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EXE CU T IV E SU MIA1 P 

B a s e d  on a v a i l a b l e  d a t a  f o r  f o u r  s p e c i e s  o f  m a c r o -  
i n v e r t e b r a t e s ,  f o u r  s p e c i e s  o f  f i s h ,  a n d  t h r e e  s p e c i e s  o f  
a l g a e ,  n i t r o c e l l u l o s e  d o e s  not a p p e a r  t o  b e  v e r y  t o x i c  € s f  
m o s t  a q a a t i c  s p e c i e s .  In t h e  m a j o r i t y  of  e v a f a a t i o n s  t h e  
Ee50 a n d  LC50 v a l u e s  w e r e  >1,000 m g / L .  O n l y  f o r  t h a  e f f e c t  
on  t h e  c h l o r o p h y l l  a c o n t e n t  o f  S e l e n a s t r n e  c a ~ r i c o r n u t u m  
was a lower v a l n e  e s t i m a t e d ,  an E C s o  of 5 7 9  mng/L ( B e n t l e y  e t  
a l .  1977). 

T h e  a v a i l a b l e  d a t a  on t h e  human h e a l t h  e f f e c t s  a n d  
m a m m a l i a n  t o x i c i t y  of n i t r o c e l l u l o s e  g e n e r a l l y  s u g g e s t  t h a t  
i t  i s  v i r t u a l l y  n o n t o x i c .  T h e  a c s l t e  t o x i c i t y  d a t a  i n d i -  
c a t e d  L D ~ Q  v a l u e s  i n  e x c e s s  o f  5 , 0 0 0  m g / k g .  C h r o n i c  
t o x i c i t y  s t u d i e s  i n  m i c e  d e m o n s t r a t e d  t h a t  i t  i s  h a r m f u l  
o n l y  d u e  t o  i t s  p h y s i c a l  e f f e c t s  ( f i b e r  i m p a c t i o n )  i n  t h e  
d i g e s t i v e  t r a c t  ( p r e s n m a b l y  b e c a u s e  of t h e  slcnall s i z e  of t h e  
mouse  d i g e s t i v e  t r a c t ) .  G e n o t o x i c i t y  a n d  d e v e l o p m e n t a l  
t o x i c i t y  s t u d i e s  d i d  n o t  d e m o n s t r a t e  a n y  s i g n i f i c a n t  t o x i c  
e f f e c t s  n o t  r e l a t e d  t o  t h e s e  f i b e r  e f f e c t s .  T h e  d a t a  on  
c a r c i n o g e n i c i t y  g e n e r a t e d  by a n  e p i d e m i o l o g y  s t u d y  o f  
o c c u p a t i o n a l  e x p o s u r e  d u r i n g  p r o d u c t  i o n  o f  n i t r o c e l l u l o s e  
d o e s  s u g g e s t  some a s s o c i a t i o n  b e t w e e n  n i t r o c e l l a l o s e  a n d  
r e c t a l  or d i g e s t i v e  t r a c t  c a n c e r s  a n d  t h i s  p o s s i b i l i t y  
s h o u l d  b e  e v a l u a t e d  w i t h  f u r t h e r  r e s e a r c h .  D a t a  on t h e  
m e t a b o l i s m  of n i t r o c e l l u l o s e  by r a t s  i n d i c a t e  t h a t  i t  i s  not 
a b s o r b e d  i n t o  t h e  g a s t r o i n t e s t i n a l  t r a c t  a n d  f u r t h e r  
s u p p o r t s  t h e  g e n e r a l  c o n c l u s i o n  t h a t  n i t r o ~ e l l u l o s e  d o e s  n o t  
r e p r e s e n t  a s i g n i f i c a n t  human h e a l t h  r i s k .  

H o w e v e r ,  n i t r o c e l l u l o s e  d o e s  a p p e a r  t o  p r o d u c e  s i g n i f  i- 
c a n t  a b i o t i c  e n v i r o n m e n t a l  e f f e c t s  w h e n  r e l e a s e d  f r o m  Army 
A m m u n i t i o n  P l a n t s .  B e c a u s e  of i t s  f i b r o u s  n a t u r e ,  
n i t r o c e l l u l o s e  w o u l d  t e n d  t o  b l a n k e t  b e n t h i c  h a b i t a t s  
( p e r h a p s  d e p r i v i n g  o r g a n i s m s  o f  o x y g e n )  a n d  f i l l  i n  i n t e r -  
s t i t i a l  s p a c e s  a s e d  a s  C Q V ~ T  f o r  b e n t h i c  i n v e r t e b r a t e s  a n d  
s u b s t r a t e s  f o r  p e r i p h y t o n .  T h i s  p o t e n t i a l  f o r  h a b i t a t  
a l t e r a t i o n  i s  f a r t h e r  compounded  by t h e  a p p a r e n t  r e s i s t a n c e  
of r e l e a s e d  n i t r o c e l l u l o s e  t o  e n v i r o n m e n t a l  d e g r a d a t i o n .  
When c o n t r a s t e d  t o  t h e  l o w  t o x i c i t y  of t h e  compound,  t h i s  
h a b i t a t  a l t e r a t i o n  b e c o m e s  a s i g n i f i c a n t  a s p e c t  of r e g u l a -  
t o r y  c o n t r  0 1 .  

U s i n g  t h e  d a t a  r e v i e w e d  a b o v e  a n d  t h e  USEPA g a i d e l i n e s ,  
a n  a t t e m p t  w a s  made t o  c a l c u l a t e  c r i t e r i a  t o  p r o t e c t  a q u a t i c  
l i f e  a n d  i t s  u s e s  a n d  t o  p r o t e c t  human h e a l t h .  However, t h e  
d a t a  d i d  n o t  s a t i s f y  a l l  o f  t h e  USEPA g u i d e l i n e  r e q u i r e m e n t s  
a n d  a p p r o p r i a t e  c r i t e r i a  c o u l d  n o t  be g e n e r a t e d .  The 
g e n e r a l  c o n c l u s i o n  w a s  t h a t  n i t r o c e l l u l o s e  w o u l d  b e s t  b e  
r e g u l a t e d  b a s e d  o n  i t s  p h y s i c a l  c h a r a c t e r i s t i c s  ( e ,  g . ,  
l e v e l s  of s u s p e n d e d  o r  d i s s o l v e d  s o l i d s )  a n d  r e s e a r c h  t o  
p r o v i d e  t h e  r e q u i r e d  d a t a  f o r  c a l c u l a t i o n  of w a t e r  q u a l i t y  
c r i t e r i a  by t h e  USEPA m e t h o d o l o g y  w o u l d  n o t  be n e c e s -  
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s a r y .  The g e n e r a l  w a t e r  c r i t e r i a  f o r  t o t a l  s u s p e n d e d  
s o l i d s  ( T S S )  i s :  

" S e t t l e a b l e  a n d  s ~ s g e ~ ~ d s d  s o l i d s  s h o u l d  n o t  r e d u c e  
t h e  d e p t h  of t h e  c o m p e n s a t i o n  p o i n t  f o r  p h o t o s y n t h e t i c  

e s t a b l i s h e d  norm f o r  a q u a t i c  l i f e . "  (USEPA 1974). 
a c t i v i t y  by o r e  t h a n  1 0  p e r c e n t  f r o m  t h e  s e a s o n a l l y  

In a c t u a l  1 e v e l s ,  s e v e r a l  f i g a r e s  m i g h t  be  a p p l i c a b l e  
f o r  a e g ~ l a t i o n  o f  n i t r o c e l l u l o s e .  A v a l u e  o f  1 0  ppm 
w a s  g i v e n  f o r  t o t a l  s u s p e n d e d  s o l i d s  i n  w a s t e w a t e r  d i s -  

a r k l e y  a n d  B o s e n b l a t t  1978). P s r  p o i n t  s o u t c ~  
o f  w a s t e w a t e r  d i s c h a r g e d  f r o m  an e x p l o s i v e s  

a n u f a c t u r i n g  s i t e ,  a m a x i m u m  v a l n e  o f  0 . 2 5  kg/1,000 k g  of  
p r o d u c e  a n d  a n  a v e r a g e  o f  d a i l y  v a l u e s  f o r  3 0  d a y s  o f  0.084 

/1,000 k g  o f  p r o d u c t  were  g i v e n  f o r  T S S  (USEPA 1984). For  
p o i n t  s o o r c e  c a t e g o r i e s  o f  w a s t e w a t e r  d i  c h a r g e d  f r o m  a 
L o a d ,  A s s e m b l e ,  a n d  P a c k  f a c i l i t y ,  t h e  m x i m u m  v a l u e  f a r  T S S  
w a s  0.26 kg/1,000 kg o f  p r o d u c t  a n d  t h e  3 0 - d a y  a v e r a g e  v a l u e  
f o r  T S S  w a s  0.088 kg/l,OOO kg of p r o d u c t  ( U S E P A  1984). 
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1. I N T R O D U C T I O N  

C e l l u l o s e  n i t r a t e ,  commonly known a s  n i t r o c e l l u l o s e ,  i s  
a m u n i t i o n s  compound m a n u f a c t u r e d  o r ’  h a n d l e d  a t  s e v e r a l  U. S. 
Army f a c i l i t i e s ,  i n c l u d i n g  R a d f o r d  Army A m m u n i t i o n  P l a n t  
(AAP) ,  B a d g e r  AAP, I n d i a n a  AAP, L a t e  C i t y  AAP, S u n f l o w e r  
AAP, a n d  Alabama  AAP. A l t h o u g h  c u r r e n t  p r o d u c t i o n  i s  
l i m i t e d  t o  R a d f o r d ,  t h e  o t h e r  s i t e s  c o n t a i n  s e d i m e n t  
d e p o s i t s  i n  s e t t l i n g  ponds a n d  r e p r e s e n t  a p o t e n t i a l  f o r  
f u t u r e  a q u a t i c  p o l l u t i o n ,  p a r t i c u l a r l y  i f  p r o d u c t i o n  i s  
r e n e n e d  ( B a r k l e y  a n d  R o s e n b l a t t  1978). The o b j e c t i v e  of 
t h i s  r e p o r t  i s  t o  r e v i e w  t h e  a v a i l a b l e  d a t a  on t h e  a q u a t i c  
a n d  human h e a l t h  e f f e c t s  of n i t r o c e l l u l o s e  a n d  n s i n g  t h e  
l a t e s t  USEPA g u i d e 1  i n e s .  g e n e r a t e  w a t e r  q u a l  i t g  c r i t e r i a  
v a l u e s .  A p p e n d i x  A i s  a summary o f  t h e  USEPA g n i d e l i n e s  f o r  
g e n e r a t i n g  w a t e r  q u a l i t y  c r i t e r i a  f o r  t h e  p r o t e c t i o n  o f  
a q u a t i c  l i f e  a n d  i t s  a s e s  ( S t e p b a n  e t  a l a  1985). A p p e n d i x  B 
i s  a summary v e r s i o n  o f  t h e  USEPA g a i d e l i n e s  for g e n e r a t i n g  
w a t e r  q u a l i t y  c r i t e r i a  f o r  t h e  p r o t e c t i o n  of human h e a l t h  
(USEPA 1980). 

1 .1 PHYSICAL AND C H E M I C A L  PROPERTIES 

N i t r o c e l l u l o s e  (CAS No. 9004-70-0)  i s  a c e l l u I o s 8  e s t e r  
of n i t r i c  a c i d  ( F i g u r e  1) a n d  i s  u s u a l l y  a f i b r o u s ,  s o l i d  
p o l y m e r .  N i t r o c e l l u l o s e  i s  n o n v o l a t i l e ,  h a s  a l ow s o l a -  
b i l i t y ,  a n d  h a s  a v a r i a b l e  d e g r e e  o f  n i t r a t i o n .  T y p i c a l l y ,  
n i t r o c e l l u l o s e  h a s  t h r e e  n i t r a t e  e s t e r  g r o u p s  p e r  g l u c o s e  
s i n g  ( c e l l u l o s e  t r i n i t r a t e )  w i t h  a t h e o r e t i c a l  n i t r o g e n  
c o n t e n t  of 14.15 p e r c e n t ,  b u t  d u e  t o  i n c o m p l e t e  n i t r a t i o n ,  
i t  c a n  h a v e  a n i t r o g e n  c o n t e n t  a s  l o w  a s  6 . 7 6  p e r c e n t  
( B a r k l e y  a n d  R o s e n b l a t t  1 9 7 8  ; U r b a n s k i  1 9 8 3 ) .  The g l u c o s s  
r i n g s  a r e  l i n k e d  t o g e t h e r  t o  f o r m  c h a i n s  o f  b e t a ,  l + r ( . - l i n k e d  
g l u c o s i d e  u n i t s  i n  w h i c h  t h e  h y d r o x y l  g r o u p s  of t h e  g l u c o s e  
s u b u n i t s  h a v e  r e a c t e d  t o  f o r m  n i t r s t e  e s t e r s  ( S u l l i v -  
a n  e t  a l .  1978). T a b l e  1 s u m m a r i z e s  t h e  a v a i l a b l e  i n f o r m -  
a t i o n  o n  s y n o n y m s  a n d  t h e  c h e m i c a l  a n d  p h y s i c a l  p r o p e r t i e s  
o f  n i t r o c e l l u l o s e .  The  v i r t u a l  i n s o l u b i l i t y  of n i t r o c e l -  
l n l o s e  i n  a q u e o u s  s o l u t i o n s  i s  p e r h a p s  t h e  m o s t  i m p o r t a n t  of  
i t s  p r o p e r t i e s  f o r  t h i s  a n a l y s i s .  In a q u a t i c  s y s t e m s 8  
n i t r o c e l l u l o s e  i s  n o t  f o u n d  i n  s o l a t i o n  i n  h i g h  c o n c e n -  
t r a t i o n s  i n  w a t e r  t e n d i n g  t o  s e t t l e  onto t h e  s e d i m e n t s .  

U n d e r  a c t u a l  m a n u f a c t u r i n g  c o n d i t i o n s ,  n i t r o c e l l n l o s e  
w a s t e s  ( f i n e s )  a r e  p r o d u c e d  w i t h  a r a n g e  of p a r t i c l e  s i z e s .  
B e l t o n  (1976) e x a m i n e d  a s a m p l e  o f  n i t r o c e l l u l o s e  t a k e n  from 
t h e  p o a c h e r  p i t s  a t  R a d f o r d  AAP a n d  found t h a t  6 6  p e r c e n t  
( b y  w e i g h t )  o f  t h e  p a r t i c l e s  w e r e  g r e a t e r  t h a n  8 8  m i c r o n s  i n  
s i z e  ( b a s e d  o n  a b i l i t y  t o  p a s s  t h r o u g h  s i e v e s  a n d  membrane  
f i l t e r s ) ,  23 p e r c e n t  w e r e  b e t w e e n  88 a n d  4 4  m i c r o n s 6  11 
p e r c e n t  w e r e  b e t w e e n  4 4  a n d  5 m i c r o n s 9 ,  a n d  l e s s  t h a n  0 . 3  
p e r c e n t  w e r e  s m a l l e r  t h a n  5 m i c r o n s .  A n o t h e r  r e p o r t  c l a s s -  
i f y i n g  s i z e s  of n i t r o c e l l u l o s e  p a r $ i c l e s  f rom b o i l i n g  t a b  
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TABLE 1. SYNONYM AND PRBPEHTPEF; OF NI"B0CELLUUIGE 

Ref e 1  ence Proper ty  Value 

CAS No. 

S yn any m s 

Mol ecul a r  f ormula 

Molecular weight 

Phys ica l  s t a t e  

Melting p o i n t  

Flash  po in t  

S o l u b i l i t y  

S p e c i f i c  g r a v i t y  

9004-78-8 

C 2018, CA 80-15, C e l l o i d i n ,  Cellu- 
l o s e  n i t r a t e  (9CI) , C e l l n l o s e  
t e t  r a n i t r  a t  e ,  Col l o d i  on, Col l o d i  on 
c o t t o n ,  Col lodion  w o o l  I Col loxyl  in, 
Coria1 EM f i n i s h  F, E 1440, F l e x i b l e  
co l lod ion ,  WMS, Guncotton, HX 
3/5, Kodak LR 115,  LB 115,  N i t roce l -  
l u l o s e  E950, N i t roco t ton ,  Ni t ron ,  
Nixon N / C ,  NTs 62, WTs 218, NTs 222, 
NTs 539, NTs 542, Par lodion ,  
P y r a l i n ,  Pyroxyl in ,  Pyroxyl in  plas- 
t i c  (DOT), RF 10, R.S. N i t r o c e l l u -  
l o se ,  S o l u b l e  gun c o t t o n ,  Synpor, 
Tsapol ak 964, Xylo id in  

458.28-594.28a 

Whit e pal py , cotton- 1 ike  , amorph oas 
s o l i d  (when d ry )  o r  c o l o r l e s s  l i q u i d  
t o  semiso l id  ( s o l u t i o n )  depending an 
degree  of n i t r a t i o n  

I g n i t e s  a t  169-170OC 

12.8OC 

High n i t r o g e n  form i s  i n s o l u b l e  i n  
mixtures  of e thano l  and e t h e r ,  b a t  
s o l u b l e  i n  ace tone ;  low-nitrogen 
form ( p y r o x y l i n )  i s  s o l u b l e  in both 

S o l u b l e  i n  2 5  p a r t s  of 8 mixture  of 
1 volume a l coho l  and 3 volumes 
e t h e r ;  a l s o  s o l u b l e  in methanol, 
ace tone ,  g l a c i a l  a c e t i c  a c i d ,  and 
amyl a c e t a t e  

1. .66 

Sax I984 

Tatken  and L e w i s  1983 

Hawley 1981 

TLO 1983 

Harley 1981; IE 

ILO 1983 

ILO 1983 

IT11 1975 

Windholz e t  a l .  1983 

Bawley 1981 

a. Exact weight depends on cha in  l e n g t h  and degree  of n i t r a t i o n  
( S u l l i v a n  e t  a l .  1978) .  
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p i t  w a t e r ,  f o u n d  t h a t  9 7  p e r c e n t  w e r e  s m a l l e r  t h a n  2 0  
m i c r o n s  a n d  3 0  p e r c e n t  w e r e  s m a l l e r  t h a n  1 
( R o s e n b l a t t  e t  a1. 1973). 

1.2 MANUFACTURING AND ANALYTICAL TECHNIQUES 

N i t r o c e l l u l o s e  i s  m a n u f a c t u r e d  by t r e a t i n g  c e l l l a l o s e ,  
e i t h e r  wood p a l p  or c o t t o n  l i n t e r s  ( s h o a t - f i b e r e d  c o t t o n  
h a i r s ) ,  w i t h  m i x t n r e s  o f  n i t r i c  a n d  s u l f n e i c  c i d s  ( L i n d n e r  
1980). To o b t a i n  d i f f e r e n t  p r o d u c t s  o r  l e v e l s  o f  n i t r a t i o n ,  
v a r i a t i o n s  a r e  n s a d  i n  t h e  s t r e n g t h  of  a c i d s ,  t e m p e r a t u r e  
a n d  t i m e  of  r e a c t i o n ,  a c i d / c e l l n l o s e  r a t i o ,  a n d  t y p e s  of  
a c i d s  ( B a w l e g  1981). T h e  c e l l u l o s e  t r i n i t r a t e  f o r m  c a n  o n l y  
b e  m a n n f a c t n a e d  n s i n g  n i t r i c  a n h y d r i d e  or a m i x t u r e  o f  
n i t r i c  a n d  p h o s p h o r i c  a c i d s  ( L i n d n e r  1980). T h e  e x c e s s  
a c i d s  a r e  r e m o v e d  by a s e r i e s  o f  w a s h i n g ,  d i g e s t i n g ,  a n d  
b o i l i n g  p r o c e d u r e s  ( I L O  19633) h e n  made using t h e  c o n v e n -  
t i o n a l  t e c h n i q u e s ,  n i t r o c e l l u l o s e  r e t a i n s  the: f i b r o u s  
s t r u c t u r e  of t h o  c e l l u l o s e ,  w h i c h  h e l p s  i t  p r o v i d e  mechan-  
i c a l  s t r e n g t h  a s  w e l l  a s  r e a d i l y  a v a i l a b l e  e n e r g y  f o r  g u n  
a n d  r o c k e t  p r o p e l l a n t s  ( L i n d n e r  1980). M a n u f a c t u r i n g  
t e c h n i q u e s  a r e  a v a i l a b l e  f o r  b o t h  b a t c h  a n d  c o n t i n n o a s  
p r o d u c t i o n  ( L i n d n e r  1 9 8 0 ) .  

A n a l y t i c a l  t e c h n i q u e s  f o r  n i t r o c e l l n l  o s e  h a v e  c o n c e n -  
t r a t e d  o n  d e t e r m i n i n g  t h e  d e g r e e  of  n i t r a t i o n  of t h e  
c e l l u l o s e  m o i e t y  or t h e  c o n t e n t  o f  n i t r o c e l l u l o s e  i n  a 
p r o p e l l a n t  m i x t u r e  ( B a r k l e y  a n d  R o s e n b l a t t  1978s). A v a r i e t y  
o f  a n a l y t i c a l  m e t h o d s  h a v e  b e e n  d e v e l o p e d  b a s e d  o n  t i t r a t i o n  
m e t h o d s  i n v o l v i n g  f e r r o u s  a n d / o r  t i t a n o u s  i o n s ,  b u t  t h e s e  
a r e  g e n e r a l l y  t i m e - c o n s u m i n g ,  low i n  s e n s i t i v i t y .  and d o  n o t  
h a v e  p o t e n t i a l  f o r  a n t o a n a t i o n  ( B a r k l e y  a n d  X o s e n b l a t t  
1978). A n o t h e r  a p p r o a c h  i n v o l v e s  h y d r o x i d e  i o n  
n i t r o c e l l u l o s e  i n  a n  a c e t o n e  s o l u t i o n  a n d  m e a s u r e m e n t  
o f  t h e  r e l e a s e d  n i t r i t e  i o n s  ( B a r k l e y  a n d  W s s e n b l a t t  1 9 7 8 ) .  
O n e  a u t o m a t e d  t e c h n i q u e  u s i n g  t h e  T e c h n i c o n  A u t o A n a l y z e r ,  i s  
b a s e d  o n  c o l o r i m e t r i c  a n a l y s i s  o f  t h e  n i t r o c e l l n l o s e  
s o l u t i o n  a n d  i n e l u d e s  a d i a l y s i s  s t e p  t o  r e d u c e  i n t e r f e r e n c e  
f r o m  n i t r i t e  a n d  n i t r a t e  i o n s  ( B a r k l e y  a n d  R o s e n b l a t t  
1978). 

2 ENVIRONMENTAL EFFECTS AND FATE 

2 .I lU3IQTIC ENVIRONMENTAL EFFECTS 

R e l e a s e  o f  n i t r o c e l l u l o s e  i n t o  t h e  a q u a t i c  e n v i r o n m e n t  
m a y  h a v e  a n  i m p a c t  o n  t h e  qaaerl i ty  of  t h a t  h a b i t a t  by  
a f f e c t i n g  p h y s i c a l  or ehemicaal  p a r a m e t e r s  o f  the a r e a .  F o r  
many c h e m i c a l s  t h i s  c o n s i d e r a t i o n  w o u l d  b e  m i n o r ,  o v e r -  
s h a d o w e d  by t o x i c  e f f e c t s ,  b u t  n i t r o c e l l a l o s e  a p p e a r s  t o  
h a v e  a v e r y  l o w  t o x i c i t y  an'a t h e r e f o r e  t h e s e  c o n s i d e r a t i o n s  
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c a r r y  
a r e  1 
Atamun 

more  i m p o r t a n c e  i n  t h i s  c a s e .  D a t a  on t h e s e  e f f e c t s  
i m i t e d  p r i m a r i l y  t o  e n v i r o n m e n t a l  r e p o r t s  o n  Army 
i t i o n  P l a n t s  ( A A P s ) .  

C o o p e r  e t  a l e  (1875) e v a l u a t e d  t h e  a q u a t i c  i m p a c t  f r o m  
n i t r o c e l l u l o s e  p r o d u c t i o n  a t  B a d g e r  AAP a n d  f r o m  t h e  p a c k i n g  
o f  n i t r o c e l l u l o s e  i n t o  a m m u n i t i o n  a t  L a k e  C i t y  AAP. A t  
B a d g e r ,  n i t r o c e l l u l o s e  w a s  f o u n d  i n  a l l  b n t  o n e  of t h e  w a t e r  
s a m p l e s  f r o m  a s s o c i a t e d  s t r e a m s  a n d  ponds w i t h  l e v e l s  o f  (1 
t o  10 ppm ( T a b l e  2 ) .  T h e  h i g h e s t  l e v e l  w a s  t a k e n  b e l o w  t h e  
o u t f a l l  of an i n d u s t r i a l  w a s t e  t r e a t m e n t  p l a n t .  A l e v e l  of  
7 ppm w a s  f o u n d  in t h e  l a s t  of t h r e e  s e t t l i n g  p o n d s ,  
i n d i c a t i n g  s o m e  t r a n s p o r t  of n i t r o c e l l n l o s e .  T h e  (1 ppm 
v a l u e  w a s  t a k e n  f r o m  t h e  l a r g e  W i s c o n s i n  R i v e r  n e x t  t o  BAAP 
a n d  i n d i c a t e s  e i t h e r  s e t t l i n g  o r  d i l u t i o n  e f f e c t s .  T h e s e  
s a m p l i n g  a r e a s  w e r e  a s s o c i a t e d  w i t h  w a t e r  q u a l i t y  
c h a r a c t e r i s t i c s  t h a t  d i f f e r e d  f r o m  c o n t r o l  s t a t i o n s ,  
p a r t i c u l a r l y  f o r  N O 2 / N 0 3  l e v e l s  a n d  d i s s o l v e d  a n d  t o t a l  
s o l i d s .  S e d i m e n t  l e v e l s  w e r e  not m e a s u r e d  b u t  t h e  a u t h o r s  
f e l t  t h a t  n i t r o c e l l u l o s e  l e v e l s  w o u l d  be h i g h e r  i n  t h e  
s e d i m e n t s .  A t  L a k e  C i t y  A A P ,  t h e  v a l u e s  f o r  n i t r o c e l l a l o s e  
i n  w a t e r  a n d  s e d i m e n t  s a m p l e s  w e r e  (1 t o  4 . 6  ppm and w e r e  
a s s o c i a t e d  w i t h  s i t e s  h a v i n g  e l e v a t e d  d i s s o l v e d  a n d  t o t a l  
s o l i d s  l e v e l s .  C o o p e r  e t  a l .  d i d  m e n t i o n  t h a t  t h e  n i t r o c e l -  
l u l o s e  v a l u e s  r e p r e s e n t e d  more  t h a n  j u s t  n i t r o c e l l u l o s e ,  
p r o b a b l y  b e i n g  m o r e  a m e a s a r e  of t o t a l  o r g a n i c  n i t r o g e n .  

S t i l w e l l  e t  a l .  (1976) r e p o r t e d  t h e  f i n a l  d a t a  f r o m  t h e  
a q u a t i c  s u r v e y  of B a d g e r  AAP, i n i t i a t e d  by C o o p e r  e t  
a l .  (19751, e v a l u a t i n g  t h e  e f f e c t s  on w a t e r  q p r a l i t y  o f  
w a s t e w a t e r  d i s c h a r g e  f r o m  n i t r o c e l l u l o s e  m a n n f a c t a r i n g .  
D e s p i t e  t h e  f a c t  t h a t  t h e  n i t r o c e l l u l o s e  p r o d a c t i s n  a r e a  h a d  
n o t  b e e n  i m m e d i a t e l y  o p e r a t i n g  p r i o r  t o  sampl  i n 8  ( p r o d u c t i o n  
c e a s e d  in May 1975 a n d  s a m p l i n g  o c c u r r e d  i n  J u n e  1975). 
d e t e c t a b l e  l e v e l s  o f  n i t r o c e l l u l o s e  w e r e  f o u n d  i n  t h e  w a t e r  
((1 t o  1 2 . 1  ppm) a n d  s e d i m e n t s  (17.8 t o  2 9 6 . 0  ppm) o f  
s t r e a m s  a n d  ponds r e c e i v i n g  t h e  w a s t e  d i s c h a r g e s .  W a t e r  
q u a l i t y  of t h e s e  a q u a t i c  s y s t e m s  w a s  a f f e c t e d ,  i n c l u d i n g  
e l e v a t e d  c o n c e n t r a t i o n 6  o f  N O 3 / N O 2 ,  s u l f a t e  a n d  c h l o r i d e  
( c o n s i d e r e d  h i g h e r  t h a n  d e s i r a b l e  f o r  p r o t e c t i o n  of a q n a t i c  
l i f e ) ,  a n d  h i g h e r  d i s s o l v e d  s o l i d  l e v e l s  ( t w i c e  t h e  n o r m a l  
b a c k g r o u n d ) .  S e d i m e n t  a n a l y s i s  i n d i c a t e d  e l e v a t e d  l e v e l s  o f  
v o l a t i l e  s o l i d s ,  c h e m i c a l  o x y g e n  demand ,  a n d  nutrients 
( t o t a l  Kj e l d a h l  n i t r o g e n  a n d  p h o s p h a t e )  a s s o c i a t e d  w i t h  t h e  
n i t r o c e  l 1 u l  o sft w a s t e w B t e r d i  s c h a r  ge . 
d i d  c o n c l u d e  t h a t  many of t h e  n e g a t i v e  b i o l o g i c a l  e f f e c t s  
a s s o c i a t e d  w i t h  t h e s e  a r e a s  c o u l d  n o t  be b a s e d  on n i t r o c e l -  
l u l o s e  a n d  t h o s e  t h a t  c o u l d  ( e . g .  b e n t h i c  m a c r o i n v e r t e b r a t e  
d i s t r i b u t i o n s )  may be m o r e  a r e f l e c t i o n  o f  h a b i t a t  a l t e r -  
a t i o n  r a t h e r  t h a n  t o x i c  e f f e c t s  of n i t r o c e l l n l o s e  a l o n e .  

