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Nitroglycerin is a nitrate ester used primarily in explosives and 
in medical applications as a vasodilator. It is not very soluble in 
water but is completely miscible in most organic solvents. Physical 
decomposition occurs from exposure to increasing temperatures, and 
explosion may occur from continuous exposure to high temperatures. 
Under acidic and alkaline conditions, nitroglycerin goes through 
steprioe denitration t o  yield glycerol, bat under alkaline conditions 
the glycerol is further hydrolyzed. Nitroglycerin is prodaced by either 
a batch or continuous process by adding glycerol to a cooled mixture of 
nitric and sulfnric acids. The most popular methods of quantitatively 
analyzing nitroglycerin are those using gas chromatography. 

Release of wastewaters from the production and/or use of nitrogly- 
cerin can alter habitat by degrading the quality of the receiving 
waters. Once in the environment, degradation of nitroglycerin is slow 
and occurs primarily through biodegradation and photolysis. 

Nitroglycerin is quite toxic to aquatic organisms. Limited data 
indicate that some algae may be more sensitive than fish or invettebra- 
tes to acute exposures of nitroglycerin. Ninety-six hour LC50 values 
f o r  fish range from 1.67 to 3.2 mg/L, and 48-hr EC50 values for i n v e r  
tebrates, based on immobilization, range from 20 to 5 5  rng/L. The lowest 
reported concentrations causing significant adverse effects in fish and 
invertebrates from chronic exposures are 0.22 and 3.1 mg/L, respec- 
tively. Seven- to 30-day-old fry  appear to be the most sensitive stage 
of fish. Based on an 8-day bioaccamulation study with fish, bioconcen- 
tration factors of 8X to 15X have been calculated; however, because of 
the short length of this study, these values may not be an accurate 
indication of this chemical's potential for bioconcentration. 

A direct relationship between nitroglycerin and adverse effects t o  
aquatic organisms has not been shown by field studies but wastewaters 
generated during the pxoduction or use of nitroglycerin may severely 
impact aquatic ecosystems. 

Nitroglycerin is rapidly and widely dis tributed and rapidly absor- 
bed, metabolized, and eliminated in both laboratory animals and humans. 
Metabolism occurs in both hepatic and extrahepatic tissues via stepwise 
denitrification; elimination is primarily in the urine and expired a i r .  

The acute toxicity of nitroglycerin to mammals is moderate; it is 
most toxic when given intravenonsly and least toxic when given orally. 
There appear to be minor or no sex and species differences in the acute 
toxicity. Acute exposure of hnmans to sublethal concentrations of 
nitroglycerin causes headache, increased heart rate, and decreased blood 
pressure. 

Snbchronic exposare to high concentrations of nitroglycerin causes 
adverse hematological changes in animals. Chronic exposure of labora- 
tory animals to high concentrations of nitroglycerin also causes 
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s i g n i f i c a n t  adverse  hemato logica l  changes,  a s  w e l l  a s  adve r se  changes i n  
t h e  l i v e s  and r e d u c t i o n  i n  weight  g a i n .  Long-term employment of humans 
i n  i n d u s t r i e s  producing n i t r o g l y c e r i n  o r  u s ing  n i t r o g l y c e r i n  i n  t h e  pro- 
d u c t i o n  of e x p l o s i v e s  has  f r e q u e n t l y  been a s s o c i a t e d  w i t h  headaches ,  
f a t i g u e ,  and nansea .  There i s  evidence t h a t  long-term exposure t o  
n i t r o g l y c e r i n  and lo r  n i t r o g l y c o l  i n  t h e  e x p l o s i v e s  i n d u s t r y  may be t h e  
cause  of some i s o l a t e d  c a s e s  of sudden d e a t h .  

