 2,366 

s203-2 1,143 

Mercaptobenzothiazol e (MET) C7H5NS2 32 2 

F i r e - T r o l  100, Chemonics: 

43,600 Amnoni um + ammoni azl 

Su 1 f a t e  so4-2 122,900 

Dichromate Cr207-2 2,500 

NH3 

F i r e - T r o l  931L, Chemonics: 

30,300 

113,300 Phosphate 

Ferrocyani  de Fe(Ci4)6-4 1,800-3,800 

Amnonium + ammoni2' NH3 31,370 

-3 
Ammonium + ammonia21 NH3 

p04 

F i r e - T r o l  934L, Chemonics: 

Phosphate 

Ferrocyanide 

 PO^-^ 117,000 

Fe(CN)6-4 2,720 

S t u d i e s  of f e r r o c y a n i d e  conver s ion  
t o  cyanide  were c a r r i e d  o u t  by Burdick 
and Lipschuetz  (1948) i n  open v e s s e l s  
exposed t o  s u n l i g h t  du r ing  May and 
October. I n i t i a l  potass ium f e r ro -  
cyanide  c o n c e n t r a t i o n s  ranged from 
1 t o  100 m g / l i t e r ,  and exposure t i m e  
was 1 t o  5 hours .  The i n c o n s i s t e n t  
r e s u l t s  were a t t r i b u t e d  t o  varying 
l i g h t  i n t e n s i t y  and tempera ture .  The 
h ighes t  percent- convers ions  were a t  
t h e  low c o n c e n t r a t i o n s  (1 t o  5 m g / l i t e r  
of potassium f e r r o c y a n i d e  a t  t i m e  
z e r o ) .  The term percent- convers ion  
means t r ans fo rma t ion  of  m g / l i t e r  
potassium f e r r o c y a n i d e  t o  m g / l i t e r  
cyanide.  Some of t h e  runs  w i t h  t h e  
lower c o n c e n t r a t i o n s  showed a 
25-percent conver s ion  of potassium 
f e r r i c y a n i d e  t o  cyanide .  

I n  a more c l o s e l y  c o n t r o l l e d  
experiment comparing 1, 2,  and 
3 m g l l i t e r  of potass ium ( K )  
f e r rocyan ide  , t h e  percent- convers ions  
ranged from 10 to 1 5  pe rcen t  i n  
1 hour,  fo l lowed by a dec rease  i n  
cyanide  va lues .  The dec rease  i s  
a t t r i b u t e d  t o  l o s s  of  HCN and 
recombination of react i o n  products .  
I n  any e v e n t ,  a l though  t h e  percent -  
convers ions  of K f e r r o c y a n i d e  t o  
cyanide va ry  ( m g / l i t e r  K4Fe(CN)6 
t o  m g / l i t e r  CN-), t h e  maximum va lue  
i s  about  25 p e r c e n t .  

LIFrom t a b l e  2, D r a f t  F i r e  Retardant  Environmental Assessment, 

2/The d i s t r i b u t i o n  o f  N between the ammonium and the  ammonia 

USDA F o r e s t  Serv ice,  P a c i f i c  Northwest Region, Po r t l and ,  Oregon, 
undated, 157 p. 

forms i s  bo th  temperature and pH dependent. See unpubl ished 
r e p o r t ,  The Behavior and Impact o f  Chemical F i r e  Retardants i n  
F o r e s t  Streams, by N o r r i s ,  Hawkes. Webb, Moore, Bol len.  and 
Holcombe, U.S. Department o f  A g r i c u l t u r e ,  F o r e s t  Serv ice,  P a c i f i c  
Nor thwest  F o r e s t  and Range Experiment S ta t i on ,  Fo res t r y  Sciences 
Laboratory,  Co rva l l  i 5 ,  Oregon. 
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The amount of sodium fe r rocyan ide  
t h a t  could reach s u r f a c e  water can  be 
c a l c u l a t e d ,  g iven  t h e  fo l lowing 
assumptions : 

e F i r e- r e t a r d a n t  mix tu res  
c o n t a i n  up t o  5400 m g / l i t e r  
Na4Fe(CN)6 ( e q u i v a l e n t  t o  
3800 m g / l i t e r  Fe(CN)6-4). 

e A i r  drop cove r s  a n  area 7 5  m 
by 2 0  m w i t h  t h e  rate of 
d e p o s i t i o n  of  2 liters/m2. 

o A stream 3 m wide and 0.2 m 
deep runs  through t h e  middle 
and a long t h e  long a x i s  of 
t h e  drop zone. 

e Reta rdan t  mixing w i t h  t h e  
stream i s  ins t an taneous .  

Based on t h e s e  assumpt ions ,  t h e  
c o n c e n t r a t i o n  of Fe(CN)6-4 would 
be 38 m g / l i t e r  [ o r  65 m g / l i t e r  as 
K4Fe(CN)6]. I n  a s m a l l  pond 
(1233 m3 = 1 acre f o o t ) ,  t h e  
c o n c e n t r a t i o n  would be 9 m g / l i t e r  
Fe(CN)6-4 o r  15.6 m g / l i t e r  Q+Fe(CN)6. 

A t  a 25-percent conver s ion  f a c t o r  
f o r  t h e  p h o t o l y s i s  of  t h e  f e r r o c y a n i d e  
t o  cyanide  wi th  90 p e r c e n t  a s  HCN, t h e  
corresponding va lues  are more than 
8 m g / l i t e r  HCN i n  t h e  stream and 
2 m g / l i t e r  i n  t h e  pond. 

HCN d i s a p p e a r s  from water w i t h  
t i m e ,  as  i n d i c a t e d  by t h e  r e p o r t s  of 
Rurdick and L ipschue tz  (1948) and 
Doudorof f (1956).  Although t h e i r  
s t u d i e s  were i n  t h e  l a b o r a t o r y ,  w e  
expect  t h e  same phenomenon i n  n a t u r a l  
streams, e s p e c i a l l y  where c o n t i n u a l  
mixing a l lows  HCN t o  be r e l e a s e d  a t  
t h e  i n t e r f a c e  of a i r  w i t h  water. 

The cyanide  i o n  r e a d i l y  forms 
colnplexes wi th  many metals, 
p a r t i c u l a r l y  t h e  "d" b lock of  t h e  
p e r i o d i c  t a b l e .  T h i s  would probably  
be more of  a f a c t o r  i n  lowland streams 
than  i n  upland f o r e s t  waters, however, 
because of t h e  inc idence  of  t h e s e  
heav ie r  metals. Repor t s  of  cyanide  
degrada t ion  i n  water are l a c k i n g ;  i t  
has  been shown, however, t h a t  

d e g r a d a t i o n  occur s  i n  a c t i v a t e d  
s l u d g e s  and i n  n o n s t e r i l e  s o i l .  I n  
n o n s t e r i l e  s o i l ,  t h e  ca rbon  of  CN-  
i s  ox id ized  t o  ca rbona te ,  and t h e  N 
goes  t o  NH3. 

I n  summary, i f  sodium f e r r o c y a n i d e  
i s  depos i t ed  i n  streams through t h e  
use  of f i r e  r e t a r d a n t s ,  some cyanide  
w i l l  be produced through p h o t o l y s i s .  
The c o n c e n t r a t i o n  w i l l  obvious ly  
depend on t h e  amount of  f e r r o c y a n i d e  
d e p o s i t e d  i n  t h e  stream, t h e  l i g h t  
i n t e n s i t y  a f t e r  d e p o s i t i o n ,  and t h e  
volume of t h e  stream. The CN-  w i l l  
no t  pose a long- term hazard because of  
v o l a t i l i t y  l o s s e s ,  d i l u t i o n ,  and 
perhaps  complexing w i t h  metals. 

N o r r i s  e t  a l .  ( s e e  f o o t n o t e  2)  
conducted a n  e x t e n s i v e  s tudy  of  t h e  
e n t r y ,  behavior ,  and impact  of  a n  
ammonium-based f i r e  r e t a r d a n t  i n  
f o r e s t  streams i n  Oregon, Idaho,  and 
C a l i f o r n i a ;  t h e  r e s u l t s  of  t h i s  s tudy  
are summarized below. 

The tests (where r e t a r d a n t  was 
a p p l i e d  a c r o s s  streams a t  f o u r  wes te rn  
l o c a t i o n s )  showed t h a t  d i r e c t  
a p p l i c a t i o n  of r e t a r d a n t  t o  t h e  
s u r f a c e  of t h e  stream produced 
d e t e c t a b l e  changes i n  stream-water 
chemis t ry  f o r  d i s t a n c e s  up t o  1000 m 
downstream. The changes were of s h o r t  
d u r a t i o n  and no t  impor tan t ,  e i t h e r  
t o x i c o l o g i c a l l y  o r  w i t h  r e s p e c t  t o  
e u t r o p h i c a t i o n  downstream. The rate  
of a p p l i c a t i o n  w a s  low, however, and 
on ly  a s i n g l e  a p p l i c a t i o n  w a s  made on 
each  stream. The e f f e c t s  of rate  of 
a p p l i c a t i o n ,  v e g e t a t i o n  d e n s i t y  i n  t h e  
s t r e a m s i d e  zone,  and o t h e r  f a c t o r s  on 
r e t a r d a n t  l e v e l s  i n  streams were 
examined i n  s i m u l a t i o n  s t u d i e s .  

The stream- chemistry s t u d i e s  
showed t h a t  d i r e c t  a p p l i c a t i o n  t o  t h e  
stream s u r f a c e  was t h e  primary source  
of r e t a r d a n t  components i n  streams. 
Once t h e s e  i n i t i a l  r e s i d u e s  l e f t  t he  
stream reach ,  only  minor amounts of 
r e t a r d a n t  e n t e r e d  from t h e  s t r eams ide  
zone. R e l a t i v e l y  narrow, u n t r e a t e d  
s t r i p s  i n  t h e  s t r eams ide  zone were 
s u f f i c i e n t  t o  v i r t u a l l y  e l i m i n a t e  
movement of r e t a r d a n t  from t h e  land t o  
t h e  stream. I n  t h e  N o r r i s  e t  a l .  ( s e e  
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f o o t n o t e  2) s tudy  where t h e  r e t a r d a n t  
was a p p l i e d  p a r a l l e l  t o  t h e  stream, 
t h e  edge of t h e  t r e a t e d  area was on ly  
3 m from t h e  stream a t  s e v e r a l  p o i n t s .  

The p r i n c i p a l  chemical  s p e c i e s  
found i n  t h e  stream w i t h i n  t h e  f i r s t  
24 hours  a f t e r  a p p l i c a t i o n  were ammo- 
nium n i t r o g e n  and t o t a l  phosphorus, 
Ammonium i s  of primary importance 
because of i t s  p o t e n t i a l  e f f e c t s  on  
a q u a t i c  s p e c i e s .  Phosphorus may be 
impor t an t  i n  downstream eu t roph ica-  
t i o n .  A f t e r  24 hours ,  n i t r a t e  and 
s o l u b l e  o r g a n i c  n i t r o g e n  were t h e  
primary r e t a r d a n t  components i n  t h e  
stream. These are t r a n s f o r m a t i o n  
p roduc t s  o f  t h e  diammonium phosphate 
i n  t h e  r e t a r d a n t  mixture .  Both 
chemicals  are low i n  t o x i c i t y  and are 
n a t u r a l  components of a q u a t i c  
ecosystems.  

Leaching s t u d i e s  showed t h a t  u s e  
of f i r e  r e t a r d a n t  o n  si tes a d j a c e n t  t o  
streams c a n  r e s u l t  i n  t h e  e n t r y  of 
n i t r o g e n  i n t o  t h e  stream i n  measurable  
q u a n t i t i e s  and i n  a form t o x i c  t o  
f i s h .  The p r o b a b i l i t y  of  occur rence  
of t o x i c  l e v e l s  i s  low, however, and 
can  be f u r t h e r  minimized by avo id ing  
u s e  of ammonium-based f i r e  r e t a r d a n t s  
on  shal low,  rocky, poor ly  developed 
s o i l s  occur r ing  on  s t e e p  s l o p e s  t h a t  
d r a i n  d i r e c t l y  i n t o  stream channels .  

The s i m u l a t i o n  s t u d i e s  used 
computer- aid mi themat i ca l  technique  s 
wi th  a combination of  real and 
gene ra t ed  d a t a  t o :  develop methods f o r  
p r e d i c t i n g  t h e  amount ( c o n c e n t r a t i o n )  
of  r e t a r d a n t  i n  streams a t  t h e  t i m e  
t hey  r e c e i v e  d i r e c t  a p p l i c a t i o n  t o  t h e  
stream s u r f a c e ;  develop methods f o r  
d e s c r i b i n g  t h e  d i s p e r s a l  of r e t a r d a n t  
i n  streams, both  w i t h  t i m e  a f t e r  
a p p l i c a t i o n  and d i s t a n c e  downstream 
from t h e  zone of a p p l i c a t i o n ;  and 
i n t e g r a t e  t h e s e  two t echn iques  w i t h  
d a t a  on r e t a r d a n t  t o x i c i t y  t o  f i s h  t o  
e v a l u a t e  t h e  e f f e c t s  of v a r i o u s  t y p e s  
of r e t a r d a n t  a p p l i c a t i o n  i n  v a r i o u s  
t y p e s  of  streams on f i s h  m o r t a l i t y .  

These s i m u l a t i o n s  sugges t :  

e Direct a p p l i c a t i o n  of 
r e t a r d a n t  t o  streams 
i s  l i k e l y  t o  cause  f i s h  
m o r t a l i t y .  

e The magnitude of t h e  
m o r t a l i t y  and t h e  d i s t a n c e  
over  which i t  occur s  vary  
w i t h  c h a r a c t e r i s t i c s  of  t h e  
a p p l i c a t i o n ,  t h e  s i te ,  and 
s t reamf low. 

C h a r a c t e r i s t i c s  of  t h e  
App l i ca t ion .  The 
c h a r a c t e r i s t i c s  of 
a p p l i c a t i o n  (assuming a 
c o n s t a n t  p a t t e r n  of 
d i s t r i b u t i o n )  i n c l u d e  
o r i e n t a t i o n  of  t h e  l i n e  of 
f l i g h t  t o  t h e  stream, s i z e  of  
load  dropped, number of l o a d s  
dropped,  and t h e  t iming and 
placement of subsequent l o a d s  
r e l a t i v e  t o  t h e  f i r s t  l o a d .  
For  i n s t a n c e ,  applying 
r e t a r d a n t  pe rpend icu la r  t o  a 
stream produces a much 
smaller zone of  m o r t a l i t y  
t h a n  when i t s  long axis i s  
c e n t e r e d  on t h e  stream. I f  
t h e  rate of a p p l i c a t i o n  i s  
doubled ove r  t h e  same area, 
t h e  zone of m o r t a l i t y  
i n c r e a s e s  by a f a c t o r  of  1 0  
o r  more. We d i d  no t  s i m u l a t e  
t h e  e f f e c t s  of mult ip le  loads 
o r  t h e  t iming and placement 
of subsequent l o a d s  on  t h e  
m o r t a l i t y  zone, bu t  b e l i e v e  
t h e  e f f e c t s  of a d d i t i o n a l  
l o a d s  w i l l  be a t  least 
a d d i t i v e  t o  t h e  e f f e c t s  of 
t h e  f i r s t  l oad .  Where t h e  
rate of a p p l i c a t i o n  
i n c r e a s e s ,  s u b s t a n t i a l  
increases i n  t h e  l e n g t h  of 
t h e  m o r t a l i t y  zone occur .  
The c h a r a c t e r i s t i c s  o f  t h e  
a p p l i c a t i o n  can  be c o n t r o l l e d  
by t h e  f i r e- c o n t r o l  o f f i c e r  
and t h e  a p p l i c a t o r  t o  minimize 
impacts  on  t h e  stream. 
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C h a r a c t e r i s t i c s  of  t h e  S i t e .  
For a g iven  r e t a r d a n t  a p p l i c a-  
t i o n ,  s e v e r a l  c h a r a c t e r i s t i c s  
of t h e  zone of a p p l i c a t i o n  
are impor tant  i n  de termining 
t h e  l e n g t h  of t h e  f i s h -  
m o r t a l i t y  zone. These 
i n c l u d e  t h e  width  and d e p t h  
of t h e  stream and t h e  d e n s i t y  
of  overs t ream v e g e t a t i o n  
( l e a f- a r e a  index) .  R e s u l t s  
of  t h e  s i m u l a t i o n  sugges t  
t h a t  narrow, deep streams 
have a much s h o r t e r  m o r t a l i t y  
zone than  shal low,  wide 
streams (assumes e q u i v a l e n t  
f low p r o p e r t i e s ) .  Fu r the r-  
more, t h e  more dense t h e  
v e g e t a t i o n  canopy over  t h e  
stream, t h e  less chemical  
w i l l  f a l l  i n t o  t h e  stream 
and t h e  s h o r t e r  w i l l  be  t h e  
m o r t a l i t y  zone. The charac-  
t e r i s t i c s  of t h e  s i t e  can  be 
recognized and al lowed f o r  by 
t h e  manager and t h e  a p p l i-  
c a t o r ,  t h u s  minimizing chemi- 
ca l  e n t r y  i n t o  t h e  stream. 