Bow ev e r  t h B a u t  h o r  s 

T w o  o t h e r  AAPs w e r e  e v a l u a t e d  f o r  t h e  e f f e c t s  o f  
n i t r o c e l l u l o s e  o n  h a b i t a t  q u a l i t y ,  b u t  no h a r m f u l  e f f e c t s  o r  
d e f i n i t e  a s s o c i a t i o n s  w e r e  d e t e c t e d .  T h e s e  s u r v e y s  i n c l u d e d  
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Nitrocel. In1 ose 10 

Conduct i v  i t y  378 

HTardne s s 116 

Sapspc~lded s o l i d s  24 

D i s s o l v e d  s o l i d s  230 

T o t a l  s o l i d s  254 

CODB 12 

TO& 1 1  

NQ2 0 " 4  

4 . 8  

3 

96 0 

460 

24 

87 4 

89 8 

23. 

12 

4.9 

125 

5 

710 

43 6 

12 

810 

82 2 

17 

10 

3.6 

125 

7 

80 0 

3 56 

<IO 

556 

566 

34 

13 

6 . 6  

25 .a 

<I <1 

220 100 

95 64 

<IO 44 
6 8  26 

6 8  70 

30 1 3  

la 8 

(0.1 (0.1 

0.1 2.2 

a .  

b. 

C.  

d .  

e .  

f .  

g. 

h, 

i .  

j. 

k e 

Adapted from Cooper e t  a l ,  1975. 

Only concentrations g i v e n  i n  mg/L.  

ITP = i n d u s t r i a l  w a s t e  t~e t i tment  p lant  o u t f a l l .  

SL-3. = h a d  of  s e t t l i n g  l a k e  below ITP o u t f a l l .  

RP-2 = rocket pond a f f l u e n t  b e l m  n i t r o ~ e l l u l o s e  and n i t r ~ g l p e ~ i n  

SL-2 = base  of t h i r d  s e t t l i n g  l a k e  below 3PTP o u t f a l l  and RP-2 
o u t f a l l ,  

pr6dUctioIl  aPei%S. 

-1 = t r a n s e c t  B C I E ~ S S  Greubea's Bay helow rk'l? o u t f a l l  and W-2 
oatf a l l .  

-3 -- partial t r a n s e c t  i n  Wisconsin River below Badger  AM. 

t t e r  Creek, reference s i t s  not associated with  Badger AAP. 

@OD = chemicgli owgem demand. 

TO@ = t o t a l  organic  carbon. 
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R a d f o r d  A A P  (Huff e t  a l .  1975; W e i t z e l  e t  a l .  1 9 1 6 ;  
H e f f i n g e r  1984) a n d  I n d i a n a  AAP ( W i e s e  19811, 

A c h a r a c t e r i z a t i o n  o f  t h e  w a s t e w a t e r  e f f l u e n t  f r o m  t h e  
n i t r o c e l l u l o s e  p r o d u c t i o n  f a c i l i t y  o f  R a d f o r d  A A P  w a s  
r e p o r t e d  by Luh a n d  S z a c h t a  ( 1 9 1 8 1 ,  w h i c h  i n d i c a t e d  h i g h  
l e v e l s  of s u s p e n d e d  a n d  d i s s o l v e d  s o l i d s  d u e  t o  a i t r o -  
c e l l u l o s e  ( T a b l e  3 )  A n o t h e r  c h a r a c t e r i z a t i o n  s t u d y  of 
n i t r o c e l l u l o s e  w a s t e w a t e r  a t  R a d f o r d  A A P  r e p o r t e d  t h a t  
s u s p e n d e d  s o l i d s  r a n g e d  f r o m  8 0  t o  9 0 0  ppm i n  o n e  o f  t h e  
w a s t e  l i n e s  a n d  t h a t  m o r e  t h a n  2 t o n s  p e r  d a y  of n i t r o -  
c e l l u l o s e  f i n e s  w e r e  o v e r f l o w i n g  t h e  b o i l e r - l i n e  s e t t l i n g  
p i t s  ( E p s t e i n  e t  a l .  1978). 

B a r k l e y  a n d  R o s e n b l a t t  (1978) h a v e  p r o p o s e d  t h e  c o n c l n -  
s i o n  t h a t  n i t r o c e l l u l o s e  i s  t o x i c o l o g i c a l l y  i n e r t  a n d  should 
be c o n t r o l l e d  b a s e d  on a c r i t e r i o n  f o r  r e g u l a t i n g  t o t a l  
s u s p e n d e d  s o l i d s  i n  w a s t e w a t e r  d i s c h a x g e s .  T h i s  c o n c l u s i o n  
i s  a l s o  s u p p o r t e d  by t h e  S u l l i v a n  e t  a l .  (1978) r e p o r t  a i m e d  
a t  g e n e r a t i n g  w a t e r  q u a l i t y  c r i t e r i a .  The a u t h o r s  s t a t e  
t h a t  n i t r o c e l l u l o s e  f i n e s  r e l e a s e d  f r o m  AAPs c o u l d  p h y s i -  
c a l l y  a l t e r  t h e  h a b i t a t  p e r m a n e n t l y  a n d  i n  p a r t i c u l a r  a f f e c t  
t h e  b e n t h i c  c o m m u n i t y  s t r u c t u r e .  E l l i s  e t  a l .  ( 1 9 8 0 1  
c o n c l u d e d  t h a t  t h e  o n l y  a p p r o p r i a t e  w a t e r  q u a l i t y  c r i t e r i o n  
w o u l d  be b a s e d  on p h y s i c a l  p a r a m e t e r s ,  s u c h  a s  t o t a l  
s u s p e n d e d  s o l i d s  o r  c l a r i t y .  

2 . 2  ENVIRONMENTAL FATE 

I n f o r m a t i o n  on t h e  f a t e  o f  n i t r o c e l l u l o s e  i n  t h e  
e n v i r o n m e n t  w a s  l i m i t e d  t o  comment s  made by v a r i o u s  a u t h o r s  
c o n c e r n i n g  t h e  p o t e n t i a l  b i o d e g r a d a t i o n  a n d  l o n g - t e r m  
p e r s i s t e n c e  of  n i t r o c e l l n l o s e .  Blolhm ( 1 9 ’ 1 6 )  s t a t e s  i n  a n  
i n t r o d u c t i o n  t o  a s t u d y  of d e g r a d a t i o n  p r o d u c t s  f r o m  t h e  
a l k a l i n e  h y d r o l y s i s  of n i t r o c e l l u l o s e  t h a t  d i r e c t  b i o d e g r a d -  
a t i o n  o f  n i t r o c e l l u l o s e  i s  n o t  f e a s i b l e .  I n  o r d e r  f o r  some 
b i o d e g r a d a t i o n  t o  o c c u r ,  n i t r o c e l l u l o s e  m u s t  u n d e r g o  
a l k a l i n e  h y d r o l y s i s .  T h i s  v i e w  i s  a l s o  s u p p o r t e d  by Wendt 
a n d  K a p l a n  ( 1 9 7 6 )  who d i s c u s s  t h e  e a r l y  s t u d i e s  of n i t r s c e l -  
l u l o s e  i n d i c a t i n g  t h a t  d i r e c t  d e c o m p o s i t i o n  o f  n i t r o c e l -  
l u l o s e  by m i c r o o r g a n i s m s  i s  n o t  p o s s i b l e  (Sin 1951; U r b a n s k i  
1 9 6 5 ,  b o t h  a s  r e p o r t e d  in Wendt a n d  K a p l a n  1976). B a r k l a y  
a n d  B o s e n b l a t t  ( 1 9 1 8 )  s t a t e  t h a t  n i t r o c e l l u l o s e  i s  essent- 
i a l l y  i n e r t  a n d  l o n g  l a s t i n g  u n d e r  m o s t  e n v i r o n m e n t a l  
c o n d i t i o n s .  S u l l i v a n  e t  a l .  (1978) comment t h a t  n i t r o c e l -  
l u l o s e  p a r t i c l e s  ( f i n e s )  r e l e a s e d  f r o m  AAPs, t e n d  t o  
a c c u m u l a t e  i n  t h e  s e d i m e n t s  of a q u a t i c  s y s t e m s  due t o  t h e i r  
p a r t i c u l a t e  c h a r a c t e r ,  low s o l u b i l i t y ,  a n d  s p e c i f i s ;  
g r a v i t y .  Once i n  t h e  s e d i m e n t s ,  i t  i s  e x t r e m e l y  s t a b l e  a n d  
may p e r s i s t  f o r  a n  i n d e f i n i t e  l e n g t h  of t i m e .  T h u s ,  t h e  
g e n e r a l  c o n s e n s u s  i s  t h a t  n i t r o c e l l u l o s e  w i l l  r e m a i n  i n  t h e  
e n v i r o n m e n t  e s s e n t i a l l y  u n c h a n g e d  a n d  any h a r m f u l  e f f e c t s  
w i l l  b e  r e s t r i c t e d  t o  i t s  h a b i t a t  a l t e r a t i o n  B 
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N i t r o c e l l u l o s e  a p p e a r s  t o  p r o d u c e  x i g n i f  i c a n t  a b P o t i c  
e n v i r o x m e n t a l  e f f e c t s  when r e l e a s e d  from AAPs. B e c a u s e  of 
i t s  f i b r o u s  n a t u r e ,  n i t r o c e l l u l o s e  w o u l d  t e n d  t o  b l a n k e t  
b e n t h i c  h a b i t a t s  ( p e r h a p s  d e p r i v i n g  o r g a n i s m s  of s r y g e n )  a n d  
f i l l  i n  i n t e r s t i t i a l  s p a c e s  u s e d  a s  c o v e r  f o r  i n v e r t e b r a t e s  
a n d  p e r i p h y t o n .  T h i s  p o t e n t i a l  f o r  h a b i t a t  a l t e r a t i o n  I s  
f u r t h e r  compounded  by t h e  a p p a r e n t  P a c k  o f  e n v i r o n m e n t a l  
d e g r a d a t i o n .  When c o n t r a s t e d  t o  t h e  l o w  t o x i c i t y  of t h e  
c o m p o a n d ,  t h i s  h a b i t a t  a 1  t e r a t i o n  b e c o m e s  a s i g n i f i c a n t  
a s p e  e t  of r e g u l a t o r y  c o n t r  01. 

3 .  A Q U A T I C  T 

3.1 ACUTE: TOXICITY TO A N I M A L S  

D a t a  a v a i l a b l e  on t h e  a c u t e  t o x i c i t y  of n i t r o c e l l u l o s e  
t o  a q u a t i c  a n i m a l s  a r e  l i m i t e d  t o  some E C ~ Q  ( m e d i a n  e f f e c -  
t i v e  c o n c e n t r a t i o n )  b a s e d  o n  i m m o b i l i z a t i o n  a n d  k C 5 ~  ( m e d i a n  
l e t h a l  c o n c e n t r a t i o n )  v a l u e s  g e n e r a t e d  by B e n t l e y  e t  
a l .  (1977). T h e  t e s t s  w e r e  p e r f o r m e d  on s e v e r a l  a q u a t i c  
m a c r o i n v e r t e b r a t e  a n d  f i s h  s p e c i e s  u s i n g  B n i t r o c e l l u l o s e  
s l u r r y  t a % e n  f r o m  p o a c h e r  p i t  f i n e s  a t  R a d f o r d  A A P  ( n i t r a -  
c e l l u l o s e  w a s  a s s a y e d  a s  11 .8  p e r c e n t  a c t i v e  
i n g r e d i e n t ) .  T h e  m a c r o i n v e r t e b r a t e s  ( D a D h n i a  m a m a ,  
Gammaras f a s c i a t u s ,  A s e l l u s  mil i t a r i s ,  a n d  Ghi ro laomus  
t e n t a n s )  w e r e  e x p o s e d  in a 250-mL b e a k e r  t o  2 0 0  mL of t e s t  
s o l u t i o n  w i t h  15 a n i m a l s  p e r  c o n c e n t r a t i o n  ( 3  r e p l i c a t e s ,  5 
a n i m a l s  p e r  r e p l i c a t e ) .  N o  e f f o r t s  w e r e  made t o  k e e p  t h e  
n i t r o c e l l u l o s e  s n s p e n d e d  in t h e  w a t e r .  T h e  f i s h  s p e c i e s  
(Lepomnis m a c r o c h i r u s ,  Sa lmo  ga i r d n e r  i ,  T c t  a l n r u s  ~ u r n c t a  t u s  ., 
a n d  P i m e p h a l e s  p r o m e l a s )  w e r e  e x p o s e d  i n  19.6-C tanks 
c o n t a i n i n g  15 E of t e s t  s o l u t i o n  w i t h  3 0  a n i m a l s  o f  e a c h  
s p e c i e s  p e r  c o n c e n t r a t i o n  (3 r e p l i c a t e s ,  10 a n i m a l s  p e r  
r e p l i c a t e )  I n  t e s t i n g  t h e  f i s h  s p e c i e s ,  t h e  n i t r o c e l l u l o s e  
w a s  k e p t  i n  s a s p e n s i o n  by m e a n s  of a m e c h a n i c a l  
s t i r r e r .  T e s t s  w e r e  s t a t i c  e x p o s u r e s  a n d  t e s t  m e t h o d s  w e r e  
b a s e d  o n  t h e  USEPA p u b l i c a t i o n ,  M e t h o d s  f o r  A c u t e  T o x i c i t f  
T e s t s  w i t h  Fish, M a e r o i n v e r t e b r a t e s ,  a n d  Amlah ib ians  ( U S E P A  
1 9 7 5 a ) .  B a s e d  o n  r a n g e - f i n d i n g  t e s t s ,  c o n c e n t r a t i o n s  o f  
5 6 0 ,  7 5 0 ,  a n d  1 , 0 0 0  m g / L  w e r e  u s e d  f o r  a l l  t e s t s p  t h e  
h i g h e s t  c o n c e n t r a t i o n  r e p r e s e n t s  a l e v e l d  t h r e e  ~ ~ d e r s  of 
m a g n i t u d e  h i g h e r  t h a n  t h a t  e x p e c t e d  i n  t h e  r e e e f v i n g  w a t e r s  
a s s o c i a t e d  w i t h  R a d f o r d  A A P .  T h e  r e s u l t s  f r o m  t h e s e  t e s t s  
w e r e  n e g a t i v e ,  w i t h  LC50 a n d  EC50 v a l u e s  )1,080 mg/k ( T a b l e :  
4 ) .  

B e n t l e y  e t  a l .  (1977) a l s o  t e s t e d  v a r i o u s  l i f e  s t a g e s  o f  
I?. l a r o m e l a s  f o r  t o r i c  e f f e c t s  f r o m  n i t r o c e l l u l o s e  a n d  t h e  
i m p a c t  o f  s e v e r a l  w a t e r  q u a l i t y  v a r i a b l e s  o n  t o x i c i t y  t o  E. 
m a c r o c h i r a s .  T h e  w a t e r  c o n d i t i o n s  t e s t e d  i n c l u d e d  B r a n g e  
of  t e m p e r a t u r e s  (15QCI 2 0 Q C ,  a n d  2 5 * C ) ,  v a r i o u s  a a t e t r  
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~ ~ r t a i i t y  t e s t o  designaa t o  give  L C ~ O  

Isasplobilizwtbon tests w e r e  designed t o  g i v e  ECgo 

Wdagtsrd from Bsxltlay e t  a l .  1977. 

T e s t  a~nimnmls W ~ P B  9-24 hours o l d  a t  s t a r t  of t e s t .  

s = s t a t i c .  

IU = not appl icable;  LC50 WBI only  determined foi f i s h  species  a d  
E C ~ Q  wit only datemined f o r  macroinsestebratas. 

%$st aninwals were javefii leo a t  s t a r t  of t e s t .  

Test animals were second OF t h i rd  i n s t a r s  at s t a r t  of t e s t .  

T e s t  aaimrle had a mesa weight of 1.8+y3.3 g and 8. standard l e q t h  
a t  s t a r t  of t 5 t t .  

a t  s t a s t  of t e s t .  
T e s t  animals; had a mesa weight of 8.9kQ.3 g and a s t a n d a r d  length 

T e s t  ~ H I I I P I I I  had a meran weight af l . 3 M . 5  g and I s tandard  length  
of 57k11 mm a i  s t a r t  of  test, 



h a r d n e s s  v a l u e s  ( 3 5 ,  1 0 0 ,  a n d  2 5 0  m g / L  C a C 0 3 ) ,  a n d  s e v e r a l  
pzI l e v e l s  (6.0, 7 . 0 ,  a n d  8 . 0 1 .  The  v a r i o u s  l i f e  s t a g e s  
( e m b r y o ,  1-hr  o l d  f r y ,  7 - d a y - o l d  f r y ,  3 0 - d a y - o l d  f r y ,  a n d  
6 8 - d a y - o l d  f r y )  w e r e  e x p o s e d  i n  s t a t i c  t o x i c i t y  t e s t s  over  81 

1 4 4 - h r  p e r i o d  f a r  t h e  e m b r y o s  a n d  9 6 - h r  p e r i o d s  f o r  t h e  
r e m a i n i n g  s t a g e s .  T h r e e  r e p l i c a t e s  o f  1 0  a n i m a l s  p e r  
r e p l i c a t e  w e r e  u s e d  f o r  e a c h  t e s t .  A s  i n  p r i o r  a c u t e  t e s t s  
w i t h  P, v r o m e l a s  a n d  I.. m a c r o c h i r u s ,  no t o x i c  e f f e c t s  w e r e  
f o u n d .  

B a s e d  o n  t h e s e  e x p e r i m e n t s ,  n i t r o c e l l u l o s e  d o e s  n o t  
a p p e a r  t o  b e  a c u t e l y  t o x i c  t o  a q u a t i c  a n i m a l s  a t  t h e  
c o n c e n t r a t i o n s  t e s t e d  u p  t o  1,006) mg/L. 

3 . 2  CHPQNIC TOXICITY TO ANIMALS 

No r e a l  c h r o n i c  t o x i c i t y  t e s t s  w i t h  a q u s t i c  o r g a n i s m s  
w e r e  l o c a t e d .  The o n l y  a q u a t i c  s t u d y  of l o n g e r  d u r a t i o n  
t h a n  a n  a c u t e  s t n d y  was  a n  e v a l n a t i o n  o f  t h e  e f f e c t s  o f  
e x p o s u r e  of two g e n e r a t i o n s  o f  C h i r o n o m u s  t e n t a n s  t o  
n i t r o c e l l u l o s e  i n  s e d i m e n t  ( B e n t l e y  e t  a l .  1977). A l t h o u g h  
a q u a t i c  e x p o s u r e  w o u l d  n o r m a l l y  be c o n d u c t e d  by m i x i n g  Pn 
w a t e r ,  C.  t e n t a n s  i s  a b u r r o w i n g  s p e c i e s  o f  midge  a n d  w o u l d  
e x p e r i e n c e  c o n t a c t  w i t h  n i t r o c e l l u l  o s e  i n  s e d i m e n t s .  A l  so  
ni t r o G e l 1 u l  o s e r e 1 e a s e  d f r om Army Amm n n i  t i on P1 a n t  s wo u l  d 
s e t t l e  on t h e  s e d i m e n t s  a n d  t h u s  this t e s t  i s  a v a l i d  
a q u a t i c  e x p o s u r e  s i t u a t i o n .  N i t r o c e l l a l o s e  i n  w a t e r  v a s  
a d d e d  t o  d r y  s e d i m e n t  a n d  t h e  r e s n l t i n g  s e d i m e n t  c o n c e n t r a -  
t i o n s  w e r e  p l a c e d  i n  a q u a r i a  w i t h  a w a t e r  v o l u m e  of 1.75 L 
e a c h  a n d  a l l o w e d  t o  s e t t l e .  One h u n d r e d  a n i m a l s  w e r e  p l a c e d  
in e a c h  t e s t  c o n c e n t r a t i o n  a n d  m o n i t o r e d  f o r  1 0  t o  1 5  d a y s  
of e x g o s n r e .  A t  t h i s  p o i n t  d a i l y  r e c o r d s  w e r e  k e p t  of  
e m e r g e n c e ,  a d u l t  s u r v i v a l . ,  a n d  e g g  p r o d u c t i o n .  When a d u l t  
m o r t a l i t y  e x c e e d e d  e m e r g e n c e ,  t h e  t a n k  w a s  c l e a n e d  s f  
f u n g u s ,  d e a d  o r g a n i s m s ,  e x u v i a e ,  a n d  r e m a i n i n g  l a r v a e  a n d  
t h e  s e c o n d  g e n e r a t i o n  w a s  i n i t i a t e d  i n  t h e  same m a n n e r  t is  
the f i r s t .  No s i g n i f i c a n t  e f f e c t s  w e r e  n o t e d  f a l l o w i n g  
e x p o s u r e  of  t h e  f i r s t  g e n e r a t i o n  t o  i n i t i a l  n i t r o c s l l n l o s e  
c o n c e n t r a t i o n s  of tap t o  5405-112 m g  n i t r o c e l l a l o s e / k g  ( d r y  
w e i g h t )  of s e d i m e n t  ( T a b l e  5 ) .  By t h e  e n d  of t h e  e x p o s u r e  
p e r i o d  f a r  t h e  f i r s t  g e n e r a t i o n  ( 2 8  d a y s ) ,  t h e  two ] h i g h e s t  
l e v e l s  h a d  d e c r e a s e d  f r o m  5 4 8  a n d  220  m g / k g  t o  <223+133 and 
<14Q m g / k g  d r y  w e i g h t ,  r e s p e c t i v e l y .  E x p o s u r e  of the: s e c o n d  
g e n e r a t i o n  t o  l e v e l s  a s  h i g h  a s  5 4 8  mg/kg a l s o  f a i l e d  t o  
p r o d u c e  a n y  s i g n i f i c a n t  e f f e c t  o n  e m e r g e n c e  o r  s u r v i v a f .  
However ,  any  c o n c l u s i o n s  f r o m  t h i s  s t n d y  m u s t  c o n s i d e r  
s h o r t c o m i n g s  i n  t h e  s t u d y  p r o t o c o l .  S i n c e  t h e  n i t r o c e l -  
l u l o s e  w a s  m i x e d  w i t h  t h e  s e d i m e n t ,  t h e  amoun t  o f  t e s t  
m a t e r i a l  t h a t  C ,  t e n t a n s  w o u l d  come i n t o  c o n t a c t  w i t h  o r  
i n g e s t  w o u l d  be h a r d  t o  d e t e r m i n e ,  t h n s  t h e  e x p o s w e  
c o n c e n t r a t i o n s  m i g h t  n o t  b e  a s  h i g h  a s  i n d i c a t e d .  
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eo nc e nt r w t i onad 
( mg /kg 1 ( I )  

cone rol  100 (6n)e 1 0 0  ( 5 2 )  

25f 200 ( 4 7 )  87 ( 7 3 )  

5Qf 116 (71) 100 (13) 

Em erg e nce 5 arv ivaP 
( % I  _____ _- ____-_-._--------- 

1 Qddf 216 ( 3 3 )  6 1  (100) 

2208 ( 2 9 ) @  211 ( 3 9 )  $7 (SO) 

5408 (%l)e 122 ( 4 5 )  35 ( 3 4 )  

a,  Each valae  represents  t h o  mean o f  four r e p l i c a t e s  per  

__I ~ l.._....l._.-..-..l.l_-_ll-_ I_x.--- _____.-.I.- 

trsatment,  N = 100/replicate. 

b. Control W P Q ~ S  i epreseat  unity a g a i n s t  which a l l  
other measurements are  compared. 

c .  Adapted from Bant ley  et. a l .  19’77. 

a.  c o n ~ e n t m i o n ,  mg n i t r o c e l  i n l o s e  per kg sediment 
( d r y  w e i g h t ) .  

e .  Coeffecient  of v a r i a t i o n ,  

f. Nominal concentrations,  t h e  m i n i m u m  d e t e c t a b l e  l i m i t  
of analytical method is 148 mg/kg, mean measured. 

g. Concentrations a t  i n i t i a t i o n  o f  exposure. 



3 . 3  TOXICITY TO PLANTS 

Two s t u d i e s  of  t h e  e f f e c t s  o f  n i t r o c e l l a l o s e  o n  a q u a t i c  
p l a n t s  w e r e  found i n  t h e  l i t e r a t u r e ,  b o t h  i n  t h e  r e p o r t  by 
B e n t l e y  e t  a l .  ( 1 9 7 7 ) .  The  a s s a y s  w e r e  p e r f o r m e d  a c c o r d i n g  
t o  m e t h o d s  d e s c r i b e d  i n  A l g a l  Assay P r o c e d u r e :  B o t t l a  A s s a p  
( U S E P A  197%). The  a l g a l  s p e c i e s ,  S e l e n a s t r n m  c a p r i c o r n n t u m  
( g r e e n  a l g a e ) ,  M i c r o c y s t i s  a e r u n i n o s a  ( b l u e - g r e e n  a l g a e ) ,  
a n d  N a v i c u l a  v e l l i c n l o s a  ( d i a t o m ) ,  w e r e  o b s e r v e d  f o r  a 
d e c r e a s e  i n  t h e  number of c e l l s  p e r  mL o v e r  a 9 6 - h r  p e r i o d  
f o l l o w i n g  e x p o s u x e  t o  n b t r o c e l l u l o s e .  A t  c o n c e n t r a t i o n s  of 
1 0 0  t o  1 , 0 0 0  mg/L, c o n c e n t r a t i o n - d e p e n d e n t  d e c r e a s e s  i n  
c e l l s  p e s  mL w e r e  n o t e d ,  p a r t i c u l a r l y  for S .  c s o r i c o r n u t u m  
( T a b l e  6 ) .  The  e f f e c t s  O I L  t h i s  s p e c i e s  w e r e  c o n s i d e r e d  
s i g n i f i c a n t  by t h e  a u t h o r s  who s t a t e d  t h a t  t h e  EC50 v a l u e s  
f o r  t h e  o t h e r  s p e c i e s  w o u l d  be >P,O08 mg/L.  I n  a d d i t i o n  t o  
e v a l u a t i n g  c h a n g e s  i n  t h e  n u m b e r s  o f  c e l l s r  B s a t l e y  e t  
a l .  (1977) a l s o  d e t e r m i n e d  t h e  e f f e c t  of n i t r o c e l l u l o s e  oa 
t h e  c h l o r o p h y l l  c o n t e n t  of t h e  t h r e e  p r e v i o u s  a l g a l  
s p e c i e s  p l u s  a n o t h e r  b l u e - g r e e n  s p e c i e s ,  Anabeana  f l o s - a a u a e  
( T a b l e  7 ) .  A g a i n  t h e  EC50 v a l u e s  f o r  s p e c i e s  b e s i d e s  
S.  c a p r i c o r n a t u m  w e r e  >1,000 m g / L .  T h e  a n t h o r s  c a l c u l a t e d  a 
9 6 - h r  EC50 v a l u e  f o r  S .  c a v r i c o r n n t u m  of  5 7 9  m g / E  w i t h  a 9 5  
p e r c e n t  c o n f i d e n c e  i n t e r v a l  r a n g e  o f  1 3 8  t o  2 , 4 0 0  m g / L .  

D i s c h a r g e s  of  w a s t e w a t e r  c o n t a i n i n g  n i t r o c e l l u l o s e  f r o m  
B a d g e r  AAP w e r e  l i n k e d  t o  h a r m f u l  e f f e c t s  o n  t h e  p e r i p h y t o n  
a n d  a l g a l  c o m m u n i t i e s  o f  a s s o c i a t e d  a q u a t i c  s y s t e m s  (Cooper 
e t  a l .  1975). S p e c i e s  d i v e r s i t y  w a s  lower i n  s t r e a m s  
r e c e i v i n g  n i t r o c e l l u l o s e  w a s t e w a t e r  t h a n  i n  r e f e r e n E e  
s t r e a m s  f o r  the. p e r i p h y t o n  communi ty .  A1 s o  t h e  s t a n d i n g  
c r o p  f o r  p e r i p h y t o n  w a s  l o w e r e d  by w a s t e w a t e r  from n i t r o c e l -  
l u l o s e  a x e a s .  For  a l g a l  c o m m u n i t i e s ,  t h e  e f f e c t s  i n c l u d e d  
l o w e r e d  n u m b e r s  o f  s p e c i e s ,  l o w e r e d  n u m b e r s  of  i n d i v i d u a l s ,  
a n d  l o w e r e d  s p e c i e s  d i v e r s i t y .  T h e s e  e f f e c t s  w e r e  B S S O C -  

i a t e d  w i t h  n i t x o c e l l a l o s e  l e v e l s  o f  <I t o  10 m g / L  i n  w a t e r ,  
a1  t h o u g h  a s s o c i a t e d  s e d i m e n t s  may h a v e  c o n t a i n e d  h i g h e r  
l e v e l s .  However ,  s i n c e  B a d g e r  A A P  a l s o  p r o d u c e s  n i l r o -  
g l y c e r i n  a n d  r o c k e t  p a s t e r  t h e  e f f e c t s  on  p e r i p h y t o n  a n d  
a l g a l  c o m m u n i t i e s  c a n n o t  be  d i r e c t l y  a n d  e x c l u s i v e l y  l i n k e d  
t o  n i t r o c e l l u l o s e .  A l s o ,  no m e c h a n i s m s  w e r e  i d e n t i f i e d  t o  
d e t e r m i n e  w h e t h e r  t o x i c  e f f e c t s  or h a b i t a t  a l t e r a t i o n  
e f f e c t s  of n i t s o c e l l a l o s e  were t h e  p r i m a r y  f a c t o r s .  