I n  v ivo  and i n  v i t r o  s t u d i e s  have n o t  shown n i t r o g l y c e r i n  t o  be 
geno tox ic .  S t u d i e s  w i t h  l a b o r a t o r y  an imals  on developmental  t o x i c i t y  
and r e p r o d a c t i v e  e f f e c t s  have f a i l e d  t o  demonst ra te  t h a t  n i t r o g l y c e r i n  
i s  a t e r a t o g e n  but  have shorn t h a t  exposures  t o  h igh  c o n c e n t r a t i o n s  
cause  male i n f e r t i l i t y  and de layed  development i n  o f f s p r i n g ,  a s  judged 
by incomple te  o s s i f i c a t i o n  of t h e  hyoid bone. 

A h igh  inc idence  of h e p a t o c e l l u l a r  carc inomas ,  o r  n e o p l a s t i c  nodn- 
l e s ,  and i n t e r s t i t i a l  c e l l  tumors of t h e  t e s t e s  have been observed i n  
r a t s  a f t e r  two y e a r s  of exposure t o  h igh  c o n c e n t r a t i o n s  of n i t r o g l y -  
c e s i n .  Also, a n  i n c r e a s e d  i n c i d e n c e  i n  p i t u i t a r y  tumors h a s  been obser- 
ved i n  m i c e  exposed for one y e a r  t o  moderate  amounts of n i t r o g l y c e r i n .  

The f i n a l  a q u a t i c  c i i t e r i o n  c o n s i s t s  Qf two c o n c e n t r a t i o n s :  a C r i -  
t e r i o n  Maximum Concen t ra t ion  and a C r i t e r i o n  Continuous Concen t r a t ion .  
A C r i t e r i o n  Maximum C o n c e n t r a t i o n  of 0.86 m g l L  may be  c a l c u l a t e d  from 
a v a i l a b l e  d a t a ;  however, t h i s  v a l u e  i s  cons ide red  t e n t a t i v e  because 
a c u t e  t o x i c i t y  d a t a  diO n o t  meet a l l  r equ i r emen t s  of t h e  USEPA Guidel- 
i n e s -  The minimum d a t a  base  r e q a i r e d  by t h e  USEPA i n  s a l c n l a t i n g  a Czi- 
tt2riQn Continuous Concen t r a t ion  was n o t  a v a i l a b l e .  C a l c u l a t i o n  of human 
h e a l t h  c r i t e r i a  for n i t r o g l y c e r i n  was based on t h e  f i n d i n g  of i t s  c a r c i -  
n o g e n i c i t y  i n  r a t s .  T h e r e f o r e ,  t h e  recommended c r i t e r i a  which may 
r e s u l t  i n  an inc remen ta l  i n c r e a s e  of l i f e t i m e  cance r  r i s k  a t  l e v e l s  of 
10-5, 10-6, and 10-7 a r e  1 4 . 0 ,  1 . 4 0 ,  and 0.140 p g / L J  r e s p e c t - i v e l y .  rf 
t h e  above e s t i m a t e s  a r e  made f o r  consumption of a q u a t i c  organisms only, 
excluding  CQnSImptiOn of wa te r ,  t h e  l e v e l s  a r e  231, 23.1, and 2 . 3 1  pg/L,  
x e s p e c t i v e f y  . 
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1. RODUCTION 

N i t r o g l y c e r i n  i s  a n i t r a t e  e s t e r  t h a t  i s  used as an e x p l o s i v e  and, 
more f r e q u e n t l y ,  w i t h  o t h e r  m a t e r i a l s  (e .g. ,  n i t r o g l y c o l )  t o  make explo- 
s i v e s  such a s  dynamite ,  smokeless gunpowders, and b l a s t i n g  g e l s  ( A C G I H  
1980; Hawley 1981;  S t o k i n g e r  1 9 8 2 ) .  N i t r o g l y c e r i n  i s  a l s o  used i n  
r o c k e t  p r o p e l l a n t s  (ACGIE 1980), a s  a v a s o d i l a t o r  f o r  temporary r e l a x a -  
t i o n  of t h e  g a s t r o i n t e s t i n a l  and u r i n a r y  t r a c t s  ( I n t e r n a t i o n a l  Labour 
O f f i c e  1 9 8 3 ) ,  and i n  t h e  t r e a t m e n t  of angina p e c t o r i s  ( E l l i s  e t  a l .  
1984). T h e  o b j e c t i v e s  of t h i s  r e p o r t  a r e  t o  review the  a v a i l a b l e  d a t a  
on the a q u a t i c  and human h e a l t h  e f f e c t s  of n i t r o g l y c e r i n  and, u s i n g  t h e  
l a t e s t  USEPA g u i d e l i n e s ,  t o  g e n e r a t e  w a t e r  q u a l i t y  c r i t e r i a  v a l u e s .  
Appendix A i s  a sammary of t h e  USEPA G u 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  for t h e  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  rises 