C h a r a c t e r i s t i c s  of  Streamflow. 
S t reamf low c h a r a c t e r i s t i c s  
i n f l u e n c e  t h e  l e n g t h  of  t h e  
m o r t a l i t y  zone by determining 
t h e  degree  and speed of mixing 
and d i l u t i o n  of  r e t a r d a n t  wi th  
downstream t r a v e l .  S imula t ion  
r e s u l t s  f o r  s t r eams  of roughly 
e q u a l  g r a d i e n t  ( s t e e p n e s s )  
show that a stream w i t h  a 
smooth, s t r a i g h t  channe l  i s  
l i k e l y  t o  have a longe r  
m o r t a l i t y  zone t h a n  one w i t h  
many poo l s  and r i f f l e s .  Poo ls  
and r i f f l e s  cause  t h e  peak of 
r e t a r d a n t  c o n c e n t r a t  i o n  t o  
spread o u t ,  t h u s  reducing t h e  
magnitude of exposure .  The 
o t h e r  streamf low c h a r a c t e r-  
i s t i c  of importance i s  t h e  
i n c r e a s e  i n  stream d i s c h a r g e  
w i t h  d i s t a n c e  downstream 
(because  of  t h e  i n f l o w  of 
ground water and c o n t r i b u t i o n  
from s i d e  s t r e a m s ) .  Inc reased  
stream d i s c h a r g e  r e s u l t s  i n  
d i l u t i o n  of t h e  r e t a r d a n t .  

C h a r a c t e r i s ' t i c s  of  s t reamflow 
can  be recognized by t h e  
manager and t aken  i n t o  
c o n s i d e r a t i o n  when planning 
f i r e - c o n t r o l  s t r a t e g i e s  t o  
minimize stream impacts .  

Toxicity 

Douglas (1974) s t a t e d  t h a t  
r e t a r d a n t s  appear  t o  have t h e i r  
g r e a t e s t  e c o l o g i c a l  impact on  a q u a t i c  
ecosystems.  Numerous f i s h  k i l l s  have 
been r e p o r t e d  but  few have been 
documented ( s e e  f o o t n o t e  2 ) .  The few 
s t u d i e s  on t h e  e f f e c t s  of  f i r e  
r e t a r d a n t s  on f i s h  popu la t ions  show 
varying r e s u l t s ,  mainly because of 
t h e  m u l t i t u d e  of c o n d i t i o n s  t h a t  may 
be encountered .  B l a b  (1979) 
demonstrated t h a t  commercial f i r e  
r e t a r d a n t s  were t o x i c  t o  j u v e n i l e  
coho salmon and rainbow t r o u t  and 
a t t r i b u t e d  t h e  m o r t a l i t y  t o  ammonia i n  
t h e  r e t a r d a n t s .  H e  noted  t h a t  
i n c r e a s i n g  t h e  pH of  d i l u e n t  waters 
from 7 t o  8 i n c r e a s e d  t h e  t o x i c i t y .  
McKee and Wolf (1971) noted  t h a t  
ammonia c o n c e n t r a t i o n s  as  low a s  
0.3 m g / l i t e r  were l e t h a l  t o  t r o u t  f r y  
and 75 m g / l i t e r  w a s  ex t remely  l e t h a l  
t o  mature t r o u t .  Un-ionized ammonia 
(NH3) has been r e p o r t e d  t o  be t h e  
component of r e t a r d a n t s  l i k e l y  t o  be 
t o x i c  t o  f i s h  and o t h e r  organisms.  
The c o n c e n t r a t i o n  of f r e e  NH3 i n  any 
of t h e  r e t a rdan t- wate r  mix tu res  
depends on t h e  amount of  NH4' 
con ta ined  i n  t h e  r e t a r d a n t  and t h e  pH 
of t h e  r e t a rdan t- wate r  s o l u t i o n .  
Blahm e t  al..??./ found t h a t  two 
s p e c i e s  of  j u v e n i l e  salmonids exposed 
t o  f o u r  commercial f i r e  r e t a r d a n t s  
had 96-hour T b ' s  o f  120 t o  
940 m g / l i t e r .  

z / U n p u b l i s h e d  r e p o r t ,  " E f f e c t  of 
chemical  f i r e  r e t a r d a n t s  on  t h e  
s u r v i v a l  of j u v e n i l e  salmonids,  " by 
T.  H. B l a h m ,  W. C.  Marsha l l ,  and G. R .  
Snyder, Bur. Land Manage. Con t rac t  
53500-CT2-85(N), N a t l .  Mar. F i sh .  
Serv.  , Environ.  F i e l d  Stn .  , P r e s c o t t ,  
Oreg., 1972.  
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Johnson and F i n l e y  (1980),  
i n v e s t i g a t i n g  t h e  t o x i c i t y  of  a 
Phos-Chek f i r e- r e t a r d a n t  fo rmula t ion ,  
found that t h e  96-hour LC50 f o r  coho 
salmon and rainbow t r o u t  ranged from 
160 t o  320 m g / l i t e r ,  bu t  noted t h a t  
yolk- sac f r y  of  both  s p e c i e s  were more 
s e n s i t i v e  t h a n  f i n g e r l i n g s .  Warm-water 
s p e c i e s  were less s e n s i t i v e  than  
salmonids t o  two Phos-Chek formula-  
t i o n s .  The 96-hour LC50 v a l u e s  f o r  
Phos-Chek 202 were 650 and 840 m g / l i t e r  
f o r  salmonids and f a t h e a d  minnows, and 
f o r  Phos-Chek 259 they  were 300 and 
350 m g / l i t e r  f o r  salmonids and 
b l u e g i l l s .  A gammarid amphipod was 
t h e  most s e n s i t i v e ,  having a 96-hour 
LC50 of 40  t o  52 m g / l i t e r ,  depending 
on  t h e  fo rmula t ion  t e s t e d .  

The t o x i c o l o g i c a l  e f f e c t s  of  
sodium f e r r o c y a n i d e ,  a c o r r o s i o n  
i n h i b i t o r  used i n  some r e t a r d a n t  
mix tu res ,  may n o t  have been adequa te ly  
a s s e s s e d  (sodium f e r r o c y a n i d e  i s  
p r e s e n t l y  used i n  F i r e- Tro l  931-L and 
934-L) . Doudorof f (197 6) stresses 
t h a t  t h e  s u i t a b i l i t y  of  cyanide- 
p o l l u t e d  waters f o r  a q u a t i c  l i f e  has 
t o  be  expressed  a s  a c o n c e n t r a t i o n  of  
f r e e  cyanide  o r  molecular  HCN, n o t  of 
t o t a l  cyanide.  F r e e  cyan ide  concent ra-  
t i o n s  from 0.05 t o  0.01 m g / l i t e r  as CN 
have proved f a t a l  t o  many s e n s i t i v e  
f i s h e s  (Jones  1964),  and l e v e l s  above 
0.2 m g / l i t e r  are r a p i d l y  f a t a l  f o r  
most s p e c i e s  of  f i s h .  A l e v e l  as low 
as 0.01 m g / i i t e r  is known t o  have a 
pronounced, r a p i d ,  and l a s t i n g  e f f e c t  
on t h e  swimming a b i l i t y  of salmonid 
f i s h e s  ( N a t i o n a l  Academy o f  Sciences-  
Na t iona l  Academy of Engineer ing  
1973). Blahm (197 9 )  performed 
comparative e v a l u a t i o n s  of t o x i c i t y  
f o r  d i f f e r e n t  r e t a r d a n t s  and concluded 
t h a t  Phos-Chek fo rmula t ions  were more 
t o x i c  t o  salmonid f i s h e s  t h a n  were 
Fi re- Trol  compounds. The h i g h e r  
t o x i c i t y  w a s  be l i eved  t o  be a f u n c t i o n  
of pH and ammonia t o x i c i t y ;  Phos-Chek 
fo rmula t ions  are more b a s i c  than  
Fi re- Trol  compounds. B l a h ' s  r e l a t i v e  
t o x i c i t y  v a l u e s  f o r  t h e  two compounds 
i s  v a l i d  only  i f  F i re- Trol  931 i s  
mixed a t  a 4 : l  r a t i o  f o r  f i e l d  
a p p l i c a t i o n .  When a p p l i e d  as 3: l  o r  
2 : l  mix tu res ,  F i re- Trol  931 may have a 

h igher  ammonium t o x i c i t y  t h a n  
Phos-Chek compounds. A d d i t i o n a l  tests 
are warranted ,  because Fi re- Trol  931 
and 934 could  a p p a r e n t l y  be  more t o x i c  
t o  a q u a t i c  l i f e  t h a n  o t h e r  approved 
r e t a r d a n t s ,  e s p e c i a l l y  on  sunny days .  

HAZARD ASSESSMENT 
HAZARDASSESSMENTATTHE 
ORGANISM LEVEL 

The t o x i c o l o g i c a l  r i s k  ( o r  hazard)  
of  f o r e s t  chemicals  t o  anadromous f i s h  
may be man i fe s t ed  through d i r e c t  
a c t i o n  on  t h e  f i s h  themselves o r  
i n d i r e c t l y  through a c t i o n  on f i sh- food 
organisms. One means of express ing  
t o x i c  r i s k s  i s  t h e  margin of s a f e t y ,  
t h e  r a t i o  of t h e  no- effec t  l e v e l  t o  
t h e  actual exposure l e v e l .  When t h e  
exposure i s  e q u a l  t o  t h e  no- effec t  
l e v e l ,  t h e  margin of  s a f e t y  i s  one. 
Margins of  s a f e t y  less t h a n  one 
i n d i c a t e  t h e  exposure  l e v e l  i s  g r e a t e r  
t h a n  t h e  no- effec t  l e v e l  and sugges t  
t h a t  a d i r e c t  t o x i c  e f f e c t  i s  l i k e l y .  
The l a r g e r  t h e  margin of s a f e t y ,  t h e  
less l i k e l y  t o x i c  e f f e c t s  w i l l  occur .  
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What c o n s t i t u t e s  a n  adequate  
margin of s a f e t y  i s  a matter of 
judgment f o r  many pharmaceut ica ls ,  
c a f f e i n e ,  a l c o h o l ,  and o t h e r  materials 
many humans encounter  d a i l y .  The 
margins of s a f e t y  a re  as  low a s  1.5 t o  
15, and margins of s a f e t y  o f  less  t h a n  
100 are common. Margins of  s a f e t y  of 
about  100 are commonly used i n  s e t t i n g  
p e s t i c i d e  t o l e r a n c e s  i n  food and 
f eed .  Where t h e  s p e c i e s  are ext remely  
va luab le  o r  rare ,  a much l a r g e r  margin 
of s a f e t y  may be a p p r o p r i a t e .  These 
margins of  s a f e t y  u s u a l l y  assume 
long- term c h r o n i c  exposure w i l l  
occur .  Some margin of s a f e t y  i s  
necessary  because t h e  t o x i c i t y  t e s t i n g  
done t h u s  f a r  may not  have i d e n t i f i e d  
t h e  " lowest"  no- effec t  l e v e l ,  
t o x i c i t y- t e s t i n g  c o n d i t i o n s  u s u a l l y  
d i f f e r  from f i e l d  c o n d i t i o n s ,  and 
i n d i v i d u a l s  i n  t h e  popu la t ion  d i f f e r  
i n  s u s c e p t i b i l i t y .  

F o r e s t  chemica ls  have been 
i n v e s t i g a t e d  most ly  f o r  l e t h a l  
e f f e c t s ;  s u b l e t h a l  e f f e c t s ,  however, 
may occur  a t  lower exposures  t h a n  
those  that are le thal .  P o t e n t i a l  
s u b l e t h a l  e f f e c t s  of f o r e s t  chemica ls  
on salmonids i n c l u d e  e f f e c t s  on 
growth, behavior ,  r ep roduc t ion ,  
r e s i s t a n c e  t o  stress, mig ra t ion ,  
b iochemis t ry ,  and physiology.  
P ic loram,  2,4-D, and DDT have been 
observed t o  cause  r e d u c t i o n s  i n  f i s h  
growth i n  t h e  f i e l d  and l a b o r a t o r y  
(Warner and Fenderson 1962,  Cope e t  
a l .  1970,  Woodward 1976) .  Seve ra l  
t ypes  of behavior  ( f o r  example, 
l e a r n i n g ,  s w i m m i n g ,  t empera ture  
p re fe rence ,  p r e d a t o r  avoidance)  have 
been shown t o  be  a l t e r e d  by exposure 
t o  p e s t i c i d e s  ( O g i l v i e  and Anderson 
1965; Warner e t  a l .  1966; Anderson 
1968, 1971; Anderson and Pe te r son  
1969; H a t f i e l d  and Anderson 1972; 
H a t f i e l d  and Johansen 1972; Symons 
1973,  1977) .  Both DDT and 2,4-D have  
been demonstrated t o  cause  dec reased  
r ep roduc t ive  succes s  i n  f i s h  (Macek 
1968,  Wilbur and Whitney 1973) .  
Diquat  and p ic loram caused mig ra to ry  
i n h i b i t i o n  i n  coho salmon smol t s  i n  
c o a s t a l  s t r eams  of  Oregon (Lorz e t  a l .  
1979) .  Many s t u d i e s  have demonstrated 
biochemical  o r  p h y s i o l o g i c a l  change i n  

f i s h  a f t e r  exposure ' t o  p e s t i c i d e s  
(Weiss and G a k s t a t t e r  1964; Grant  and 
Mehrle 1970; Wild ish  e t  a l .  1971; 
H i l t i b r a n  1972a, b ) .  One of  t h e  best 
documented biochemical  e f f e c t s  of  a 
f o r e s t  chemica l  i s  t h e  i n h i b i t i o n  of 
AChE a c t i v i t y  by organophosphates 
(Will iams and Sova 1966).  S c i e n t i s t s  
are aware of many p o t e n t i a l  s u b l e t h a l  
e f f e c t s  of  f o r e s t  chemica ls ;  however, 
d a t a  on s u b l e t h a l  e f f e c t s  are scarce 
and a l a r g e  p o r t i o n  of  t h e  a v a i l a b l e  
i n fo rma t ion  p e r t a i n s  t o  organo- 
c h l o r i n e s ,  p a r t i c u l a r l y  DDT. The 
no- effec t  l e v e l s  f o r  s u b l e t h a l  e f f e c t s  
of f o r e s t  chemica ls  are most l i k e l y  t o  
be much lower t h a n  f o r  a c u t e  o r  
c h r o n i c  t o x i c i t i e s .  Our l a c k  of 
knowledge p r e v e n t s  hazard assessment  
of f o r e s t  chemica ls  f o r  s u b l e t h a l  
e f f e c t s  and f o r c e s  u s  t o  u s e  margins  
of s a f e t y ;  i n c r e a s e d  r e s e a r c h  on 
s u b l e t h a l  e f f e c t s  may a l l o w  u s  t o  
b e t t e r  e v a l u a t e  t h e  p o t e n t i a l  e f f e c t s  
of f o r e s t  chemica ls  on anadromous 
salmonids.  

Organisms can  e x h i b i t  numerous 
k inds  of responses  when exposed t o  
t o x i c  chemica ls .  S u r v i v a l ,  growth,  
r ep roduc t ive  succes s ,  and behavior  
c h a r a c t e r i s t i c s  are probably t h e  most 
impor t an t ,  but  t h e  bulk of t h e  a q u a t i c  
t ox i co logy  l i t e r a t u r e  r e p o r t s  on ly  
s u r v i v a l  f o r  shor t- term a c u t e  exposure 
i n  t h e  water. Although t h i s  d e f i c i e n c y  
i n  t h e  d a t a  base i s  obvious ,  f o r t u-  
n a t e l y  i n  f o r e s t  a q u a t i c  systems 
short- term a c u t e  exposures  predomi- 
n a t e ,  i f  exposure occu r s  a t  a l l .  
Thus, w e  can  use  t o x i c i t y  d a t a  on  
s u r v i v a l  of f i s h  ( o r  o t h e r  more 
s e n s i t i v e  organisms) t o  approximate a 
no- effec t  l e v e l  f o r  short- term 
exposure.  