3 - 4  BIOACCUMULATIQN 

N o  d a t a  w e r e  f o u n d  t o  s u p p o r t  t h e  b i o a c c u m u l a t i o n  
( u p t a k e  a n d  s t o r a g e )  or b i o c o n c e n t r a t i o n  of n i t r o e e B l u P o s e !  
by a q u a t i c  s p e c i e s .  C o o p e r  e t  all .  ( 1 9 7 5 )  t e s t e d  t h e  t i s s n e s  
o f  c a r p  (Cyvrinas c a r p i o )  a n d  l a r g e m o o t b  b a s s  ( M i c r a p t e r u a  
s a l m o i d e s )  e x p o s e d  i n  l o c a l  s t r e a m s  t o  w a s t e r a t e r  f r o m  
]Badger A A P  f o r  b i o a c c u m u l a t i o n  of n i t r o c e l l n l o s e .  By t a k i n g  
t i s s n e  s a m p l e s  f r o m  a d u l t  f i s h  t h a t  w e r e  n a t i v e  t o  s t r e a m s  

-2 1- 



Navicula s e l l i c n l o s a  
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a, Adapted from Bentley e t  a l .  1977. 

b. Percent decrease  a s  eompaired to controls ;  c o n t r o l  represented unity 
against which a l l  other measurements are compared t o  determine percent 
decrease  B 
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k a o ~ i t .  t a  C Q B . % ~ ~ F I  n i t r o c e L X a l o s e  arzd u s i n g  i n f r a r e d  a n a l y s i s ,  
C o o p e r  c b  3 3 8 .  f o u n d  no e v i d e n c e  f o r  t h e  gressngrs; o f  n i t r o -  
c e l l u l  O S @  ( d e t e c t  i o r  1 i m i t  I O  p p m ) .  

B a s e d  on a v a i l a b l e  d a t R  f o r  f o u r  s p e c i e s  o f  m a c a o i n v e r t c -  
b r a t e s ,  f o u r  s p e c i e s  o f  fish, a n d  t h r e e  s p e c i e s  o f  a l g a e ,  
n i t r o c c l l u l o s e  d o e s  not a p p e a r  t o  h a  v e r y  t o n i c  f o r  m o s t  
a q u a t i c  s p e c i e s .  I n  t h e  m a j ~ r i t y  of e v a l u a t i o n s  t h e  E @ S O  
a n d  L C 5 0  V ~ I ~ G S  W B T C  > 1 , 0 0 8  mg/L. O n l y  f o r  t h e  e f f e c t  o n  
t h e  ~ L P o r o p h y l l  a c o n t e n t  oi Sp-g.e~~astra~nn ~aj-~icornu.t.t!-~ w a s  a 
l ower ;  v a l n a  e s t i n a t e d ,  a n  E C S O  of 5 7 8  m g / L  ( B e n t l e y  e t  
a l .  1 9 7 7 1 .  

4 .  BUMAN HEALTH EFFECTS A N D  MAMMALIAN T O X I C O L O G Y  

I n f o r m a t i o n  o n  t h e  u p t a k e ,  m e t a b o l i s m ,  a n d  e l  i m i n a * ; i o a  
o f  n i t r ~ c e l l u l o s e  i n  l a b o r a t o r y  mammals  T W S  l i m i t e d  t o  o n e  
r e p o r t .  E l l i s  e t  a l .  (1976) r o p s r t o d  t h e  r o s a P t s  o f  a 
r n e t a l ~ o l i s m  s t u d y  i n  w h i e h  t w o  a d u l t  (607 a n d  7 1 5  g BW) m a l e  
C h a r l e s  R i v e r  r a t s  w e r e  g i v e n  1 ~ 1 t r o ~ g : l l r a l o s e  ( 1 2 . 9  p e r c e n t  
n i t r o g e n  by w e i g h t )  ma B w i t h  1 4 C - l a b e k e d  c o t t o n .  T h e  
n i t r o c e l l u l o s e  w a s  c a t  a n d  g r o n l n d  t o  K s i z e  s m a l l  e n o n g h  t o  
p a s s  t h r o u g h  aft l g - g n n g e  n e e d l e  a n d  t h e n  p a t  i n t o  e i t h e r  a n  
a q u e o u s  s u s p e n s i o n  or a m e t h y l  c e l l u 8 o s e / T w e e n  $0 saaspen- 
s i o n .  A f t e r  f a s t i n g ,  t h e  r a t s  w e r e  d o s e d  by g a v a g e  w i t h  t h e  
s u s p e n s i o n s  of  n i t r o c e I l a X o s e  a t  a r a t e  o f  1 nL$100 g l d a y  
( a b o u t  20,000 dpali/mE f o r  t o t a l  r a d i o s c t i v e  d o s e s  o f  4 8 5 , 5 0 0  

m e t a b o l i s m  c h a m b e r .  E x p i r e d  C o 2 ,  f e c e s I  a n d  u r i n e  W C T E  

t h e  l a s t  d o s e ,  t h e  r a t s  w e r e  s a c r i f i c e d  a n d  v a r i o u s  o r g a n s  
@ x a m i i a e d  f o r  r a d i o a c t i v i t y  ( T a b l a  8 ) .  No d e t e c t a b l e  r a d i o -  
a c t i v i t y  w a s  f o u n d  i n  a n y  t i s s a a n s ,  body f l u i d s #  o r  i n  t h e  
e x p i r e d  @ O 2 .  R a d i o a c t i v i t y  w a s  o n l y  f o u n d  i n  t h e  g a s t x o -  
i n t e s t i n a l  t r a c t  a n d  f e c e s  s a d  t h e  a u t h o r s  c o n c l a d e d  t h a t  
t h e  n i t r o c e l l u l o s e  m o l e c u l e  v a s  n o t  a b s o r b e d  by t b s  r a t ,  

a n d  5 7 2 , 0 0 0  dpms) f o r  ~ 0 n 9  d a y s  a n a  k e p t  ill ~i ~ o t h - ~ ~ i m a a  

C O l l e G e e d  s e p 3 k a t E l y  f O F  Sn43 , lyS iS .  TVeBty-- foU3? h 0 U P S  a f t e r  

4 .1 - 2  R a m a n  S t u d i e s  

D a t a  f r o m  h u m a n  s t u d i e s  w e z s  n o t  f o u n d .  
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Tissue os T o t a l  R a d i o a c t i v i t y  Recovered (dpm) 
S nbs t  ance II 

S amp1 e s Rat No. Ib Rat No. 2c 

Stomacbd 1 6 9 , 5 7 5  6,867 

.---l__-l_I__. I_-. 

Smal l  i a t e s t i n e d  4,979 0 

Cecurnd 60,735 0 

Large i n t e s t i n e d  3,222 0 

Feces  168,579 488,720 

Ekpired a i r  

m o a  

Urine 

L i v e s  

S p l  een 

Kidneys 

Lungs 

Muscle 

a .  Adapted from E l l i s  e t  a l .  1976. 

b. Bat No .  1 r e c e i v e d  t h e  1 4 C - n i t r o c e l l u l o s e  a s  a n  
aqueous s u s p e n s i o n  with a t o t a l  r a d i o a c t i v e  dose of 
approximate ly  485 ,500  dpms ( d i s i n t e g r a t i o n s  pe r  minute)  e 

c. Rat No. 2 r e c e i v e d  t h e  1 4 C - n i t r o c e l f a l o s e  a s  a 
suspens ion  i n  0.2  p e r c e n t  m e t h y l c e l l u l o s e  .- 0.4 
p e r c e n t  Tween 80 wi th  a t o t a l  r a d i o a c t i v e  dose 
of approximate ly  572,000 dpms. 

d. P l u s  i n t e r n a l  c o n t e n t s .  
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The a r - a t e  i o x i c i t y  of  n i t r o c e l l u l o s e  i n  r a t s  a n d  m i c a  
W ~ S  deter..rrs%rnod b y  L e e  e t  a Z ,  (1975). A f t e r  f a s t i n g  16 b r ,  
m a l e  a n d  f e m a l e  C h a T l e s  R i v e r  r ~ t s  a n d  a l b i n o  S w i s s  m i c e  
w e r e  g,iiVen, by  g a s t r i c  i n t u b a t i o n ,  two d o s e a  3 0  a i a  a p a r t  

a 5 p"rc:ent  ( d r y  weight) n i t r u c e l l n l o s e  s n s p a n s i o n  in 
w a t s r ,  No t o x i c  a f f s ~ t s  w c ~ e  n o t e d  i o  t h e  c n i a a l s  m r s c a i v i n g  
t h e  B i g h o s t  d o s e  of 5 , 8 0 0  mg/fEg,  e ~ e n  a f t e r  9 4  d a y s  o f  
o ~ s o T ~ ~ ~ L G ~ ,  T w o  of 1 0  w a l e  m i c e  d i e d  a t  t h i s  d o s e ,  b u t  no  
g r o s s  l e s i o n s  w e r e  ebscr-pred laad t h e  a u t h o r s  p r o e j e c t e d  R X I  

skin a n d  e y e  i r r i t a n c y  p o t e n t i a l  o f  n l t r o c a l l n l o s a  u s i n g  
r a b b i t s ,  New Z a a l a m d  r a b b i t s  "were e x p o s e d  t o  B 3 3  p iercent  
s o l u t i o n  o f  n i t r o c e l l u l o s e  a n d  t h e  i a t s c t  a n d  a b r a i d e d  

slightly m o d i f i e d  I l r a i z e  t e s t s  w e r e  a 1  S O  n e g a t i v e .  

( d u e  t o  t h o  l a r g e  volmm.,e r c q u i r e d  f o r  t h e  h i g h e s t  dose:, of  

O f  > 5 , 0 0 0  Sllg/k.g. Let?  e t  a ] ,  ?also  t e s t e d  t h e  pTibs@.Ty 

S L P X ~  e y a s  B C T G  e ~ ; a ~ . u a t e a s  a t  2 4  2nd 'TZ lap. T B ~ S ~  

4 . 2  - 2  guman S t u d i e s  

O f i e  r e p o r t  o f  human a c n t e  r e s p o n s e  € P o r n  e x p o s u r e  t o  a 
m i x t u r e  o f  n i t r o c e l l u l o s e  a n d  n i t r o a e t h a n o  d e s o r i b e d  m a s s i v e  
i n t r r v a s c n l a r  h e m o l y s i s  f o l l o w e d  b y  sscofndaarp n e a r l o p a t b y  
with a n u r i a  ( K a i f f e r  e t  a i .  1972) The  a u t h o r s  d i d  n o t  
s p e c i f y  w h e t h e r  t h o s e  e f f e c t s  s e r e  d I l n  t o  r?xposaaae t o  n i t r o -  
c e d t u l o s e  a l o n e ,  n i t r o m a t h a n e  a l o n e ,  ox t h e  srlix;tmre. 

T o x i c  a f f e c t s  o f  n i t r o e s l l n l o s e  i n L , e s % i o a  v e r e  evaaluautek? 
i i a  tt l d - ~ a e k  subc>hrsn i@ s t u d y  b e a g l e  d o g s .  C h a r X ~ s  
R i v e r  ig6xsp a n d  a l b i n o  Swiss a i c s  ( E l l i s  e t  a l .  1976). 
D i e t a r y  l e v e l s  o f  0 ,  I t  3 ,  o r  10 p e r c e n t  ( d r y  w e i g h t )  w e f a  
g i v e x i  t o  g ~ a u p s  o f  t w o  m a l e  a n d  t w o  f e m a l e  d o g s ,  a n 4  t o  
g r o u p s  of e i g h t  m a h e  a n d  e i g h t  f e m a l e  r a t a  v.nd a c i c e .  The 
a n i m a l s  w e r e  m o n i t o r e d  f o r  e I f a c t s  o n  f o o d  s a n s ~ . ~ m p t i s n ,  b o d y  
w e i g h : ,  b l o o d  a n a l y s i s ,  o r g a n  w e i g h t s ,  ? , r d  g r o s s  a n d  
m i c s o s c o p i c  p a t h o l o g y .  Control g r o u p s  c o r ~ l s i s t e d  of R 

g r o u p  r e c e i v i n g  j n s t  a n i m a l  chow m i x t a r e  a n d  E. g r o u p  
i e e a i v i n g  10 p ~ r e a m t  c o t t o o ;  l i n t e r s  i n  t h o  d i e t  a s  a c o t f o i i  
c o n t r o l .  T b e  IO p e a c e e t  cotton l i n t e n r  c c 1 n t x a 1  g . r o ~ r  w a s  
i n c l u d e d  t o  d e i e r a i n e ,  ariy e f f e c t s  f i o a  t h e  p r s c o s s i n g  sf 
n o n n u t r i t i v e  b u l k  by  t h e  g a s t r o i n t e s t i n z i l  s y s t e m -  E s t i m a t e d  
foc i?  c s n s a n p t i o n  w a s  e l e v a t e d  i n  thc m i c e  a n d  r a t  t r e a t m e n t  
g r o u p s  due t o  t h ~  s m s u r n t  of n a n n n t ~ i t i v a  5 n I k  i n  ' ; h a i r  
d i e t s o  A t  t h ?  1 0  p e r c e n t  n i k r s c r l l ~ i l o s e  a n d  c o t t o n  l i n t e r  
I e v e 1  s ,  e p p a r o ~ t  f o o d  c o n s u m p t i o n  W D  s f a a t k i e r  i n c x m  s e d  
b a e r i o s s  of : b e  s o p a r a t i o n  o f  nitrocellulose a ~ d  c o n t r o l  



f i b e r s  fxom t h e  f e e d  d i e t s  by t h e  t e s t  a n i m a l s .  No a d v e r s e  
e f f e c t s  w e r e  f o u n d  i n  a n i m a l s  g i v e n  1 o r  3 p e r c e n t  n i t r o c e l -  
l u l o s e  i n  t h e i r  d i e t s  o s  i n  d o g s  r e c e i v i n g  10 p e r c e n t  
n i t r o c e l l u l o s e  o x  10 p e r c e n t  c o t t o n  l i n t e r  d i e t s ,  B a t s  a n d  
n i c e  r e c e i v i n g  t h e  h i g h e s t  d o s e  a n d  t h o s e  c o n t r o l s  r e c e i v i n g  
t h e  c o t t o n  f a i l e d  t o  g a i n  a s  much w e i g h t  a s  c o n t r o l s  
r e c e i v i n g  j u s t  t h e  n o r m a l  d i e t ,  b u t  d i d  n o t  show a n y  l e s i o n s  
o r  b l o o d  c h a n g e s .  Some m i c e  i n  t h e s e  two e x p o s u r e  g r o u p s  
d i e d  a p p a r e n t l y  due  t o  f i b e r  i m p a c t i o n  i n  t h e  l o w e r  i n t e s -  
t i n a l  t r a c t .  

T h e s e  s u b c h r o n i c  s t u d i e s  o f  n i t r o c e l l u l o s e  w e r e  f o l l o w e d  
up by t h e  s a m e  l a b o r a t o r y  w i t h  a two-yea r  s t u d y  u s i n g  t h e  
same d i e t a r y  l e v e l s  a n d  s p e c i e s  ( E l l i s  e t  a l .  1988). T h e  
e x p o s u r e  g r o u p s  c o n s i s t e d  of s i x  d o g s  of e a c h  s e x I  32 r a t s  
of e a c h  s e x ,  a n d  5 8  mice  of e a c h  s e x  a t  e v e r y  d o s e  l e v e l .  
B a s e d  on t h e  a v e r a g e  w e i g h t  g a i n  a n d  a p p a r e n t  f o a d  consum- 
p t i o n  d u r i n g  t h e  t w o  y e a r s ,  c a l c u l a t i o n s  w e r e  made t o  
r o u g h l y  d e t e r m i n e  e q u i v a l e n t  m g / k g / d a y  d o s e  r a t e s  f o r  t h e  
t h r e e  s p e c i e s  ( T a b l e  9 ) .  B e c a u s e  of t h e  s e p a r a t i o n  o f  
f i b e r s  f r o m  t h e  d i e t  m i x  a t  t h e  1 0  p e r c e n t  l e v e l s ,  E l l i s  e t  
a l .  made a t t e m p t s  t o  d e t e r m i n e  t h e  amoun t  o f  f i b e r  n o t  
i n g e s t e d  by t h e  a n i m a l s .  A t  t h e  1 0  p e r c e n t  n i t r o c e l -  
l u l o s e  l e v e l s ,  t h e y  c a l c u l a t e d  t h a t  o n l y  9 0  p e r c e n t  of d i e t  
m i x t u r e  w a s  i n g e s t e d ;  h o w e v e r ,  a t  the :  10 p e r c e n t  c o t t o n  
c o n t r o l  l e v e l ,  t h e  p e r c e n t a g e  w a s  e x t r e m e l y  v a r i a b l e  ( 0  t o  
IO0 p e r c e n t )  a n d  t h e  f o o d  c o n s u m p t i o n  e s t i m a t e  w a s  n o t  
r e l i a b l e .  T h e  same t y p e s  o f  o b s e r v a t i o n s  w e r e  made i n  t h e s e  
s t u d i e s  a s  i n  t h e  s u b c h r o n i c  s t u d i e s ,  w i t h  a n  i n t e r i m  
s a c r i f i c e  a n d  n e c r o p s y  of s o m e  a n i m a l s  a t  e a c h  d a s e  l e v e l  
a f t e r  o n e  y e a r  of  e x p o s u r e .  l o s t  e f f e c t s  o b s e r v e d  in t h e  
n i t r o c e l l u l o s e  t r e a t m e n t  g r o u p s  w e r e  a l s o  s e e n  i n  t h e  c o t t o n  
f i b e r  c o n t r o l  group a n d  w e r e  c o n s i d e r e d  f i b e r "  e f f e c t s  by 
t h e  a u t h o r s .  The  f i b e r "  e f f e c t s  i n c l u d e d  i n t e s t i n a l  
i m p a c t i o n ,  i n c r e a s e d  f o o d  c o n s u m p t i o n ,  a n d  d e r m a l  i r r i t a t i o n  
a n d  w e r e  a r e s u l t  of t h e  p h y s i c a l  form of  t h e  n i t r o c e l l u l o s e  
a n d  c o t t o n  f i b e r s .  D o g s  a n d  r a t s  showed a p r o p o r t i o n a l  
i n c r e a s e  i n  f o o d  e o n s u m p t i o n  r e l a t e d  t o  d o s e  l e v e l .  a n d  r a t s  
a t  t h e  1 0  p e r c e n t  l e v e l s  h a d  somewhat  l o w e r  b o d y  w e i g h t s  
t h a n  c o n t r o l s  due t o  d e c r e a s e d  body f a t  l e v e l s ,  Mice showed 
some a d d i t i o n a l  e f f e c t s ,  i n c l u d i n g  a t r a n s i e n t  i r r i t a t i o n  of 
t h e  e x t r e m i t i e s  a n d  d e a t h s  f r o m  i n t e s t i n a l  f i b e r  i m p a c t i o n  
( u s u a l l y  d u r i n g  f i r s t  week  of s t u d y ) .  T h e r e  w a s  a l s o  a 
c l u s t e r  of mouse d e a t h s  a t  t h e  10 p e r c e n t  n i t r o c e l l u l o s e  a n d  
c o t t o n  c o n t r o l  g r o u p s  a f t e r  n i n e  m o n t h s  w i t h  no a p p a r e n t  
c a u s e .  T h e s e  d e a t h s  o c c u r r e d  t h r e e  t i m e s  m o r e  f r e q u e n t l y  i n  
the 10 p e r c e n t  n i t r o c e l l u l o s e  group t h a n  in t h e  10 p e r c e n t  
c o t t o n  l i n t e r  g r o u p  a n d  E l l i s  e t  a l .  c o u l d  n o t  r u l e  Qat  a 
n i t r o c e l l u l o s e  compound e f f e c t  a s  t h e  c a a s e .  This w a s  elhe 
a n l y  e f f e c t  n o t i c e d  m o r e  f r e q u e n t l y  i n  t h e  n i t r o c e l l u l o s e  
g r o u p  t h a n  i n  t h e  c o t t o n  g r o u p .  E l l i s  e t  a l .  c o n c l u d e d  t h a t  
n i t r o c e l l n l o s e  i n  t h e  d i e t  a c t s  a s  n o n n u t r i t i v e  b u l k  a n d  b a s  
no a d v e r s e  e f f e c t s  a t  t h e  1 0  p e r c e n t  l e v e l  i n  d o g s  ( a p p r o x i -  
m a t e l y  5,135 m g / k g / d a g  for m a l e s  a n d  5 , 7 3 3  m g / k g / d a y  f o r  

# I  

# I  
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Rat 13 aB 
( n m l  e )  1 3  wk 

13 wk 
13 wk 
13 wl 

Rat 13 wk 
( f m a l  e 1 1 3  nk 

1 3  wk 
13 wk 
1 3  wk 

Mouse 13 wk 
(mal e )  13 wk 

1 3  wk 
1 3  wk 
1 3  ark 

E'ouse 1 3  wk 
( f e m a l e )  1 3  wk 

13 wk 
13 wk 
13 w% 

@Q B 1 3  wk 
( m a l e )  13 wk 

13 wk 
13 wk 
13 uvk 

Do 8 13 wk 
( f e m a l e )  1 3  wk 

13 vk 
13 Wk 
13 w'c 

Bat 24 mo 
( f e m n l  E )  24 mo 

24 P O  
25 ma 
24 mo 

0 4 1 5 . 3  26 .o 0 
10Cf 3 3 6 , s  67.3 18 ,982f  
1 415-0  26.9 648.2 
3 489 .o 31  . * I  2 , 3 7 8  
10 349.5 5 8 . 1  15 * 524 

0 253.3 17 .§ 0 
iacf 246.8 52.2 21. * 159. 
1 2 3 9 . 0  2,o.  1 841 .o 
3 264 "0 22 .9  2,502 
10 250.5 4 6 . 5  18,553 

0 32.2 

1 29.9 
3 31 .% 
10 25.8 

l O C f  27.9 
4 . 9  
1 3 . 6  
4 . 9  
5.4  
1 9 . 2  

0 25.7 4 . 2  
10Cf 2 3 . 3  12.2 
1 2 7 . 3  4 . 7  
3 2 3 . 3  5 . 6  
10 21.4 9.7 

0 
48,746 
1 ,638 .8  
5,192 
74 ,419 

0 
52,361 
1,721 - 6  
7 . 2 2 0  
45.327 

0 3,650 7 20 0 
1 6 C f  13,100 637 5 , 1 6 8  
1 12,025 637 529.7 
3 10,125 709 1,983 
10 11,350 7 01 6,176 

0 ' 1 ,950  554  
10Cf 7 , 8 0 0  64 I 
1 10,725 652 
3 6,900 53 9 
10 9,275 730 

0 71Oh: 
lOCf 565g 
1 7 3 3 8  
3 T l B g  
10 5498 

0 416& 
l O C f  3578 
1 428g 
3 465g 
IO 3 7 5 g  

0 
8 d 218 
607 .9  
2,778 
7,871 

27.2 0 
54.1 9,575 
2 5 . 2  3 8 4  - 7  
3 0 . 1  1 , 2 6 1  
4 8 . 3  8 , 7 9 8  

18.6 
45.9 
19.2 
21.5 
3 8 . 9  

0 
12 9 857 
448.6  
1,394 
1 0 , 3 7 3  

-2 8- 



--_1-1_ 

Spec ie s  Tes t a  NC Doseb Body WeightC Food Intaked Calcula ted  Dosee 
(Sex) Burat i on  - (%I ( 8 )  (g /dayl  Img/kg/ day) _-__ 

Mouse 
(male) 

Mouse 
( female)  

Dol3 
(mal e )  

Dog 
( f emal e )  

24 mo 
24 mo 
24 mo 
24 mo 
24 mo 

24 mo 
24 mo 
24 mo 
24 mo 
24 mo 

24 mo 
24 mo 
24 mo 
24 mo 
24 mo 

24 mo 
24 mo 
24 mo 
24 mo 
24 mo 

0 
10Cf 
1 
3 
10 

0 
l O C f  
1 
3 
10  

0 

1 
3 
1 0  

0 

1 
3 
10 

10Cf 

44 
38.78 
42.68 
N A ~  
38.38 

37 
34.2 
34.8 
34.7 
33.7 

11,7678 
11,5671 
NA 
NA 
11,3338 

9,200g 
9,2008 
NA 
NA 
9,1331 

5 . 9  
15 .8  
6.5 
6.7 
13.8 

6.2 
12.8 
6.4 
6 . 5  
14.9 

422 
514 
45 3 
456 
5 82 

411 
4 92 
428 
429 
5 24 

0 
40,827h 
1 * 526 
mj 
36,031k 

8 
37,427h 
1,839 
9,620 
44,214k 

0 
4,444 
ND 
ND 
5 > 135 

0 
5,348 

MD 
5,737 

a. 

b.  

c. 

a. 
e. 

f .  

$ 0  

h. 

i .  

9 .  
k. 

Data on 13-ark t e s t s  from E l l i s  e t  a l .  1976 and d a t a  on 24 g10 t e s t  from 
E l l i s  e t  a l .  1980. 

Dose of n i t r o c e l l u l o s e  (Ne) given  a s  a percentage of d i e t .  

Average body weight i n  grams. 

Average food consumption i n  grams per  animal per  dag.. 

Calcu la ted  dose i n  mg/kg/day using food in t ake ,  body weight,  and percent  
dose. 

10C = Cotton con t ro l  group with 10 percent  co t ton  f i b e r s  in d i e t .  

Valnes t aken  from graph based on 3 t o  6 p o i n t s .  

Values are u n r e l i a b l e  due to v a r i a b l e  amounts of f i b e r  removed farm d i e t  
mix by animals.  

NA = d a t a  not a v a i l a b l e .  

NI) = not determined. 

Valnes a r e  high due t o  s e p a r a t i o n  of f i b e r  from d i e t  by animals;  f o r  w e  
i n  c r i t e r i a  c a l c u l a t i o n s ,  number g iven  w i l l  be reduced by P O  percent .  

-2 9- 



B a s e d  o n  t h e  s a b c b r o n i c  a n d  c h i o a i c  s t u d i e s  p a r f o r r s e d  b y  
E l l i s  a n d  h i s  ~ o - w o r k e ~ s ~  t h e  l o n g - t e r n  e f f e c t s  o f  n i t r o c e l -  
l u l o s e  S ~ E W  t o  b e  m i n i m a l  a n d  c o r r e s p o n d  w e l l  ~ i t h  t h e  l a c k  
sf e f f  B C B  s i n  a c a t e  s t u d i e s , >  T h e  i p e , - - o b ~ c r ~ a $ l - ~ * ~ e - r s e - r f f  e c t  
1 e v a l s  w ~ r @  ~ p g ~ o x i m a t c l y  5 , 1 3 5  t o  5 , 7 3 7  m g / k g b d a y  ( f o r  
d o g s )  a n d  a p p r o x i m a t e l y  8 , 7 9 8  t o  10,373 m g / k g / d a y  ( f o r  r a t s )  

f r a n k  e f f e c t - l e v e l  I F E L )  o f  a p p r o x i m a t e l y  3 2 , 4 2 8  t o  3 9 , 7 9 3  
m g / ] c g / d a y  ( i l a s a a  90 p e r c e n t  o f  36,031 t o  44,214 m e g / ) r g / a a y  
l e v e l s  for skin i r r i t a t i o n  a n d  d e a t h  i n  m i c a ) .  T h e s e  v a l a - l c s  
a r e  p r o b a b l y  a r t i f i c i a l l y  h i g h  b s c w n s e  c a l c u l a t i o n s  o f  f o o d  
c o n s u a p t i s n  a n d  i n g e s t e d  n i t r o ~ e l l u l o s e  d i d  n o t  a c c o n n t  f o r  
s s p a r s t i o s s  of t h e  n i t r s a c ~ l ~ l a s e  f i b e r s  f r o a  t h e  d i e t  
m i x t u r e  by t h e  a n i m a l s .  

the D I I ? ~  o b s ~ ~ ~ ~ ~ . - ~ ~ v ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~  l e v e l  w s z s  B 

4 . 3 . 2  Human S t u d i e s  

Data f r o m  human s t u d i e s  w e r e  a z ~ t  f o a n d .  

4 . 4  G E N O T O X I C I T Y  

The g e n n t o x i c  e f f e c t s  o f  n i t r o c e l l a l o s e  w e r e  s t u d i e d  i a  

e t  a 1 .  (19'78) e x p o s e d  S a l m o n e l l a  t y p h i m u r i n m  s t r a i n s  TA-$8,  
TA-100 ,  TA-1535, T A - 1 5 3 7 ,  a n d  T A - I 5 3 8  t o  n i t r o e c l l a l s s s  

n u m b e r  o f  r e v e r t a n t  c o l o n i e s  pen: p l a t e  w e r e  c o a m t c d ,  None  
o f  t h e  t e s t e d  c o n c e n t r a t i o n s ,  v i t h  O Q  w i t h o u t  S - 8  a c t i v -  
a t i o n ,  i n c r e a s e d  s i g n i f i c a n t l y  t b c  n u m b e r  o f  r e v e r t a n t  
c o l o n i e s  o v e t  c o n t r o l s .  T h e r e f o r e ,  n i t r o o e l l n l o s e  w a s  
c o n s i d e r e d  2 s  b e  n s n g c n o t o x i c  by t h e  a a t h o r s .  