(S tephan  e t  a l .  1985). Appendix B is a summary of t h e  USEPA G u 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  for 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 CHEMICAL PROPERTIES 

A summary of some of t h e  p h y s i c a l  and chemical  p r o p e r t i e s  of n i t r o -  
g l y c e r i n  i s  p r e s e n t e d  i n  T a b l e  1, and a l i s t  of synonyms i s  p r e s e n t e d  i n  
Table  2 .  N i t r o g l y c e r i n  has  a molecular  weight  of 2 2 7 . 0 9  and i t s  s t r u c -  
t n r a l  f o r m l a  is ~ H ~ N O ~ C E N O ~ C H Z N @  (ACGIB 1980). In i t s  p u r e  form 
n i t r o g l y c e r i n  i s  a c o l o r l e s s ,  t r a n s p a r e n t ,  o i l y  l i q u i d ,  and i n  i t s  com- 
m e r c i a l  form i t  i s  y e l l o w i s h  o r  p a l e  brown (Urbanski 1 9 8 3 ) ;  The com- 
pound e x i s t s  i n  two i somer ic  forms which d i f f e r  i n  f r e e z i n g  p o i n t  and 
c r y s t a l l i n e  s t r u c t a r e  (Urbanski  1983). The l a b i l e  form h a s  a lower 
f r e e z i n g  p o i n t ,  between 1.9 t o  2.8"C (Kast  1906; Hackel 19338 b o t h  as 
r e p o r t e d  i n  Urbanski  1983; Windholz 1983). E s t i m a t e s  of t h e  f r e e z i n g  
point for the stable f o r m  range from 12.4 t o  13.5OC (Nanckhoff 1905, a s  
r e p o r t e d  i n  Urbanski  1983; DiCarlo 1975). 

N i t r o g l y c e r i n  is n o t  v e r y  s o l u b l e  i n  water ;  a t  20°C, e s t i m a t e s  
range from 1.73 t o  2.0 g / L  of w a t e r  ( T a b l e  1) (Hark 1965; Lindner  1 9 8 0 ) .  
Bowever, n i t r o g l y c e r i n  i s  comple te ly  m i s c i b l e  w i t h  most o r g a n i c  s o l v e n t s  
a t  room t e m p e r a t u r e  ( T a b l e  1) (Urbanski  1983). The s o l u b i l i t y  of n i t r o -  
g l y c e r i n  i n  e t h y l  a lcohol  depends to a l a r g e  e x t e n t  on th8 t empcra tnre  
and t h e  w a t e r  c o n t e n t  of t h e  a l c o h o l .  For example, a t  2ooc about  4 3 ,  
31.6, and 0.7 g of n i t r o g l y c e r i n  w i l l  d i s s o l v e  i n  100 cm3 of  1 0 0 ,  96, 
and 25 p e r c e n t  e t h a n o l ,  r e s p e c t i v e l y .  A t  about  5OoC n i t r o g l y c e r i n  mixes 
w i t h  a b s o l u t e  o r  96 p e r c e n t  e t h a n o l  in a l l  p r o p o r t i o n s  (Urbanski  1 9 8 3 ) .  
The s o l u b i l i t y  of n i t r o g l y c e r i n  i n  o t h e r  monohydroxy a l c o h o l s  such a s  
p r o p y l ,  i s o p r o p y l ,  and amyl is s i m i l a r  t o  t h a t  of e t h a n o l  w h i l e  be ing  
even less s o l u b l e  i n  polyhydroxy a l c o h o l s  (Urbanski  1 9 8 3 ) .  Nitrogly-  
c e r i n  i s  r e a d i l y  s o l u b l e  i n  65 p e r c e n t  a c e t i c  a c i d  and c o n c e n t r a t e d  s a l -  
f u r i c  a c i d ,  b u t  i s  on ly  s l i g h t l y  soluble in carbon d i s u l f i d e  and in 
a 1  i p h a t i c  hydrocarbons (Urbanski  1983) . 