W e  have s e l e c t e d  a c o n c e n t r a t i o n  
of  0.1(96-hour LC50) as  t h e  
no- effec t  l e v e l  f o r  s u r v i v a l  a f t e r  
b r i e f  a c u t e  exposures  t o  peak 
c o n c e n t r a t i o n s  of f o r e s t  chemica ls .  
T h i s  v a l u e  i s  a l i t t l e  more conserva-  
t i v e  t h a n  t h e  0 .1  of t h e  48-hour 
LC50 t e n t a t i v e l y  sugges ted  by t h e  
Aquatic  L i f e  Advisory Committee 
(1955).  Some have t r e a t e d  t h i s  
a p p l i c a t i o n  f a c t o r  a lmost  a s  a n  
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immutable c o n s t a n t ,  but  o t h e r s  have 
a t t a c k e d  i t  as a n  o v e r s i m p l i f i c a t i o n .  
Tarzwel l  (1966) poin ted  o u t  t h a t  
0 . 1  t o x i c  u n i t s  i s  a c o n c e n t r a t i o n  
t h a t  has been used s u c c e s s f u l l y  f o r  
t h e  s a f e  d i s p o s a l  of  some wastes, when 
f i r m  in fo rma t ion  was l ack ing .  Sprague 
(1971) argued t h a t  no s i n g l e  va lue  
could  be expected t o  f i t  a l l  t y p e s  of  
p o l l u t i o n .  I n  h i s  review of  s u b l e t h a l  
and " sa fe"  c o n c e n t r a t i o n s ,  Sprague 
(1971) noted t h a t  a number of app l i ca-  
t i o n  f a c t o r s  were recommended b u t ,  i n  
g e n e r a l ,  t h e  accepted  maximum l e v e l s  
are 0 . 1  o r  0.05 t o x i c  u n i t s  f o r  
n o n p e r s i s t e n t  p o l l u t a n t s  and 0 . 1  o r  
0.01 t o x i c  u n i t s  f o r  p e r s i s t e n t  
chemica ls  and p e s t i c i d e s .  The 
N a t i o n a l  Academy of Sciences- National  
Academy of Engineering (1973) Water 
Q u a l i t y  Criteria a l s o  recommended t h e  
use  of a p p l i c a t i o n  f a c t o r s  not  
exceeding 0 . 1  of t h e  96-hour LC50, 
where c o n c e n t r a t i o n  of materials i s  
n o n p e r s i s t e n t  o r  has  noncumulative 
e f f e c t s ,  t o  estimate " sa fe"  concent ra-  
t i o n s  of t o x i c  wastes i n t o  r ece iv ing  
streams, u n l e s s  s p e c i f i c  a p p l i c a t i o n  
f a c t o r s  have been determined f o r  a 
g iven  material. 

Assessment of Acute -Toxicity 
Hazard 

Numerous exposure v a l u e s  can  be 
used i n  c a l c u l a t i n g  margins of  s a f e t y  
( t a b l e  1 6 ) .  
h ighes t  i n s t an t aneous  c o n c e n t r a t i o n  w e  
found i n  surveying  t h e  l i t e r a t u r e  and 
a peak c o n c e n t r a t i o n  of 0.02 m g / l i t e r ,  
which w e  b e l i e v e  i s  t h e  maximum l i k e l y  
t o  occur  i f  minimum b u f f e r  s t r i p s  are 
used and some d i r e c t  a p p l i c a t i o n  t o  
s u r f a c e  water occurs .  We used t h e s e  
va lues  w i t h  0.1(96-hour LC50) t o  
c a l c u l a t e  t h e  margin of  s a f e t y  f o r  
s u r v i v a l  t o  a c u t e  exposure ( t a b l e  1 7 ) .  
These c a l c u l a t i o n s  y i e l d  conse rva t ive  
estimates of t h e  margin of  s a f e t y  
because t h e  i n s t an t aneous  peak 
concen t r a t i on  i n  t h e  f i e l d  does  not  
p e r s i s t  f o r  t h e  96-hour pe r iod  i n  t h e  
t o x i c i t y  test and c u r r e n t  " b e s t  manage- 
ment p r a c t i c e s "  i n  t h e  u se  of  f o r e s t  
chemicals  w i l l  n o t  produce exposure 
l e v e l s  that approach t h e  peak concen- 
t r a t i o n s  l i s t e d  i n  t a b l e s  16  and 17 .  

W e  used t h e  s i n g l e  

T a b l e  1 6 - - I n t e g r a l  o f  c o n c e n t r a t i o n- t i m e  c u r v e s  f o r  48 hours 
f o r  severa l  p e s t i c i d e s  an 
a f t e r  a e r i a l  appl  i c a t i o n d  

192 hours f o r  u r e a  i n  f o r e s t  streams 

R e l a t i v e l y  few d a t a  are a v a i l a b l e  
o n  t h e  no- effec t  l e v e l  f o r  o t h e r  t y p e s  
of responses ,  p a r t i c u l a r l y  f o r  
prolonged exposure t o  t h e  chemica ls  w e  
have d i s cus sed  i n  this paper.  
Na t iona l  Academy of Sc iences- Nat iona l  
Academy of Engineering (1973) Water 
Q u a l i t y  Criteria recommends t h a t  t h e  
c o n c e n t r a t i o n  should n o t  exceed 
0.05(96-hour LC50) a t  any t i m e  o r  
p l a c e ,  nor  should t h e  24-hour average  
c o n c e n t r a t i o n  exceed 0.01 (96-hour 
LC50) f o r  p e r s i s t e n t  o r  cumulat ive 
t o x i c a n t s  . 

The 

A l l i s o n  (1977) and Larsen  e t  a l .  
(1978) have i n v e s t i g a t e d  t h e  r e l a t i o n  
of exposure d u r a t i o n ,  c o n c e n t r a t i o n ,  
and p e r i o d i c i t y  of t o x i c a n t s  t o  
t o x i c i t y ,  reproduct ion ,  and growth. 
These s t u d i e s ,  us ing  exposure u n i t s  i n  
con junc t ion  w i t h  e s t a b l i s h e d  t o x i c i t y  
d a t a ,  may a l l ow  u s  t o  i d e n t i f y  a 
" sa fe"  l e v e l  and thereby  assess t h e  
environmental  impact of  v a r i a b l e -  
l e v e l ,  short- term p e s t i c i d e  exposure 
on t h e  a q u a t i c  environment. 

P e s t i c i d e  

2 . 4 - 0  
P.mi tro! P 
Dicamba 
Ma 1 a t h  i o n 
C a r b a r y l  

I n t e g r a l  f o r  
A c t u a l  peak a c t u a l  peak 

c o n c e n t r a t i o n  c o n c e n t r a t i o n  

m g / l i t e r  ( m g / l i t e r ) h o u r s  

0 . 0 1 4  0 . 1 1 6  
.?io - 4 9 8  
.037 .310 
.040 .074 
. 121  .343 
- 4 7 1  1 . 7 0 8  

1 . 3 8 9  38.2  
.703 19.4  

I n t e g r a l  f o r  assumed 
peak c o n c e n t r a t i o n  o f  
o f  0 .02 m g / l i t e r  f o r  

p e s t i c i d e s  an 
7 .02 mg/l i ter-1 
f o r  u r e a  

h 

( m g / l i t e r ) h o u r s  

0 . 1 6 7  
. 9 9 1  
.167 
.037 
.057 
.072 

193 
195 . 

l /Based on f i g u r e  4.  
z/Mean peak c o n c e n t r a t i o n  o f  28 f e r t i l i z e r - m o n i t o r i n g  

3/Based on f i g u r e  46. 
Z lBased on f i g u r e  4H. 

p r o j e c t s  sumnarized by Moore 1975b. 
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Tab le  17--Est imated margins o f  s a f e t y  f o r  s u r v i v a l  o f  salmon, t r o u t ,  o r  o t h e r  more s e n s i t i v e  aqua t i c  species t o  " shor t - te rm"  exposure t o  s e l e c t e d  f o r e s t  
chemicals 

H ighes t  Marg in  o f  N o - e f f e c t  
observed s a f e t y  f o r  l e v e l ,  Shor t- te rm 

No -e f f ec t expo s u r e  0.02 m g / l i t e r  c h r o n i c  c h r o n i c  Marg in  

F o r e s t  chemical Organism 96-h LC50 e x p o s u r d '  o f  safety;' c o n c e n t r a t i o d '  ( 4 8  h)!' ( 4 8  h)?' s a f e t y  

l e v e l ,  acute and marg in  peak exposure exposure o f  

----------mg/liter----------- - _ _ _  (mg/l i t e r )  hours- - -  - 
He r b i  c i de s : 

2,4-D-- 
Oimethylami ne 

0.84 m g / l i t e r  
11.9 500 

.5 20 
100 

4 
.15 
.9 

1.5 
1.0 
1.2 (48 -h )  

.4 

3.5 

10 
.4 
.015 
.09 
.15 
.1 
.12 
.04 

.35 

.0048 

.15 

.86 

.072 

.69 

.67 

.49 

10 
10 

1.2 
4.9 

536 
52.8 

13.0 
.83 
.24 
.3 

.004 

.000 1 

.001 

.017 

.OOO 6 

.OOO 17 
.434 

.015 

.ooo 19 

.OOO 6 

.053 

.038 

.95 
10 

110 

.02 

.02 

48 
1.92 

.072 

.432 

.72 

.480 

.576 

.192 

144 
5.7 

. 2  
1.3 
2.2 
1.4 
1.7 

.6 

20 
.3 

8.7 
50 

5.2 
5 .O 
4.8 
3.5 

11/-- n/-- n/-- z/-- 
3 852 

379 

93 
6.0 
1.7 
2.2 

< . I  

< . l  
.1 

2.7 

<.l 
<.l 

36 

11/L n/-- 
"1- - 

11 /L  
- n/-- 

63.3 
667 

7 173 

Rainbow t r o u t  

m h : ; , ,  
C u t t h r o a t  t r o u t  
P t e r o n a r c e l l  a sp 
t u  t t h  roa t t rou  t 
Daphnia sp. 
Glass shrimp 

< . l  
.1 
.2 
.1 
.1 

< . l  2 

.2 17 
< . l  .2 
< . l  7.5 

.4 43 

.2 3.6 

2.0 m g / l i t e r  

.42 m g / l i t e r  

1.6 34 
1.6 34 
1.2 24 

1 000 500 
1 000 500 

120 60 

.01 m g / l i t e r  

.7  
4.5 
7.5 
5 
6 

B u t y l  e s t e r  

PGBE e s t e r  

P ic1  oram-- 
Technical  

Potassium I t  
Tordon 1 0 8  

A t r a z i n e  

1.68 
.023 
.72 

4.13 

C u t t h r o a t  t r o u t  
P te ronarcys  sp. 
C u t t h r o a t  t r o u t  
Ra in  bow t r o u t  

Chi ronomus tenans -- ;;:;"Sit SP. 

Brook t r o u t  

.048 
1.5 
8.6 

.72 (48-h) 
6.9 (48-h) 

4.9 (48-h) 
6.7 (48-h) 

3.46 
3.31 
3.22 
2.35 

48 
48 

23 
5.76 

MSMA-- 
L i q u i d  f o r m u l a t i o n  100 

100 
12 
49 

5 361 
528 

C u t t h r o a t  t r o u t  
Gamnarus f a s c i  a tus  
61 uegi  11 
B l u e g i l l  P lus  s u r f a c t a n t  

Fosamine ammonium 
4 90 245 
- 12/--  
11/..- >10 000 E/-- 2 640 

5 650 
.3 41 
<.l 12 

2.6 m g / l i t e r  

Coho salmon, f i n g e r l i n g  
Rainbow t r o u t ,  y o l k  sac 

Rainbow t r o u t  
Rainbow t r o u t ,  f i nger1  i n g  
Rainbow t r o u t ,  swim-up f r y  
Daphnia sp. 

C u t t h r o a t  t r o u t  

2 573 
253 

Glyphosate--  
Technical  
L i q u i d  f o r m u l a t i o n  

130 
8.3 
2.4 

62.4 
3.98 
1.15 
1.44 

.019 

3 

.041 

15 

.2 
Oinoseb 

I nsec t i c i de s : 
Mal a t h i  on .042 mg/l i t e r  

<.1 <.l 
<.l <.l 

.4 .8 

<.l < . l  
<.l <.l 

.121 m g / l i t e r  

.001 ( 4 8 - h )  

. 01  

.17 

.006 (48 -h )  

.001 7 
4.34 

.15 

.001 9 

.006 

.530 

.380 

.ooo 5 

.082 

.002 3 

.ooo 8 

.on4 a 

2.08 

.072 

.ooo 9 

.003 

Car ba ry 1 
Daphnia sp. 
P te rondrcys  sp. 
Coho salmon 22 

. 7  
<.l 
<.l 

2.6 
1.9 

47 
500 

5 500 

Azinphos-methyl 

Carbofuran 
Coho salmon 
Rainbow t r o u t  

.25  

.18 

4.56 
48 

529 

Acepha t e  
9.5 

100 
1 100 

P t e r o n a r c e l l a  sp 
C u t t h r o a t  t rou  t 
Rainbow t r o u t  

10 
114 

F e r t i l i z e r :  
Urea 
Amnon i a 

F i r e  r e t a r d a n t :  
Amnon i a 

44.4 m g / l i t e r  
f i / . 0 1 4  mg/l i t e r  

1611.30 mg/l i t e r  

1.4 1 

< . l  1 

Coho salmon .2 .096 

Coho salmon .2 .096 

l /0 .1 (96-hour  LC50) i s  assumed t o  be the  n o - e f f e c t  l e v e l  f o r  s u r v i v a l  f o r  shor t - te rm acu te  exposure. 
??Single h i g h e s t  ins tan taneous  c o n c e n t r a t i o n  r e p o r t e d  i n  t e x t  o r  i n  c i t e d  re fe rence  (some va lues  a r e  a d j u s t e d  f o r  r e g i s t e r e d  r a t e s  o f  a p p l i c a t i o n  i n  

?/Margin o f  sa fe ty  ( n o - e f f e c t  leve l /exposure  l e v e l )  f o r  assumed peak c o n c e n t r a t i o n  o f  0.02 m g / l i t e r  f o r  p e s t i c i d e s ,  7.02 m g / l i t e r  f o r  f e r t i l i z e r  ( u r e a ) ,  

4 / I n t e g r a l  o f  O.Ol(96-hour LC50) concen t ra t ion- t ime c u r v e  f o r  48 hours. 
z / I n t e g r a l  o f  concen t ra t ion- t ime curves  i n  f i g u r e  4, assuming a peak c o n c e n t r a t i o n  o f  0.02 m g / l i t e r  (see a l s o  t a b l e  16 ) .  

6/From t a b l e  16, ad jus ted  t o  2.24 kg/ha a p p l i c a t i o n  r a t e  (based on da ta  f o r  2.4-D, f i g u r e  4A), and peak c o n c e n t r a t i o n  o f  0.07 m g / l i t e r .  
7/From t a b l e  16, ad jus ted  t o  0.56 kg/ha a p p l i c a t i o n  r a t e  (based on da ta  f o r  2,4-D, f i g u r e  4A), and peak c o n c e n t r a t i o n  o f  0.02 m g / l i t e r .  
?/Tordon 101 i s  a 4 : l  m i x t u r e  o f  2,4-D and p ic lo ram.  

9/From t a b l e  16, ad jus ted  t o  4.48 kg/ha a p p l i c a t i o n  r a t e  (based on da ta  f o r  2,4-D, f i g u r e  4A), and peak c o n c e n t r a t i o n  o f  0.02 m g / l i t e r .  

f o r e s t r y )  and cor respond ing  marg in  o f  s a f e t y  ( n o - e f f e c t  leve l /exposure  l e v e l  1 .  

and 130 m g / l i t e r  f o r  f i r e  r e t a r d a n t .  

0.02 m y / l i t e r  i s  assumed t o  be the  maximum ins tan taneous  c o n c e n t r a t i o n  l i k e l y  t o  r e s u l t ,  based on o p e r a t i o n a l  m o n i t o r i n g .  
made w i t h  minimum b u f f e r  s t r i p s  and some d i r e c t  a p p l i c a t i o n  t o  the  stream surface. 

A peak c o n c e n t r a t i o n  of 
I t  assumes a p p l i c a t i o n s  a r e  

The r isk-assessment c a l c u l a t i o n s  a r e  done u s i n g  exposure da ta  f o r  p i c l o r a m  on ly .  See 2.4-0 f o r  
r e l e v a n t  data on 2,4-D. 

lU/Ddta n o t  a v d i l a b l e .  
n/Margin of  s a f e t y  n o t  c a l c u l a t e d  because no value f o r  exposure i s  a v a i l a b l e .  
E/Oata n o t  a v a i l a b l e .  
n/From t a b l e  16, assumed peak c o n c e n t r a t i o n  0.02 m g / l i t e r ,  excep t  f o r  urea which i s  based on assumed c o n c e n t r a t i o n  o f  7.02 m g / l i t e r .  
n/From t d a l e  13, assumes 1- percen t  un- ion ized  ammonia (25  O C ,  pH 7 . 5 ) .  
E l B a s e d  on p r o p o r t i o n  o f  (NH3 + NH4') t o  urea, t a b l e  12 
16/Assumes 1-percent ammonia i n  130 m g / l i t e r  r e t d r d a n t  i; stream water,  f rom N o r r i s  e t  a l .  (1978).  
ZINo es t imate  because of  h i g h  v a r i a b i l i t y  i n  p a t t e r n s  o f  r e t a r d a n t  use. A p p l i c a t i o n s  d i r e c t l y  i n t o  streams w i l l  produce l e v e l s  o f  ammonia g r e a t e r  than  

N o r m 1  use i s  n o t  expected t o  r e s u l t  i n  stream con tamina t ion .  

and 1- percen t  un- ion ized  ammonia ( 2 5  OC, pH 7.5).  

1 m g / l i t e r .  
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Assessment 
Hazard 

of C hronic-Toxicit y 

W e  c a l c u l a t e d  t h e  margin of 
s a f e t y  f o r  s u r v i v a l  from chron ic  
exposure us ing  t h e  i n t e g r a l  of  t h e  
concent ra t ion- t ime cu rve  f o r  chemi- 
cals i n  f o r e s t  streams w i t h  t h e  
i n t e g r a l  of  t h e  concent ra t ion- t ime 
curve  f o r  exposure t h a t  i s  e q u a l  t o  
0.01(96-hour LC50). T h i s  concept  i s  
based on t h e  use  of exposure uni ts- -  
t h a t  i s ,  t h e  i n t e g r a l  of  d u r a t i o n  and 
l e v e l  of exposure ,  as developed by 
A l l i s o n  (1977) and Larsen  e t  al .  
(1978).  The d e r i v a t i o n  of  each o f  
t h e s e  v a l u e s  fo l lows.  