S c v e P I X  s h a x t . - t e r m  a s s a y s ,  i n c l u d i n g  t h e  &%SS t e s t .  E l l i s  

c o n c e n t r a t i o n s  o f  0, 100, P , O O O  a n d  5 , 0 0 0  g l p l a t e  a n d  t h e  

I n  a l a t e r  s t u d y  f r o E  t h e  s a r e  l a b o r s t o r y ,  E l l i s  e t  
a l .  (1980) e v a X u a t 8 d  t h e  c y t o g e n e t i c  e f f e e t s  in r a t s  f e d  
n i t r o c e l l u l o s e  i n  t h e  d i e t  f o r  24 months. C e l l  c u l t n r e s  
vert p r e p a r e d  a s i n g  b l o o d  l y m p h o c y t e s ,  b o n e  marrow c e l l s ,  
a n d  k i d m a y  c e l l s  t a k e n  from C h a r l e s  R i v e r  r a t s  e x p o s e d  t o  0 ,  
1 ,  3 ,  o r  P O  p e r c e n t  n i t r o c s l l n P o s e  d i e t s .  From t h e s e  
c u l t ~ r e s ~  c e l l  p l o i d y  w a s  e s t i m a t e d  by e x a m i n i n g  200 c e l l . s ,  
a n d  chromssomc s were c o a n t s d  a n d  ~ b s e r v o d  f 01' m o r p h o l o g i c a l  
a b e ~ r a t i o a s  by l o o k i n g  a t  5 8  m e t a p h a s e  c e l l s .  N o  s b g n i f i -  
G a n t  c h r o m c o o m a l  a f f e c t s  w e r e  n o t c d  i n  t h i s  c v a l n a t i s n .  t h u s  
s u p p o r t i n g  t h e  a : a t h o r s  e a r l  i e r  conclusion t h a t  a i t r o c c l -  
Z u l o s s  i s  n o t  g e m a t o r i c .  

-3 0 -  



4 .fi DI&VELOPlVIENTAL/ZPEPRODUCTIVE TOXICITY 

4 .S .I _Animal S t p a d i e s  

D a t a  o n  t h e  d e v e l o p m e n t a l  t o x i c i t y  of  n i t r o e e l l a l o s e  a r e  
1 i m i t e d  p r i m a r i l y  t o  a t h r o e  g e n e r a t i o n  r e p r o d u c t i v e  s t u d y  
u s i n g  C h a r l e s  R i v e r  r a t s  ( E l l i s  e t  a l .  3 . 9 8 0 ) .  N i t r o c e l -  
l u l o s e  w a s  f e d  i n  t h e  d i e t  a t  l e v e l s  o f  0 ,  I, 3 ,  a n d  3.0 
p e r c e n t ,  a n d  a c o n t r o l  of 10 p e r c e n t  c o t t o n  l i n t e r s  w a s  
u s e d .  T e n  m a l e s  a n d  2 8  f e m a l e s  f r o m  e a c h  d o s e  g r o u p  w e r e  
m a t e d  a f t e r  b e i n g  o n  t e s t  d i e t s  f o r  6 months  a n d  w e r e  u s e d  
a s  t h e  p a r e n t a l  g r o u p  (FQ)). The  f i r s t  o f f s p r i n g  ( F l a )  w e r e  
d i s c a r d e d  a f t e r  w e a n i n g  a n d  t h e  .Is0 r a t s  w e r e  m a t e d  a g a i n  t o  
p r o v i d e  t h e  s e c o n d  g e n e r a t i o n  r a t s  (Fib). T h e s e  r a t s  w e r e  
m a t e d  a n d  t h e i r  o f f s p r i n g  ( F 2 a  a n d  F 2 b )  t r e a t e d  i n  t h e  
same m a n n e r  a s  t h e  F a  r a t s .  The  F2b r a t s  w e r e  m a t e d  a g a i n  
t o  f o r m  t h e  t B i r d  g e n e r a t i o n  ( F 3 a  a n d  F3b). T h e  f e r t i l i t y  
o f  t h e  m a l e s  a n d  f e m a l e s  a p p e a r e d  n o t  t o  b e  a f f e c t s d  by t h e  
n i t r o c e l l u l o s e ,  w i t h  m a t i n g  r a t i o ,  p r e g n a n c y  r a t i o ,  a n d  
r a t i o s  of  f e r t i l e  t o  m a t e d  m a l e s  o r  f e m a l e s  n o t  signifi- 
c a n t l y  d i f f e r e n t :  f r o m  c o n t r o l s .  For t h e  r e p r o d u c t i v e  
p a r a m e t e r s ,  t h e  r e s u l t s  w e r e  a l s o  g e n e r a l l y  n o t  s i g n i f i c a n t  
( T a b l e  $ 0 )  w i t h  o n l y  random c h a n g e s  i n  l i t t e r  s i z e ,  
l i v e - b o r n  i n d e x ,  b i r t h  w e i g h t ,  v i a b i l i t y  i n d e x r  o r  r a t i o  of 
m a l e s  t o  t o t a l  o f f s p r i n g .  S i g n i f i c a n t  r e d u c t i o n s  d i d  
o c c u r  i n  t h e  l a c t a t i o n  i n d e x  a n d  i n  t h e  w e i g h t  of p u p s  a t  
w e a n i n g  i n  t h e  3.0 p e r c e n t  n i t r o c e l l u l o s e  a n d  10 p e r c e n t  
c o t t o n  l i n t e r  g r o u p s .  T h i s  s u g g e s t s  t h a t  t h e  n i t r o c e l l u l o s e  
d o e s  n o t  d i r e c t l y  a f f e c t  r e p r o d u c t i o n ,  b u t  t h e  e f f e c t s  o f  
t h e  f i b e r s  c a n  c a u s e  s o m e  a d v e r s e  c o n s e q u e n c e s  o n  r e l a t e d  
p r o c e s s e s ,  such a s  n u t r i t i o n .  

4 . 5 . 2  Human S t u d i e s  

T W Q  r e p o r t s  i n  t h e  B u l g a r i a n  l i t e r a t u r e  w e r e  f o u n d  t h a t  
r e l a t e d  e x p o s u r e  t o  o r g a n i c  s a l v e n t s  a n d  n i t r o c e l l a l o s e  
l a c q u e r s  i n  the w o r k  e n v i r o n m e n t  t o  o c c u r r e n e e  of o b s t e t r i c  
a n d  g y n e c o l o g i G  d i s e a s e s  or p r o b l e m s  ( P a a o v a  31967, 1968). 
No s p e c i f i c  d e t a i l s  w e r e  g i v e n  i n  t h e  a b s t r a c t  r e g a r d i n g  t h e  
d e g r e e  of  i n v o l v e m e n t  of  n i t r o c e l l u l o s e  in t h e s e  ~ e ~ s p a -  
t i o n a l .  e x p o s u r e s .  

4 . 6  C A R C I N O G E N I C I T Y  

4 . 6  .I Animal S t u d i e s  

T h e  c h r o n i c  t w o - y e a r  s t u d i e s  i n  d o g s ,  r a t s ,  a n d  m i c e  
p e r f o r m e d  by E l l i s  e t  a l .  (1980) a n d  d e s c r i b e d  in S e c t i o n  
4 . 3  a l s o  i n c l u d e d  t i s s u e  e x a m i n a t i o n s  for c a r c i n o g e n i c  
e f f e c t s p  n o  l e s i o n s  o r  t u m o r s  w e r e  f o u n d  i n  t h e s e  s t u d i e s .  
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b ,  V i a b i l i t y  indsr i a  g i v e n  i o  parcantage of l ive-born pupe s u r v i v i n g  t o  4 days. 

C .  L a c t a t i o n  i d e x  i s  g irea  l o  p e r ~ l s n t a a e  of ~ O U L U I  a l i v e  a t  day 4 a n r v i v i n g  t o  reanina.  

d.  h a a s  S t l a d a d  Error a d ,  i s  psseotbiaiaa, tho a m b e r  of l i t t e r a  inc lndrd i n  tho a a a n .  

0 .  S i g n i f i E t i n t l l  ditfrxsnt f X a  the  mean v a l Q e  Of t h e  r e r p a c t i v e  C O r P P r O l  1 i t t . h .  

i. Ped 10 percent E G ~ U O ~  l i n t e e r ,  



4 . 6 . 2  Human S t u d i e s  

The  only r e p o r t  o n  c a r c i n o g e n i c  e f f e c t s  o f  n i t r o c e l -  
l u l o s e  d e s c r i b e s  a n  e p i d e m i o l o g i c a l  s t u d y  of a p l a s t i c s  
p l a n t  t h a t  p r o d u c e s  c e l l o l l o s e  n i t r a t e ,  c e l l u l o s e  a c e t a t e ,  
g o  1 yv i n y l  b u ty r a 1, 
p r o d u c t s ,  a n d  m e l a m i n e s .  O c c u p a t i o n a l  e x p o s a r e  categories 
f o r  t h i s  p l a n t  i n c l n d e d  s t y r e n e  p o l y m e r i z a t i o n ,  p o l y s t y r e n e  
p r  o c e s s i ng po  1 y v i a y  1 
c h l o r i d e  processing, v i n y l  a c e t a t e  c a p o l y m e e i i z a t i o n I  
c e l l u l o s e  a c e t a t e  s h e e t  p r o d a c t i o n ,  e e l l u l o s e  n i t r a t e  
p r o c e s s i n g ,  c e l l u l o s e  a c e t a t e  p r o e e s s i n g ,  r e s i n  
p r o d u c t  i o n / p r o c e s s i n g ,  g ~ l g r v i n y l  b u t y r a l  sheet p r o d n e t  ion, 
p o l y v i n y l  b u t y r a l  p r o c e s s i n g ,  aPcohoP r e c o v e r y ,  a n d  p l a t i n g  
o p e r a t i o n s .  A r e v i e w  o f  t h e  m o r t a l i t y  among w o r k e r s ,  b a s e d  
o n  j o b  a n d  w o r k  l o c a t i o n ,  was p e r f o r m e d  u s i n g  a m a t c h e d  
c a s e - c o n t r o l  s t u d y  n e s t e d  w i t h i n  a r e t r o s p e c t i v e  c o h o r t  
d e s i g n  ( H a r s h  19839. A g e n e r a l  c o m p a r i s o n  sf m o r t a l i t y  
among 2 , 4 9 0  m a l e  wage e a r n e r s  w i t h  c h e m i c a l  e x p o s u r e  ( r o u t e s  
n o t  s p e c i f i e d )  a n d  who w o r k e d  a t  l e a s t  o n e  y e a r  i n  t h e  p l a n t  
b e t w e e n  1949 a n d  1966 d i d  i n d i c a t e  a s l i g h t  i n r r e a s t :  i n  
d i g e s t i v e  c a n c e r  r a t e s  a n d  a s i g n i f i c a n t  i n c r e a s e  ( P  ( 0 . 0 5 )  
i n  g e n i t o u r i n a r y  c a n c e r  r a t a s  a b o v e  t h e  l o c a l  c a n c e r  r a t e s .  
When j o b  t y p e  a n d  w o r k  l o c a t i o n  v a r i a b l e s  w e r e  a n a l y z e d ,  a 
p o s s i b l e  a s s o c i a t i o n  b e t w e e n  r e c t a l  c a n c e r  a n d  c e l l u l o s e  
n i t r a t e  p r o d u c t i o n  w a s  i n d i c a t e d .  a l t h o u g h  n o t  a t  s t a t i s t i -  
c a l l y  s i g n i f i c a n t  l e v e l s .  T h e  o d d s  r a t i o s  f o r  a l l  d i g e s t i v e  
s y s t e m  c a n c e r s  c o m b i n e d  showed B R  i n c r e a s e  w i t h  l e n g t h  o f  
e x p o s u r e  t o  c e l l u l o s e  n i t r a t e  p r o d u c t i o n ,  r a n g i n g  f r o m  
a r a t i o  o f  1.07 f o r  o n e  m o n t h  t o  1.91 f o r  f i v e  y e a r s  t o  2 . $ 5  
f o r  ten y e a r s .  I n  t e r m s  of s p e c i f i c  c a n c e r s ,  B s t a t i s t i -  
c a l l y  s i g n i f i c a n t  o d d s  r a t i o  o f  8 , 9 0  (P C C a , S >  f o r  r e c t a l  
c a n c e r  a n d  c e l l 1 u l o s e  n i t r a t e  p r o d u ~ t i o a  w a s  f o u n d  ( b a s e d  o n  
f o u r  e x p o s u r e  c a s e s ) .  A l t h o u g h  t h e s e  r e s u l t s  do g e n e r a t e  
s o m e  c o n c e r n  a b o u t  t h e  c a r c i n o g e n i @ i t y  of  n i t r o c e l l a 1  o s e a  
Marsh  c a u t i o n s  t h a t  t h e s e  d a t a  m e r e l y  s u g g e s t  a n  a s s o c i -  
a t i o n ,  a n d  many c o n f o u n d i n g  f a c t o r s ,  s u c h  a s  c h e m 3 c a l s  a t h e r  
t h a n  n i t r o c e l l u l o s e  i n  t h e  p ~ o d n c t i o n  a ~ e a ,  c o u l d  b e  
r e s p o n s i b l e  fox t h e  o b s e r v e d  xatios. 

f o r m  a l  d e  by d e pe, 1 y s t y r  e n e ,  v i n y l  c h l  o r  i d e  

v i m y  P c h l  o r  i de  po 1 yme r i z a t i on, 

T h e  a v a i l a b l e  d a t a  on t h e  human h e a l t h  e f f e c t s  a n d  
mammal ian  t o x i c i t y  of n i t r o c e l l u l o s e  e x p o s u r e  i n  w a t e r  
g e n e r a l l y  i n d i c a t e  t h a t  i t  i s  v i r t u a l l y  n o n t o x i c ,  T h e  
a c u t e  toxicity d a t a  i n d i c a t e d  L D ~ Q  w a l a e s  i n  e x c e s s  of 5 , 0 0 0  
m g f k g .  S u b c h r o n i c  a n d  c h r o n i c  t o x i c i t y  s t u d i e s  i n  
l a b o r a t o r y  a n i m a l s  i n d i c a t e d  t h a t  i t  i s  h a r m f u l  o n l y  d u e  t o  
i t s  p h y s i c a l  e f f e c t s  in t h e  d i g e s t i v e  t r a c t  ( f i b e r  
i m p a c t i o n )  e G e n o t o x i c i t y  a n d  d e v e l o p m e n t a l  t o x i c i t y  
s t u d i e s  d i d  n o t  d e m o n s t r a t e  a n y  s i g n i f i c a n t  ~ Q X ~ G  e f f e c t s  
a n r e l a t e d  t o  t h e s e  f i b e r  e f f e c t s .  C a r c i n o g e n i c i t y  d a t a ,  
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A f e w  r e f e r a a c e s  w e r e  f o u n d  t h a t  s u g g e s t e d  g a i d o l i n c s  or 
V E P l t i B S  f o r  s a f e  e x p o s u r e  l e v e l s  f o r  n i t T O C a : I l U l o 8 6 s .  The 
USEBh ( 1 8 7 5 b 3  p u b 1  i s h s d  a n  e f f l n c n t  g n i d a l  i n e  s t a n d a n d  f o x  
c e l l u l o s e  n i t r a t e  p r o d u c t i o n  d e s i g n e d  t o  1 i m i t  t h e  a l l o w a b l e  
p o l  1 u t a  m t  s or p o l l ~ t a n t  c h a r n  a t  zx i s t  P C S ,  They r e c o m m e n d s  d 
maximum d a i l y  v a l u a s  f o r  c ~ l l a . 1 0 ~ ~  n i t r n l ; r ,  oE: 9 . 4  P b / I . O Q O  
l b  p r o d n . c t  f o r  b i o l o g i c a l  o x y g e n  datnand,  4 1  lb/1,000 I b  
p r o d u c t  for c h e m i c ~ l  oxy’gsac d e m a n d P  a a d  2 . 5  lb/1.000 l b  
p r o d r s @ t  f o r  t o t a l  s u s p s n d s d  s o l i d s .  T h o s e  V D I P ~ S  w e r e  
c h o s t ? n  t o  a c c o u n t  f o r  t h e  a p p l i c a t i o n  o f  t h e  b e s t  a v a i l a b l e  

B v a l u e  f o r  s u s p e n d e d  s r s l i d s  c o n c e n t r a t i o n  of  ( 2 5  ppm 
p l ~ o p s s % d  by t h e  A m m n u i t i o a  P r s c o r e m e n t  ~ n d  S u p p l y  A g e n c y  for 
a i t x o c e l l u l o s e  f i n e s .  5 i a r t y n o - v ~  e t  SI. (19789, i n  a 
d i s c a s s i o n  of e f f e a t s  from o c c u p a t i o n a l  e n p o s u r i ?  t o  t h e  
s y n t h e t i c  n i t r o c s l l n l o s c  polymissr n i t r o r i : ,  r e c o m m e n d e d  a 
maximnsnm p e r w i s s i b ~ e  c o n c e n t r a t i o n  o f  5 m g / m 3  f o r  a a s t  i n  
a i r .  No f c d c r a l  or s t a t e  %a.t@l” q u a l i t y  s t a n d a r d s  o r  
g u b d a l i r n c s  w e r e  x e p o x i c d  f o r  n i t n . o c e 4 k a . l n s a  i n  R r e ’ v i e w  by 
C o g l e y  e t  81.  (1979). 

t e; c b n o l  ogy  e c o n o m  i @ a 1  By a c h i  e v  ab1 e .  bi le l ton ( 1 9 7 6 )  r e p o r t e d  

5 “ 2  O C C U P A T I O N A L  E X P O S U R E  

R e p o r t s  o f  o c ~ u p k t i o n a l  e a p s s ~ r e  t o  n i t r o c e l l a l o s r  a p e  
l i m i t e d  a n d  doad. p r i n c i p a l l y  w i t h  e x p o s u r e  io m f x t u r e s  
c o n t a i n i n g  n i t x s c e l l u l o s e  a n d  r a r i o n c  o t h e r  c h e m i c a l s .  

A l l e r g i c  c o n t a c t  d e r m a t i t i s  r e s u l t i n g  fxom c o n t s n ~ t  w i t h  
21 il  l a .  c q a a r s  c o n t a i n i n g  ai t r o c a k l n l o  s e ,  p3a s t i c  S a .  e r ,  
s o l v s s l t ,  c o l o r i n g  a g e n t ,  aaad a d h s s i v e s  ( s a l f o n s ~ i d ~  a n d  
f s x m a 2 . d e h y d c  r e s i n s )  v a s  r e p o r t e d  by Kim e t  a k .  (19773. The 
f a c e  a n d  n e c k  % e r e  r s w a l l y  a f f e c t e d :  bnet,“ $ g a i n ,  a d i r e c t  
link t o  n i t r o a e . 1 X u l o s e  w a s  not c s t s b l i s h s d ,  



M a r t y n o v a  e t  s l .  (1978) r e p o r t e d  t h e  e f f e c t s  o f  e x p o s u r e  
t o  d u s t s  of  s y n t h e t i c  p o l y m e r s  i n c l n d i n g  n i t r o n  ( a  synonym 
of n i t r o c e l l u l o s e )  e I n t h e  a b s t r a c t ,  t h e  a u t h o r s  comment 
t h a t  e x p o s u r e  p r o d u c e d  weak f i b r o g e n i c  a n d  g e n e r a l  t o x i e  
e f f e c t s ,  a l t h o u g h  no s p e c i f i c  l i n k  to n i t r o n  w a s  m e n t i o n e d .  

d i  
st 

E n g i b a r y a n  a n d  F r a n g n l y s n r  (19 3 )  e x a m i n e d  t h e  a l l e r g i c  
s e a s e s  ~ c c n r r i n g  w i t h  e x p o s a r e  t o  h e x a m e t h g l e n e i d a m i n e ,  
y r e n e ,  v a r n i s h ,  t i t a n i u m  o x i d e ,  a n d  n i t r o e e l f n l o s e  a n d  

f o n n d  t h a t  m o s t  o f  t h e  33.0 w o r k e r s  e x a m i n e d  d e v e l o p e d  a t o n i c  
f o r m s  of b r o n c h i a l  a s t h m a ,  a l l e r g i c  r h i n i t i s ,  o r  
d e r m a t i t i s .  A g a i n  a s p e c i f i c  c o n n e c t i o n  b e t w e e n  n i t r o c e l -  
l u l o s e  a n d  t h e  o b s e r v e d  e f f e c t s  w a s  n o t  made .  

An e p i d e m i o l o g i c a l  s t u d y  e v a l u a t i n g  t h e  p o t e n t i a l .  f o r  
i n c r e a s e d  m o r t a l i t y  d u e  t o  c e r t a i n  d i g e s t i v e  a n d  g o n i t o -  
u r i n a r y  c a n c e r s  f o l l o w i n g  e x p o s u r e  t o  c h e m i c a l s ,  i n c l u d i n g  
n i t r o c e l l u l o s e ,  i n  a p l a s t i c s  p r o d u c i n g  p l a n t  w a s  r e p o r t e d  
by Marsh  (1983). A n  a s s o c i a t i o n  b e t w e e n  n i t r o c e l l u l o s e  
p r o d u c t i o n  a n d  r e c t a l  c a n c e r  w a s  i n d i c a t e d ,  b u t  Marsh  
c a u t i o n s  t h a t  t h e  s i g n i f i c a n c e  of  t h i s  f i n d i n g  s h o u l d  n o t  be  
o v e r l y  e m p h a s i z e d  d u e  t o  t h e  low n u m b e r s  a n d  c o n f o u n d i n g  
f a c t o r s  i n v o l v e d  i n  t h e  a n a l y s i s .  

5.3 PREVIOUSLY CALCULATED CRITERIA 

P r e v i o u s  a t t e m p t s  w e r e  made to c a l c u l a t e  a w a t e r  q u a l i t y  
c r i t e r i o n  v a l u e  for n i t r o c e l l u l o s e  b a s e d  o n  t h e  t h e n  c u r r e n t  
USEPA g u i d e l i n e s  ( S s l l i v a n  e t  a l .  1978). The  a u t h o r s  l o o k e d  
a t  t h e  a v a i l a b l e  i n f o r m a t i o n  ( e s s e n t i a l l y  t h e  same a q u a t i c  
d a t a  c o n t a i n e d  i n  t h i s  r e p o r t )  a n d  c o n c l u d e d  t h a t  t h e  
t o x i c i t y  of n i t r o c e l l u l o s e  t o  a q u a t i c  s p e c i e s  i s  v e r y  ISW t o  
n i l .  T h e r e f o r e ,  t h e y  f e l t  t h a t  n i t r o G e l l a l o s e  s h o u l d  be 
r e g u l a t e d  b a s e d  o n  p h y s i c a l  f a c t o r s  a l o n e ,  a n d  r ecommended  
t h a t  t h e  USEPA c r i t e r i a  f o r  s o l i d s  a n d  t u r b i d i t y  s e r e  
s u f f i c i e n t  f o r  c o n t r o l :  

S e t t l e a b l e  a n d  s u s p e n d e d  sol ids s h o u l d  not r e d u c e  t h e  
d e p t h  of t h e  @ o m p e n s a t i o n  p o i n t  for p h o t o s y n t h e t i c  
a c t i v i t y  by more t h a n  10 p e r c e n t  f r o m  t h e  s e a s o n a l l y  
e s t a b l i s h e d  norm f o r  a q u a t i c  l i f e . ' #  ( U S E P A  1976). 

a 9  

I n  a c t u a l  l e v e l s ,  s e v e r a l  f i g n r e s  m i g h t  b e  a p p l i c a b l e  
f o r  r e g u l a t i o n  o f  n i t r o c e l l u l o s e .  A v a l n e  o f  10 ppm w a s  
g i v e n  for t o t a l  s u s p e n d e d  s o l i d s  ( T S S )  i n  w a s t e w a t e r  
d i s c h a r g e s  ( B a r k l e y  a n d  R o s e n b l a t t  1978) e F o r  p o i n t  s o u r c e  
c a t e g o r i e s  of w a s t e w a t e r  d i s c h a r g e d  f r o m  a n  e x p l o s i v e s  
m a n u f a c t u r i n g  s i t e ,  a maximum v a l u e  o f  0 . 2 5  kg/1,000 kg of 
p r o d a c t  a n d  a n  a v e r a g e  of d a i l y  v a l u e s  for 30 d a y s  of 0 . 0 8 4  
kg/B,000 kg o f  p r o d u c t  w e r e  g i v e n  f o r  T S S  ( U S E P A  19841. F o r  
p o i n t  s o ~ r c e  c a t e g o r i e s  o f  w a s t e w a t e r  d i s c h a r g e d  f rom B 

Load, A s s e m b l e ,  a n d  Pack f a c i l i t y ,  t h e  maximurn v a l u e :  f o r  
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A n o t h e r  a t t e m p t  t o  c a l c ~ l a t e  a i t ~ o e a l l o l o s s  w a t e r  
q u a l i t y  c r i t e r i a  a s i n g  E P b  g u i d e l i n a s  f o r  a g n a t i c  a n d  Irruaan 
h a ; a l t h  W E I S  madr:  by t h e  U . S .  A r ~ y  Y e d i c a l  B i o e a g i n c e s i n g  
P a s c n r e h  ~ n d  D e v e P o p m s n t  L a b o r a t o r y  (USh.kra%tRDL) i n  a n  i n t e r i m  

1953). This r e p o r t  c o n c l a d e d  t h a t  r e c o m m e n d a t i o n  of 
c r i t e r i a  B B S  n o t  j u s t i f i e d  b a z a n s e  o f  t h e  i n s o l u b i l i t y  o f  
n i t r o c e l l u l o s e  i o  w a t e r  a n d  t h e  g e n e r a l  l a ~ k  of  t o x i c i t y  t o  
m a m m a l  i a n  a n d  n r q a w t i c  s p e c i e s  f o % P s w i n g  e x p a s u r e ,  

r e p o r t  io t h e  S u r g e o n  G & S L $ P 1 6 1 ' $  O f f i c e  ( U . S .  A r m y  1982, 

,4 w a t e r  q u a l i t y  c r i t e r i o n  d e s i g n e d  t o  p r o t e c t  a q a a t i c  
1 i f c  w a s  e s t i m a t e d  by B e n t l e y  e t  m l .  (1977). T h e y  b e s e d  
t h e i r  e s t i m a t e  (1x0. B 9 6 - h r  EC50 vsalne f o r  S~lenq-$-g-tg 
sapricaxnatum ( 5 7 3  mgSL) m u l t i p l i e d  by an. a p p l  i c a t i o g l  f a c t o r  
of  0.1. B e n t l e y  e t  a l .  f e l t  t h c  r o s ~ B t i m g  V S P L U B ,  5 0  mg/l, 

s h o u l d  p x o v i d e  r e a s o n a b l e  p r o t a c t i o n  o f  a q u a t i c  l i f e . "  I 1  

5 . 4  A Q U A T I C  C R I T E R I A  

D a t a  a u a i l a h l e  f o r  c a l c u l a t i n g  a q i i l a t l c  c r i t e x i a  f o r  
n i t r o c a h l a 8 o s e  do n o t  m e e t  a l l  t h e  a e q a i r e m a n t s  s p e c i f i e d  by 
t h e  USEPA g u i d e l i n e s  ( S t e p h a n  e t  & I 9  19$5), t h n s  s t r i c t l y  
s p e a k i n g  one s P n o i ~ L B  n o t  c a l c u l a t e  a q u a t i c  c r i t e r i a ,  
H@veve:,  bccarrsse most o f  t h e  d a t a  i n d i c a t e  t h c  s a m e  l e v e l  of 
t o x i c i t y ,  a n  a t t e m p t  w a s  m a d e  t o  s e n e r a t e  r a t e r  q ~ a l i t y  
c r - i t s a i a  u s i n g  t h e  f o r m a l a  p r o v i d e d  i n  t h e  TiSEPh g n i d s l i n e s  
( S t e ~ l h a n  e t  81. 1985). D e s p i t e  n o t  t e s t i n g  a ; . ~ o n g h  gercerw. 
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a n d  not u s i n g  f l o w - t h r o u g h  t e s t s .  t h e  c a l c u l a t e  PAY, 1,808 
m g / L ,  w o u l d  be e x p e c t e d  t o  be c o n s e r v a t i v e l y  a c c u r a t e  
b e c a u s e  a l l  of t h e  a c a t e  v a l n e s  w e r e  >9,000 mg/L. Not 
e n o u g h  d a t a  w e r e  a v a i l a b l e  f o r  c a l c u l a t i n g  i FCV, w i t h  t h e  
o n l y  n o n i l c u t e  t e s t  f a i l i n g  t o  d e m o n s t r a t e  a d v e r s e  e f f e c t s  a t  
c o n c e n t r a t i o n s  u p  t o  5 4 0  mg n i t r o c e l l o l o s e / k g  s e d i m e n t  
( d r y  w e i g h t )  ( T a b l e  5 ) .  The  F i n a l  R e s i d a e  V a l u e  a l s o  c o u l d  
n o t  be c a l s a l a t e d  d u e  t o  a l a c k  of d a t a .  The p l a n t  v a l u e ,  
a n  E@50 b a s e d  o n  c h l o r o p h y l l  a d e c r e a s e  a n d  t a k e n  f r o m  t h e  
l o w e s t  v a l u e  of a l l  t e s t s ,  w a s  5 7 9  mg/L,. 