A t  t e m p e r a t u r e s  of S O O C ,  n i t r o g l y c e r i n  b e g i n s  t o  decompose (DiCarlo 
1975). When hea ted  t o  75OC, t h e  compound a p p a r e n t l y  decomposes w i t h i n  
t h r e e  t o  four days and i s  c h a r a c t e r i z e d  by t h e  g e n e r a t i o n  of a c i d  



TABLE 1. PHYSICAL AEW CMEUXCAL PROPERTIES OF NITRCCLYCERlN 

P r o p e r t y  V a l u e  Source  
___ 
Dens i ty  ( g / c m 3  a t  2D°C) 1.5931 

S p e c i f i c  g r a v i t y  d i i  1 .599  

d: 1 .6144  

d i 5  1 .6009  

Mel t ing  poink  ( 'C)  

V i s c o s i t y  (oP) 

6:' 1 .5918  

13 .2a  
1 3  ( S t a b l a )  
13 .5  ( S t a b l e )  e 

1 3  . l a  
2 . 8  (Labile) 
1 . 9  ( L a b i l e )  
2.1-2.2 ( L a b i l e )  

35 .5  a t  2OoC 
21.0 u t  JO°C 
9.4 a t  50°C 
6 . 8  a t  40°C 

O i l s t w a t e r  p a r t i t i o n  2 . 3 5  

H y g r o s c o p i c i t y  (20OC) 0.06% a t  90% rh 

C o e f f i c i e n t  ( l o g  P) 

Solubil i t y  i n  o r g a n i c  
s o l v e n t s  

S o l u b i l i t y  i n  w a t e r  ( g / L )  1.6  a t  15.C 
1 . 7 3  a t  2OoC 
1 . 8  a t  20°C 
2.0 a t  2OOC + 

2.46 e t  60.C 
2.5 a t  50°C 

A t  room t empera ture . .  compllctely 
m i r o i b l e  I n  most o r g a n i c  s o l v e n t $  
i n c l n d i n g :  methyl  a l c o h o l ,  e t h y l  
a c e t a t e ,  anhydrous  a c e t i c  a c i d .  
benzeno,  t o l u e n e ,  x y l e n e s ,  p h e n o l ,  
n i t r o b e n z e n e ,  a i t r o t o l w e n a s ,  
c h l o r o f o r m .  d i c h k o r o e t h a n e .  
d i c h l o r o e t h y l e n o ,  e t h e r .  e t h y l e n e  
c h l o r i d e .  n i t r i c  a s t e r s ,  e t b y i a n e  
b r omid e ,  py r i d  i n 0 ,  ao e t on  a 

ACCIB 1980 

Windholr 1 9 8 3  

Windholz 1 9 8 3  

'Rindholz 1 9 8 3  

Windholr 1983  

L i n d a e r  1980 
Beard and Noe 1981  
Windholz  1983 
ACGIW 1980 
WindhoPz 1 9 8 3  
B i b b e r t  1911b 
K n s t  1906b 