Numerous d a t a  sets r e p o r t  the 
c o n c e n t r a t i o n  of  h e r b i c i d e s  i n  f o r e s t  
streams. I n  a n  e f f o r t  t o  f i n d  one 
t h a t  would be r e p r e s e n t a t i v e ,  we  
normalized t h e  Concen t ra t ion  d a t a  f o r  
t h r e e  h e r b i c i d e s  and s h i f t e d  t h e  t i m e  
scale s l i g h t l y  t o  show t h e  peak concen- 
t r a t i o n  (100 p e r c e n t )  o c c u r r i n g  3 hours  
a f t e r  a p p l i c a t i o n  ( f i g .  4a,  b, and c ) .  
The d a t a  f o r  both  amitrole- T i n  
Wildcat  Creek and 2,4-D i n  P reache r  
Creek show a n  i n c r e a s e  i n  c o n c e n t r a t i o n  
as  a r e s u l t  of  r a i n  (approximate ly  
0.7 c m  a t  Wildcat  Creek and 0.6 c m  a t  
Preacher  Creek on t h e  1st day af ter  
a p p l i c a t i o n ) .  The areas under t h e  
cu rves  were measured t o  g i v e  a 
t ime- concent ra t ion  express ion  
[ ( m g / l i t e r ) h o u r s ]  of  contaminat ion  f o r  
t h e  f i r s t  48  hours  a f t e r  a p p l i c a t i o n ,  
u s ing  t h e  a c t u a l  peak c o n c e n t r a t i o n  
observed,  and assuming a n  ins t an-  
taneous  peak c o n c e n t r a t i o n  of  
0.02 m g / l i t e r  ( t a b l e  16) .  
va lue  is o u r  estimate of  t h e  maximum 
contaminat ion  l e v e l  l i k e l y  t o  r e s u l t  
i f  minimum b u f f e r  s t r i p s  are used and 
some d i r e c t  a p p l i c a t i o n  t o  s u r f a c e  
water o c c u r s  ( s e e  r e l a t e d  d i s c u s s i o n  
i n  the chemicals  i n  water s e c t i o n  and 
U.S. Department of A g r i c u l t u r e ,  Animal 
and P l a n t  H e a l t h  I n s p e c t i o n  S e r v i c e  
1980).  

The l a t te r  

The r e s u l t s  show reasonably  good 
agreement among chemicals  w i t h  
0.167 ( m g / l i t e r ) h o u r s  f o r  2,4-D, 
0.168 ( m g / l i t e r ) h o u r s  f o r  a m i t r o l e ,  
and 0.91 ( m g / l i t e r ) h o u r s  f o r  dicamba. 
The h igher  va lue  f o r  dicamba r e f l e c t s  
i t s  longer  t h a n  normal p e r s i s t e n c e .  
Based on t h i s  a n a l y s i s ,  we decided t o  
use  t h e  48-hour t ime- concent ra t ion  
express ion  of exposure of 
0.167 ( m g / l i t e r ) h o u r s  d e r i v e d  from t h e  
2,4-D d a t a  from Preacher  Creek 
( f i g .  4a) ( a d j u s t e d  for rate of 
a p p l i c a t i o n )  f o r  a l l  t h e  a e r i a l l y  
a p p l i e d  h e r b i c i d e s  i n  t a b l e  17.  
was excluded because i t  i s  n o t  u s u a l l y  
a p p l i e d  a e r i a l l y ,  and t h e  l i m i t e d  
monitoring for MSMA has  no t  shown 
measurable r e s i d u e s  i n  f o r e s t  
streams. Use of the 2,4-D d a t a  f o r  
t h e  o t h e r  h e r b i c i d e s  i s  reasonab le  
because w e  b e l i e v e  t h e  predominant 
p rocesses  of  e n t r y  are d r i f t ,  d i r e c t  
a p p l i c a t i o n  t o  t h e  stream s u r f a c e ,  and 
m o b i l i z a t i o n  i n  ephemeral  stream 
channels  s h o r t l y  a f t e r  a p p l i c a t i o n .  
These p rocesses  are l a r g e l y  mechanical  
and should n o t  vary  g r e a t l y  among t h e  
a e r i a l l y  a p p l i e d  h e r b i c i d e s  d i scussed  
i n  this paper.  

MSMA 

Data f o r  t h e  c o n c e n t r a t i o n s  of 
mala th ion,  c a r b a r y l ,  acepha te ,  and 
u r e a  (from f e r t i l i z e r )  i n  streams a t  
v a r i o u s  times a f t e r  a p p l i c a t i o n  were 
p l o t t e d ,  and t h e  area under t h e  cu rves  
was i n t e g r a t e d  i n  t h e  same way as  f o r  
t h e  h e r b i c i d e s  ( f i g .  4d-h, t a b l e  16). 
The normal p a t t e r n s  of  use  of 
azinphos-methyl and ca rbofu ran  (used 
f o r  c o n t r o l  of seed and cone i n s e c t s )  
w i l l  no t  r e s u l t  i n  contaminat ion  of 
f o r e s t  streams . 

The no- effec t  l e v e l  f o r  s u r v i v a l  
from chron ic  exposure t o  each  chemical  
i s  expressed  as t h e  i n t e g r a l  (ove r  48 
hours)  of  t h e  t ime- concent ra t ion  cu rve  
equ iva len t  t o  O.Ol(96-hour LC50) f o r  
t h a t  chemical .  These v a l u e s  are 
expressed  as ( m g / l i t e r ) h o u r s  f o r  
48  hours ,  j u s t  as  t h e  exposure d a t a  
from f i e l d  s t u d i e s  are expressed.  
example, t h e  96-hour LC50 f o r  
c a r b a r y l  and coho salmon is 
4.34 m g / l i t e r  and 0.01( 9 &hour LC50) 
is 0.0434 m g / l i t e r .  Because t h e  

For  
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- B  Figure  4 . - -Concentra t ion of chemicals 
i n  f o r e s t  streams a t  d i f f e r e n t  times 

t i o n  i s  expressed as a percentage of 
the peak concentra t ion.  

A. 2,4-D i n  Preacher Creek, v i t h  a 

a f t e r  a e r i a l  app l i ca t ion .  Concentra- 

p a r t i a l  stream buffer .  Actual  peak 
concen t ra t ion  v a s  0.0139 m g / l i t e r  
a f t e r  aerial a p p l i c a t i o n  of 2.4-D 

' ' ' 

t a b l e  10 ,  Fredr iksen et al .  1975). 

C. Dicamba i n  Farmer Creek, wi th  no 
stream buffer .  Actual  peak 
concen t ra t ion  vas  0.037 %/liter 
a f t e r  a e r i a l  a p p l i c a t i o n  of dicarnba 
a t  1.12 kg/ba (from f i g .  2 ,  Norr i s  
and Montgomery 1975). 

D. Malathion i n  Eansel Creek, v i t h  no 
stream buffer .  A c t u a l  peak 
concen t ra t ion  vas  0.040 %/liter 
a f t e r  aerial a p p l i c a t i o n  (from 
f i g .  2, Tracy e t  al. 1977). 

' ' ' ' ' ' ' ~ ' ' I ' ' E. Carbaryl  i n  Squilchuck Creek, wi th  

concen t ra t ion  vas  0.121 -/liter 
100- E 

C .- 

- F  

after a e r i a l  a p p l i c a t i o n  a t  
1.12 kg/ha (from f i g .  7, Bernhardt 

E -  a 
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e t  al .  1978). Note p r o j e c t i o n  of 
est imated concent ra t i o n  curve 
beyond ll hours. 

F. Acephate i n  Cabin Creek, wi th  no 

concen t ra t ion  vas  0.471 %/liter 
stream buf fe r .  Actual  peak 

after a e r i a l  a p p l i c a t i o n  a t  
1.12 &/ha (from t a b l e  12 ,  F l a v e l l  

Actual e t  al .  1977). Note p r o j e c t i o n  of 
es t ima t ed Concentra t ion curve 
beyond 9.25 hours. - - - - - - - - - -  .<Eqfimat;d - _ _ _ , _ _ _ _ _ _ _  
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a f t e r  aerial a p p l i c a t i o n  a t  224 kg 

Moore 1975b; and personal  
communication from D. G. m o r e ,  
For. Sc i .  Lab., Corva l l i s ,  
Oreg., 1980). Note t i m e  s c a l e  is 
not t h e  same as i n  f i g u r e s  48-F. 

N / h a  ( a s  urea)  (from t a b l e  1, 

E. Urea i n  Trapper Creek, wi th  6O-m 

100- 

a 40 

G 

- stream buf fe r .  Actual  peak 



exposure l e v e l  i s  c o n s t a n t  over  t h e  
48-hour pe r iod  we  are i n t e r e s t e d  i n ,  
t h e  i n t e g r a l  of  t h e  t ime- concent ra t ion  
cu rve  i s  0.0434 m g / l i t e r  x 48  hours  = 
2.08 (mg/ l i t e r )hours .  The r a t i o  of 
t h e  no- effec t  exposure i n t e g r a l  t o  t h e  
f i e l d  exposure i n t e g r a l  i s  t h e  margin 
of s a f e t y  ( t a b l e  1 7 ) .  

W e  b e l i e v e  t h e  margins of  s a f e t y  
c a l c u l a t e d  f o r  ch ron ic  exposure are 
c o n s e r v a t i v e  because t h e  t o x i c i t y  d a t a  
are based on cont inuous  exposure a t  
t h e  s p e c i f i e d  l e v e l ,  a l though  w e  know 
from f i e l d  d a t a  t h a t  t h e  exposure i s  
q u i t e  t r a n s i t o r y .  For i n s t a n c e ,  i f  w e  
were t o  extend t h e  pe r iod  of  e v a l u a t i o n  
from 48 hours  t o  30 days ,  t h e  no- effec t  
exposure i n t e g r a l  would i n c r e a s e  15 
t i m e s ,  bu t  t h e  f i e ld- exposure  i n t e g r a l  
would no t  change because no f u r t h e r  
exposure occur s .  Thus, t h e  margin of 
s a f e t y  would i n c r e a s e  1 5  times. 

I 

HAZARD ASSESSMENT AT THE 
ECOSYSTEM LEVEL 

does no t  t a k e  i n t o  account  e i t h e r  t i m e  
or space  or t h e  b a s i c  r e s i l i e n c y  of 
ecosystems. For i n s t a n c e ,  o u r  
assessment f o r  carbaryl i n d i c a t e s  coho 
salmon w i l l  no t  be d i r e c t l y  a f f e c t e d ,  
but  some i n d i v i d u a l  i n v e r t e b r a t e s  may 
be k i l l e d  i n  a segment of  a stream 
s h o r t l y  a f t e r  aer ia l  a p p l i c a t i o n .  It 
f a i l s  t o  recognize  t h a t  some o t h e r  
i n d i v i d u a l s  w i l l  s u r v i v e  (by avoidance  
o r  g r e a t e r  i n d i v i d u a l  t o l e r a n c e  t o  t h e  
chemical )  and that repopu la t ion  of  t h e  
a f f e c t e d  p o r t i o n  of t h e  stream w i l l  
occur  (by m i g r a t i o n  from u n a f f e c t e d  
areas o r  ha tch ing) .  I n  a d d i t i o n ,  i t  
f a i l s  t o  recognize  that t h e  a f f e c t e d  
area i s  l i k e l y  t o  be small because of 
e f f o r t s  t o  avo id  d i r e c t  a p p l i c a t i o n  t o  
streams and because most t r e a t m e n t s  do  
n o t  cover  l a r g e ,  cont iguous  areas 
(some l a r g e  i n s e c t- c o n t r o l  p r o j e c t s  
may be an excep t ion ) .  The same area 
i s  no t  l i k e l y  t o  be a f f e c t e d  r epea t-  
ed ly  because,  ove r  t h e  cour se  of  any 
one t imber r o t a t i o n ,  more than  t h r e e  
a p p l i c a t i o n s  t o  t h e  same area are rare 
and t h e  t i m e  between r e p e a t  
a p p l i c a t i o n s  w i l l  u s u a l l y  be more t h a n  
1 yea r .  A s  a consequence,  w e  b e l i e v e  
t h a t  t h e  r i s k  a s ses smen t s  i n  t a b l e  1 7  
are conse rva t ive ;  t h e  t r u e  margins  of 
s a f e t y  f o r  anadromous f i s h  from 
exposure t o  f o r e s t  chemicals  on t h e  
l a r g e  watershed o r  ecosystem scale are 
l a r g e r  than w e  have c a l c u l a t e d .  

Assess ing  t h e  hazard t o  organisms 
rests on  a reasonably  adequate  d a t a  
base. But a d i sadvan tage  i s  t h a t  i t  
f o c u s e s  o n  i n d i v i d u a l  organisms and 
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INDIRECT EFFECTS OF 
FOREST CHEMICALS 

E f f e c t s  of f o r e s t  chemicals  on 
a q u a t i c  organisms have been i n v e s t i -  
ga ted  f o r  s e v e r a l  decades ,  but  t h e s e  
s t u d i e s  have g e n e r a l l y  been r e s t r i c t e d  
t o  d i r e c t  t o x i c  e f f e c t s .  The use  of 
h e r b i c i d e s ,  i n s e c t i c i d e s ,  f e r t i l i z e r s ,  
and f i r e  r e t a r d a n t s  may change t h e  
composit ion and p roduc t ion  of 
t e r r e s t r i a l  p l a n t s  and i n v e r t e-  
b r a t e s .  A l t e r a t i o n  of t e r r e s t r i a l  
v e g e t a t i o n  and i n v e r t e b r a t e  
communities may r e s u l t  i n  changes i n  
a l loch thonous  i n p u t s  i n t o  streams and 
i n  envi ronmenta l  f a c t o r s  such as 
l i g h t ,  t empera tu re ,  water q u a l i t y ,  
sediment composi t ion ,  and geomorph- 
ology.  A l l  of t h e s e  f a c t o r s  are 
components of anadromous f i s h  h a b i t a t  
as d i scussed  by Reiser and Bjornn 
(1975).  Land managers must be aware 
of p o t e n t i a l  i n d i r e c t  e f f e c t s  of  
f o r e s t  chemicals  on  p a t t e r n s  and 
p rocesses  of stream ecosystems i n  t h e  
P a c i f i c  Northwest and Alaska. 

HERBICIDES 
The fo l lowing d i s c u s s i o n  of 

i n d i r e c t  e f f e c t s  of f o r e s t  h e r b i c i d e s  
focuses  on a l t e r a t i o n  of r i p a r i a n  
v e g e t a t i o n  a d j a c e n t  t o  streams, 
r i v e r s ,  and l a k e s .  Genera l  a q u a t i c  
p rocesses  t h a t  may be a f f e c t e d  by 
t e r r e s t r i a l  u se  of h e r b i c i d e s  are 
desc r ibed ;  documented s t u d i e s  of 
i n d i r e c t  e f f e c t s  of f o r e s t  chemicals  
on a q u a t i c  systems are rare, however. 
I n d i r e c t  e f f e c t s  of  h e r b i c i d e s  on 
a q u a t i c  communities have been observed 
as a r e s u l t  of m o r t a l i t y  of p a r t i c u l a r  
components--for example, a q u a t i c  
plants--and subsequent s h i f t s  i n  o t h e r  
components of  stream ecosystems (Haven 
1963, Smith and Isom 1967) .  They 
u s u a l l y  i n v o l v e  d i r e c t  a p p l i c a t i o n  of  
h e r b i c i d e  f o r  a q u a t i c  weed c o n t r o l .  
I n  reviews of secondary  e f f e c t s  of 
p e s t i c i d e s  i n  a q u a t i c  sys tems,  
H u r l b e r t  (1975) and Newbold (1975) 
viewed on ly  t h e  r e s u l t s  of  m o r t a l i t y  
t o  a q u a t i c  p l a n t s  as t h e  i n d i r e c t  
e f f e c t s  of h e r b i c i d e s .  Concen t ra t ions  
of h e r b i c i d e  i n  s u r f a c e  waters a f t e r  
f o r e s t  a p p l i c a t i o n  are much lower 

( l e s s  t h a n  0 .1  m g / l i t e r )  t h a n  t h o s e  
needed t o  c o n t r o l  a q u a t i c  weeds (more 
t h a n  2 m g / l i t e r )  ( N o r r i s  and Moore 
1971, 1976; Na t iona l  Research Council  
of Canada 1978; N o r r i s  1978).  
The re fo re ,  t h e  e f f e c t s  t h a t  r e s u l t  
from d e a t h  of p o r t i o n s  of b i o t i c  
communities i n  streams are n o t  
p e r t i n e n t  t o  t h e  s u b j e c t  of  f o r e s t  
h e r b i c i d e s ,  except  i n  unusual  
c i r cums tances  . 