Due t o  t h e  l a c k  of d a t a  on  c h r o n i c  e f f e c t s  a n d  f i n a l  
r e s i d u e  v a l u e s .  m e a n i n g f u l  c r i t e r i a  c a n n o t  be c a l c u l a t e d .  
T h u s  t h e  a v a i l a b l e :  d a t a  c o u l d  o n l y  i n d i c a t e  t h e  r e l a t i v e  
t o x i c  p o t e n t i a l  of n i t r o c e l l u l o s e .  

5 . 5  BUYAN HEALTH CRITERIA 

D a t a  on n i t r o c e l l u l o s e  h a v e  n o t  shown any s i g n i f i c a n t  
c a r c i n o g e n i c  p a t t e r n .  A l s o ,  r e l i a b l e  e v i d e n c e  f r o m  human 
e x p o s u r e s  ( e i t h e r  t h r e s h o l d  or n o n t h r e s h o l d  e f f e c t s )  w a s  n o t  
a v a i l a b l e  f o r  c a l c u l a t i n g  a human h e a l t h  c r i t e r i o n .  
T h e r e f o r e ,  t h e  c h r o n i c  a n d  s u b c h r o n i c  a n i m a l  d a t a  g e n e r a t e d  
by E l l i s  e t  a l .  (1980) w e r e  u s e d  t o  g e n e r a t e  t h e  f o l l o w i n g  
c r i  t e r i o t n .  B e c a u s e  t h e  on1 y o b s e r v e d - a d v  e r  s e - e f f e c t - l e v e l  
o c c n r r e d  i n  t h e  2 - y r  mouse  s t n d y ,  t h e  c r i t e r i a  c a l c u l a t i o n s  
w e r e  b a s e d  o n  t h a t  s p e c i e s .  T h e  f r a n k - e f f e c t - l e v e l  w a s  
d e t e r m i n e d  t o  b e  a t  c o n c e n t r a t i o n s  of a p p r o x i m a t e l y  3 2 , 4 2 8  
m g / k g / d a y  ( m a l e s )  a n d  39,793 m g / k g / d a y  ( E e m a l e s )  €or a n  
u n e x p l a i n e d  c l u s t e r  of d e a t h s  j u d g e d  s i g n i f i c a n t  by t h e  
a u t h o r s .  W i t h i n  t h i s  mouse  s t u d y ,  t h e  h i g h e s t  
n o - o b s e r v e d - a d v e r s e - e f f e c t - l e v e l  ( N Q A E L )  w a s  a p p r o x i m a t e l y  
5 , 6 2 0  m g l t g l d a y  for f e m a l e s  (no m g / k g / d a y  e s t i m a t e  w a s  
a v a i l a b l e  f o r  m a l e s  a t  t h i o  d i e t  l e v e l ) .  A p p l y i n g  a n  
u n c e r t a i n t y  f a c t o r  of 100 t o  t h e s e  NOAEL d a t a ,  a s  recom-  
mended by t h e  USEPA (1980) g u i d e l i n e s ,  a n d  m u l t i p l y i n g  b y  7 
kg g i v e s  a human ADP: ( a c c e p t a b l e  d a i l y  i n t a k e )  o f  3 , 9 3 4  
m g l d a y .  I n s e r t i n g  t h i s  A D 1  i n t o  t h e  human h e a l t h  c r i t e r i o n  
e q u a t i o n  g i v e s  a human h e a l t h  c r i t e r i o n  of 1,967 x n g / k g / d a y .  

A D 1  - (DT + IN) 
C = I Z L  i- ( 0 . 0 0 6 5  krg x BCF)1 

’ 

3 , 9 3 4  - (0 + 0) # 

C = 12L + ( 0 . 0 0 6 5  k g  x 013 

w h e r e ,  
C = c r i t e r i o n ,  
DT = n o n f i s b  d i e t a r y  i n t a k e ,  
I N  = i n h a l a t i o n  i n t a k e ,  
2L = d a i l y  w a t e r  i n t a % e  i n  l i t e r s ,  
0 . 0 0 6 5  kg = d a i l y  d i e t a r y  f i s h  i n t a k e ,  a n d  
BCF = b i o c o n e e n t r a t i o n  f a c t o r ,  
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O f  c o n r s e  t h e s e  d r i l y  i a t a t e  v a l u e s  a r e  b a s e d  OD. a p p r o x i -  
m a t i o n s  o f  t h e  amount of n i t r o c e l l u l o s e  e a t e n  by t h s  m i c e  i n  
t h c i r  dietary e x p o s u r e s  r a d  may r e p r e s e n t  I n i g B a r  l o v s l s  thna 
n c t n a l l y  i a g e s t e d .  B a s e d  o n  p h y s i c w l l c h e m i c a l  p r o p e r t i e s  of 
n i t r o c a l l x i l o s e  a n d  o c c u g a t i o n a l  e x p o s n r e  d a t a . ,  t h e  n o n - f i s h  
d i e t a r y  a n d  i n h a l a t i o n  i n t a k e s  W Q T C  a e s a w s d  t o  b e  z ~ ; i ' o .  
A l s o ,  b a s e d  o n  t h e  l i m i t e d  d a t a  of E l l i s  l e t  a S ,  (1976), t h e  
b i o c s a c e n t r a t i s a  f a c t o r  w a s  a s s u m e d  t o  b e  zero. T h e s e  
voia!:nes s u g g e s t  t h a t  n i t r o c s ~ l n l o s e  i s  not a s a j o r  c o n c e r n  
f o r  hnmam h e a l t h  f a l l o v i n g  a x p s s v r e  t o  a q u a t i c  c o n c s a t r -  
a t i o n s  o f  n i t r o ~ e l l a l o o e  associated w i t h  tbs m a n a f a c t u r i n g  
or p r o c e s s i n g  i n  A r m y  Aamnani t iaa  P l a n t s .  

5 . 5  WESEARCB wsco 

1. A c u t e  a q n a t i s  t e s t s  n s i n g  s p e c i e s  from a g e n u s  
i n  a p h y l u m  o t h e r  t h a w  Arthropodtn or C h s ~ d s a t a  
( e .  g. , Anne1 i d a  o r  

2 .  C h r o n i c  t e s t s  ilt; t h r e e  d i f f e r s a t  a q u a t i c  
f a m i l i e s  w h e r e  a t  l e a s t  one i s  zp f i s h ,  o n e  i s  
a n  i n v e r t e b r a t e ,  a n d  O B B  i s  a s e n s i t i v e  
f r e s h w a t e r  s p e c i e s ,  

3 .  B i a s o n c e n t t a t i o n  d a t a  f o r  a n  a p p r o p r i a t e  
a q u a t i c  s p e c i e s  o r  on t h e  s i g n i f i c a n c e  o f  
r e s i d u e s  i n  a g n a t i c  s p e c i e s .  

4 .  More p r e c i s e  d a t a  f r o m  c h r o n i c  d i e t a r y  e x p o s u r e  
s t u d i e s  i n  l a b e r a t o r y  m a m m a l s .  p a r t i c n l a s l y  
r e g a r d i n g  d o s e s  a c t u a l l y  i n g e s t e d ,  

5 .  P o s s i b l e  e f f e c t s  o f  n d t r s c e l l u 8 o s e  f i b e r s  o n  
r e s p i r a t o r y  f u n c t i o n  i n  a n i m a l s  t h a t  u s e  g i l l s .  
e . g . ,  f i s h  m o r t a l i t y  due t o  m ~ c o u s  b a i l d n p  
o n  the g i l l s  from physical i r r i t a t i o n  by 
f i b e r s ,  

6 .  F u r t h e r  e v p a l n w t i o n  o f  tbs s n ~ g c s t e d  l i n k  
be t w e e  XI o c ~ n g a  t i o n a l  
a n d  r e c t a l  C I I O C B ~ .  

ai t r o  c ell 1 r r l  o se  e ago s u r e  

5 .  E x a m i n e  t h e  e f f e c t  of  n i t r o c e l l a l o s s  f i b e x s  on 
~ ~ a ~ i i o p h g i t s  c o m m n n i t i e s ,  0 .  g ,  d s c z - e a s t ?  
p h o t o s y n t h e s i s  due t o  f i b e r  b ~ i l d a p .  
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T h e  a v a i l a b l e  d a t a  on n i t r o c e l l u l o s e  i n d i c a t e  t h a t  i t s  
t o x i c i t y  i s  s o  l ow t h a t  e x t e n s i v e  t e s t i n g  w o u l d  p r o b a b l y  n o t  
r e v e a l  a d d i t i o n a l  s i g n i f i c a n t  i n f o r m a t i o n .  O n l y  one a r e a  
t h a t  l a c k s  s i g n i f i c a n t  d a t a  s h o u l d  b e  e v a  m a t e d  by fXlKtbes 
r e s e a r c h :  c h r o n i c  t o x i c i t y  t o  a q u a t i c  a n i m a l s .  A s t u d y  
( e . g . ,  a n  e a r l y  l i f e  s t a g e  t e s t )  e v a l u a t i n g  t h e  i m p a c t  of 
n i t r o c e l l u l o s e  i n  t h e  w a t e r  c o l u m n  ( m a i n t a i n e d  i n  
s u s p e n s i o n )  o n  a n  a p p r o p x i a t a  f i s h  s p e c i e s  s h o u l d  be  
c o n d u c t e d .  If t h e  r e s u l t s  f r o m  t h i s  t e s t  i n d i c a t e  t h a t  t h e  
i m p a c t  of n i t r o c e l l u l o s e  i s  m i n i m a l ,  t h e n  t h e  r e c o m m e n d a t i o n  
of t h i s  r e v i e w  i s  t o  c 0 a s e  a c t i v i t y  a i m e d  a t  p r o d u c i n g  w a t e r  
q u a l i t y  c r i t e r i a  a n d  t o  r e g u l a t e  n i t r o c e l l u l o s e  b a s e d  on i t s  
p h y s i c a l  e f f e c t s  o n  a q u a t i c  h a b i t a t s .  W a s t e w a t e r  d i s c h a r g e s  
f r o m  A A P s  s h o u l d  b e  m o n i t o r e d  f o r  c o l o r ,  s u s p e n d e d  s o l i d s ,  
a n d  d i s s o l v e d  s o l  ids, w h i s h  a r e  c h a r a c t e r i s t i c s  o f  n i t r o c e l -  
l u l o s e  t h a t  w i l l  h a v e  t h e  most s i g n i f i c a n t  i m p a c t  o n  t h e  
a q u a t i c  s y s t e m s  a s s o c i a t e d  w i t h  m a n u f a c t u r i n g  a n d  p r o d a c t i o n  
a t  AAPs.  This r e c o m m e n d a t i o n  i s  f u r t h e r  s n g p o r t e d  by 
t h e  c o n c l u s i o n s  o f  S u l l i v a n  e t  a l .  (19781, USEPA ( 6 9 ’ 7 6 1 ,  a n d  
USAFRBRDL (U. S .  Army 1982, 1983). 
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The Polloaintq sumnary i s  I con eased versiaa of the 19 
Enviromacrntsl Protection Ageacy (USEPA) gubdelfncro for caloalatinp a 
ra ter  qnalitp cr i ter ia  t o  protect eqtratia life and is slanted towards 
tho specific regullatoq needs of the aS A r q -  ( e .g . ,  discussion of 
saltwater aspects of the cr i ter ia  caladaitian are  a o t  banclubed). The 
guidelines are  the most recent document outlinins the ruqaixed 
oedures and were written by the folkawing researchers fram the 

ioasl  resaaxch l a b o r a t o r i e s :  C,E. dtciaphm, D. I. Mormt, D - 3 .  . Gantilis, G.A. Chapma, and W.L B r n g t .  Por g r e ~ t e r  d e t a i l  on 
indivfdnal points consu l t  Staphaa et. a f .  r[XSSS), 

1. INTRODUCTION 

The Guide l ines  fsr Deriving Numerical Nat ional  Water Q u a l i t y  C r i -  
I_.-- t e r i a  for t h e  P r o t e c t i o n  of Aquatic Organisms and Their Uses desc r ibe  an 
o b j e c t i v e ,  i n t e r n a l l y  c o n s i s t e n t ,  and appropr i a t e  way of es t imat ing  
n a t i o n a l  c r i t e r i a .  Because a q u a t i c  l i f e  can t o l e r a t e  some s t r e s s  and 
occas iona l  adverse e f f e c t s ,  p r o t e c t i o n  of a l l  s p e c i e s  a11 of t h e  t ime 
was not deemed necessary.  I f  accep tab le  d a t a  a r e  a v a i l a b l e  f o r  a l a r g e  
number of appropr i a t e  taxa  from a v a r i e t y  of taxonomic and f u n c t i o n a l  
groupsl a reasonable  l e v e l  of p r o t e c t i o n  should be provided i f  a l l  
except a m a l l  f r a c t i o n  a r e  p ro tec t ed ,  un le s s  a commercially, 
r e c r e a t i o n a l l y ,  o r  s o c i a l l y  important s p e c i e s  was very  s e n s i t i v e .  'p%e 
small  f r a c t i o n  i s  s e t  a t  0.05 because o t h e r  f r a c t i o n s  r e s u l t e d  i n  c r i -  
t e r i a  t h a t  seemed t o o  h igh  o r  t o o  low i n  comparison wi th  t h e  s e t s  of 
da t a  from which they were ca l cu la t ed ,  Use of .05 t o  c a l c u l a t e  a F i n a l  
Acute Value does not imply t h a t  t h i s  percentage o f  a v e r s e l y  a f f e c t e d  
taxa  should be used t o  decide i n  a f i e l d  s i t u a t i o n  whether a c r i t e r i o n  
i s  appropr i a t e .  

To be accep tab le  t o  t h e  p u b l i c  and useful i n  f i e l d  s i t u a t i o n s ,  pro- 
t e c t i o n  of aqua t i c  organisms and t h e i r  uses  should be def ined  a s  preven- 
t i o n  of unacceptable  long-term and short- term e f f e c t s  on (1) c o m e r c i -  
a l l y ,  r e c r e a t i o n a l l y ,  and s o c i a l l y  important spec ie s  and (2) (a)  f i s h  
and benth ic  i n v e r t e b r a t e  assemblages i n  r i v e r s  and s t reams and (bP f i s h ,  
benth ic  i n v e r t e b r a t e ,  and zooplankton assemblages i n  1 akes, r e s e r v o i r s ,  
e s t u a r i e s ,  and oceans.  These n a t i o n a l  guide1 ines  have been developed on 
t h e  theory  t h a t  e f f e c t s  which occur on a s p e c i e s  i n  appropr i a t e  labora- 
t o r y  t e s t s  w i l l  g e n e r a l l y  occur on t h e  same s p e c i e s  i n  comparable f i e l d  
s i t  ua t i ons . 

Numer ica l  aqua t i c  l i f e  criteria der ived  us ing  these nat iana 
gu ide l ines  a r e  expressed a s  two numbers, so t h a t  t h e  c r i t e r i a  ca 
a c c u r a t e l y  r e f l e c t  t o x i c o l o g i c a l  and p r a c t  i c a l  r e a l i t i e s .  T h e  combina- 
t i o n  of a maximum concen t r a t ion  and a cont inuous concen t r a t ion  i s  desig-  
ned t o  provide adequate  p r o t e c t i o n  of a q u a t i c  l i f e  and i t s  ns@$ fx 
acute  and chronic  t o x i c i t y  t o  animals ,  t o x i c i t y  t o  plaints, and 



bioacc imnla t iow by haqshatic organisms WithQUC be; og a s  r e s t r i c t i v e  a s  a 
o m - n m h o r  c r i t e r i o n  waavJ169 have t o  1pc in order t o  p rov ide  t h e  stme 
degree  of g s s t  e c t  ion, 

criteria prodPncc~ by t h e s e  g ~ i a e i i ~ ~ ~ s  S ~ O I I I ~  be u s s - f ~ i  for aeBoio- 
p i n g  v a t e r  qual  i t y  s t a n d a r d s ,  n i x i n g  zone s t a n d a r d s ,  and effluent stan- 
dards, Development of such s t a n d a r d s  may have  t o  c o n s i d e r  a d d i t i o n a l  
factors  such a s  s o c i a l ,  l e g a l ,  eoonrsmic, and a d d i t i o n a l  b i o l o g i c a l  d a t a ,  
T t  may he  d e s i r a b l e  t o  d e r i v e  s i t e - s p e c i f i c  s t i t a r i a .  from t h e s e  zaationa;l 
c r i t e r i a  t o  r e f l e c t  l o c a l  c o n d i t i o n s  (USEPA 6982). The two f a c t o r s  t h a t  
mag cause  t h e  r a s p .  d i f f e r e n c e  between the  n a t i o n a l  and s i t e - s p e c i f i c  
c r i t e r i a  a r e  t h e  S p e G P e s  t h a t  w i l l  be exposed end the c h a r a c t e r i s t i c s  of 
t h e  wa te r ,  

C r i t e r i a  shou ld  provide  r e a s o n a b l e  and adequate  p r o t e c t i o n  with 
on ly  a .mall p s s s i b i l  i t y  of c o n s i d e r a b l e  o v e r p r o t e c t i o n  or onderp ra t ec -  
t i o n .  I t  i s  not emugh t h a t  P c r i t e r i o a  be the b e s t  e s t i m a t e  o b t a i n a b l e  
using a v a i l a b l e  d a t a ;  i t  i s  e q u a l l y  impor tan t  t h a t  a c r i t e r i o n  be: 
d e r i v e d  only i f  adequate  a p p z o p r i a t o  d a t a  a r e  a v a i l a b l e  t o  p r o v i d e  
r e a s o n a b l e  conf ideace  that i t  i s  8 good e s t i m a t e .  'p%nus, t h e s e  guide l -  
i n e s  r q n i r e  t h a t  certain d a t a  be a v a i l a b l e  i f  a c r i t e r i o n  i s  t o  be 
der ived .  If a l l  t h e  r e q u i r e d  d a t a  are not a v a i l a b l e ,  u s u a l l y  a cr i -  
t e r i o n  should not  be der ived ;  hawever, a v a i l a b i l i t y  of a l l  r e q u i r e d  d a t a  
does not ensure t h a t  a c r i t e r i o n  can  be d e r i v e d ,  T h e  amzbmt of guidance: 
i n  t h e s e  n a t i o n a l  g u i d e l i n e s  i s  s i g n i f i c a n t ,  but much of i t  i s  neck:%-- 
sasr i ly  q u a l i t a t i v e  r a t h e r  t h a n  q u a n t i t a t i v e ;  ma& jndsement w i l l  be  
r e q u i r e d  t o  d e r i v e  a w a t e r  q u a l i t y  criterion for a q u a t i c  l i f e .  All  
necessaxy d e c i s i o n s  shornSd be based on B thorough knowledge of a q u a t i c  
t ox ico logy  and an unders tanding  of these g a i d e l i m s  and should  be con- 
s i s t e n t  wi th  the s p i r i t  of  t h e s e  g u i d e l i n e s  - which i s  t o  makc bes t  use  
of a l l  a v a i l a b l e  d a t a  t o  d e r i v e  t h e  mas t  appropriate c r i t e r i o n .  

I. Each separate  chemical  that  d o e s  c o t  ionize s i g n i f i c a n t l y  i n  
most  natural  b o d i e s  of w a t e r  should be cons ide red  a separate  
m a t e r i a l ,  cxcept p o s s i b l y  f o r  strncturwlly s i m i l a r  organic 
com,po;ands  hat only e x i s t  i n  l a r g e  q u a n t i t i e s  a s  commercial 
mixtures of t h e  v a r i o u s  compounds and aappaasently have s i m i l a r  
b i o l o g i c a l ,  chemical :  p h y s i c a l ,  and  t o x i c o l o g i c a l  properties. 

2 .  For chmicaPs  t h a t  do i o n i z e  s i g n i f i c a n t l y ,  a l l  forms t h a t  
would be i n  chcmical e q n i l i b s i w  sbon ld  nsually be  c o n s i d e r e d  
one m a t e r i a l .  Each d i f f e r e n t  o x i d e t i o n  s t a t e  o f  a meta l  and 
each d i f f e - r e n t  n o n i o n i z a b l c  ~ s v a l a n t l y  bonded organornetall i c  
~ o m p o ~ n d  should u s ~ w 1 1  y be cons ide red  a sepa ra t e  m a t e r i a l  

3 .  D e f i n i t i o n  of t h e  material shsn ld  Inclisda a n  o p e r a t i o n a l  
a n a l y t i c a l  c o ~ ~ p s n c n t .  T t  i s  a l s o  necesszry t o  reference or 
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desc r ibe  a n a l y t i c a l  methods that.  t h e  term i s  in t snded  t o  
denote.  Primary requirements  of t h e  ope ra t iona l  ana ly t ica l .  
component i s  t h a t  i t  be appropr i a t e  f o r  use on samples of 
r ece iv ing  water ,  t h a t  i t  be compatible with t o x i c i t y  and 
b i o a c c m u l a t i o n  d a t a  withont  making e x t r a p o l a t i o n s  t h a t  a r e  
t o o  h y p o t h e t i c a l ,  and t h a t  i t  r a r e l y  r e s u l t  i n  anderprotec-  
t i o n  of a q a a t i c  l i f e  and i t s  ases .  

NWE: Analy t i ca l  chemistry of t h e  m a t e r i a l  may have t o  be 
considered when de f in ing  t h e  m a t e r i a l  o r  when judging accep- 
t a b i l i t y  of some t o x i c i t y  t e s t s ,  b a t  a c r i t e r i o n  should n o t  
be based on s e n s i t i v i t y  of an a n a l y t i c a l  method. m e n  aqua- 
t i c  organisms a r e  more s e n s i t i v e  than  a n a l y t i c a l  techniques,  
t h e  proper  s o l u t i o n  i s  t o  develop b e t t e r  a n a l y t i c a l  methods, 
not t o  underprotect  a q u a t i c  1 i f e .  

1. Col lec t  a l l  a v a i l a b l e  da t a  on t h e  m a t e r i a l  cwncerning ( a )  
t o x i c i t y  t o ,  and b i o a c c m u l a t i o n  by, aquatic.  animals and 
p l a n t s ;  ( b )  FDA a c t i o n  l e v e l s  (FDA Guidel ines  Manual); and 
I C )  chronic  feeding  s t u d i e s  and long-term f i e l d  s t u d i e s  wi th  
w i l d l i f e  t h a t  r e g u l a r l y  consume a q u a t i c  organisms. 

2 .  A l l  d a t a  used should be a v a i l a b l e  i n  typed, da ted  and s igned 
hardcopy with enough s u p p ~ ~ t i n g  informat ion  to i n d i c a t e  t h a t  
accep tab le  t e s t  procedures  w e r e  used and t h e  r e s u l t s  should 
be r e l i a b l e .  

3 .  Ques t ionab le  da t a ,  whether publ ished or not ,  should not  be 
used. 

4 .  Data on t e c h n i c a l  gxade m a t e r i a l s  may be used i f  appropr ia te ,  
but da ta  on formulated mixtures  and emulsif  i a b l e  concen t r a t e s  
of t h e  t e s t  m a t e r i a l  should not  be used. 

5 .  For some h i g h l y  v o l a t i l e ,  hydrolyzable ,  o r  degradable materi-  
a l s  i t  may be appropr i a t e  t o  only use r e s u l t s  of flow-through 
t e s t s  i n  which concen t r a t ion  of t e s t  m a t e r i a l  i n  t e s t  solu- 
t i o n s  were measured us ing  accep tab le  a n a l y t i c a l  methods. 

6. Do not rise da ta  obtained us ing  b r i n e  shximp, s p e c i e s  t h a t  da 
not  have reproducing w i l d  popula t ions  i n  North America, or 
organisms t h a t  were p rev ious ly  exposed t o  s i g n i f i c a n t  concen- 
t r a t i o n s  of t h e  tes t .  m a t e r i a l  or o the r  contaminants.  
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1. Resul ts  of a c c e p t a b l e  a c a t a  t e s t s  ( s e e  S e c t i o n  5 )  with 
f r e s h v a z e r  a n i a a l s  i n  zt l e e s t .  c i & t  different f s z i l i s s  .sa& 
t h a t  a l l  of t h e  f o l l m i n g  are i n c l u d e d :  

a .  the f a m i l y  SaXmnonidae in t h e  c l a s s  Q s t e i c h t h y e s ;  

b. a second f a m i l y  ( p r e f e r a b l y  an important  wa,rmwate.r 
s p e c i e s )  i n  t h e  c l a s s  O s t e i c h t h y e s  ( e .  g. , b l u e g i l l ,  
f a t h e a d  m i n n o w ,  or charnmo7 c a t f i s h ) ;  

c. a t h i r d  f a m i l y  i n  the  p h y l m  &ordata  ( c . g ,  f i s h  OT 

amph i b i  an) ; 

31. a p l a n k t o n i c  c r u s t a c e a n  ( a ,  g, c l a d o c e r a n  o r  copepod); 

e. a b e n t h i c  c r u s t a c e a n  ( e . g .  o s t r a c o d ,  isopod,  o r  amphi- 
pod 1 ; 

g. a fami ly  i n  a phylam o t h e r  thari  Arthropoda or Chordaka 
( c o g ,  k n a l i d a  or l o l l a s c a ) ;  and  

h .  a family in any o r d e r  o f  i n s e c t  OT any & y a m  not 
I epr e sen t  e d I 

2 .  Acute-chronic r a t i o s  ( s e e  S e c t i o n  7 )  f a r  s p e c i e s  a€ a q u a t i c  
an imals  i n  s t  l e a s e  t h r e e  d i f f e r e n t  f a m i l i e s  provided t h a t  of 
t h e  t h r e e  s p e c i e s  a t  l e a s t  (a) one i s  a f i s h ,  (Fa) one i s  an 
i n v e r t e b r a t e ,  and ( c )  one is a s e n s i t i v e  f r e s h w a t e r  s p e c i c s ,  

3 .  R e s u l t s  of st l e a s t  one a c c e p t a b l e  t e s t  w i t h  a f r e s h w a t e r  
a l g a  or a chronic t c s t  w i t h  n f r e s h w a t e r  Y ~ S C ~ B P  p l a n t  ( s e e  
S e c t i o n  9 ) .  If p l a n t s  a r e  among t h c  a q a a t i r  organisms t h a t  
are most s e n s i t i v e  t o  t h e  m a t e r i a l ,  r e s a l t s  of a t e s t  w i t h  2 
p l a n t  i n  a n o t h e r  phylm ( d l v i s i o n P  should  be a v a i l a b l e .  

4 .  A t  l e a s t  one a c c e p t a b l e  b i o c o n c e n t r a t i o a  f a c t o r  determined 
with an r g p r o p r i a t e  a q u a t i c  S ~ B O C ~ P S ,  i f  a m a x i a m  p e r m i s s i b l e  
t i s s u e  c o n c e n t r a t i o n  i s  aw;2ilable ( s e a  S e c t i o n  10). 

I f  a l l  r e q u i r e d  d a t a  a r c  sva i i lab le ,  a numerical criterion G E T  rnsually- be 
der ived;  exeegt. i n  s p e c i a l  c a s e s .  For example, i f  a c r i t e r i o n  i s  t o  be 
xtelated t o  a w a t e r  q n a l i t y  c h a r a c t e r i s t i c  ( s e e  Sections 6 srad 8 ) ,  more 
d a t a  w i l l  be necessary. Similarly i f  a l l  required d a t a  a ~ e  not avails- 
b l o  a numerics? c r i t e r i o n  s h m l d  not be d e r i v e d  except in s p e c i a l  c a s e s .  
For cxample,  even i f  not enon& a c a t a  and chron ic  d a t a  a r e  a v a i l a b l e ,  i t  
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may be p o s s i b l e  t o  de r ive  a c r i t e r i o n  i f  the tca. c l e a r l y  i n d i c a t e  t h a t  
t h e  F i n a l  Residue Value would be much lower than  e i t h e r  t h e  F i n a l  
Qron ic  Value ox t h e  F i n a l  P l a n t  Value. Confidence i n  a c r i t e r i o n  
u s u a l l y  i n c r e a s e s  a s  t h e  amount of d a t a  increases .  Thus, a d d i t i o n a l  
da t a  a r e  u s u a l l y  d e s i r a b l e ,  

5 .  FINAL ACUTE VALUE 

1. The F ina l  Acute Valne (FAIT) is an es t ima te  of the concentra- 
t i o n  of aaater ia l  corresponding t o  a c m u l a t i v e  p r o b a b i l i t y  of 
0 . 0 5  i n  t h e  acu te  t o x i c i t y  va lues  f o r  t h e  genera with which 
acu te  t e s t s  have been conducted on t h e  m a t e r i a l .  However, in 
s m e  cases ,  i f  t h e  S p e c i e s  Mean Acute Value fS 
important spec ie s  i s  lower than  t h e  c a l c u l a t e d  FAV, then t h a t  
S W V  r ep laces  t h e  FAV t o  p r o t e c t  t h a t  important spec ies .  

2.  Acute t o x i c i t y  t e s t s  should have been conducted asing accep- 
t a b l e  procedures  ( e .  g. ,  ASTM Standard  E 724 or 7 2 9 )  

3. General ly ,  r e s u l t s  of acu te  t e s t s  i n  which food was added t o  
t h e  t e s t  s o l u t i o n  should not be used, u n l e s s  da t a  i n d i c a t e  
t h a t  food d i d  no t  a f f e c t  t e s t  t e s a l t s .  

4 .  R e s a l t s  of acute  t e s t s  conducted i n  unusual d i l a t i o n  water ,  
e .g . ,  d i l u t i o n  water  con ta in ing  h igh  l e v e l s  of t o t a l  o rganic  
carbon or p a r t i c u l a t e  m a t t e r  (h ighe r  t han  5 mg/L) should not 
be ased,  un le s s  a r e l a t i o n s h i p  i s  developed between t o x i c i t y  
and organic  carbon o r  n n l e s s  da t a  show t h a t  organic  Garbon o r  
p a r t i c u l a t e  ma t t e r ,  e t c .  do not a f f e c t  t o x i c i t y .  

5 .  Acute v a l u e s  should be based on endpoin ts  which r e f l e c t  t h e  
t o t a l  adverse impact of t h e  t e s t  m a t e r i a l  on t h e  organisms 
used i n  t h e  t e s t s .  Therefore ,  on ly  t h e  fol lowing k inds  of 
data  on acu te  t o x i c i t y  t o  f reshwater  aqua t i c  animals  should 
be used: 

a.  T e s t s  with dapbnids and o t h e r  c ladocerans  should be s t a s  
t e d  wi th  organisms (24 h r  o l d  and t e s t s  wi th  midges 
should be s t a r t e d  wi th  second- o r  t h i r d - i n s t a r  l a rvae .  
'Phe r e s u l t  should be t h e  48-hr EC5Q based on percentage 
of organisms immobilized p l u s  percentage of organisms 
killed. I f  such an  EC50 is not a v a i l a b l e  froan 8 test. 
t h e  4&hr L C ~ Q  should be used i n  p lace  of the d e s i r e d  
48-hr EC.50. An EX50 or LCgo of longer  than  4 8  br can be 
used provided animals  were not f e d  and c o n t r o l  animals 
were accep tab le  a t  t h e  end of the t e s t ,  
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c.  T e s t s  w i t h  s i n g l e - - - c s % l  organisms iare not cons idered  a c u t e  
t e s t s ,  even  i f  t h e  d u r a t i o n  w a s  184 hr. 

6 .  If t h e  a c u t e  t o x i s i t y  of the m a t e r i a l  t o  aqnat i c  a n i a a l s  h a s  
been shown t o  be r e l a t e d  t o  a w a t e r  q u a l i t y  e h a r s c t e r i s t i c  
( e . g . ,  t o t a l  o r g a n i c  carbon) f o r  freshwater  s p e c i e s ,  B F i n a l  
Acute Equation .&auld be d e r i v e d  based on t h a t  &aacacta:x:is-- 
t i e ,  

7 .  If the d a t a  i n d i c a t e  a t h a t  one o r  more l i f e  s;t%ges are a t  
l e a s t  a f a c t o r  of 2 t i m e s  more r e s i s t a n t  t h a n  one or more 
o t h e r  l i f e  s t a g e s  o f  the  same s p e c i e s ,  the d a t a  for t h e  more 
r e s i s t a n t  l i f e  s t a g e s  should no% be used i n  the cale~%atisn 
of the  S&!# bccsnsa  a s p e c i e s  C B ~  o n l y  be cons idered p r o t c c -  
t e d  from acute  t o x i c i t y  i f  a l l  l i f e  s t a g e s  are  p r o t e c t e d ,  

6. Consider  the agreement of t h e  d a t a  w i t h i n  3nd between 
s p e c i e s ,  Q u e s t i o n a b l e  resii lts i n  C C ~ ~ ~ ~ L ~ E I F ~ S O ~  t o  other acute 
and c h r o n i c  d a t a  f o r  t h e  s p e c i e s  and o t h e r  s p e c i e s  i n  the 
same garans probably & o d d  not bc nsed.  

9 .  For m c %  s p e c i e s  f o r  which a t  l e a s t  one a c u t e  value  is 
a v a i l a b l e ,  the S shoa:a be c a i c - n i a t e ~  a s  tho: K e ~ ~ ~ e t ~ i ~  
mean o f  a l l  flow- t h ~ o n g h  t e s t  r e s ~ l t s  i n  which thc c:sacentra- 
t i o n  o f  t e s t  m a t e r i a l  were m e a s w c b .  For R s p e c i e s  f o r  vhich. 
no such r e s n l t  i s  a v a i l a b l e ,  e a l c n l a t e  t h e  geometr ic  mean of 
a l l  a v a i l a b l e  a s a t e  v a l u e s ,  i . e . ,  r e s a l t s  of flow-througb. 
t e s t s  i n  which t h e  c o n c e n t r a t i o n s  were inat meassmed a a d  
r a s n l t s  of s t a t i c  znd renewal t e s t s  based on i n i t i a l  t o t a l  
c o a c e n t r a t  i oms of t B st mat e a i  a 1  e 

NOTE: D a t a  r e p s r t o d  by o r i g i n a l  i n v e s t i g a t o r s  should n o t  he 
~ ~ n n d e . b  o f f  and a t  l e a s e  f o m  s i g n i f i c a n t  d i g i t s  should fie 
reta ined i n  i n t e r m e d i a t e  e a l c n P z t i m s .  



11. 

12. 

13 c 

14. 

15. 

16. 

1. 

2 .  

Order t h e  GMAVs f n m  h i &  t o  l a w  and a s s i g n  ranks  (B) t o  t h e  
GkIAVs from '1" f o r  t h e  lowest t o  94'' f o r  t h e  h ighes t .  I f  two 
o r  more GMAVs a r e  i d e n t i c a l ,  a r b i t r a r i l y  assign them succes- 
s i v e  ranks.  

Calcu la te  t h e  cumulative p r o b a b i l i t y  (PI f o r  each GMAV as 
R/ ( N + 1 )  . 
S e l e c t  t h e  four  G U V s  which have cumulative p r o b a b i l i t i e s  
c l o s e s t  t o  0.05 ( i f  t h e r e  a r e  ( 5 9  GMAVs. t hese  w i l l  always be 
t h e  fou r  lowest GMAVs). 

Using t h e  s e l e c t e d  GWVs and Ps, c a l c u l a t e  

L I- (Z(ln GNAV) - S(Z(JP)>)/4 

A =1 S(J0.SS)  4- 9, 

FAV = eA 

I f  f o r  an important spec ies ,  such a s  a r e c r e a t i o n a l l y  o r  com- 
merc i a l ly  important spec ies ,  t h e  geometric mean of acute  
va lues  f rm flow-through t e s t s  i n  which concen t r a t ions  o f  
t e s t  ma te r i a l  were measured i s  lower t han  t h e  FAY, t h e n  t h a t  
geometric mean should be nsed a s  t h e  FAV. 

Go t o  S e c t i o n  7. 

6 .  FINAL ACUTE EQUATION 

When enough da ta  show t h a t  s c u t e  t o x i c i t y  t o  two or more 
spec ie s  i s  s i m i l a r l y  r e l a t e d  t o  a water  q u a l i t y  clharacteris-  
t i c ,  t h e  r e l a t i o n s b i p  shoald be cons idered  a s  descr ibed  below 
or using a n a l y s i s  sf covariance (Dixon and Brawn 1979, Neter 
and Wasserman 1974) e If two o r  more f a c t o r s  a f f e c t  t o x i c i t y ,  
m u l t i p l e  r e g r e s s i o n  ana lyses  shoald be used. 

For each s p e c i e s  f o r  which comparable acntt? t o x i c i t y  va lues  
a r e  a v a i l a b l e  a t  two or more d i f f e r e n t  v a l u e s  of the water  
q u a l i t y  c h a r a c t e r i s t i c .  perform a l e a s t  squares  r e g r e s s i o n  of 
acute  t o x i c i t y  va lues  on  v a l u e s  of t h e  water  q u a l i t y  eharac- 
t e r i  s t  i c  . 
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3 .  

4 .  

5 .  

5 .  

7 .  

8 .  

9 .  

10. 

I n d i v i d u a l l y  f o r  ea&. spsci e s  c a l c u l a t e  t h e  g a c m e t r i c  mean o f  
t h e  acu te  valn@s anel then  dividi:  each of the a c n t c  vslaaeri fox 
a s p e c i e s  by t h e  mean f o r  t h e  s p e c j o s .  T h i s  norma8izes  Che 
a c u t e  v a l n e s  so thaL t h o  g e m e t r i c  mej8a of t h e  normalized 
va l i ies  f o r  each spec ie s  i n d i v i d u a l l y  and for any combinat ion 
o f  s p e c i e s  i s  1.0 

S i w i l ~ r l y  normalize t h e  vrlucs  o f  the w a t e r  q m l i t - y  cbarac- 
t e r i s t i c  for  eaoh s p e c i e s  i n d i v i d u a l l y .  

I n d i v i d u a l l y  for  each s p e c i e s  perform a l e s s t  sqnasres regrew 
s i o n  o f  t h e  normalized a c u t e  t o x i c i t y  v a l u e s  011 t h e  
corresponding n o m a 1  ized  y a l w s  of of t h e  w a t e r  q u a l i t y  
c h a r a c t e r i s t i c ,  The r e s u l t i n g  s l o p e s  and 95 p s ~ - c % n t  confi-  
d a m s  l i m i t s  w i l l  he  i d e n t i c a l  t o  t h o s e  o b t a i n e d  i n  2. abovea 
Nov, howeverr  i f  t he  d a t a  axe  actiaablg p l o t t e d ,  the  l i n e  sf 
b e s t  f i t  f o r  ewoh i n d i v i d u a l  s p e c i e s  w i l l  go t h r ~ ~ g b  the 
poin t  1,l i n  t h e  c e n t e r  of t h e  graph.  

Treal. a l l  t h o  normalized d a t a  a s  i f  t h e y  were a l l  for the 
s a l e  s p c i e s  and  p e r f o m  a l e a s t  s q u a r e s  regression of a l l  
t he  normal ized  a c u t e  vrilnes O D  the eorsespoading normalized 
valrscs of t h e  wvatcr q u a l i t y  c h a r a c t e r i s t i c  t o  o b t a i n  t h e  
poolcd a c u t e  s lop2 (VI  and i t s  95 percent confidencl: S i a P t S ; .  
I f  a l l  t h e  n o m a l i z c d  d a t a  are a c t u a l l y  p l o t t e d ,  the l i n e  091 
b e s t  f i t  w i l l  go through the point 1,l i n  t h e  center of t h e  
gr rlph . 

FOE each s p e c i e s  c s l c a l a t e  the geometr ic  mean (W7) of t h e  
acnte  t o x i c i t y  v a b ~ m s  and t h e  g e m e t r i s :  mean (XI of t h e  r e l a - -  
t e d  vaXaes of t h e  water q u a l i t y  ~ h a ~ a e t e r i s t i c  ( c a l e ~ . l s t a d  i n  
4 .  axR9 5 .  a b o v e ) .  
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11. Obtain t h e  FAV a t  Z by us ing  t h e  procedure descr ibed  i n  Sec- 
t i o n  5 .  (No. 10-14). 

12. I f  t he  SWV f o r  an  important spec ie s  i s  lswer  than  the FAY a t  
Z ,  t hen  t h a t  SMAV should be used a s  the FAV a t  Z .  

6 3 .  The Fina l  Acute Equation i s  w r i t t e n  a s :  FAV = e(Vlln(wBter 
q n a l i t y  c h a r a c t e r i s t i c )  + I n  A - V l l n  231, where v = pooled 

acu te  slope and A = FAV a t  2. Because V, A, and Z a r e  known, 
t h e  FAV can  be ca l cu la t ed  f o r  any s e l e c t e d  va lue  of t he  water  
q u a l i t y  c h a r a c t e r i s t i c .  

7. FINAL CHRONIC VALUE 

1. Depending on a v a i l a b l e  da ta ,  t h e  F ina l  Chronic Value (PW) 
m i & t  be c a l c u l a t e d  i n  t h e  same manner a s  t h e  FAY o r  by d iv i -  
d ing  the  FAV by t h e  F i n a l  Acute-Chronic Rat io .  

NOTE: Acute-chronic r a t i o s  and a p p l i c a t i o n  f a c t o r s  a r e  wags 
of r e l a t i n g  acu te  and chronic  t o x i c i t i e s  of a ma te r i a l  t o  
aqua t i c  organisms. S a f e t y  f a c t o r s  a r e  usedl t o  provide an  
e x t r a  margin of s a f e t y  beyond known or est imated s e n s i t i v i -  
t i e s  of aqua t i c  organisms. Another advantage of t h e  acute- 
chronic  r a t i o  is t h a t  i t  should usua l ly  be g r e a t e r  than  one; 
t h i s  should avoid confusion a s  t o  whether a. l a r g e  a p p l i c a t i o n  
f a c t o r  i s  one t h a t  i s  c lose  t o  un i ty  o r  one. t h a t  h a s  a denom- 
i n a t o r  t h a t  is much g r e a t e r  t han  t h e  numerator. 

2 .  Chronic v a l u e s  should be based on r e s a l t s  of flow-throng& 
(except  renewal i s  acceptab le  f o r  daphnids) chronic  t e s t s  in 
which concen t r a t ions  of t e s t  ma te r i a l  were proper ly  measured 
a t  appropr i a t e  t imes  during t e s t i n g .  

3.  Resu l t s  of chronic  t e s t s  i n  which su rv iva l ,  growth, or repro- 
duc t ion  i n  c o n t r o l s  was unacceptably low should not; be used. 
Limi ts  of a c c e p t a b i l i t y  w i l l  depend on t h e  species .  

4 .  ] R e s u l t s  of chronic  t e s t s  conducted i n  narnsual d i l a t i o n  water  
should not  be used, a n l e s s  a r e l a t i o n s k i p  is developed 
between t o x i c i t y  and t h e  anusual c h a r a c t e r i s t i c  or mless 
data  show the  c h a x a c t c r i s t i c  does not affect t o x i c i t y .  

5 .  Chronic v a l u e s  should be based on endpoints  and exposure: 
du ra t ions  appropr i a t e  t o  t h e  spec ies .  Therefore ,  o d y  
r e s u l t s  of t h e  fo l lowing  k inds  of chronic  t o x i c i t y  t e s t s  
should be used: 
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b .  P a r t i 9 1  l i f e c y c l e  t o x i c i t y  t e s t s  consisting of e x p s s a r ~ ; ~  
of  two OT wort groups of a s p e c i e s  t o  a di f f erent  0on~ep1- 
tration of t e s t  m s t e r i a l  throughorat a l i f e  c y c l e .  Pas- 
t i a 4  l i f e - c y c l e  t e s t s  P P T :  a l lowed  w i t h  f i s h  s p e c i e s  t h a t  
- c I  ~ b q n i r c  more than a year t o  r e a &  sexual maturi ty ,  S O  

j o r  l i f e  s t a g e s  c a n  be axposed t o  the  t e s t  
mater ia l  i n  less thar 15 months. IZxpossor~ t o  t h e  t e s t  
material shoald begin w i t h  juvemiles  a t  l e a s t  2 months 
pr ior  t o  a c t i v e  gonadal development, coatilaw & m a &  
matrnratiou and reprodnctiom, sand shomld end not  <2,4 days 
(98 Jays for sa lmonids)  sftar the hatching of %ha nex t  
generation,  Data should be o b t a i n e d  and ana lyzed  on S ~ E -  

viva: ana grqmth of aaui t s  and ysnng, matarat ion of maales 
and females, eggs spawned per Pomale, eabryo v i a b i l i t y  
(salmonids only)  , and hatchatbi1 i ty .  

c.  Early  l i f e - s t a g e  t o x i c i t y  t e s t s  csnsisting sf 28- t o  32- 
day ( 6 0  days p ~ s t h a t ~ h  for salmonids)  exposusos o f  early 
l i f e  s t a g e s  of a spec ie s  of f i s h  from s%$ortly a f t e r  far- 
t i l i z a t i o n  tbrou& embryonic, l a r v a l ,  aind early juveni le  
dtwelopmemt. Data  should be obta ined  on growth and SUI-- 
V i r a l .  

LI_-- N M E :  Resal ts  of an  early  l i f e - s t a g e  test a r e  n s c d  PIS 

p r e d i c t o r s  of r e s d t s  of l i f e - c y c l e  and p a r t i a l  l i f e -  
c y c l e  t e s t s  w i t h  the same s p e c i e s .  Therefore, w h ~ n  
r e s n l t s  of a l i f e - c y c l c  or p a r t i a l  l i f e - c y c l e  t e s t  are 
a v a i l a b l e ,  ses-alts of an ear ly  l i f c - s t a g e  t e s t  wiih  the 

l ifr-sta,ge t e s t s  i n  which the  Pneidessa: of m o r t a l i t i e s  or 
abnormal i t i e s  increased s u b s t a n t i a l l y  mo"r the cnd o f  the 
t e s t  should nut be used b e o a a s ~  rasn l t s  sf such t e s t e  way 
be poor eshinrates of r e s u l t s  of z comparable l i f e -  c y c l e  

shouiaa be ssseia. A E W ,  r e s n i t s  of  e a r l y  

or p a r t i a l  l i f e - c y c l e  t e s t .  
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6. A c h r o n i c  v a l n e  may be o b t a i n e d  by e a l c n l a t i n g  t h e  gewmetrie 
mean of lower and upper c h r o n i c  l i m i t s  from a c h r o n i c  t e s t  or 
by a n a l y z i n g  c h r o n i c  d a t a  u s i n g  r e g r e s s i o n  a n a l y s i s .  A lower 
c h r o n i c  l i m i t  i s  t h e  h i g h e s t  t e s t e  c o n c e n t a a t i s n  da,l in an 
a c c e p t a b l e  c h m n i c  t e s t ,  (bB which d i d  n o t  cause an tsnaccegr 
t a b l e  amount of an a d v e r s e  e f f e c t  on any s p e c i f i e d  b i o l o g i c a l  
measurements, and ( e )  below which no t e s t e d  c o n c e n t r a t i o n  
caused sach an u n a c c e p t a b l e  e f f e c t .  An upper c b r o n i c  l i m i t  
is t h e  lowest t e s t e d  c o n c e n t r a t i o n  ( a )  i n  an a c c e p t a b l e  
c h r o n i c  t e s t ,  (bP which d i d  cause  an u n a c c e p t a b l e  amount of 
a n  adverse  e f f e c t  on one o r  more of s p e c i f i e d  b i o l o g i c a l  
measurenaeats, and ( e )  above whieh a l l  t e s t e d  c o n c e n t r a t i o n s  
caused such a n  e f f e c t .  

7. If c h r o n i c  t o x i c i t y  of m a t e r i a l  t o  a q u a t i c  an imals  a p p e a r s  to 
be r e l a t e d  t o  a w a t e r  q u a l i t y  c h a r a c t e r i s t i c ,  a Final a r o n i c  
Equat ion  should be d e r i v e d  based  on  t h a t  w a t e r  q u a l i t y  
c h a r a c t e r i s t i c .  Go t o  S e c t i o n  8 .  

8 .  I f  c h r o n i c  v a l u e s  a r e  a v a i l a b l e  f o r  s p e c i e s  i n  e i g h t  f a m i l i e s  
a s  d e s c r i b e d  i n  S e c t i o n  4 (No. l), a S p e c i e s  Mean Chronic 
Value (SMCV) should  be c a l c u l a t e d  for each s p e c i e s  f o r  which 
a t  l e a s t  one c h r o n i c  v a l n e  is a v a i l a b l e  by c a l c v l a t i n g  t h e  
geometr ic  mean of a l l  c h r o n i c  v a l u e s  f o r  t h e  s p e c i e s  and 
a p p r o p r i a t e  Genus Mean & s o n i c  V a l u e s  should be c a l c u l a t e d .  
The F@V should  t h e n  be o b t a i n e d  u s i n g  procedures  d e s c r i b e d  i n  
S e c t i o n  5 (No. 10-14). Then go t o  S e c t i o n  7 (No. 13). 

9 .  Bear each c h r o n i c  v a l u e  f o r  which a t  l e a s t  one corresponding  
a p p r o p r i a t e  a c u t e  v a l u e  i s  a v a i l a b l e ,  c a l c u l a t e  a n  aca te -  
c h r o n i c  r a t i o ,  u s i n g  f o r  t h e  numerator t h e  geometr ic  mean of 
r e s u l t s  of a l l  a c c e p t a b l e  flow-through (except  s t a t i c  i s  
a c e e p t a b l e  f o r  daphnids) a c u t e  t e s t s  i n  t h e  same d i l u t i o n  
water  and in which C o n c e n t r a t i o n s  were measured. F o r  f i s h ,  
the  a c u t e  t e s t ( s )  should have  been conducted w i t h  j a v e n i l e s .  
Acute test(s1 should  have  b e e n  p a r t  of t h e  same s tudy a s  t h e  
c h r o n i c  t e s t .  I f  a c u t e  t e s t s  w e r e  n o t  conducted a s  p a r t  sf 
t h e  same s tudy ,  a c u t e  t e s t s  conducted i n  t h e  same l a b o r a t o r y  
and d i l u t i o n  w a t e r  may be ased .  I f  a c u t e  t e s t s  were not  con- 
duc ted  a s  p a r t  of t h e  same study, a c u t e  t e s t s  conducted i n  
t b e  same d i l u t i o n  w a t e r  b u t  8 d i f f e r e n t  l a b o r a t o r y  may be 
used. If such a c u t e  t e s t s  a r e  not  a v a i l a b l e ,  an aca tc-  
c h r o n i c  r a t i o  shodid not  be c a l c u l a t e d .  

10. For each s p e c i e s ,  c a l c u l a t e  t h e  s p e c i e s  mean acute-chronic  
r a t i o  a s  t h e  geometr ic  mean of a l l  acute-chronic  r a t i o s  f o r  
t h a t  s p e c i e s .  
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11. For some m a t e r i d s  the a c u t e c h r o n i c  r a t i o  i s  about t h n  same 
f o r  a l l  s p e c i e s ,  but for o the r  m a t e r i a l s  t h e  r a t i o  i n c r e a s e s  
o r  deczeases  a s  the SMAB i n c r e a s e s ,  Thus1 t h e  F i n a l  Acate- 
Chronic R a t i o  cam be o b t a i n e d  i n  three ways, depending on the  
d a t a .  

a .  If the s p e c i e s  l e a n  acote-chronic ratio i n c r e a s e s  or 
decreases  a s  the  S i n c r e a s e s ,  t h e  f i s a l  Acute-Chronic 
R a t i o  & o d d  be c a l c u l a t e d  a s  t h e  geoff ie t r ic  mean o f  a l l  
s p e c i e s  whose SMAVs a r e  close t o  the FAV. 

b. If  no tnajor trend i s  apparent andl t h e  acute-chronic  
r a t i o s  f o r  a number of spec ie s  a r e  w i t h i n  a f a c t o r  of 
ten, the F i n a l  Acute-Chronic Ratio should be c a l c u l a t e d  
a s  t h e  g e o m e t r i c  mean of a l l  s p e c i e s  mean acznte---cbronie; 
r a t i o s  for both freshwater and s a l t w a t e r  s p e c i e s ,  

c. I f  the most appropsiate s p e c i e s  B T ~ B ~ A  acute-chronic  a a t i o s  
are (2 .0,  and e s p e c i a l l y  i f  t hey  are < l . O #  wcclimation 
has probably occarsed during the chronic  t e s t .  Reearuse: 
cont inuoas  exposure and acc: imation cannot be rossilared t o  
provide  adequate  p r o t e ~ t i o n  i n  f i e l d  s i t u a t i o n s ,  the 
F i n a l  Acutc-Chronic R a t i o  s h o d d  be s e t  a t  2 .0  so t h a t  
t h e  PCV is equal t o  t h e  C r i t e r i o n  Maximum Concent ra t ion .  

I f  the acute-chronic  r a t i o s  do not f i t  one of t hese  c a s e s ,  a 
F i n a l  Acute-Chronic R a t i o  probably cannot be ob ta iEed ,  and  a 
FW probably  cannot  be @a1 cr i la t sd ,  

13. If t h e  SMAV o f  a n  important  s p e c i e s  i s  1 m e ~  t h a n  t h e  eallcn- 
l a t e d  FCV, then t h a t  S M W  should be used a s  the PCV. 

1 4 ,  Go t o  S e e t l o n  9 .  

1. A Fina l  Cbkronic: Eqaat ion  can he d e r i v e d  in two ways. T h e  
procedsnre d e s c r i b e d  i n  t h i s  s e c t i o n  w i l l  r e s u l t  i n  t h e  
c h r o n i c  s lope  ba ing  t h e  same a s  the a c u t e  s lope .  

a .  I f  acute-chronic  r a t i o s  for eaoagh s p e c i e s  a t  enough 
values of t h e  waster q u a l i t y  eAarac terHst ico  i n d i c a t e  t h a t  
the w c e t e  & . T Q I I ~ ~  r a t i o  i s  probably  t h e  same f o r  a l l  
s p e c i e s  and i n d ~ p a n d a a t  of t h e  water  q u a l i t y  
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c h a r a c t e r i s t i c ,  c a l c u l a t e  t h e  F ina l  Acute-Chronic P a t i o  
a s  t h e  geometric mean of t he  spec ie s  mean acute-chronic 
r a t i o s .  

b. Calcu la te  t h e  FrJV a t  t h e  s e l e c t e d  va lue  2: of She water  
q u a l i t y  c h a r a c t e r i s t i c  by d iv id ing  t h e  FAY a t  Z by t he  
F ina l  Acute-Chronic Rat io .  

c .  Use V =I pooled acu te  s lope a s  L = pooled chronic  s lope .  

d,  GO t o  S e c t i o n  8 ,  No. 2 ,  item m. 

2 .  The procedure descr ibed i n  t h i s  s e c t i o n  w i l l  usualL4ly r e s d t  
i n  t h e  chronic  s lope being d i f f e r e n t  f r m  t h e  acn te  s lope.  

a. When enough da ta  a r e  a v a i l a b l e  t o  show t h a t  chronic  tox i -  
c i t y  t o  a t  l e a s t  one spec ie s  i s  r e l a t e d  t o  a water  qual- 
i t y  c h a r a c t e r i s t i c ,  t h e  r e l a t i o n s h i p  should be considered 
a s  descr ibed  below o r  us ing  a n a l y s i s  of covariance QDixon 
and B r m n  1979, Neter and Wasserman 19741.  If two or 
more f a c t o r s  a f f e c t  t o x i c i t y ,  mu l t ip l e  r eg res s ion  
ana lyses  should be used. 

b. For each spec ie s  for which comparable chronic  t o x i c i t y  
vsllues a r e  a v a i l a b l e  a t  two or more d i f f e r e n t  va lues  of 
t h e  water  q u a l i t y  c h a r a c t e r i s t i c ,  perform a l e a s t  squares  
r eg res s ion  of chronic  t o x i c i t y  values  on va lues  of t h e  
water q u a l i t y  c h a r a c t e r i s t i c .  

c. Decide whether da t a  f o r  each spec ie s  is use fu l ,  t ak ing  
i n t o  acconnt range and number of t e s t e d  va lues  of t h e  
water q u a l i t y  c h a r a c t e r i s t i c  and degree of agreement 
w i t h i n  and between spec ies ,  In  add i t ion ,  ques t ionable  
r e s u l t s ,  i n  comparison with o the r  acute  and chronic  da t a  
for t h e  spec ie s  and o the r  spec ie s  i n  t h e  same genus, pro- 
bably should not be used. P f  a usefu l  chronic  s lope  i s  
not a v a i l a b l e  f o r  a t  l e a s t  one spec ie s  o r  i f  t h e  s lopes  
are t o o  d i s s i m i l a r  o r  i f  da t a  a r e  inadequate t o  def ine  
t h e  r e l a t i o n s h i p  between chronic  t o x i c i t y  and water  qual- 
i t y  c h a r a c t e r i s t i c ,  r e t u r n  t o  S e c t i o n  ? (No. $4, nsing 
resuP t s of t e s t s  conducted under condi t ions  and i n  water  
s imi l a r  t o  those  commonly used for t o x i c i t y  t e s t s  wi th  
t h e  spec ies .  

d. For each spec ie s  c a l c u l a t e  t h e  geometric mean o f  the 
a v a i l a b l e  chronic  v a l u e s  and then  d iv ide  each chronic  
va lue  f o r  a spec ie s  by t h e  mean f o r  t h e  species .  
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e .  

f .  

h. 

i. 

j. 

k. 

1. 

m. 

T h i s  normal izes  the  ~hrroznic v d n e s  so t h a t  the g e s n a t t i c  
mean of t h e  ns rma l i zad  v a l n e s  f o r  each s p e c i e s  and for  
any coEbina t ion  o f  s p e c i e s  i s  1.0. 

S i m i l a r l y  X I O E ~ ~ L ~  i z e  t h e  values  o f  t h e  water q u a l i t y  
c h a r a c t e r i s t i c  f o r  each s p ~ i c i a s  i n d i v i d m l l y .  

I n d i v i d u a l l y  f o r  each s p e c i e s  perform a l e a s t  sqaares  

the corresponding  nosrnzldized v a l u e s  of t h e  water q n a l i t y  
c h a r a c t e r i s t i c .  The r e s a l t i n g  s l o p e s  and 95 percent con- 
f i d e n e e  l i m i t s  w i l l  be i d e n t i c a l  t o  t.hose obta ined  i n  1, 
above. NQW, howeven^, i f  the d a t a  a r e  a c t s a l l y  p l o t t e d ,  
t he  l i n e  of b e s t  f i t  f o r  each individual s p e c i e s  w i l l  go 
through t h e  p o i n t  1,1 i n  t h e  center of t h e  graph .  