Herb ic ides  may a l t e r  n a t u r a l  
p a t t e r n s  of p l a n t  success ion  a long  
streams. Herb ic ide  a p p l i c a t i o n  i s  
in t ended  t o  c o n t r o l  nonconiferous  
trees and sh rubs  s o  t h a t  growth and 
development of commercial c o n i f e r  
s p e c i e s  w i l l  be a c c e l e r a t e d  d u r i n g  t h e  
f i r s t  few decades a f t e r  t imber  
h a r v e s t .  I n  t h e  fo l lowing  d i s c u s s i o n ,  
n o t e  t h a t  f o r e s t  h e r b i c i d e s  are 
a p p l i e d  t o  watersheds  t h a t  have 
r e c e n t l y  been logged. There fo re ,  w e  
are comparing n a t u r a l  p a t t e r n s  of 
success ion  w i t h  p a t t e r n s  t h a t  are  
s e l e c t i v e l y  c o n s t r a i n e d  by human 
a c t i o n s .  

P l a n t  success ion  a f t e r  logging o r  
burning g e n e r a l l y  goes  through t h r e e  
s t a g e s :  t h e  weed s t a g e ,  g e n e r a l l y  
l a s t i n g  less t h a n  5 y e a r s ;  t h e  s h r u b  
s t a g e ,  roughly l a s t i n g  from t h e  5 t h  
y e a r  through t h e  1 5 t h  y e a r ;  and t h e  
tree- dominated s t a g e ,  which beg ins  
a f t e r  about  10 t o  1 5  y e a r s  (Dyrness 
1973; F r a n k l i n  and Dyrness 1973) .  
Tree communities are o f t e n  dominated 
by deciduous trees, such as  a l d e r  
(Alnus spp . )  , b ig lea f  maple (Acer 

~ ~~ 

macrophyllum P u r s h ) ,  o r  v i n e  maple (A. 
c i r c i n a t u m  Pursh) .  i n  t h e  e a r l y  s t a g e s  - -  
of success ion .  
rhododendron (Rhododendron 

Large sh rubs ,  such  a s  

macrophyllum D .  Don), Ceanothus spp . ,  
and salmonberry (Rubus s p e c t a b i l i s  
Pursh)  are a l s o  major components of 
p l a n t  communities du r ing  t h i s  t i m e .  
Between 20 and 60 y e a r s  a f t e r  c u t t i n g ,  
c o n i f e r o u s  s p e c i e s  begin  t o  dominate 
t h e  tree communities. 
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I n  t imber  management, h e r b i c i d e s  
are o f t e n  a p p l i e d  dur ing  t h e  f i r s t  
decade a f t e r  logging t o  c o n t r o l  
nonconiferous  trees and shrubs .  I n  
e s sence ,  n a t u r a l  p a t t e r n s  of  succes-  
s i o n  are a l t e r e d  because development 
and d u r a t i o n  of  e a r l y  s u c c e s s i o n a l  
s t a g e s  of trees and sh rubs  are 
reduced.  Dominance of terrestrial 
v e g e t a t i o n  i s  changed from he rbs ,  
sh rubs ,  o r  hardwoods t o  c o n i f e r s .  
T h i s  change i n  p l a n t  communities h a s  
many i m p l i c a t i o n s  f o r  stream 
communities i n  logged watersheds  
because deciduous  v e g e t a t i o n  d i f f e r s  
g r e a t l y  from c o n i f e r o u s  v e g e t a t i o n  i n  
form, growth h a b i t s ,  t iming of 
l i t t e r f a l l ,  and q u a l i t y  of  o r g a n i c  
matter produced. I n  a d d i t i o n ,  c o n t r o l  
of p ionee r  p l a n t  communities i n  t h e  
P a c i f i c  Northwest may have o t h e r  
long- term e c o l o g i c a l  i m p l i c a t i o n s  
because s e v e r a l  p ionee r  s p e c i e s  such  
as  red  a l d e r  (Alnus r u b r a  Bong.) and 
Ceanothus are n i t r o g e n  f i x e r s ,  and 
t h i s  r e g i o n  i s  g e n e r a l l y  n i t r o g e n  
l i m i t e d .  Reduction of p ionee r  
communities of n i t r o g e n  f i x e r s  may, 
t h e r e f  o r e ,  a l ter - n i t r o g e n  dynamics i n  
watersheds  t r e a t e d  w i t h  h e r b i c i d e s ;  
few d a t a  from h e r b i c i d e- t r e a t e d  areas 
are a v a i l a b l e ,  however (Ta r ran t  and 
Trappe 1971) .  

C o n t r o l  o f  terrestrial v e g e t a t i o n  
may a l t e r  p h y s i c a l  c h a r a c t e r i s t i c s  of 
the stream environment,  such as  
s t reamflow,  tempera ture ,  and l i g h t  
i n t e n s i t y .  Immediately a f t e r  
r e d u c t i o n  of nonconiferous  p l a n t  
biomass by h e r b i c i d e s ,  s t reamflow may 
i n c r e a s e  because of reduced evapo- 
t r a n s p i r a t i o n  (Hibber t  1967).  C u t t i n g  
of f o r e s t s  has been demonstrated t o  
cause  i n c r e a s e s  i n  both  base f low and 
peak d i s c h a r g e  (Hewlet t and Hibbe r t  
1961, Hornbeck e t  a l .  1970, Harr 
1977).  S i m i l a r  responses  have been 
observed i n  watersheds  t r e a t e d  w i t h  
h e r b i c i d e s  on rangelands  (Ingebo 1971) 
and i n  n o r t h e a s t e r n  f o r e s t s  (Mrazik e t  
a l .  1980) .  Herb ic ides  are g e n e r a l l y  
a p p l i e d  t o  watersheds  t h a t  have 

r e c e n t l y  been logged; t h e r e f o r e ,  
h e r b i c i d e  use  i s  n o t  t h e  primary cause  
of i n c r e a s e d  s t reamflow,  but  r a t h e r  a 
f a c t o r  t h a t  may extend t h i s  pe r iod  of 
inc reased  s t reamflow a f t e r  
d e f o r e s t a t i o n .  Inc reased  base f low 
may be b e n e f i c i a l  t o  many stream 
organisms,  but  i nc reased  peak f lows  
may be d e t r i m e n t a l .  Reduction of 
s t r eams ide  v e g e t a t i o n  i n c r e a s e s  s o l a r  
r a d i a t i o n  reaching t h e  stream channel  
and e l i m i n a t e s  cover .  I n c r e a s e s  i n  
s o l a r  r a d i a t i o n  can  i n c r e a s e  summer 
stream tempera ture ,  depending on 
f low,  g r a d i e n t ,  and geomorphology 
(Brown 1969). 

A l t e r a t i o n  of t h e  v e g e t a t i v e  
s t r u c t u r e  of watersheds  may r e s u l t  i n  
decreased streambank s t a b i l i t y  and 
inc reased  e r o s i o n  from h i l l s l o p e s .  
The degree  t o  which t h e  v e g e t a t i o n  and 
t h e  r o o t i n g  systems are a l t e r e d  
de te rmines  t h e  e x t e n t  o f  s ed imen ta t ion  
and channel  m o d i f i c a t i o n ,  but  t h e  
sed imen ta t ion  rates of d e f o r e s t e d  
watersheds  are f r e q u e n t l y  more t h a n  
double t h o s e  of f o r e s t e d  watersheds  
(Swanston and Swanson 1976) .  As 
p r e v i o u s l y  mentioned,  h e r b i c i d e s  are 
a p p l i e d  t o  logged watersheds ,  which 
are much more e r o d i b l e  t h a n  f o r e s t e d  
watersheds .  The re fo re ,  h e r b i c i d e s  
must not  be viewed as t h e  primary 
cause  of sed imen ta t ion  bu t  as  a f a c t o r  
t h a t  r e t a r d s  t h e  v e g e t a t i v e  recovery  
of t h e  watershed and may extend t h e  
pe r iod  of  inc reased  sedimenta t ion .  
Unfo r tuna te ly ,  no s t u d i e s  have been 
publ ished on t h e  e f f e c t s  of h e r b i c i d e s  
on e r o s i o n a l  p a t t e r n s  i n  logged 
watersheds.  The d e t r i m e n t a l  e f f e c t s  
of sed imen ta t ion  and channel  
degrada t ion  on t h e  s t r u c t u r e  and 
f u n c t i o n  of stream ecosystems have 
been documented e x t e n s i v e l y  .=/ 

-?%/Unpublished r e p o r t ,  "Sediment and 
w a t e r ' q u a l i t y :  a review of t h e  
l i t e r a t u r e  i n c l u d i n g  a sugges ted  
approach f o r  water q u a l i t y  c r i te r ia ,"  
by R. N. Iwamoto, E. 0. Sa lo ,  M. A. 
Madej, and R. L. McComas, U.S. 
Environ. P ro t .  Agency, Reg. X, 
S e a t t l e ,  Wash., 1978. 
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I n  s u f f i c i e n t  c o n c e n t r a t i o n s ,  
h e r b i c i d e s  may d i r e c t l y  a f f e c t  a q u a t i c  
primary producers  ( p l a n t s ) ;  i n d i r e c t  
e f f e c t s  of h e r b i c i d e  a p p l i c a t i o n s  may 
a l s o  a l t e r  primary producers  i n  
s t reams.  A s  i n d i c a t e d  e a r l i e r ,  
i n c r e a s e s  i n  s o l a r  r a d i a t i o n  may 
r e s u l t  from a l t e r a t i o n  of s t r eams ide  
v e g e t a t i o n  and t h e s e  i n c r e a s e s  may, i n  
t u r n ,  cause  g r e a t e r  rates of a q u a t i c  
primary p roduc t ion  (McInt i re  and 
Phinney 1965, Hansmann 1969, Gregory 
1980).  Such responses  by a q u a t i c  
primary producers  have been observed 
a f t e r  c o n t r o l  of r i p a r i a n  v e g e t a t i o n  
by h e r b i c i d e s  i n  rangelands  of t h e  
Southwest (Smith e t  a l .  1975). 
Temperature i n c r e a s e s  may a l s o  cause  
e l e v a t e d  rates of g r o s s  primary 
p roduc t ion  i n  streams (McIn t i r e  
1966) .  Sedimenta t ion  from ter res t r ia l  
systems t h a t  are in f luenced  by 
h e r b i c i d e  u s e  may cover  b e n t h i c  a l g a l  
communities o r  scour  a l g a l  ce l l s  from 
s u b s t r a t e  s u r f a c e s ,  caus ing  a 
r e d u c t i o n  i n  s t and ing  c rops  of primary 
producers  (Cordone and Pennoyer 1960, 
Chapman 1963, N u t t a l  1972) .  

Primary p roduc t ion  i n  streams may 
be  s t i m u l a t e d  by inc reased  n u t r i e n t  
c o n c e n t r a t i o n s .  Herb ic ide  a p p l i c a t i o n  
has been observed t o  r e s u l t  i n  
inc reased  n i t r o g e n  i n p u t s  t o  s t r e a m s  
( S o l l i n s  e t  a l .  1981) .  A l a r g e  amount 
of n i t r o g e n  w a s  put  i n t o  a stream 
a f t e r  h e r b i c i d e  t r ea tmen t  of a 
watershed i n  N e w  Hampshire; however, 
t h e  rate of h e r b i c i d e  a p p l i e d  i n  t h i s  
s tudy  was much g r e a t e r  t h a n  commonly 
used i n  f o r e s t r y  (Likens  e t  a l .  
1970).  Primary p roduc t ion  i n  most 
P a c i f i c  Northwest streams has been 
demonstrated t o  be n i t r o g e n  l i m i t e d  
(Thut and Haydu 1971, Gregory 1980);  
t h e r e f o r e ,  i n c r e a s e s  i n  n i t r o g e n  
con ten t  of stream water as  a r e s u l t  
of h e r b i c i d e  a p p l i c a t i o n  may s t i m u l a t e  
rates of primary product ion .  

Aquat ic  i n v e r t e b r a t e s  may be 
a f f e c t e d  by p h y s i c a l  changes t h a t  
r e s u l t  from h e r b i c i d e  a p p l i c a t i o n .  
Any inc reased  sed imen ta t ion  t h a t  may 
r e s u l t  from u s e  of h e r b i c i d e s  could  
have d e t r i m e n t a l  e f f e c t s  on  communities 
of a q u a t i c  i n v e r t e b r a t e s  through scour  
and a l t e r a t i o n  of h a b i t a t  ( C u m i n s  and 
Lauff 1969,  Burns 1972,  Brusven and 
P r a t h e r  1974, Cederholm and Les te l l e  
1974) .  Temperature i n c r e a s e s  may 
r e s u l t  i n  inc reased  growth and 
p roduc t ion  of a q u a t i c  i n s e c t s  i f  t h e  
i n c r e a s e s  a r e  s l i g h t ;  i f  stream 
tempera tu res  exceed t h e  optimum 
tempera ture  f o r  a p a r t i c u l a r  s p e c i e s ,  
however, t h e  e f f e c t s  are nega t ive .  

A l t e r a t i o n  of te r res t r ia l  
v e g e t a t i o n  by h e r b i c i d e s  may i n f l u e n c e  
communities of a q u a t i c  i n v e r t  e b r a t  es . 
The i n i t i a l  i n c r e a s e  i n  deciduous  l e a f  
f a l l  i n t o  streams a f t e r  h e r b i c i d e  
a p p l i c a t i o n  t empora r i ly  i n c r e a s e s  t h e  
food supply  of a q u a t i c  i n v e r t e b r a t e s .  
I n  a d d i t i o n ,  t h e  n i t r o g e n  c o n t e n t  of 
t h i s  l e a f  material i s  g r e a t e r  t h a n  
t h a t  of l e a v e s  that g o  through normal 
a b s c i s s i o n  (Jenson 1929,  S o l l i n s  e t  
a l .  1981) .  Aquat ic  i n v e r t e b r a t e s  
a t t a i n  f a s t e r  growth and h ighe r  
p roduc t ion  on l e a f  material w i t h  h i g h  
n i t r o g e n  c o n t e n t  (Russell-Hunter  1970,  
S e d e l l  e t  a l .  1975) .  The d u r a t i o n  of 
enhancement i s  s h o r t ,  however, because 
t h e  conver s ion  of t h e  te r res t r ia l  
s t a n d  t o  c o n i f e r s  r e s u l t s  i n  a 
r e d u c t i o n  of t h e  more p a l a t a b l e  
deciduous material and a n  i n c r e a s e  i n  
less p a l a t a b l e  c o n i f e r o u s  material. 
There fo re ,  t h e  q u a l i t y  of t h e  food 
supply  of d e t r i t a l - f e e d i n g  i n v e r t e-  
b r a t e s  d e c r e a s e s  as t h e  r i p a r i a n  zone 
r e t u r n s  t o  dominance by c o n i f e r s .  

The p o t e n t i a l  s t i m u l a t i o n  of  
a q u a t i c  primary p roduc t ion  a s  a r e s u l t  
of h e r b i c i d e  a p p l i c a t i o n  could  r e s u l t  
i n  i n c r e a s e d  p roduc t ion  of g r a z i n g  
i n s e c t s .  Grazers  i n  streams are o f t e n  
food l i m i t e d  (McIn t i r e  and Colby 
1978);  t h e r e f o r e ,  i n c r e a s e s  i n  t h e i r  
food supply  enhances t h e i r  p roduc t ion .  
T h i s  enhancement of g r a z i n g  i n v e r t e-  
b r a t e s  i s  g r a d u a l l y  d iminished a s  t h e  
developing c o n i f e r o u s  s t a n d s  shade t h e  
streams. 
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Aquat ic  p r e d a t o r s ,  bo th  
i n v e r t e b r a t e  and v e r t e b r a t e ,  could 
b e n e f i t  from t h e  enhancement of lower 
t r o p h i c  l e v e l s .  I f  p roduct ion  of 
g r a z i n g ,  c o l l e c t i n g ,  and shredding 
i n v e r t e b r a t e s  i s  inc reased  as 
p rev ious ly  d e s c r i b e d ,  product ion  of  
a q u a t i c  p r e d a t o r s  would a l s o  i n c r e a s e .  
Product ion  of  p r e d a t o r s  i n  streams i n  
logged watersheds  has  sometimes been 
found t o  be g r e a t e r  t han  product ion  i n  
f o r e s t e d  s e c t i o n s  (Ah0 1976, Erman e t  
a l .  1977,  H a l l  e t  a l .  1978, Murphy 
1979).  I f  h e r b i c i d e  t r ea tmen t  pro- 
longs  t h e  s t a g e  of opened canopy a f t e r  
l ogg ing ,  t h i s  pe r iod  of i nc reased  
p roduc t ion  could  be extended.  Release 
of t h e  c o n i f e r s  may s h o r t e n  t h e  
deciduous s u c c e s s i o n a l  phase,  however, 
and this phase may w e l l  be more produc- 
t i v e  f o r  stream b i o t a .  Enhanced 
product ion  of a q u a t i c  b i o t a  must 
t h e r e f o r e  be viewed i n  t h e  con tex t  of  
t h e  normal p a t t e r n s  of ecosystem 
development. 

F i s h  popu la t ions ,  e s p e c i a l l y  
salmonids,  could  a l s o  be d e t r i m e n t a l l y  
a f f e c t e d  by h e r b i c i d e s .  Salmonids 
p r e f e r  c o l d ,  clear streams; t h e r e f o r e ,  
i nc reased  tempera ture  and sedimenta-  
t i o n  from h e r b i c i d e  u se  may adve r se ly  
a f f e c t  salmonid popu la t ions .  Sedimen- 
t a t i o n  may reduce egg and f r y  s u r v i v a l  
( N e a ~ 5 ~ 7 9 4 7 ,  P h i l l i p s  1964, Koski 
1966)- and t h e  q u a l i t y  of r e a r i n g  
h a b i t a t  (Eve re s t  and Chapman 1972, 
Bjornn e t  a l .  1974j .  Saimonids a l s o  
r e q u i r e  cover ;  s t r eams ide  v e g e t a t i o n  
p rov ides  a major  p o r t i o n  of t h i s  t ype  
of h a b i t a t  (Lewis 1969, Hunt 1978). 
Reduct ion of s t r eams ide  v e g e t a t i o n  by 
f o r e s t  h e r b i c i d e s  would, t h e r e f o r e ,  
adve r se ly  a f f e c t  salmonid 
popu la t ions .  

E /Unpub l i shed  annual  complet ion 
r e p o r t ,  "Embryo s u r v i v a l  and emergence 
s t u d i e s , "  by T. C. Bjornn,  P ro j .  
F-49-R-6, Job  6 ,  Salmon-Steelhead 
I n v e s t i g a t i o n s ,  Embryo S u r v i v a l  and 
Emergence S t u d i e s ,  Idaho F i s h  and Game 
D e q . ,  Boise ,  1969. 

He rb i c ides  may i n d i r e c t l y  a f f e c t  
stream ecosystems e i t h e r  p o s i t i v e l y  o r  
nega t ive ly .  The degree  of impact is a 
f u n c t i o n  of  t h e  e x t e n t ,  l e v e l ,  
p a t t e r n s ,  and t iming of a p p l i c a t i o n s .  
Eva lua t ion  of p o t e n t i a l  impacts  of 
h e r b i c i d e s  on stream ecosystems must 
i n c o r p o r a t e  a l l  of t h e s e  f a c t o r s  t o  
achieve  a n  a c c u r a t e  assessment .  

INSECTICIDES 

Appl i ca t i on  of f o r e s t  i n s e c t i c i d e s  
can  i n d i r e c t l y  i n f l u e n c e  stream 
ecosystems,  p r i m a r i l y  through t h e  
m o r t a l i t y  of terrestrial o r  a q u a t i c  
i n s e c t s .  These i n s e c t s  have 
r e l a t i v e l y  s h o r t  l i f e  c y c l e s  ( o f t e n  
1 year  o r  l e s s ) ;  t h e r e f o r e ,  t h e s e  
communities can  be expected t o  r ecove r  
i n  less than  5 yea r s .  For  t h i s  
reason ,  i n d i r e c t  e f f e c t s  of f o r e s t  
i n s e c t i c i d e s  on stream ecosystems may 
be more dramat ic  t han  those  of 
h e r b i c i d e s ,  but  they are of s h o r t e r  
du ra t ion .  

Benth ic  a l g a l  commmunities i n  
streams are f r e q u e n t l y  c o n t r o l l e d  by 
g raz ing  i n v e r t e b r a t e s .  The m o r t a l i t y  
of t h e s e  a q u a t i c  i n v e r t e b r a t e s  from 
i n s e c t i c i d e s  may release t h e  primary 
producers  and r e s u l t  i n  h ighe r  
s t and ing  c rops .  I n  streams i n  which 
i n s e c t i c i d e s  were r e l e a s e d  d i r e c t l y ,  
e i t h e r  i n t e n t i o n a l l y  o r  a c c i d e n t a l l y ,  
s t and ing  c r o p s  of  pr imary producers  
have been observed t o  i n c r e a s e  from 2- 
t o  20- fold (Barnley and P r e n t i c e  1958, 
Hynes 1961, Binns 1967, Chu t t e r  
1970).  S i m i l a r  responses  have been 
observed i n  streams i n  watersheds  t h a t  
were t r e a t e d  w i th  DDT f o r  c o n t r o l  of 
f o r e s t  i n s e c t s  (Adams e t  a l .  1949, 
Morgan and Kremer 1952, Webb and 
MacDonald 1958, F i l t e a u  1959).  
Benthic  a l g a l  communities are reduced 
as soon as  i n v e r t e b r a t e  c o v u n i t i e s  
recover  (Chu t t e r  1970). 
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I n s e c t i c i d e s  u s u a l l y  cause  d i r e c t  
m o r t a l i t y  of stream i n v e r t e b r a t e s  as  a 
r e s u l t  of t o x i c i t y .  Those i n v e r t e-  
b r a t e s  that are r e s i s t a n t  o r  have 
s h o r t  g e n e r a t i o n s  may a c t u a l l y  
i n c r e a s e  i n  number o r  s i z e  because of 
decreased compe t i t i on ,  decreased 
p r e d a t i o n ,  o r  i nc reased  a l g a l  food 
supply .  I n  a Canadian stream t h a t  w a s  
i n a d v e r t e n t l y  contaminated wi th  
gamma-BHC, p o p u l a t i o n s  of o l i g o c h a e t e s  
and midges i n c r e a s e d  (Hynes 1961).  
Th i s  increase w a s  a t t r i b u t e d  t o  
m o r t a l i t y  of  p r e d a t o r s .  An i n c r e a s e  
i n  small chironomids was observed 
a f t e r  aer ia l  a p p l i c a t i o n  of DDT t o  
f o r e s t s  i n  N e w  Brunswick ( I d e  1967) .  
A d e c r e a s e  i n  p reda to ry  i n s e c t s  w a s  
a l s o  observed i n  t h i s  stream. A s i m i -  
la r  p a t t e r n  of changes i n  i n v e r t e b r a t e  
community s t r u c t u r e  w a s  observed i n  
streams w i t h i n  watersheds  t r e a t e d  w i t h  
c a r b a r y l  f o r  c o n t r o l  of  sp ruce  budworm 
(Courtemanch and Gibbs 1980). 

Reco lon iza t ion  of streams a f f e c t e d  
by i n s e c t i c i d e s  i s  dominated i n i t i a l l y  
by i n v e r t e b r a t e s  wi th  s h o r t  l i f e  
c y c l e s .  Aquat ic  i n s e c t s  w i th  l i f e  
c y c l e s  of  1 y e a r  o r  more r e q u i r e  
s e v e r a l  y e a r s  t o  r e t u r n  t o  p r e t r e a t -  
ment popu la t ions .  I n  a d d i t i o n  t o  
r e- en t ry ,  s u r v i v a l ,  and r ep roduc t ion ,  
r e l a t i v e  s u c c e s s  of  longe r  l i v e d  
s p e c i e s  i s  in f luenced  by compe t i t i on  
wi th  e s t a b l i s h e d  s h o r t- l i v e d  s p e c i e s .  
P r e d a t o r s  tend t o  have long l i f e  
c y c l e s  r e l a t i v e  t o  o t h e r  t y p e s  of 
i n v e r t e b r a t e s ;  t h e r e f o r e ,  i n v e r t e b r a t e  
communities do  n o t  r e t u r n  t o  p rev ious  
l e v e l s  of p r e d a t i o n  f o r  s e v e r a l  
y e a r s .  F u l l  recovery  of i n v e r t e b r a t e  
communities t h e r e f o r e  i n v o l v e s  s e v e r a l  
complex i n t e r a c t i o n s  and may r e q u i r e  
5 t o  10 y e a r s .  

I n v e r t e b r a t e  p r e d a t o r s  have a l s o  
been observed t o  i n c r e a s e  a f t e r  
a p p l i c a t i o n  of f o r e s t  i n s e c t i c i d e s .  
Nigronia (dobsonf ly )  l a r v a e  popula-  
t i o n s  i n c r e a s e d  i n  streams f lowing 
through watersheds  i n  Connect icut  t h a t  
were t r e a t e d  f o r  sp ruce  budworm 
(Hitchcock 1965) .  Other popu la t ions  
of p r e d a t o r  i n s e c t s ,  such as  
p lecop te rans ,  were observed t o  
dec rease  d u r i n g  t h i s  pe r iod .  

Contamination of streams w i t h  
i n s e c t i c i d e s  can  cause  i n c r e a s e d  d r i f t  
of  a q u a t i c  i n s e c t s  (Crou te r  and Vernon 
1959) and inc reased  e n t r y  of terres- 
t r i a l  i n s e c t s  (Warner and Fenderson 
1962) .  These i n s e c t s  are i n g e s t e d  by 
d r i f t - f e e d i n g  f i s h  such as  t r o u t  and 
salmon. Th i s  may r e s u l t  i n  a n  i n d i r e c t  
t o x i c  e f f e c t  on  t h e  f i s h .  I f  t h e  
t o x i c  e f f e c t  i s  s l i g h t  o r  n o n e x i s t e n t ,  
t h i s  sudden i n c r e a s e  i n  food may cause  
a b r i e f  a c c e l e r a t i o n  of growth. 
Reduced compe t i t i on  r e s u l t e d  i n  
g r e a t e r  growth of s u r v i v i n g  brook 
t r o u t  a f t e r  f o r e s t  sp ray ing  of DDT i n  
Maine (Warner and Fenderson 1962) .  
Over t h e  long term, however, t h e  
d e c r e a s e  i n  popu la t ions  of b e n t h i c  
i n v e r t e b r a t e s  w i l l  most l i k e l y  r e s u l t  
i n  decreased growth and p roduc t ion  of 
f i s h  popu la t ions .  Recovery of f i s h  
popu la t ions  i s  t h e r e f o r e  determined by 
recovery  of i n v e r t e b r a t e  communi t i e s  . 
FERTILIZERS 

F o r e s t s  are o f t e n  f e r t i l i z e d  i n  
t h e  P a c i f i c  Northwest du r ing  s e v e r a l  
decades  a f t e r  logging.  Urea i s  t h e  
most common f e r t i l i z e r .  It i s  q u i c k l y  
conver ted  t o  ammonium o r  n i t r a t e  i n  
t h e  s o i l ;  t h e r e f o r e ,  n i t r o g e n  c a n  
e n t e r  streams i n  t h e  form of u r e a ,  
ammonium, o r  n i t ra te .  Most of  t h e  
u r e a  t h a t  e n t e r s  streams does  so  
w i t h i n  t h e  f i r s t  48  hours  a f t e r  
a p p l i c a t i o n  (Moore 1975a, b ) .  A f t e r  
t h a t ,  n i t r o g e n  e n t e r s  streams 
p r i m a r i l y  as n i t r a t e .  F e r t i l i z a t i o n  
g e n e r a l l y  r e s u l t s  i n  n i t r o g e n  i n c r e a s e s  
i n  stream water of 50 m g / l i t e r  o r  less, 
and t h e s e  p u l s e s  of i n c r e a s e d  n i t r o g e n  
las t  f o r  about  1 y e a r  ( F r e d r i k s e n  e t  
a l .  1975; Moore 1975a,  b) .  

A s  p r e v i o u s l y  d e s c r i b e d ,  streams 
i n  t h e  P a c i f i c  Northwest are commonly 
n i t r o g e n  l i m i t e d .  Primary p roduc t ion  
i n  such streams may be enhanced by 
i n c r e a s e d  n i t r o g e n  (Thut and Haydu 
1971,  Stockner  and Shor t r eed  1976, 
Gregory 1980) .  The response  t o  
n u t r i e n t  a d d i t i o n  depends on l i g h t  
i n t e n s i t i e s  because h e a v i l y  shaded 
streams are l i g h t  l i m i t e d .  N u t r i e n t  
s t i m u l a t i o n  of primary p roduc t ion  
o c c u r s  on ly  w i t h  s u f f i c i e n t  l i g h t  
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i n t e n s i t y  (Gregory 1980).  Because 
most f e r t i l i z e d  watersheds are less 
than  40 y e a r s  o l d ,  f e r t i l i z a t i o n  
probably r e s u l t s  i n  enhanced primary 
product ion  i n  t h e  streams. 

Inc reased  primary product ion  can  
r e s u l t  i n  g r e a t e r  product ion  of 
consumers. Greater i n s e c t  and t r o u t  
product ion  i n  open streams has  been 
observed i n  many s t u d i e s  (Albrecht  and 
Tesche 1961, Albrecht  1968, LeCren 
1969, Mills 1969,  H a l l  e t  a l .  1978). 
Greater primary product ion  i n  open 
reaches  has been proposed as t h e  cause  
f o r  t h e s e  i n c r e a s e s .  F e r t i l i z a t i o n  
could t h e r e f o r e  r e s u l t  i n  g r e a t e r  
product ion  of t r o u t  and salmon. Th i s  
i n c r e a s e  would be l i m i t e d  t o  less than  
5 y e a r s  a t  b e s t ,  bu t  would be extended 
by repea ted  a p p l i c a t i o n  of f e r t i l i z e r  
a t  5- o r  10-year i n t e r v a l s .  

FIRE RETAWQANTS 

Chemical f i r e  r e t a r d a n t s  such as 
ammonium s u l f a t e ,  ammonium polyphos- 
phate ,  o r  diammonium phosphate are 
used e x t e n s i v e l y  i n  t h e  P a c i f i c  
Northwest f o r  t h e  suppre s s ion  and 
c o n t r o l  of f o r e s t  f i r e s .  F i r e s  o f t e n  
start on r i d g e t o p s ,  away from streams. 
As f i r e s  develop ,  they  o f t e n  sweep 
a c r o s s  streams and r i v e r s ,  so d i r e c t  
e n t r y  of f i r e  r e t a r d a n t s  i n t o  streams 
i s  p o s s i b l e .  

App l i ca t i on  of f i r e  r e t a r d a n t s  
u s u a l l y  r e s u l t s  i n  i nc reased  
c o n c e n t r a t i o n s  of ammonia i n  stream 
waters ( s e e  f o o t n o t e  2) .  These 
c o n c e n t r a t i o n s  may range from 0.01 
t o  100 m g / l i t e r  of n i t r o g e n .  
d i s cus sed  i n  t h e  s e c t i o n s  on  h e r b i c i d e s  
and f e r t i l i z e r s ,  such n i t r o g e n  
i n c r e a s e s  i n  streams of t h e  P a c i f i c  
Northwest have a g r e a t  p o t e n t i a l  f o r  
s t i m u l a t i o n  of prirqary product ion  and 
subsequent  enhancement of  h ighe r  
t r o p h i c  l e v e l s .  Increased  p roduc t ion  
of a q u a t i c  b i o t a  could  be prec luded  i f  
t o x i c  e f f e c t s  occurred .  P o t e n t i a l  
i n d i r e c t  e f f e c t s  on  m o r t a l i t y  of 
i n v e r t e b r a t e s  o r  f i s h  desc r ibed  i n  t h e  
s e c t i o n  on  i n d i r e c t  e f f e c t s  of 
i n s e c t i c i d e s  would app ly  t o  f i r e  
r e t a r d a n t s ,  i f  c o n c e n t r a t i o n s  i n  
streams were s u f f i c i e n t  t o  cause  

A s  

m o r t a l i t y .  I n  a n  exper imenta l  release 
of a f i r e  r e t a r d a n t  con ta in ing  
diammonium phosphate,  no s i g n i f i c a n t  
e f f e c t s  on b e n t h i c  i n v e r t e b r a t e s  o r  
f i s h  were observed ( s e e  f o o t n o t e  2) .  
The pulsed  n a t u r e  of t h e  i n t r o d u c t i o n  
may have prevented t h e  s t i m u l a t o r y  
e f f e c t  t h a t  might r e s u l t  when a l a r g e  
area i s  t r e a t e d ,  w i t h  a longe r  release 
of n i t r o g e n  t o  t h e  stream. Although 
most f i r e- r e t a r d a n t  drops w i l l  occur  
along streams, r e t a r d a n t s  could  be 
dropped i n  o r  around b a s i n s  w i th  
longer  hydro logic  r e t e n t i o n  t i m e s  t han  
streams, such as o l i g o t r o p h i c  l a k e s ,  
bogs, o r  swamps. I n  such a q u a t i c  
systems,  t h e  e f f e c t  of  f i r e  r e t a r d a n t s  
may be prolonged and exaggera ted .  