Pegl?eSSPOn O f  %he plOrElsliZt2d ChKQniC t i 9 X E C i t y  VPtlB.fi?S On 

Trewt a l l  t he  normalized d a t a  a s  i f  t h e y  were a l l  f o r  t h e  
me species and perform a l e a s t  sqn x e s  r e g r e s s i o n  Of 

a l l  t h e  normalized chronic valnes on t h e  cor responding  
normalized v a l n e s  of the. w a t e r  q u a l i t y  & a r a c t e r i s t i e  t o  
o b t a i n  t h e  pooled c h r o n i c  s l o p e  (L) and i t s  95 p e r c e n t  
confidence l i m i t s .  If a l l  the  normalized d a t a  a r e  ac.tu--- 
a l l y  p l o t t e d ,  the Pine of b e s t  f i t  w i l l  go througb t h e  
p o i n t  1,1 i n  the c e n t e r  of the graph. 

For each s p e c i e s  c a l c u l a t e  the l o g a r i t h m  (Q) o f  t h e  SHWs 
a t  a s e l e c t e d  value bZS o f  t h e  w a t e r  q n a l i t y  cltnaraet.eris--- 
t i c  u s i n g  t h e  e q u a t i o n :  Q = In M -- L ( l n  ?? - I n  Z ) .  

FOP each s p e c i e s  c a l c u l a t e  IP ShKV a t  2; a s  the a n t i l o g  of 

Obta in  t h e  FCT a t  Z by using the procednrrj d e s c r i b e d  i n  
S e c t i o n  5 (No. 10-14). 

The Final Chronir: li?q,uat.lon i s  w r i t t e n  a s :  FCV = 
,(~[ln(watsr q u a l i t y  c h a r a c t e r i s t i c ) ]  + lm S - L[ln Z l ) ,  
whare L = mean chronic s l o p e  rand S = P 



1. A p p r o p r i a t e  measures  of t o x i c i t y  of t h e  m a t e r i a l  t o  a q u a t i c  
p l a n t s  a r e  used t o  compare r e l a t i v e  s e n s i t i v i t i e s  of a q u a t i c  
p l a n t s  and animals .  Although procedures  f o r  condact Hng and 
i n t e r p r e t i n g  r e s a l t s  of t o x i c i t y  t e s t s  w i t h  p l a n t s  are n o t  
w e l l  developed,  resul ts  of such t e s t s  u s u a l l y  i n d i c a t e  t h a t  
c r i t e r i a  which a d e q u a t e l y  p r o t e c t  a q u a t i c  an imals  and t h e i r  
u s e s  a l s o  p r o t e c t  a q u a t i c  p l a n t s  and t h e i r  uses .  

2. A p l a n t  v a l u e  i s  t h e  r e s u l t  of any t e s t  w n d u c t e d  w i t h  an 
a l g a  o r  a n  a q u a t i c  v a s c u l a r  p l a n t .  

3 .  Obta in  t h e  F i n a l  P l a n t  Valne by s e l e c t i n g  t h e  lowest  result 
o b t a i n e d  in a t e s t  on an impor tan t  a q u a t i c  p l a n t  s p e c i e s  i n  
which c o n c e n t r a t i o n s  of t e s t  m a t e r i a l  were measwed and t h e  
endpoint  i s  b i o l o g i c a l l y  important .  

10. FINAL RESIDUE VALUE 

1. T h e  F i n a l  Residue Value (FRV) i s  in tended  t o  ( a )  p r e v e n t  con- 
c e n t r a t i o n s  i n  commercially 01 r e c r e a t i o n a l l y  important  aqua- 
t i c  s p e c i e s  from exceeding a p p l i c a b l e  FDA a c t i o n  l e v e l s  and 
( b )  p r o t e c t  w i l d l i f e ,  i n c l u d i n g  f i s h  and b i r d s ,  t h a t  consume 
a q u a t i c  organisms from demonstrated unacceptab le  e f f e c t s .  
The FRV i s  t h e  lowest  of r e s i d u e  v a l u e s  t h a t  a r e  o b t a i n e d  by 
d i v i d i n g  maximom perm i s  s i b 1  e t i s  sue conee n t r a t  i ons by 
a p p r o p r i a t e  b i  oeoncent r  rat i o n  or b i  oac cumul a t  i o n  f a c t  c ) r  s 
maximum p e r m i s s i b l e  t i s s u e  c o n c e n t r a t i o n  i s  e i t h e r  (a9 a FDA 
a c t i o n  l e v e l  (FDA a d m i n i s t r a t i v e  g u i d e l i n e s )  f o r  f i s h  o i l  or 
f o r  t h e  e d i b l e  p o r t i o n  of f i s h  or s h e l l f i s h  ox ( b )  a maximum 
a c c e p t a b l e  d i e t a r y  i n t a k e  (ADI) based  on o b s e r v a t i o n s  on sur- 
v i v a l ,  g rnoth ,  o r  r e p s o d n c t i o n  i n  a chronic  w i l d l i f e  f e e d i n g  
s tndy  o r  a long-term w i l d l i f e  f i e l d  study.  Xf no maximum 
p e r m i s s i b l e  t i s s u e  c o n c e n t r a t i o n  i s  a v a i l a b l e ,  go t o  S e c t i o n  
Il., because a F i n a l  Residue Value cannot be der ived .  

A 

2 .  B i o c o n c e n t r a t i o n  F a c t o r s  (BCFs) and B i o a c c m u l a t i o n  F a c t o r s  
(BASS)  axe  t h e  q u o t i e n t s  of t h e  C o n c e n t r a t i o n  of a m a t e r i a l  
in one or m ~ r e  t i s s u e s  of a n  a q u a t i c  organism d i v i d e d  by t h e  
average  c o n c e n t r a t i o n  i n  t h e  s o l u t i o n  t o  which t h e  organism 
has been exposed. A BCF i s  i n t e n d e d  t o  account  o d y  f o r  n e t  
uptake d i r e c t l y  from w a t e r ,  and t h u s  almost  h a s  t o  be: 
measured in a l a b o r a t o r y  t e s t .  A f3m i s  in tended  t o  aC6oUnt 
f o r  n e t  uptake from both food and w a t e r  i n  a rea l -wor ld  
s i t u a t i o n ,  and almost  has t o  be measured i n  a f i e l d  s i t u a t i o n  
i n  which p r e d a t o r s  accumulate  t h e  m a t e r i a l  d i r e c t l y  f r o m  
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water Rnd by. coasming prey .  Becwnsr: so f w  a c c e p t a b l e  
a r e  avaPPaSZe, only BCPs w i l l  be d i s c n s s c d  further ,  but  sa 
acceptable BAF e a n  be used i n  place  of R, BCP. 

3 ,  Et“ a rn~sximmi p e r m i s s i b l e  t i s s a e  c o n c e n t r a t i o n  i s  a v a i l a b l e  
f o r  a subs tance  (6.9, p a r e n t  m a t e r i a l  o r  p a r e n t  m a t e ~ i a l  plias 
m e t a b o l i t e )  t h e  t i s s n e  c o n c e n t r a t i o n  used i n  BCF calcula-- 
t i o n s  shoo(11d be f o r  the sane substance. Otlaervise the. tissue 
c o n c e n t r a t i o n  ased i n  the  B@P c a l c u l a t i o n  shsnld be t h a t  of 
t h e  m a t e r i a l  and i t s  m e t a b o l i t e s  which a r e  structurally s i m i -  
l a r  anad a r e  not much marc s o l ~ b l e  i n  w a t e r  t h a n  t h e  p a r e n t  
m a t e r i a l  I 

A BCP should ba: ased  only  i f  t h e  test W ~ S  flow-throrip 
t h e  BCF w a s  calcmalerted based  on m e a s w e d  c o n c e n t r a t i o n s  
of t e s t  m a t e r i a l  in t i s s u e  and i n  the  test solution, and 
exposure  cont inued  a i  l e a s t  u n t i l  e i t h e r  a p p a r e n t  
s t e a d y - s t a t e  (BCP docs  not change s i g n i f i c a n t l y  o v e r  a 
p e r i o d  of time, su& a s  two days o r  16 persent  of expo- 
s u r e  duration, whichever  is l o n g e r )  o r  2 8  days was 
r e a c h e d ,  The BCP used from a test should be t h e  highest  
of ( a )  the  apparent  s t e a d y - s t a t e  WCF, i f  apparent  
s t e a d y - s t a t e  vas reached;  (b) highest BCF o b t a i n e d ,  i f  
apparent  s t e a d y - s t a t e  was  rpot reached;  and ( c )  p r o j e c t e d  
s t e a d y - s t a t e  BCF, i f  c a l c u l a t e d .  

k. enever a BCF i s  determined f o r  B l i p o p h i l i c  m a t e r i a l ,  
percentage  of l i p i d e  shoald also be determined i n  t h e  
t i s s u e ( s 1  f o r  which the B@%: i s  c a l c u l a t e d .  

c .  A BCP o b t a i n e d  from BE exposme t h a t  a d v e r s e l y  c f f a c t e d  
t he  test organisms may be sased only  i f  i t  i s  s i m i l a r  t o  
t h a t  o b t a i n e d  w i t h  u n a f f e c t e d  i n d i v i d u a l s  a t  lmer  con- 
c e n t r a t i o n s  t h a t  d i d  cause  e f f e c t  s. 

d ,  Because rnawimm permissible t i s s u e  c o n c e n t r a t i o n s  are 
r a r e l y  based on dry weights ,  a BCP ci~Xs~akated asing dry 
tissrnc w e i g h t s  must be convertad t o  a w e t  t i s s rse  weight  
b a s i s .  If no conversion f a c t o r  i s  reported with t h e  BCF, 
multiply the dry weight by 44.1 f o r  plankton and by 0 . 2  
f o r  s p e c i e s  of f i s h e s  and  inver tobrakes .  



4 .  I f  enough p e r t i n e n t  da t a  e x i s t p  seve ra l  res idue  v a l a e s  can be 
c a l c u l a t e d  by d iv id ing  maximum permiss ib le  t i s s u e  concentra- 
t i o n s  by appropr i a t e  BCFs: 

a .  For each a v a i l a b l e  maximum AD1 der ived  from a feeding 
study 0x7 a long-term f i e l d  study with w i l d l i f e ,  incladiadg 
b i r d s  and a q a a t i c  organisms, t h e  appropr i a t e  BCF i s  based 
on t h e  whole body of aqua t i c  spec ie s  which c o n s t i t u t e  o r  
represent  a major p o r t i o n  of t h e  d i e t  of t e s t e d  w i l d l i f e  
spec ies  . 

b. For an FDA a c t i o n  l e v e l  for f i s h  OF s h e l l f i s h ,  t h e  
appropr i a t e  Bef; i s  t h e  h i g h e s t  geometric mean spec ie s  BCF 
f o r  t he  e d i b l e  p o r t i o n  of a. consumed spec ies .  The 
h ighes t  spec ie s  BCF i s  nsed because FDA a c t i o n  l e v e l s  a r e  
appl ied  on n species-by-species bas i s .  

5 .  For l i p o p h i l i c  m a t e r i a l s ,  it may be p o s s i b l e  t o  c a l c u l a t e  
a d d i t i o n a l  res idue  va lues .  Because t h e  s teady-s ta te  BCF f o r  
B l i p o p h i l i c  ma te r i a l  seems t o  be p rops r t iona l  t o  percentage 
of l i p i d s  from one t i s s u e  t o  another  and from one spec ie s  t o  
another  (Hamelink e t  a l .  1971, Landsford and Blem 1982,  
Schnoor 19821, e x t r a p o l a t i o n s  can be made from t e s t e d  t i s s u e s  
o r  spec ies  t o  untes ted  t i s s n e s  o r  spec ie s  on t h e  b a s i s  of 
percentage of l i p i d s .  

a. For each BCF f o r  which percentage of l i p i d s  i s  known f o r  
t h e  same t i s s u e  for which t h e  BCP was measured, normalize 
t h e  BCF t o  a one percent  l i p i d  b a s i s  by d iv id ing  t h e  BGP 
by pcrceatage of l i p i d s .  T h i s  adjustment makes a11 t h e  
neasnred BCFs comparable r e g a r d l e s s  of spec ies  or t i s s u e .  

b. Calcu la te  t h e  geometric mean normalized BCF, 

e.  Calcu la te  a l l  poss ib l e  r e s idue  va lues  by d iv id ing  ava i la -  
b l e  maximum permiss ib le  t i s s u e  concent ra t ions  by t h e  mean 
normalized BCF and by t h e  percentage of l i p i d s  va lues  
appropr i a t e  t o  t h e  maximum permiss ib le  t i s s u e  concentra-- 
t i on .  

Q For an FDA a c t i o n  l e v e l  for f i sh  oil, t h e  appropri-  
a t e  percentage of l i p i d s  va lue  i s  100. 

& For an FDA a c t i o n  l e v e l  f o r  f i s h ,  t h e  appropr i a t e  
percentage of l i p i d s  va lue  i s  11 for f reshwater  c r f -  
t e r i a ,  based on t h e  h ighes t  l e v e l s  f o r  important 
consumed spec ie s  (Sidwe21 1981) a 
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For a m a x i m m  AD1 d o r i v e d  from a d t s o n i c  f e e d i n g  
stnag or long-term f i e l d  s tudy w i t h  w i l d l i f e ,  the: 
a p p r o p r i a t e  percentage  o f  l i p i d s  i s  t h a t  of an aqua-- 
t i c  s p e c i e s  or group of a q u a t i c  s p e c i e s  which con- 
s t i t u t e  a major p o r t i o n  of the d i e t  of the w i l d l i f e  
spec i es .  

6 .  "Be FRV i s  o b t a i n e d  by s e l e c t i n g  t h e  lowest  of a v a i l a b l e  
resiaue v a i a e s .  

P e r t i n e n t  i n f o r m a t i o n  t h a t  could  n o t  be ased  i n  e a r l i e r  s e c t i o n s  
ay be  a v a i l a b l e  concer i n g  a d v e r s e  a f f e c t s  on aquatic organisms and 

de layed  t o x i c i t y ,  f l a v s  impairment, r e d u c t i o n  i n  s m v i v a l l  growth, or 
t h e i r  uscs.  T h e  most i p o r t e n t  of these a r e  d a t a  on cumulat ive and 

or any other b i o l o g i c a l l y  important  adve r se  ef f e e t  
p o r t a n t  a r e  d a t a  f a r  s p e c i e s  f o r  which no other d a t a  a r e  

av a il ab1 e, 

mximm Concentratioa and t h e  C r i t e r i o n  Contir~aaons Concentra- 
t i o n .  

1. A c r i t e r i o n  c o n s i s t s  of two c o n c e n t r a t i o n s :  t h e  C r i t e r i o n  

The C r i t e r i o n  Maxim C o n c e n t r a t i o n  (CMC? i s  equal t o  one- 
h a l f  of t h e  FAV. 

T h e  C r i t e r i o n  Cont inuous  Concent ra t ion  (CCC9 i s  equal  t o  t h e  
lower of t h e  F a r ,  the F i n a l  P l a n t  Value,  and t h e  mv u n l e s s  
o the r  d a t a  show a Sower v a l u e  should be used, I f  t o x i c i t y  is 
r e l a t e d  t o  a w a t e r  q a a l i t y  c h a r a c t e r i s t i c ,  the  CCC i s  
obta ined  frm the F i n a l  (firotnic Equation, t h e  Pinif1 P l a n t  
Value, and t h e  FRV by selecting t h e  v a l u e  or consentration 
t h a t  r e s u l t s  i n  t h e  lowest  C O I I W I I ~ E ~ ~ ~ ~ S I S  i n  t h e  oloual range 
of t h o  w a t e r  q u a l i t y  d ~ a r s c t s ~ i s t i c ,  srluless other data  ( s e e  
S e c t i o n  11) shm t h a t  a Imss va lne  should be used,  

4 *  Round both the  CCC and CXC t o  two s i g n i f i c a n t  f i g u r e s .  
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5 .  e c r i t e r i o n  is s t a t e d  as:  

The procedures descr ibed  i n  t h e  Guidel ines  _f_oy 
Numerical Nat ional  Water Q n a l i t v  C r i t e r i a  f o r  t h e  P r o t e c t i o n  
- of h u a t i c  QrRanisBns and T h e i r  Uses i n d i c a t e  t h a t  (except 
poss ib ly  where a loGal ly  important spec ie s  i s  very s e n s i t i v e )  
(1) aqua t i c  organisms and t h e i r  a s e s  should not be a f f e c t e d  
unacceptably if t h e  fonr-day average concent ra t ion  of ( 2 )  
does not exceed ( 3 )  p g / L  more than  once every t h r e e  yea r s  on 
t h e  average and i f  t h e  one-hour average concen t r a t ion  doe5 
not exceed ( 4 )  vg/L more than  once every three years on the 
av e r  age. 

wlh e re  

(1) = i n s e r t  freshwater o r  sa l twa te r ,  

( 2 )  = name of ma te r i a l ,  

( 3 )  = i n s e r t  t h e  C r i t e r i o n  Continnous Concentrat ion,  and 

( 4 )  = i n s e r t  t h e  C r i t e r i o n  klaxirnlnn Concentration. 
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The f o l l a I n g  s m r s y  is I aondenred vsrtion of t h e  1980 f inal  
Bnvirtmmeatal Protection A g e n g  (IR3WA) &aidedines  for calculating a 
water qttality crllteria t o  protesrt buman health and i s  slanted t o r a  
the speeifio r a g a l a t o r y  needs of the Us Army. ?%e guidelines arb  
most reraent docrmrent: olatlining the reqaired proeedurea apad were ptlb- 
l i shad in tbe Federal  Reg i s t e r  (EISWAlJ80). For greater d e t a i l  on 
individaal points consult tbat refeseaccn. 

The EFA's water  q u a l i t y  c r i t e r i a  f o r  t h e  p r o t e c t i o n  of haman h e a l t h  are 
based on one or  more of t h e  fo l lowing  p r o p e r t i e s  of a chemical pol lu-  
t ant  : 

a )  Carcinogenici ty ,  b )  Tox ic i ty ,  and c )  Organolept ic  ( t a s t e  and 
odor)  e f f e c t s .  

The meanings and p r a c t i c a l  u ses  of t h e  c r i t e r i a  va lues  a r e  dis-  
t i n c t l y  d i f f e r e n t  depending on t h e  p r o p e r t i e s  on which they are based. 
C r i t e r i a  based s o l e l y  on o rgano lep t i c  e f f e c t s  do not n e c e s s a r i l y  
represent  approximations of acceptab le  r i s k  l e v e l s  f o r  human h e a l t h .  In 
a l l  o the r  cases  t h e  c r i t e r i a  va lues  r ep resen t  e i t h e r  e s t ima t ions  of t he  
maximum al lowable ambient water  concent ra t ions  of a polllutant which 
would prevent  adverse h e a l t h  e f f e c t s  ox, f o r  suspect and proven carcino- 
gens, es t imat ions  of t h e  increased  cancer r i s k  a s soc ia t ed  w i t h  incremen- 
t a l  changes in t h e  ambient water concen t r a t ion  of t h e  substance.  S o c i a l  
and economic c o s t s  and b e n e f i t s  a r e  not considered in determining water  
q u a l i t y  c r i t e r i a .  In e s t a b l i s h i n g  water  q u a l i t y  s tandards ,  t h e  choice 
of t h e  c r i t e r i o n  t o  be nsed depends on t h e  designated water  use. I n  t h e  
case of  a multiple-use water  body, t h e  c r i t e r i o n  p r o t e c t i n g  t h e  most 
s e n s i t i v e  use i s  appl ied .  

2 .  =A NEEDED FOB iars H CRITERIA 

C r i t e r i a  d o c m e n t a t i o n  r e q u i r e s  information on: (1) exposure 
l e v e l s ,  (2) pharmacokinetics,  and 63) range of t ox ic  e f f e c t s  of a given 
water p o l l u t a n t  

2.1 

For an accu ra t e  assessment of t o t a l  exposwe t o  a chemical, con- 
s i d e r a t i o n  m u s t  be given t o  a l l  possible exposure r o u t e s  inc luding  
ingestion of contaminated water  and e d i b l e  aqua t i c  and laonaquatic orgaa- 
i s m s ,  a s  well as exposane through i n h a l a t i o n  and dermal contac t .  For 
water quality c r i t e r i a  t h e  most important exposure romtes t o  be can- 
s idered  a r e  i n g e s t i o n  of water  land c o n s m p t i o n  of f i s h  and ~he1911fisb~ 



Genera l ly ,  e r p s w s  ttnroagh i n h a l a t i o n ,  dermal c o n t a c t o  anal non-aquatic 
d i e t  is e i t h e r  uxnknaww o r  so l m  as  t o  be i m s i  nt; hme.aer, when 
such d a t a  m e  a v a i l a b l e ,  t h e y  must be inc luded  i n  t h e  c r i t e r i a  evallaa- 
t ion ,  

T h a  EPA g n i d e l i n c s  f o r  developing w a t e r  q u a l i t y  c r i t e r i a  are  based 
on t h c  f o l l m i a x g  assumptions which are des igned  t o  be p r o t e c t i v e .  of a 
h e a l t h y  a d d t  male who i s  s u b j e c t  t o  average expasawre c o n d i t i o n s :  

1. T h e  exposed i n d i v i d m l  i s  a PO-kg male gasson ( I n t e r n a t i o n a l  
Commission on R a d i o l o g i c a l  Prote@tiola 1977). 

3.  The average d a i l y  i n g e s t i o n  of w a t e r  i s  eqinal t o  2 l i t e r s  
(Dr inking  Water and Health ,  National Research Conncil 19771, 

Becanshe f i s h  and s h e l l f i s h  cons p t i o n  i s  a s  important e x p o s w e  f a c t o r ,  
i n f o m a t i o n  on. b i o c o n c e n t r a t i o w  f t he  p o l l ~ t a n t  i n  e d i b l e  p o r t i o n s  of 
i n g e s t e d  spooies  i s  necessary  t o  ealcnnkate t h e  o v e r a l l  exposure l e v e l .  
The b i o c o n c e n t r a t i a n  f a c t o r  (BCP) i s  @qual t o  t h e  g a o t i e n t  of t h e  COR- 

c e n t r a t i o n  o f  a sabs tance  i n  a l l  o r  part  of a n  o r g s n i  d i v i d e d  by t h e  
c o n c e n t r a t i o n  i n  ambient w a t e r  t o  which t h e  organism has been exposed. 
The BCF i s  a f u n c t i o n  of l i p i d  s o l u b i l i t y  of t h e  subs tance  and r e l a t i v e  
amount of l i p i d s  i n  e d i b l e  portions o f  f i s h  or s h e l l f i s h .  To determine 
t h e  weighted average BCF, three d i f f e r e n t  p r o c e d a r e s  can be used &pen- 
ding  npan l i p i d  s o l u b i l i t y  and a v a i l a b i l i t y  of biOCQn@sntsa~iOn d a t a :  

( 2 )  For l i p i d  s o l u b l e  comp~nnds,  t h e  average BCF i s  cpalcknlated from 
the weighted ravesage p e r c e n t  l i p i d s  i n  i n g e s t e d  f i s h  and s h e l l f i s h  
i n  t h e  average e r i c a n  diet. T h e  l a t t e r  f a c t o r  h a s  been est imat .ed  
t o  be 3 p e r c e n t  (Stephsn 9 9 8 0 ,  as c i t e d  in BTSEPA 1988) 

Because steady-statc BCPs f o r  l i p i d  so lub le  ~ompou  s a r e  propor- 
t i o n a l  t o  percent  l i p i d s ,  t h e  BCP f o r  t h e  average e r i c a n  d i e t  can 
be c a l c u l a t e d  a s  f o l l o w s :  

B@F,p i s  the b i o e s n c e n t r a t i o n  f a c t o r  for an  a q u a t i c  s p e c i e s  
and PLsp i s  the p e r c e n t  l i p i d s  i n  t h e  e d i b l e  p o r t i o n s  of that  
spec i e s 0 

t h e  BCP can  be e s t i m a t e d  f r  t h e  o c t a n s l l w a t e r  p a r t i t i o n  c o e f f i -  
c i e n t  (PI of a sukstanee 8 8  f o l l o w s :  

l o g  WCP = 10.85 l o g  P) - 0 .70  

ere a n  a p p r o p r i a t e  bi o n c o n t r a t i o n  f a c t o r  i s  not a v a i l a b l e ,  

for a q u a t i c  organisms c o n t a i n i n g  abont 7.5 psrccrent l i p i d s  (Vei th  e t  
a l .  1980, a s  c i t e d  i n  USEPA 1980). An adjastment f o r  p s ~ c e a t  



l i p i d s  i n  t h e  average d i e t  ( 3  percent  ve r sus  7 .6  pescen t )  i s  made 
t o  de r ive  t h e  weighted avexage b ioconcen t r a t ion  f a c t o r .  

( 3 )  For aonl ip id-so luble  compounds, t h e  a v a i l a b l e  BCFs for e d i b l e  
po r t ions  of consmed f reshwater  and e s t u a r i n e  f i sh  and s h e l l f  ish 
a r e  weighted according t o  consrmngtion f a c t o r s  t o  deeermine t h e  
weighted BCF r e p r e s e n t a t i v e  of t h e  average d i e t .  

COKPNETIC DATA 

Pharmacokinetic da t a ,  encompassing i d o r m a t i o n  on absorp t ion ,  d i s -  
t r i b n t i o n ,  metabolism, and exc re t ion ,  a r e  needed f of detk?mining t h e  
biochemical f a t e  of a substance i n  human and animal systems. Informa- 
t i o n  on abso rp t ion  and e x c r e t i o n  i n  animals,  t oge the r  with a gnapwledge 
of ambient concen t r a t ions  i n  water ,  food, and a i r ,  a r e  usefu l  bm estima- 
t i n g  body burdens i n  humans. Pharmacokinetic da t a  a r e  a l s o  e s s e n t i a l  
f o r  e s t ima t ing  equiva len t  o r a l  doses based on data  from inhalation ox 
o t h e r  r o u t e s  of exposwe. 

2 . 3  BIOLOGICAL E P F E a  DATA 

E f f e c t s  da ta  which a r e  evaluated f o r  water  q u a l i t y  c r i t e r i a  include 
acute ,  subchronic,  and chronic  t o x i c i t y ;  s y n e r g i s t i c  and a n t a g o n i s t i c  
e f f e c t s ;  and geaotoxic i ty ,  t e r a t o g e n i c i t y ,  and ca rc inogen ic i ty ,  The 
da ta  a r e  der ived  p r imar i ly  from animal s t u d i e s ,  ba t  rcl inical  case  his- 
t o r i e s  and epidemiological  s t n d i e s  may a l s o  provide usefu l  information. 
According t o  'the EFA (USEPA 19801, severa l  f a c t o r s  inherent  i n  h m a n  
epidemiological  s t u d i e s  o f t e n  preclude t h e i r  a se  i n  genera t ing  water  
q u a l i t y  c r i t e r i a  ( s e e  NAS 1977). However, epidemiological  d a t a  can be 
useful i n  t e s t i n g  t h e  v a l i d i t y  of animal-to-man ex t r apo la t ions .  

From an assessment of a l l  t h e  a v a i l a b l e  da ta ,  a b io log ica l  end- 
p o i n t ,  i. e. s ca rc inogen ic i ty ,  t o x i c i t y ,  or organolept ic  e f f e c t s  is 
s e l e c t e d  f o r  c r i t e r i a  formulat ion.  

I f  s n f f i c i e n t  da t a  e x i s t  t o  conclude t h a t  a s p e c i f i c  substance i s  a 
p o t e n t i a l  h m a n  carcinogen (carc inogenic  i n  animal s tud ie s ,  with  suppor- 
t i v e  geno tos i c i ty  da t a ,  and poss ib ly  also suppor t ive  epidemiological  
d a t a )  t hen  t h e  p o s i t i o n  af t h e  EFA i s  t h a t  t h e  water q u a l i t y  c r i t e r i o n  
for t h a t  snbstance (recommended ambient water concen t r a t ion  f o r  rnaxiaom 
p r o t e c t i o n  of human h e a l t h )  i s  zero.  This is because t h e  EPA b e l i e v e s  
t h a t  no method e x i s t s  for e s t a b l i s h i n g  a th reshold  l e v e l  for carcino- 
genic e f f e c t s ,  and, consequently,  t h e r e  i s  no s c i e n t i f i c  b a s i s  f o r  es ta-  
b l i s h i n g  a "safe" l e v e l .  To b e t t e r  def ine  t h e  carcinogenic  risk associ-  
a ted  with a p a r t i c u l a r  water  p o l l u t a n t ,  t h e  EPA h a s  developed B metho- 
dology f o r  detexmining ambient water  concent ra t ions  of t he  substance 
which would coxxespond t o  irmrcrenrental l i f e t i m e  cancer r i s k s  of 10-7 t o  
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10-5 hone a a a i t i o n a i  c a s e  OE c w n c e ~  i n  p o p n l a t i o n s  ranging  from t e n  m i l - -  
l i o n  t o  100,000, r e s p e c t i v e l y ) .  'Wnasc r i s k  e s t ima tes ,  hmevex,  do not 
r e p r e s e n t  an  EPA j a d  e a t  a s  t o  a n  "acceptab lePP r i s k  l e v e l ,  

T h e  anbient w a t e r  c o n c e n t r a t i o n  of a subs tance  cor responding  t o  a 
s p e c i f i c  careiaogenic r i s k  can be c a l c u l a t e d  a s  f o l l o w s :  

where, 
c1 = ambient w a t . s x  c o n c e n t r a t i o n ;  

BCP = t he  b i o c s n c e a t r a t i o a  f a c t o r ;  and 
q1* = a c o e f f i c i e n t  ( d e f i n e d  b a l m )  (USEPA 19140). 