Inc luded  i n  t h e  concept  of u s ing  
f i r e  r e t a r d a n t s  t o  c o n t r o l  f o r e s t  
f i r e s  i s  t h e  b a s i c  c o n s i d e r a t i o n  of  
t h e  r a m i f i c a t i o n s  of c o n t r o l l i n g  o r  
not  c o n t r o l l i n g  f i r e s .  F i r e  i s  a 
n a t u r a l  reset mechanism i n  f o r e s t s  of 
t h e  P a c i f i c  Northwest and a 
fundamental component of terrestrial 
p l a n t  succes s ion .  Human a c t i v i t i e s  
have d u p l i c a t e d  many of t h e  charac-  
ter is t ics  of f i r e  i n  c l e a r c u t t i n g  and 
burning and have converted a major  
p o r t i o n  of t h e  f o r e s t s  of  t h e  P a c i f i c  
Northwest t o  a p ionee r  s t a g e  of  
success ion .  I f  f i r e  r e t a r d a n t s  are 
not  used and t h e  land i s  al lowed t o  
burn,  c e r t a i n  changes w i l l  occur  i n  
t h e  te r res t r ia l  system and t h e s e  w i l l  
a f f e c t  a q u a t i c  ecosystems. These 
e f f e c t s  were reviewed by N o r r i s  e t  a l .  
( s e e  f o o t n o t e  2) and Swanston (1980).  
B r i e f l y ,  p o t e n t i a l  e f f e c t s  of f i r e  on 
anadromous f i s h  h a b i t a t  may i n c l u d e  
t h e  fo l lowing:  decreased  i n p u t  of 
l e a v e s  and need le s ;  i nc reased  i n p u t  of 
wood; i nc reased  sedimenta t ion;  
i nc reased  streamflow; i nc reased  s o l a r  
r a d i a t i o n  a t  t h e  water s u r f a c e ;  
i nc reased  stream tempera ture ;  and 
inc reased  n u t r i e n t  i n p u t s .  The 
p rev ious  d i s c u s s i o n s  of  t h e  e f f e c t s  of  
h e r b i c i d e s  and f e r t i l i z e r s  have d e a l t  
w i th  t h e s e  f a c t o r s ,  and t h e  p o t e n t i a l  
i n d i r e c t  e f f e c t s  de sc r ibed  would app ly  
t o  watersheds that have been burned. 
I n d i r e c t  e f f e c t s  of f i r e  r e t a r d a n t s  
must be weighed a g a i n s t  t hose  t h a t  
would r e s u l t  i f  f i r e s  were n o t  
c o n t r o l l e d ,  f o r  a c c u r a t e l y  a s s e s s i n g  
t h e  hazards  of f i r e  r e t a r d a n t s .  
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GENERAL PERSPECTIVES ON 
INDIRECT EFFECTS OF FOREST 
CHEMICALS 

F o r e s t  chemicals  have g r e a t  
p o t e n t i a l  f o r  i n d i r e c t l y  a l t e r i n g  
a q u a t i c  communities and anadromous 
f i s h  h a b i t a t .  Such changes must be 
examined w i t h i n  t h e  c o n t e x t  of a l l  
land-use p r a c t i c e s .  F o r e s t  chemicals  
are seldom used on watersheds  t h a t  
have no t  been p rev ious ly  a l t e r e d ;  
t h e r e f o r e ,  impacts  of f o r e s t  chemicals  
must be cons ide red  i n  r e l a t i o n  t o  
p rev ious  o r  s imul taneous  e f f e c t s  of  
o t h e r  p r a c t i c e s  on h a b i t a t  of 
anadromous f i s h .  

Herb ic ides  modify t h e  n a t u r a l  
p a t t e r n s  of terrestrial  p l a n t  
success ion  on logged watersheds  s o  
t h a t  t h e  d u r a t i o n  of e a r l y  deciduous- 
dominated s t a g e s  i s  reduced and 
c o n i f e r o u s  v e g e t a t i o n  develops  more 
r a p i d l y .  The fo l lowing  c h a r a c t e r i s-  
t i c s  of a q u a t i c  systems are in f luenced  
by t h e  a l t e r a t i o n  of terrestr ial  
success ion :  a l loch thonous  o rgan ic  
i n p u t s ;  t ree and s h r u b  canopy ove r  t h e  
stream; stream chemis t ry ;  and 
sed imen ta t ion  rates. These f a c t o r s  
a r e  major de te rminan t s  of t h e  
s t r u c t u r e  and f u n c t i o n  of stream 
ecosystems and are a f f e c t e d  by 
logg ing ,  w i t h  o r  wi thout  t h e  u s e  of  
h e r b i c i d e s .  The b a s i c  e f f e c t  of  

h e r b i c i d e s  i s  t o  extend t h e  e a r l y  
s t a g e s  of watershed recovery  , minimize 
i n t e r m e d i a t e  s t a g e s ,  and a c c e l e r a t e  
development of c o n i f e r o u s  s t a g e s .  
P o t e n t i a l  i n d i r e c t  e f f e c t s  of 
h e r b i c i d e s  on a q u a t i c  ecosystems must 
be t h e r e f o r e  viewed w i t h i n  t h i s  
s u c c e s s i o n a l  framework. 

F e r t i l i z e r s ,  l i k e  h e r b i c i d e s ,  are  
a p p l i e d  t o  logged watersheds  t o  
s t i m u l a t e  p roduc t ion  of v e g e t a t i o n .  
N u t r i e n t  i n p u t s  t o  streams from 
a p p l i c a t i o n  of f e r t i l i z e r  may 
i n f l u e n c e  a q u a t i c  communities, 
p a r t i c u l a r l y  through s t i m u l a t i o n  of  
primary producers ;  however, t h e s e  
a q u a t i c  communities w i l l  have a l r e a d y  
been a l t e r e d  by t h e  e f f e c t s  of 
logg ing .  F e r t i l i z e r s  may indeed 
enhance many of t h e  s t i m u l a t o r y  
e f f e c t s  of logging on  a q u a t i c  primary 
producers .  F e r t i l i z e r s  a r e  u s u a l l y  
a p p l i e d  a f t e r  canopy c l o s u r e  t o  avo id  
s t i m u l a t i n g  growth of competing s p e c i e s  
and p rov ide  g r e a t e r  u t i l i z a t i o n  by 
c o n i f e r s .  F e r t i l i z a t i o n  a t  5-year 
i n t e r v a l s  cou ld  g r a d u a l l y  i n c r e a s e  
n i t r o g e n  c o n c e n t r a t i o n  i n  f o r e s t  
streams a t  base flow. 

F i r e  r e t a r d a n t s ,  u n l i k e  h e r b i c i d e s  
and i n s e c t i c i d e s ,  are g e n e r a l l y  
a p p l i e d  w h i l e  watersheds  are beirig 
d i r e c t l y  a f f ec t ed- - in  t h i s  case by 
f i r e .  F i r e  has  many impacts on  
anadromous f i s h  h a b i t a t ;  t h e s e  e f f e c t s  
were reviewed by Swanston (1980) .  
I n d i r e c t  e f f e c t s  of f i r e  r e t a r d a n t  are  
g e n e r a l l y  l i m i t e d  t o  s t i m u l a t i o n  of 
primary p roduc t ion ,  and even t h a t  
e f f e c t  i s  g r e a t l y  in f luenced  by t h e  
f i r e  i t s e l f  through r e d u c t i o n  of 
canopy over  t h e  stream. 

I n s e c t i c i d e s ,  more t h a n  any o t h e r  
f o r e s t  chemical ,  may be a p p l i e d  t o  
watersheds  that are least in f luenced  
by human a c t i v i t i e s .  Even w i t h  
i n s e c t i c i d e s ,  t h e  impacts  of  t h e  
chemical  must be viewed i n  r e l a t i o n  t o  
e f f e c t s  on  a q u a t i c  systems of  i n s e c t  
damage t o  f o r e s t s .  These i n s e c t -  
r e l a t e d  e f f e c t s  would be much less 
seve re  t h a n  t h e  e f f e c t s  a s s o c i a t e d  
wi th  logging o r  f i r e ,  bu t  s t i l l  must 
be i n c o r p o r a t e d  i n t o  decisionmaking 
p rocesses .  
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I n  a s s e s s i n g  p o t e n t i a l  i n d i r e c t  
e f f e c t s  of  f o r e s t  chemicals  on 
anadromous f i s h  h a b i t a t ,  l and  managers 
must c o n s i d e r  t h e  i n f l u e n c e  of 
p r o t e c t i v e  measures ( p a r t i c u l a r l y  
b u f f e r  s t r i p s )  on  t h e  p a t t e r n s  and 
p rocesses  of a q u a t i c  systems t h a t  have 
been desc r ibed .  F requen t ly ,  c o r r i d o r s  
a long streams o r  around l a k e s  are l e f t  
unsprayed and t h e  terrestrial  com- 
m u n i t i e s  and p rocesses  w i t h i n  t h e s e  
" sp ray  b u f f e r  s t r i p s "  may be p r a c t i -  
c a l l y  i d e n t i c a l  t o  similar areas i n  
u n t r e a t e d  watersheds.  E f f e c t s  of 
chemical  sp ray ing  would have t o  be 
t r a n s f e r r e d  through such sp ray  b u f f e r  
zones and would t h e r e f o r e  have much 
less impact  on  a q u a t i c  communities. 
I n  c l e a r c u t  watersheds  where b u f f e r  
s t r i p s  of uncut  v e g e t a t i o n  are l e f t ,  
t h e  use  of sp ray  b u f f e r  s t r i p s  would 
be even more e f f e c t i v e  i n  reducing 
p o t e n t i a l  i n d i r e c t  e f f e c t s  of  f o r e s t  
chemicals .  I f  b u f f e r  s t r i p s  of  uncut  
v e g e t a t i o n  and no-spray zones are used 
i n  watershed management, many of t h e  
p a t t e r n s  of i n d i r e c t  e f f e c t s  of  f o r e s t  
chemicals  on  stream ecosystems 
d e s c r i b e d  i n  t h i s  c h a p t e r  would n o t  
occur .  

F o r e s t  chemicals  are a major t o o l  
i n  managing o u r  N a t i o n ' s  f o r e s t s .  
Risks i n  t h e  u s e  of chemicals  must be 
e v a l u a t e d ,  however. Direct t o x i c  
e f f e c t s  of chemicals  on  a q u a t i c  
organisms are major concerns ;  f o r e s t  
chemicals  may have i n d i r e c t  e f f e c t s  on 
a q u a t i c  ecosystems a t  c o n c e n t r a t i o n s  
much lower t h a n  t h o s e  observed t o  
cause  m o r t a l i t y .  P o t e n t i a l  e f f e c t s  of  
f o r e s t  chemicals  must be e v a l u a t e d  on 
t h e  b a s i s  of f o u r  f a c t o r s :  

e Changes i n  a q u a t i c  communities 
caused by f o r e s t  chemicals ;  

0 Subsequent changes i n  o t h e r  
communities of  a q u a t i c  
organisms; 

e A l t e r a t i o n  of terrestrial 
systems that i n f l u e n c e  a q u a t i c  
ecosystems; and 

e E f f e c t s  on  p a t t e r n s  of  recovery  
i n  watersheds  t h a t  have a l r e a d y  
been a l t e r e d  by logging o r  f i r e .  

Though few s t u d i e s  of i n d i r e c t  e f f e c t s  
of f o r e s t  chemicals  on  anadromous f i s h  
h a b i t a t  are a v a i l a b l e  t o  l and  managers, 
t h e  p e r s p e c t i v e s  p resen ted  i n  t h i s  
paper  w i l l  p rovide  a b a s i s  f o r  
e v a l u a t i n g  p o t e n t i a l  i n d i r e c t  e f f e c t s  
and des ign ing  management systems t o  
minimize them. 

RESEARCH NEEDS 
The g r e a t e r  t h e  amount and q u a l i t y  

of i n f o r m a t i o n  a v a i l a b l e  on  any 
s u b j e c t ,  t h e  more c e r t a i n  a 
decisionmaker c a n  be of r each ing  
c o r r e c t  conc lus ions  about  i t .  T h i s  
f a c t  and t h e  d e s i r e  t o  r each  c o r r e c t  
conc lus ions  prompts s c i e n t i s t s  t o  
p repa re  l e n g t h y  l is ts  of r e s e a r c h  
needs,  many of which seem t o  be 
e n d l e s s  r e p e t i t i o n s  of earl ier  l is ts .  
All r e s e a r c h  needs are no t  e q u a l l y  
impor tant .  
a t t e n t i o n  on  t h o s e  gaps i n  knowledge 
t h a t  w e  b e l i e v e  have r e s u l t e d  i n  t h e  
g r e a t e s t  u n c e r t a i n t y  i n  t h e  informa- 
t i o n  p resen ted  i n  t h e  earlier p a r t  of 
t h i s  paper .  
s p e c i f i c a l l y .  W e  b e l i e v e  they are 
d i s c r e t e  r e s e a r c h  areas t h a t  are small 
enough t o  be so lved  by a single 
s c i e n t i s t  o r  a small group of 
s c i e n t i s t s .  
major long- term g r a n t s  o r  funding 
programs, a l though  i n  aggrega te ,  t h e  
s o l u t i o n  of t h e s e  problems w i l l  
r e q u i r e  s u b s t a n t i a l  e f f o r t .  We 
p r e s e n t  t h e  l is t  of r e s e a r c h  needs  i n  
t h e  o r d e r  t h e  s u b j e c t s  appear  i n  t h e  
paper.  

W e  have a t tempted t o  f o c u s  

W e  i d e n t i f y  t h e s e  gaps  

No one area w i l l  r e q u i r e  
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BEHAVIOR OF CHEMICALS 
IN THE ENVIRONMENT 

e Quant i fy  t h e  r o l e  of b u f f e r  
s t r i p s  i n  i n f l u e n c i n g  t h e  
c o n c e n t r a t i o n  of f o r e s t  
chemicals  i n  streams. 

Research and p r a c t i c e  have 
demonstrated t h a t  b u f f e r  s t r i p s  reduce 
t h e  e n t r y  of chemicals  i n t o  f o r e s t  
streams, but the  degree  of p r o t e c t i o n  
provided by s t r i p s  of d i f f e r e n t  widths  
has not been q u a n t i f i e d .  Some 
r e l a t i v e l y  simple exper iments  a r e  
needed t o  show the  degree  of 
improvement t h a t  can  be achieved wi th  
b u f f e r  s t r i p s  of v a r i o u s  widths .  

Q Determine t h e  p a t t e r n  of e n t r y  
of a t r a z i n e ,  fosamine ammonium, 
g lyphosa te ,  and d inoseb  
h e r b i c i d e s ,  as w e l l  as  f i r e  
r e t a r d a n t s ,  i n t o  western  f o r e s t  
streams under a c t u a l  c o n d i t i o n s  
of use.  

Most of t h e  r e s e a r c h  and monitor-  
ing of t h e  e n t r y  of chemicals  i n t o  
streams, p a r t i c u l a r l y  i n  connec t ion  
wi th  o p e r a t i o n a l  a p p l i c a t i o n ,  were 
done when t h e  phenoxy h e r b i c i d e s  were 
t h e  predominant f o r e s t  chemicals .  
Consequently,  few d a t a  are a v a i l a b l e  
on o t h e r  f o r e s t  chemicals .  The l a c k  
of d a t a  i s  p a r t i c u l a r l y  a c u t e  f o r  
a t r a z i n e ,  fosamine ammonium, 
g lyphosa te ,  and d inoseb  h e r b i c i d e s  and 
f i r e  r e t a r d a n t s .  

e Determine more p r e c i s e l y  t h e  
f a t e  of a l l  f o r e s t  chemicals  i n  
f o r e s t  streams. 

Almost no d a t a  are a v a i l a b l e  on  
t h e  d i s t r i b u t i o n  of chemicals  among 
t h e  v a r i o u s  p a r t s  of wes te rn  f o r e s t  
stream systems.  The d a t a  used i n  o u r  
paper are  most ly  from l a b o r a t o r y  
s t u d i e s  o r  where t h e  chemical  i n  ques- 
t i o n  was i n t e n t i o n a l l y  a p p l i e d  t o  ponds 
o r  slow-moving streams f o r  a q u a t i c  
weed c o n t r o l .  Ex tens ive  work i n  this 
area i s  not  needed, on ly  enough t o  
e s t a b l i s h  t h e  degree  t o  which concep t s  
developed i n  o t h e r  t y p e s  of a q u a t i c  
sys tems f i t  i n  a q u a t i c  systems used by 
anadromous f i s h .  

TOXICITY OF CHEMICALS 
TO AQUATIC SPECIES 

e Determine t h e  t o x i c i t y  
c h a r a c t e r i s t i c s  of  t h e  
combinations of f o r e s t  chemicals  
that are l i k e l y  t o  be a p p l i e d  
t o g e t h e r .  

S t u d i e s  on  t h e  e f f e c t s  of 
combinat ions  of chemicals  ( f o r  
example, p ic loram and 2,4-D) have 
g e n e r a l l y  been r e s t r i c t e d  t o  p l a n t s .  
S i m i l a r  work wi th  s e n s i t i v e  a q u a t i c  
v e r t e b r a t e s  and i n v e r t e b r a t e s  i s  
r e q u i r e d  t o  assess adequa te ly  t h e  
e f f e c t s  of combined chemicals .  

8 C h a r a c t e r i z e  t h e  i n t e r a c t i o n  
between c o n c e n t r a t i o n  and 
d u r a t i o n  of exposure among 
f o r e s t  chemicals  and t h e  more 
s e n s i t i v e  a q u a t i c  s p e c i e s .  