= t h e  probable  r i s k  ( e . g . ,  10-5; e q u i v a l e n t  t o  one c a s e  i n  I Q 0 , O Q O ) ;  

ing  t h e  terms i n  t h i s  equation, i t  can be seen t h a t  t he  ambient 
t er  c o n c e n t r a t i o n  i s  one of s e v e r a l  f a c t o r s  which d e f i n e  the o v e r a l l  exposuxs 

l e v e l :  

PR = a* x c ( 2  -1. 0.0065 BCF) 
70 

Or 

Bt = Q* x 2 C  f (0.0065 B C F . x c l ,  
70 

whexe, 2C i s  the d a i l y  expasuro r e s u l t i n g  from d r i n k i n g  2 l i t e r s  
of water  per  day and (0.0065 x BCP x C )  i s  t h e  average 
d a i l y  exposme r e s u l t i n g  from th.e consumption of 6 . 5  mg 
of f i s h  and s h e l l f i s h  per day. Becanse t h e  exposure i s  
c a l c u l a t e d  f o r  a 'l(B--kg man, it i s  aormal ized  to a per 
ki logram b a s i s  by the f a c t o r  of 1/78. In t h i s  
p a r t i c a l m  c a s e ,  exposure r e s u l t i n g  from i n h a l a t i o n ,  
d e m a l  c o n t a c t ,  and nonaqusrtis d i e t  i s  cons idered  
t o  be n e g l i g i b l e .  

6s s i m p l i f i e d  terms t h e  e q u a t i o n  can be r e w r i t t e n  

= a* X l  

where X i s  t h e  t o t a l  average d a i l y  exposure i n  rnglkg8day 
Or 

showing t h a t  t h e  c o e f f i c i e n t  ql' i s  t h e  r a t i o  of 
risk eo dose; an i n d i c a t i o n  of t h e  c a r c i n o g e n i c  potency 
of ell e compoand. 

' n e  USEPA g u i d e l i n e s  s t a t e  that for the purpose of developing water  
q u a l i t y  car i ter ie ,"  the a s s m p t i s n  i s  made t h a t  at. l o w  dose l e v e l s  t h e r e  
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i s  a l i n e a r  r e l a t i o n s h i p  between dose and risk ( a t  h i  doses,  however, 
t h e r e  may be a r a p i d  inc rease  i n  r i s k  wi th  dose r e s u l t i n g  in a sharp ly  
curved dose/response curve) .  A t  l o w  d o s e s  then, t h e  r a t i o  of r i s k  t o  
dose does not change apprec iab ly  and q1* i s  a constant .  At high  doses 
t h e  carcinogenic  potency  an be der ived d i i e c t l y  from experimental  da ta ,  
but f o r  r i s k  l e v e l s  of 10-7 t o  lO-% which correspond t o  very  l o w  doses,  
t he  q1* value  must be der ived  by e x t r a p o l a t i o n  from epidemiological  da t a  
o r  from high dose, short-term animal b ioassays .  

3 . 2  CARCINOGENIC POTENCY CALCULATED FROM HUMAN DATA 

In haman epidemiological  s tud ie s ,  carc inogenic  e f f e c t  i s  expressed 
i n  terms of t h e  r e l a t i v e  x i s k  laR(X)] of a cohort  of i n d i v i d a a l s  a t  
exposure X compared t o  t h e  risk i n  t h e  con t ro l  group WR(controlf1 
( e . g . ,  i f  t h e  cancer r i s k  i n  group A i s  f i v e  t imes  g r e a t e r  than  t h a t  of 
t h e  con t ro l  group, t hen  RR(X) = 5 1 ,  I n  such cases  the "excess" r e l a t i v e  
cancer r i s k  i s  expressed as RR(X1 - 1, and t h e  a c t u a l  n m e r i c ,  o r  pro- 
p o r t i o n a l  exeess r i s k  l e v e l  l iPR(XI1 can  be ca l cu la t ed :  

Using t h e  s tandard r i s k f d o s e  equat ion:  

PR(X) = b x X 

and s u b s t i t u t i n g  f o r  PR(X): 

IRR(X1 - 11 x PR(contzo1) = b x X 

b = tRR(X) - 1'4 x PR(cont ro l ) ,  
X 

where b i s  equal t o  t h e  carcinogenic  potency OX 41'. 

3 . 3  CARCINOGENIC POTFJCY CALCULATED FROM ANIMAL, DATA 

I n  t h e  case of animal s t u d i e s  where d i f f e r e n t  spec ies ,  s t r a i n s ,  and sexes  
may have been t e s t e d  a t  d i f f e r e n t  doses, r o u t e s  of exposure. and 
exposure dura t ions ,  any da ta  s e t s  used i n  c a l c u l a t i n g  t h e  
h e a l t h  c r i t e r i a  must conform t o  c e r t a i n  s tandards :  

1. The t m o r  incidence must be s t a t i s t i c a l l y  s i g n i f i c a n t l y  h i  
than  the  con t ro l  f o r  a t  l e a s t  one t e s t  dose l e v e l  and/or t h e  
tumor incidence r a t e  must show a S t a t i s t i c a l l y  s i g n i f i c a n t  
t r end  with respec t  t o  dose l eve l .  

2.  The data  s e t  g iv ing  t h e  h i g h e s t  e s t ima te  of carcinogenic  
l i f e t i m e  r i s k  (a*) should be s e l e c t e d  unless t h e  sample s i z e  
i s  q u i t e  m a l l  and another  da t a  s e t  with a s i a n i l a r  dose- 
response r e l a t i o n s h i p  and l a r g e r  sample s i z e  i s  a v a i l a b l e .  
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4 .  If i n  the same study t o r s  QCCUP" a t  dp s i g n i f  i c a x t  f requency 
a t  more t h a n  one s i t e ,  the cancer inc idence  i s  based on the 
ntmbes of animals  h a v i n g  ~ T X I I Q ~ S  p a t  any one of those s i t e s .  

%PE order t o  make dif ferent  d a t a  s e t s  c s m p ~ a b l e ,  the EPA g u i d e l i n e s  
c a l l  f o r  t h e  following s t a n d a r d i z e d  procedures: 

1. To e s t a b l i s h  e q u i v a l e n t  doses between s p e c i e s ,  t h e  exposures 
a r e  normalized i n  t e r n s  of dose per day (m) p e r  u n i t  o f  body 
s u r f a c e  axea.  Because the  s ~ ~ s f a c a  a r e a  i s  p r o p o r t i o n a l  t o  the: 
213 p m e r  of the body wei t (VI, the d a i l y  exposare (XI can 
be e ~ p ~ e s s e d  a s :  

P 

2 .  If t h e  dose ( S I  i s  g iven  a s  g per kg of body w e i g h t :  

m 
s : -_-- 

w 
then 

ma..; s x w  

and the equivalent .  d a i l y  exposure (XI would be 

( s  x w) 
x ~ _-.. 

3 .  T h e  dose must a l s o  be namkzlized to a l i f e t i m e  average expo- 
s m e .  For an c a r c i n o g e n i c  a s s a y  in which t h e  ~ v s r a g e  dose pen 
day (in mg) i s  m, and t h e  l e n  eh of exposure is le, and t h e  
to ta l .  l ength  of tb experiment i s  Le, thctn t h e  l i f e t i m e  
a v e r a g e  exposure < 

1, x m 
&=l c-1- 

L, x w213 

B-6 



4 ,  If t h e  dura t ion  of t he  experiment (Le) i s  l e s s  t han  t h e  
n a t u r a l  l i f e  span (L)  of t h e  t e s t  animal, t h e  va lne  OB q ~ *  i s  
increased  by a f a c t o r  of ( L / L , I ~  t o  ad jus t  for an age-specif ic  
increase  in t b e  cancer r a t e .  

5 .  If t h e  exposuxe i s  expressed a s  t h e  d i e t a r y  concent ra t ion  of a 
substance ( i n  ppm) .) them t h e  dose per day (m) i s  

m = p p x F x r ,  

where F i s  t h e  weight of t h e  food e a t e n  per day i n  kg, and P 
i s  t h e  abso rp t ion  f r a c t i o n  (which i s  genera l ly  assumed t o  be 
equal t o  1). The weight of t h e  food  e a t e n  per day can  be 
expressed a s  a f u n c t i o n  of body weight 

1F = f W *  

where f i s  a spec ies -spec i f ic ,  empi r i ca l ly  der ived  c o e f f i c i e n t  
which a d j u s t s  f o r  d i f f e r e n c e s  i n  E; due t o  d i f f e r e n c e s  i n  t h e  
c a l o r i c  content  of each s p e c i e s  d i e t  ( f  i s  equal t o  0 . 0 2 8  for 
a 7Q-kg man; Q.05 for a 0.35-kg r a t ;  and 0.13 for B 0.03-kg 
mouse) (I 

S u b s t i t u t i n g  (ppm I F f  f o r  m and fW for F, t h e  d a i l y  exposare 
(dose /sur face  a rea /day  or m/'W2/3) can  be expressed R S  

PPm x F p p m x f x W  x =  -ll_____l = - - p p  I[. f x W1/3" 
e@/ 3 / 3  

4.  When exposure i s  v i a  inha la t ion ,  c a l c u l a t i o n  can be considered 
for two cases:  (1) t h e  substance i s  a water so lub le  gas o r  
aerosol ,  and i s  absorbed p r o p o r t i o n a l l y  t o  t o  t h e  amomt of 
a i r  b rea thed  i n  and ( 2 )  t h e  substance is not very r a t e r  soPu- 
b l e  and absorp t ion ,  a f t e r  equi l ibr ium i s  reached between t h e  
a i r  and t h e  body compartments, w i l l  be propor t iona l  t o  t h e  
metabol ic  r a t e  which i s  propor t iona l  t o  r a t e  of oxygen con- 
sumption; which, i n  tu rn ,  i s  a f n n c t i o n  of t o t a l  body sur face  
area.  

3.4  EXTRAPOLATION FROM H I G H  TO LOW DOSES 

Once experimental  da t a  have been s tandard ized  i n  terms of C X P Q S U ~ ~  

Xevels. they a r e  incorpora ted  i n t o  a mathematical model which allows f o r  
c a l c n l a t i o n  of excess  r i s k  l e v e l s  and carc inogenic  potency a t  l o w  doses 
by e x t r a p o l a t i o n  from high dose s i t u a t i o n s .  There a r e  a nmber  of 
mathematical models which can be used for t h i s  procedure ( see  Krewski e t  
a l .  1983 f o r  review).  The EPA h a s  s e l e c t e d  a " l inea r i zed  mult i -s tage" 
e x t r a p o l a t i o n  model f o r  use i n  der iv ing  water  q u a l i t y  c r i t e r i a  IUSEPA 
1980). T h i s  model i s  der ived  from a s tandard  "general productPs t i m e -  
to-response (tumor) model ( K r e w s s k i  e t  al. 1983): 

P ( t ; d )  = 1 - expC-g(d)B(tl3, 

where P ( t ;d )  i s  t h e  probable  response for dose d and 



( w i t h  a ana p 2 0, a n d 2  pi = 1). 

T h i s  t ime-tw-response model can be converted t o  a q u a n t a l  rcsponsc 
model by i n c o r p o r a t i o n  of t h e  t i m e  f a c t o r  i n t o  each a a s  a m 
t i v e  cons tan t  ( C r  

a 

o r  a s  g iven  i n  t h e  EPA g n i d e l i n e s  (USEPA 19130): 

P ( d )  = I. - e~pC-(qo  + qlld -+ qzdz -t . . . -+ ~kdk)l, 

where P ( d 1  is t h e  l i f e t i m e  risk ( p r o b a b i l i t y )  of cancer  at dose d. 

iven dose t h e  oxcess  cancer  r i s k  A(d)  above t h e  backgronnd r a t e  P ( o )  i s  

g iven  by t h e  equation: 

P ( d )  -P:s) 

1 - PI01 
A (  d)  __F_____._ ._ .____.  

Where 

A ( d )  = 1 - expl-qid -+ qzd2 + ... + qkdk)l, 

Poin t  estimates of t h e  c o e f f i c i e n t s  c g l .  .qk and consequent ly  t h e  
e x t r a  risk f n n c t i s n  A ( d )  a t  any g i v e n  dose are c a l c u l a t e d  by ixsing the 
s t a t i s t i c a l  method of maxim l i k e l i h o o d .  Whenever q1 i s  not  equal t o  
0, a t  iow doses the: e x t r a  f u n c t i o n  A(a )  ha$ approximate:iy the form: 

A(d) 91 x d,  

Csnseqnewtly, 91 x a represents  a 9 5  p e r c e n t  upper conf idence  l i m i t  
on t h e  excess  risk, and R / a  r e p r e s e n t s  a 9 5  p e r c e n t  lower c ~ n f i d e n c a :  
l i m i t  on t h e  dose producing an e x c e s s  r i s k  of R. Thno A(d)  and 
be a function of t h e  m a , x i m r n  p05Sib ls  v d g e  of which can be d e t e r -  
mined from t h e  9 5  percent  upper conf idence  l i m i t s  on Q I .  n i s  i s  accam- 

l i s b e d  by us ing  the cornputor program GLOBAL 7 9  developed by C r w p  and 
a t s o n  ( IWFI) .  ~n t h i s  procedure 81". t h e  9 5  p e r c e n t  upper conf idence  
h i t ,  i s  ctalculzrted by increasing qg t o  a v a l u e  which, when incorgora-  

t e d  i n t o  t h e  l o g - l i k e l i h o o d  fznan~tmion, rosaalts i n  a m a x i m  
sati s f y i n g  the equat l o a :  

 LO - L I )  = 2.70554,  
whexe 1 , ~  i s  t h e  maximum va lue  of t h e  l o g - l i k e l i h o o d  faaction.  
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Whenever t h e  mul t i s t age  XnOdeP does not  f i t  t h e  d a t a  s n f f i c i e n t l y ,  
da t a  a t  t h e  h i g h e s t  dose a r e  d e l e t e  and &he model i s  r e f i t t e d  t o  t h e  
da ta .  To determine whether t h e  f i t  i s  acceptab le ,  t h e  chi-square s ta-  
t i s t i c  i s  used: 

where Ni is t h e  number of animals i n  t h e  i t h  dose group, 
xi  is t h e  amber of animals i n  t h e  i t b  dose group with a 
tmor response,  Pi i s  t h e  p r o b a b i l i t y  of a response i n  
t h e  i t h  dose group es t imated  by f i t t i n g  t h e  mul t i s t age  
model t o  t h e  da t a ,  and h i s  t h e  number of remaining gronps. 

The f i t  i s  determined t~ be unacceptable whenever chi-square 
(X2) i s  l a r g e r  t han  t h e  c m u l a t i v e  9 9  percent  po in t  of 
t h e  chi-squate d i s t r i b u t i o n  wi th  f degrees  of freedom, where f 
equals  t h e  number of dose groups minus t h e  number of 
nonzero mu1 t i s tage  c o e f f i c i e n t s .  

4 -  - BEAITH CRITERIA E;OIZ NONCARCINOGENIC TOXIC SWSTANCES 

Water q u a l i t y  c r i t e r i a  t h a t  a r e  based on noncarcinogenic human 
h e a l t h  e f f e c t s  can be der ived  froan severa l  sources  of da t a ,  In a l l  
ca ses  it  i s  assumed t h a t  t h e  magnitude of a toxic e f f e c t  decreases  a s  
t h e  exposure l e v e l  decreases  u n t i l  a t h re sho ld  po in t  is reached a t ,  and 
below whicb, t h e  t o x i c  e f f e c t  w i l l  not occur r e g a r d l e s s  of t h e  length  of 
t h e  exposare per iod.  Water q u a l i t y  c r i t e r i a  (C) e s t a b l i s h  t h e  concen- 
t r a t i o n  of a substance i n  ambient water  which, when considered i n  r e l a -  
t i o n  t o  o the r  sources  of exposure [ i . e - >  average d a i l y  consamption of 
nonaquatic organisms (flT) and d a i l y  i n h a l a t i o n  (IN)] p lace  t h e  Aceegta- 
b l e  Dai ly  In take  (ADI)  of t h e  substance a t  PI l e v e l  below t h e  toxicity 
th reshold .  thereby prevent ing adverse h e a l t h  e f f e c t s :  

ADI - (ar +IN) 

12L * (0 .0065 kg x I3CF)l 
= __-------l-l---____-I_____ 

where 2 L  i s  t h e  amount of water inges ted  per  day, 0.0065 kg 
i s  t h e  amount of f i s h  and s h e l l f i s h  consumed pe r  day. and 
BCF is t h e  weighted average b ioconcent ra t fon  factor. 

In terms of s c i e n t i f i c  v a l i d i t y ,  an accurate es t imate  of t h e  ADI is 
t h e  major f a c t o r  i n  de r iv ing  a s a t i s f a c t o r y  water  qnaEity c r i t e r i a .  

The th re sho ld  exposure l e v e l ,  and thns t h e  ADX, can be? der ived  f r m  
e i t h e r  or both animal and human t o x i c i t y  da ta .  



For c - r i t e x j a  derivation, t o x i c i t y  i s  d e f i n e d  a s  any adverse  e f f e c t s  
which r e s d t  i n  functional impairment and/or p a t h o l o g i c a l  l e s i o n s  which 
may affect t h e  performance of ibe wbsle organism, OF which seduce an 
orpanism's  a b i l i t y  t o  rasporid t o  an  a d d i t i o n a l  chaP1enge (ITSEPA 1980). 

A bioassay y i e l d i n g  information a s  t o  t h e  highest  chronic ( 9 0  days 
OT more) erpasaare t o l e r a t e d  by the  test asrilaaal withoat adverse  e f f e c t s  
(No-Observed-Advease-Effect-Level or NQAEL) i s  equivalcat t o  t h e  t o x i -  
c i t y  t h r e s h o l d  and 6883. be used d i r e c t l y  f o r  c r i t e r i a  d e r i v a t i o n ,  In 
a d d i t i o n  t o  t h e  NOM&, o t h e r  d a t a  p o i n t s  which can be o b t a i n e d  from tox- 
i c i t y  t e s t i n g  are  

According to the  EPA gmidel ines ,  o n l y  c e r t a i n  of these d a t a  p o i n t s  
can he used f o r  c r i t e r i a .  deoivation: 

1. s i n g l e  PEE v a l u e ,  wi thout  i n f o r m a t i o n  on t h e  o t h e r  response 
l e v e l s ,  &oQald not  be a s a d  for c r i t e r i a .  d e r i v a t i o n  because 
t h e r e  i s  no wag of knowing how Par  above t h e  t h r e s h o l d  i t  
0 c c UP s . 

2. A s i n g l e  NOEL, v a l u e  i s  a l s o  unsu i tab le  because there i s  no way 
of de te rmining  how f a r  below t h e  t h r e s h o l d  i t  occors. If only 
m u l t i p l e  NOELS are a v a i l a b l e ,  t h e  h i g h e s t  v a l m  should be 
nsed .  

3. I f  a LQEL v a l u e  a l o n e  i s  a v a i l a b l e ,  a judgement must 58: made 
a s  t o  whether t h e  valaae a c t a a l l y  corresponds t o  a N O M !  or an 
L o r n .  

4 .  If an LQAEL va lne  is ased  f o r  c r i t e r i a  d e r i v a t i o n ,  i t  must be 
a d j u s t e d  by a f a c t o r  of 1 t o  1Q t o  make i t  approximately 
e p a i v a l e n t  t o  t h e  NOAEL and t h u s  t h e  t o x i c i t y  t h r e s h o l d .  

5 .  If for  reasonably c l o s e l y  spaced doses o n l y  a NOIF% and a LOMX 
v a l u e  sf equal  q u a l i t y  are a v a i l a b l e ,  t h e  NOEL, is used for 
c r i t e r i a  d e r i v a t i o n .  

The most r e l i a b l e  e s t i m a t e  of  the t o x i c i  
o b t a i n e d  from a b i o a s s a y  i n  which an Nom, NO 
def ined  FEZ. were? observed i n  r e l a t i v e l y  c l o s e l y  spaced doses,  

Regard less  o f  which o f  the above d a t a  p o i n t s  is used t o  e s t i m a t e  
t h e  t o x i c i t y  th reshold ,  a judgemeat must be made a s  e o  whether t h e  
experimeatal  d a t a  a r e  of s a t i s f a c t o r y  q u a l i t y  and q u a n t i t y  t o  a l low f o r  
a v a l i d  extrapolation €or B w a n  expos-ma s i t u a t i o n s .  Depending on 
whsi-hm the d a t a  a r e  cons idered  t o  be adequate or inadegnate ,  thc 
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t o x i c i t y  th re sho ld  i s  ad jus t ed  by a "safety f a c t o r "  o r  "uncertainty fac- 
t o r 8 #  (NAS 1977). The "uncertainty f a c t o r "  may range from EO t o  1000 
according t o  t h e  fo l lowing  general  guide1 ines :  

1. Uncer ta in ty  f a c t o r  10. Val id  experimental  r e s u l t s  from stu- 
d i e s  on prolonged i n g e s t i o n  by man, with no i n d i c a t i o n  o f  car- 
e i nogen ic i ty  . 

2. u n c e r t a i n t y  f a c t o r  100, Data on chronic  exposures i n  humans 
not ava i l ab le .  Val id  r e s u l t s  o f  long-term feeding  s t u d i e s  on 
experimental  animals,  o r  i n  t h e  absence of human s tud ie s ,  
v a l i d  animal s t u d i e s  on one o r  more species .  No i n d i c a t i o n  of 
carc inogenic i ty .  

3 .  Uncer ta in ty  f a c t o r  1000. No long-term or acute  exposare da ta  
f o r  humans. Scanty r e s u l t s  on experimental  animals with no 
ind i  e a t i  on of ca rc inogen ic i ty  . 

Uncertainty f a c t o r s  which f a l l  between t h e  c a t e g o r i e s  descr ibed 
above should be s e l e c t e d  on t h e  b a s i s  of a logar i thmic  s c a l e  ( e . g . ,  33 
be ing  halfway between 10  and 100). 

The & r a s e  "no i n d i c a t i o n  of ea rc inogen ic i ty"  means t h a t  carcino- 
g e n i c i t y  da t a  from animal experimental  s t u d i e s  01: human epidemiology a r e  
not ava i l ab le .  Data from short-term ca rc inogen ic i ty  screening t e s t s  may 
be repor ted ,  but they  axe not used in c r i t e r i a  d e r i v a t i o n  or f o r  r u l i n g  
out t h e  unce r t a in ty  f a c t o r  approach. 

4 . 2  CRITERIA BASED ON INHALATIQN EJtpoSUMS 

In the absence of o r a l  t o x i c i t y  da t a ,  water q u a l i t y  c r i t e r i a  for  I$ 

substance can be der ived  from threshold  l i m i t  va lues  (TLVs) e s t a b l i s h e d  
by t h e  American Conf e r e m e  of Governmental and I n d u s t r i a l  Hygienis t s  
( A E I H ) ,  t h e  Occupational S a f e t y  and Heal th  Adminis t ra t ion (OSHA) ,  01: 

t h e  Nat ional  I n s t i t u t e  f o r  Occupational S a f e t y  and Heal th  (NId)SlS), or 
from l abora tory  s t u d i e s  eva lua t ing  t h e  i n h a l a t i o n  t o x i c i t y  of t h e  sub- 
s t ance  i n  experimental  animals. E Y s  r ep resen t  8-hr time-wei 
averages of concen t r a t ions  i n  a i r  designed t o  p ro tec t  workers from 
va r ious  adverse h e a l t h  e f f e c t s  during a normal working ca ree r .  TO t h e  
ex ten t  t h a t  TLVs a r e  based on sound t ox ico log ica l  eva lua t ions  and have 
been p r o t e c t i v e  i n  t h e  work s i t P a t i o n ,  they  provide h e l p f u l  information 
f o r  de r iv ing  water  q u a l i t y  c r i t e r i a .  Eowever, each TLV must be examined 
t o  decide i f  t h e  da t a  i t  is based on can be used f o r  c a l c u l a t i n g  a water  
q u a l i t y  c r i t e r i a  (us ing  t h e  unce r t a in ty  f a c t o r  approach).  Also t h e  h is -  
t o r y  of each TLV should be examined t o  a s s e s s  t h e  ex ten t  t o  which it  h a s  
r e s u l t e d  i n  worker s a fe ty .  With each PZV, t h e  types  of e f f e c t s  agailnst 
which it i s  designed t o  p r o t e c t  a r e  examined i n  terms of i t s  re levanee 
t o  exposure from water .  It must be shown t h a t  t h e  chemical is not a 
l o c a l i z e d  i r r i t a n t  and t h e r e  is no s i g n i f i c a n t  e f f e c t  a t  t h e  p o r t a l  of  
ent ry ,  r e g a r d l e s s  of t h e  exposure route .  

B-11 



The most important  f a c t o r  i n  u s i n g  i n h a l a t i o n  d 
mining e q u i v a l e n t  dose/response r e l a t i o ~ l s l h  ips f o r  or 
E s t i m a t e s  of e q n i v a l e n t  d o s e s  can be based  q o n  (1) a v a i l a b l e  pbas -  
macokinet ic  d a t a  for  0 t d  and i n h a l a t i o n  r o u t e s ,  (2 )  
a b s o r p t i o n  eEficiency from i n g e s t e d  05: i n h a l e d  chemic Is, o r  ( 3 )  com- 
parative e x e r g t i o n  d a t a  whe'il a s s o c i a t e d  maehabol i c  p a t  
eqraivalent t o  those f o l l o w i n g  o r a l  i n g e s t i o n  or i n h a l a t i o n .  The nsa of 
phasmeascskinetic a s d e b s  is the preferred nethod for c o n v e r t i n g  f r  
i n h a l a t i o n  to e r g ~ i v d e n t  o r a l  doses. 

In. t h e  absence of phamaicobins t ic  d a t a ,  TLVs and a b s o r p t i o n  e f f i -  
c i e n c y   reas as we e n t s  can be nsed t o  calclolatp? a n  AD1 v a l u e  by means of 
the S t o k i n g e r  and Woo spra (1858) model: 

A D 1  = TLV x BW K DE x d x A A ~ ( A Q  x S p )  , 
WhEte, 

BW = d a i l y  air i n t a k e  (assxme 10 d). 
DE = d u r a t i o n  of exposure i n  hours par  day, 
d = 5 daysJ7 days,  
AA = e f f i c i e n c y  of a b s o r p t i o n  from a i r ,  
&I = e f f i c i e n c y  of absorption f r m  o r a l  cxposnre. and 
S F  = saf eQy f a c t o r .  

For d e r i v i n g  an AD1 f r  animal i n h a l a t i o n  t o x i c i t y  da t a ,  t h e  equation is: 

ADB = CA x DE x d x AA x B x A 0  x SP), 

where, 
CA = c o n c e n t r a t i o n  i n  a i r  ( m g / d )  J 

DE = d u r a t i o n  o f  exposme ( h r l d a y ) ,  
a = number of days  exposedln bet of days observed, 
AA = efficEem@y of abs rption from a i r ,  
BW 

%VA = body w e i g h t  of exper animals  (kg3 , 

= v o l m e  of a i r  bre thed ( & / d a g )  , 

A0 = efficiency of absorp o r a l  exposure,  and 
S F  = s a f e t y  f a c t o r .  

T h e  safety f a s t o r s  used i n  t h e  above equations are in tended  t o  
accozalnt f o r  species v a r i a b i l i t y .  Consequently,  t h e  mglsnrf   ice area/day 
convexsion f a c t o r  i s  not used i n  t h i s  methodology. 

Organol ept P c c r i t e r i a  def i n e  G o n c e n t r a t i s n s  o f  subst anee s which 
impart  u n d e s i r a b l e  t a s t e  andlor odor t 0  water .  Organoleptic ~ i t e ~ i a  
axe based on a e s t h e t i c  q u a l i t i e s  a l o n e  and not on t o x i c o l o g i c a l  d a t a ,  
and t h e r e f o r e  have no d i r e c t  r e l a t i o n s h i p  t o  potent i  
h e a l t h  e f f e c t s .  However, s v f f i c i e n t l y  i n t e n s e  o r g a n o l e p t i c  e f f e c t s  may, 



under some circmnstances,  r e s a l t  i n  depressed f l u i d  in t ake  which,, i n  
t u r n ,  m i g h t  aggravate  a v a r i e t y  of f a c t i o n a l  d i s e a s e s  ( i . e * ,  kidney and 
c i r c u l a t o r y  d i s e a s e s ) .  

FOP comparison purposes,  both organolept ic  c r i t e r i a  and human 
h e a l t h  e f f e c t s  c r i t e r i a  can be der ived  for 8 given water po l lu t an t ;  
however, i t  should be e x p l i c i t l y  s t a t e d  i n  t h e  c r i t e r i a  document. t h a t  
t h e  organolept ic  c r i t e r i a  have no demonstrated r e l a t i o n s h i p  t o  p o t e n t i a l  
adverse human h e a l t h  e f f e c t s .  
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