Most t o x i c i t y  tests hold t h e  
c o n c e n t r a t i o n  of chemical  c o n s t a n t  f o r  
a s p e c i f i e d  pe r iod  ( such  as  2 4 ,  48, o r  
96 hours )  and e v a l u a t e  organism 
response  soon a f t e rward .  Exposure of 
a q u a t i c  organisms i n  t h e  f i e l d  i s  
t y p i c a l l y  t o  c o n c e n t r a t i o n s  of 
chemical  t h a t  i n c r e a s e  t o  a peak 
w i t h i n  a few hours  a f t e r  aer ia l  
a p p l i c a t i o n  and t h e n  d e c r e a s e  r a p i d l y  
t o  much lower l e v e l s  i n  a few hours .  
A r e l a t i o n  needs t o  be e s t a b l i s h e d  
t h a t  w i l l  permi t  t h e  u s e  of t h e  
e x t e n s i v e  e x i s t i n g  t o x i c i t y  d a t a  base  
(which w a s  developed by us ing c o n s t a n t  
exposure  methods) i n  e v a l u a t i n g  t h e  
t o x i c o l o g i c a l  s i g n i f i c a n c e  of f i e l d  
exposure  d a t a .  I n  t h i s  paper ,  w e  used 
a n  i n t e g r a l  of t h e  t ime- concent ra t ion  
cu rve ,  but  t h i s  approach has n o t  been 
f u l l y  

e 

v a l i d a t e d .  

Determine i f  t h e  r e s u l t s  of 
c lassical  96-hour exposure tes ts  
a r e  adequa te  p r e d i c t o r s  of t h e  
long- term well- being of a q u a t i c  
organisms.  
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Near ly  a l l  t h e  t o x i c i t y  t e s t i n g  on 
a q u a t i c  organisms has  used shor t- term 
exposure and on ly  shor t- term observa-  
t i o n  of e f f e c t s .  Research i s  needed 
t o  de termine  i f  long- term l a t e n t  
e f f e c t s  r e s u l t  from short- term 
exposure.  
and a few key s p e c i e s  may be s u f f i -  
c i e n t  t o  e s t a b l i s h  t h i s  p o i n t .  
few n o t a b l e  excep t ions ,  w e  do n o t  
b e l i e v e  t h a t  l a t e n t  e f f e c t s  w i l l  
develop from short- term exposure t o  
most t o x i c a n t s .  

Tests w i t h  a few chemicals  

With a 

INDIRECT EFFECTS OF 
FOREST CHEMICALS 

Quant i fy  i n d i r e c t  e f f e c t s  of  
f o r e s t  chemicals  on  a q u a t i c  
organisms under f i e l d  
c o n d i t i o n s .  

Determine s u b l e t h a l  e f f e c t s  of  
f o r e s t  chemicals  on  a q u a t i c  
organisms. 

Research on  t h e s e  areas i s  
c r i t i c a l l y  needed be fo re  adequate  
concep tua l  frameworks can  be developed 
f o r  des ign ing  r e s e a r c h  t o  i n v e s t i g a t e  
i n d i r e c t  e f f e c t s  of  f o r e s t  chemicals  
under f i e l d  c o n d i t i o n s .  I n d i r e c t  
e f f e c t s  on  a q u a t i c  ecosystems w i l l  
most probably  invo lve  s e v e r a l  t y p e s  of 
a q u a t i c  organisms; such e f f e c t s ,  
t h e r e f o r e ,  would be much more complex 
and s u b t l e  t ' u n  d i r e c t  t o x i c  e f f e c t s .  
Research must be t i g h t l y  focused and 
p r o p e r l y  timed t o  permi t  t h e  
o b s e r v a t i o n  of changes i n  a q u a t i c  
communities. Because i n d i r e c t  e f f e c t s  
may be caused by c o n c e n t r a t i o n s  of 
chemicals  much lower t h a n  l e t h a l  
c o n c e n t r a t i o n s ,  f u r t h e r  r e s e a r c h  on  
i n d i r e c t  e f f e c t s  of  f o r e s t  chemicals  
on  a q u a t i c  ecosystems i s  r e q u i r e d  t o  
a s s u r e  s a f e r  u s e  of  chemicals  i n  t h e  
f o r e s t  environment. 

CONCLUSIONS 
The u s e  of f o r e s t  

r e s u l t  i n  both  d i r e c t  
e f f e c t s  on anadromous 

chemicals  can  
and i n d i r e c t  
f i s h  and t h e i r  

h a b i t a t .  Direct t o x i c  e f f e c t s  are 
t h o s e  r e s u l t i n g  from t h e  exposure of  
f i s h  t o  a chemical  i n  water, food,  
o r  sediment.  The p o t e n t i a l  f o r  d i r e c t  
e f f e c t s  c a n  be e s t i m a t e d ,  based on 
knowledge of t h e  t o x i c i t y  c h a r a c t e r-  
istics of  t h e  chemical  and i t s  
movement, p e r s i s t e n c e ,  and f a t e  i n  
t h e  environment. 

The most impor tant  p rocess  by 
which chemicals  e n t e r  streams i s  
d i r e c t  a p p l i c a t i o n ,  but  d r i f t  from 
nearby t r ea tmen t  areas o r  u n i t s  i s  
also impor tant .  Mobi l i za t ion  of 
r e s i d u e s  i n  ephemeral stream channels  
dur ing  t h e  f i r s t  s torms a f t e r  
a p p l i c a t i o n  i s  sometimes impor tant .  
A l l  t h r e e  p rocesses  can  be in f luenced  
by f o r e s t  managers. Se lec tkon and 
o r i e n t a t i o n  of sp ray  u n i t s  t o  avoid  
streams, and a t t e n t i o n  t o  t h e  d e t a i l s  
of a p p l i c a t i o n  t o  avoid  d r i f t ,  w i l l  
minimize chemical  e n t r y  i n t o  streams 
and the reby  reduce  t h e  l i k e l i h o o d  of 
d i r e c t  t o x i c  e f f e c t s  on  stream 
organisms. 

The margin of s a f e t y  (no- ef fec t  
l eve l / exposure  l e v e l )  i s  a good index  
t o  t h e  p r o b a b i l i t y  t h a t  t h e  use  of a 
s p e c i f i c  f o r e s t  chemical  will result 
i n  d i r e c t  e f f e c t s  on  anadromous f i s h .  
The l a r g e r  t h e  margin of  s a f e t y ,  t h e  
less l i k e l y  d i r e c t  e f f e c t s  w i l l  
occur .  Margins of  s a f e t y  of  less t h a n  
one i n d i c a t e  d i r e c t  e f f e c t s  are l i k e l y  
t o  occur .  W e  c a l c u l a t e d  t h e  fo l lowing  
margins of  s a f e t y  f o r  f i s h ,  based on 
t h e  maximum a c u t e  and short- term 
chron ic  exposures  l i k e l y  t o  occur  i n  
o p e r a t i o n a l  u s e  of  t h e s e  chemicals:  
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Margin of s a f e t y  

Short- term 
Chemic a1 Acute chron ic  

2,4-D (PGBE ester)  5 
Pic loram (Tordon 101) 4 3  
A t  ra z i ne 24 
MSMA 50 0 
Fosamine ammonium 2640 
G l y  p ho sa t e  12  
Dinoseb 0.2 
Malathion 0.8 
Carbary l  22 
Azinphos-me thy1  - 261-- 

261-- Car bof u ran  
Acep hate  500 
F e r t i l i z e r  1 
F i r e  r e t a r d a n t  1 

- 

1.4  

3 .5  
50 

- 261-- 
379 

1 .7  
e 0 .1  

2.2 
36 

261-- 
261-- 
667 

0 . 1  
271-- 

- 
- 

- 

These margins of s a f e t y  w i l l  be 5 t o  
10 times g r e a t e r  when s t r eams  are no t  
inc luded  i n  areas t o  be t r e a t e d ,  
b u f f e r  s t r i p s  are used,  and f u l l  
a t t e n t i o n  i s  g i v e n  t o  t h e  d e t a i l s  of 
a p p l i c a t i o n  t o  p reven t  d r i f t  and 
d i r e c t  a p p l i c a t i o n  t o  s u r f a c e  water. 

I n d i r e c t  e f f e c t s  are mani fes ted  
through chemical ly  induced changes i n  
t h e  d e n s i t y  and s p e c i e s  composi t ion of 
a q u a t i c  and te r res t r ia l  p l a n t s  and 
i n s e c t s .  These e f f e c t s  may i n c l u d e  
a l t e r a t i o n  of n u t r i e n t ,  sediment ,  and 
temperature  c h a r a c t e r i s t i c s  of t h e  
water, and changes i n  c o v e r ,  food,  o r  
some o t her  environment a1 charac  t e r i  s- 
t i c  t h a t  i s  important  t o  t h e  well- being 
of anadromous f i s h .  These changes 
have no t  been as thoroughly s t u d i e d  as  
t h e  d i r e c t  e f f e c t s ,  but  may be t h e  
most l i k e l y  t o  occur .  

%/Current p a t t e r n  of u s e  does  n o t  
r e s u l t  i n  measurable  r e s i d u e s  of 
chemical  i n  water; t h e r e f o r e ,  exposure  
i s  very  small and t h e  margin of s a f e t y  
i s  very l a r g e .  

Z’Margin of s a f e t y  n o t  c a l c u l a t e d  
because no v a l u e  f o r  exposure  i s  
a v a i l a b l e .  
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APPENDIX T a b l e  19--Common and s c i e n t i f i c  names o f  f i s h e s  r e f e r r e d  t o  i n  t e x t  
and t a b l e s  

S c i e n t i f i c  name Common name Table 18--Common, chemical, and t rade  names o f  chemicals re fe r red  t o  i n  
t e x t  and tab1 es 

FAMILY Catostomidae 
Trade name Lake chubsucke r  Er imyzon s u c e t t a  (Lac 'epide)  

Common name Chemical name used i n  t e x t  
FAMILY C e n t r a r c h i d a e  

81 ueg i  11 
Green s u n f i s h  
Largemouth ba ss 
Pumpkinseed 
Smal lmouth bass 

F e r t i l i z e r :  

F i r e  retardants:  

Urea 

None 

Lepomis m a c r o c h i r u s  Ra f i nesque  
Lepomis c a n e l l u s  Ra f i nesque  
M i c r o p t e s s  sa lmoides (LacGp6de) 
Le omis i bbosus  i nnaeus )  
& e h m i  k u i  Lac'epGde 

C o t t u s  cogna tus  R i cha rdson  
FAMILY C o t t i d a e  

FAMILY C w r i  n i  dae 

None 

F i re- Tro l  100 
F i re- Tro l  931L 
F i re- Tro l  934L 
Pho s-C he k 
Phos-Chek XAR 
Phos-Chek 202R 
Phos-Chek 259R 

None 

Sliw s c u l p i n  

Herbic ides : 
2 . 4 4  2,4-dichl orophenoxyacetic 

ac id  (and var ious esters 
and s a l t s )  

2,4,5-t r ichl  orophenoxyacetic 
ac id  

B lacknose  dace 
Carp 
Fa thead  minnow 
G o l d f i s h  
Lake  emera ld  s h i n e r  
Redside s h i n e r  
S t o n e r o l l e r  

Pime h a l e s  romelas Ra f i nesque  
h i m L i n n a e u s )  
N o t r o p i s  a t h e r i n o i d e s  Ra f i nesque  
R i c h a r d s o n i u s  b a l  t e a t u s  (R i cha rdson )  
t a m p o s t m a  anomal um (Ra f i nesque )  

2.4,s-7 None 

Amitrole 

Atrazine 

3-amino- l ,2,4-t r iarol  e 

2-chl oro-4-ethylami no-6- 
isopropyl-amino-?- tr iazine 

3,6-dichloro-o-ani s i c  ac id  

2-sec-butyl-4.6-di n i  trophenol 

Disodium methanearsonate 

Amon i um e thy 1 ca rbamoy 1 - 
phosphonate 

N-phosphonomethylglycine 

Monosodium methanearsonic 
ac id  

4-amino-3,5,6- 
tri ch l  o rop ico l  i n i c  
a c i d  (and var ious es te rs  
and s a l t s )  

Sodium dimethyl arsonate 

2 - (  2,4,5- t r i  ch l  orophenoxy 1-  
propionic ac id  

Amitrole-T 

None FAMILY C y p r i  nodon t i  dae 
Fundu lus  s i m i l i s  ( B a i r d  and G i r a r d )  
C y p r i  n o d o m g a t u s  Lac6p;de 

I c t a l  u r u s  me1 as  (Raf i nesque)  
I c t a l  u r u s  p u n c t a t u s  (Raf i nesque) 

O r y z i a s  l a t i p e s  (Temminck and S c h l e g e l )  

FAMILY I c t a l  u r i  dae 
~- 

FAMILY O r y z i i d a e  

Longnose k i l l i f i s h  
Sheepshead minnow 

Dicamba 

D i  noseb 

DSMA 

Fosamine ammonium 

None 

None 

None 

Kreni  t e  

B l a c k  b u l l  head 
Channel c a t f i s h  

Medaka 

Glyphosate 

MSMA 

Roundup 

None 

FAMILY P e n i d a e  
P e n a  f l a v e s c e n s  ( M i t c h i l l )  
S t i z o s t e d i o n  v i t r e u m  ( M i t c h i l l )  
-- 

FAMILY P o e c i l i i d a e  
P o e c i l i a  r e t i c u l a t a  P e t e r s  
Gambusia a f f i n i s  ( B a i r d  and G i r a r d )  

Y e l l o w  p e n h  
Wa l l eye  

Pic loram Tordon 22K 
Tordon 101 ( a l s o  
contains 2,4-D) 

GUPPY 
Mosqui t o f  i sh, gambusia 

FAMILY Salmonidae 
SDMA 

S i l vex  

None 

None 

A t 1  a n t i c  salmon 
B rook  t r o u t  
B rown t r o u t  
Che r r y  salmon 
Chinook salmon 
Chum salmon 
Coho salmon 
Cu t  t h  r o a  t t r o u t  
Lahon tan  c u t t h r o a t  t r o u t  

Lake t r o u t  
P i n k  salmon 
Rainbow ( s t e e l  head)  t r o u t  
Sockeye salmon 
W h i t e f i s h  
W h i t e f i s h  

Salmo s a l a r  L i nnaeus  
Sal  v e l i  nus f o n t i n a l  i s ( M i t c h i l l  
Salmo t r u t t a  L innaeus  
E h -  ( B r e v o r t  1 

Cl3;;y;zr~;: ts;;wy;;;;;ul\;'al ba 

& -son 
Salmo henshawi G i l l  and 
J o r d a n  ____ 
S a l v e l i n u s  namaycush (Wal baum) 

-- 

k i s u t c h  (Wal baum) 

isec t i c i des : 
Acephate 0,s- d i me t hy 1 ace t y  1 phosphor - 

ami dothi  oate 
Orthene 

Azi nphos-methyl 0,O-dimethyl-5- [ ( 4-oxo- 1,2,3- Guthi on 
benzotr iazine-3-(4H)-yl  )methyl I 
phosphorodi th ioa te  

1-naphthy l -N-methy lcarbamate Sevin 
Sevin-4-Oil 

2,3-dihydro-2,2-dimethyl-7- Furadan 
benzofuranyl methylcarbamate 

1.3.4-metheno-2H- 
cyclobuta(cd)pentalene-2-one 

Dec ac h 1 o ro - oc t a  hy d ro-  Kepone 

Car ba r y  1 

Carbofuran 

Chlordecone FAMILY Umbridae 
E a s t e r n  mudminnow Umbra pygmaea ( DeKay 

DDT 

Mal a th ion  

Dichloro diphenyl 
t r ichloroethane 

None 

0,O-d ime thy 1 - S- ( 1 , '2 - 
d i  ca rbe t hyoxye t hy 1 1 - 
phosphorodi th ioa te  

t r i c h l  oroethane 

None 

2,2-bi s( p-methoxyphenyl ) - l , l ,  1- None Methoxychlor 

94 



Table 20--Common and s c i e n t i f i c  names o f  inver tebra tes  r e fe r red  t o  
i n  t e x t  and tab les  

~ ~ ~~ ~~ 

Common name S c i e n t i f i c  name 

Scuds, amphipods 
ORDER Amphi poda 

Gama r u  s 
Gammarus 
Gamnarus 

Daphn 

Crayf 

G1 ass 

ds, water f l e a s  

shes 

shrimp 

Crane f l y  
Phantom midge 
Midges 

Mayf 1 i es 

Snai 1 s 

Sovibugs, isopods 

Dobsonfly 

Dragonf ly 
Damsel f 1 y 

Seed shrimp 

Stonef l  i e s  

Bousf ie l  d 

ORDER C1 adocera 
;ap;nia maya  Straus 

ap n i a  pu ex Leydig 

ORDER Decapoda 
Orconectes na is  (Faxon) 
P r o c a m b a r u s x r k i  (G i rard)  
Pal aemoneteskadiakensi s Rathbun 

ORDER Dip tera  

Chi ronomu s tenans ( Fabr i  c i  us 1 
Chi ronomus -us ( L i  nnaeus) 

ORDER Ephemeroptera 

ORDER Gastropoda 
Helisoma cam anulata (Say) 
Stagnicola e i a rg i na ta  (say) 

Ase l lus  brevicaudus Forbes 
Aseilus h i l g e n d o r f f i i  

ORDER Mega1 optera 
N igron ia  sp. 

ORDER Isopoda 

ORDER Odonata 
Macromia sp. 
l schnura  v e n t i c a l i s  (Say) 

ORDER Ostracoda 

ORDER P1 ecoDtera 

Cypridopsis v idua ( M i l l e r )  

Caddi s f  1 i es 
ORDER Tr ichoptera  

H dro s che sp. * sp. 
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