Mark 1965 
Mark 3965 
Hark 1965 
Hark 3965 

Leo o t  8 1 .  1971  

1- indner  1980  

Urbanski  1983 
Mark 1965  
Urbanski 19633 
Lindner  1980  
Hark 1965 
l l rbansk i  1983  

Urbanski  1983  i 
HcNiff e t  r l .  1980 



I 
I 

\n 

TABLE 1. (Con t inued)  

P r o p e r t y  Value S o u r c e  

Boiling point (OC) 

Vapor  p r e s s u r e  ( r m  ng) 

Vapor d e n b i t g  

A u t o i g n i t i o n  p o i n t  

H e a t  of e v a p o r a t i o n  

Rate of e v a p o r a t i o n d  

( t a a l  /mol e )  

l ieat  of formstion ( L J l g e )  

l loat  combustion ( L J l g e )  

Heat of d e t o n a t i o n  (LJlge) 

A c t i v a t i o n  e n e r g y  (LJ /mole )  

R u f r a c t i v e  index  ( u p )  
D i p o l e  moment 

>180 

0.00026 s t  20'C 
0.0024 a t  40°C 
0 .0188  a t  60.C 
0.098 r t  80°C 
0 .31  a t  93*C 
7 . 8  
516°F (270°C) 

20.64 a t  100  K 
20.11 a t  180  K 

0.22 a t  5 0 0 ~  
1.6% A t  75'c 
10% a t  100'C 

1 .63  

6 .80  

6 . 2 9  

1 6 9  

1.4732 

3.82 f, ( p u r e ,  l i q u i d )  
2.56 D (in herand)  
2.811 D (in oarbon t e t r a c h l o r i d e )  
3.14 D (in benzene) 

U r b r n r k i  1983  

Uindholz  1983 
M a r s h a l l  and Peace  1916b 
H a r s h r l l  and Peace 1916b 
U a r s h a l l  and Peaoo 1916b 
Windholn 1983 

Verschue ren  1983 

S t o k i n a e r  1982 

R o g i n r k i i  rnd SaporhniLov 
1931b 0 

Naoua 1924b 
Naourn 1924b 
Hnoum 1924b 

L indna r  1980 

L i n d n a r  1980  

L indne r  1960  

L i n d a e r  1980 

Urbanski  1965 

deKrenk 1942b 
deKreuk 1942b 
deKreuk 1942b 
deKreuk 1942b 

a. I somer i c  form n o t  g i v e n .  

b .  A s  r e p o r t e d  i n  Urbanski 1983.  

c .  Authors  c a l c u l a t e d  t h o  v r l u e  with t h o  vapor  p r e s s n r e  d a t a  of M e r r h a l l  and Peace  1916.  

d .  Based on weigh t  l o s s  of 20-8 sample on r 70-m1r1-diamater w a t c h  glass o v e r  24  h r .  

e. To c o u v e r t  J o o l e s  t o  o a l o t i s s ,  d i v i d e  by 4.184. 



TABLE 2 .  SYNONYMS FCR NITRWLPCERINa 

Synonym 

hgibid; Anginine; Angiolingnal; Asgorin; Blasting Gelatin (DOT); Blas- 
ting Oil; Cardamist; Gilncor nitro; Glonoin; Glycerin trinitrate; Gly- 
cetintrinitrate; Glycerol, nitric acid triester; Glycerol trinitrate; 
Glycerol (trinitrate d e ) ;  Glyceroltrintraat; Glyceryl nitrate; Glyceryl 
trinitrate; GTN; Klavikordal; Lenitral; Myoglycerin; NG; NK 843; m; 
Niglin; Niglycon; Nitora; Nitric Acid; Nitrin; Nitrine; Nitrine-TDC; 
Nitro-Dur; Nitroglicerina; Ni t r o g l  iceryna; Nitroglycerine; Nitrogly- 
cerol; Nitroglyn; Nitrol; Nitrol (pharmaceutical); Nitrolan; Nitro-lent; 
Nitroletten; Nitrolinhual; Nitrolawe; Nitromel; Nitrong; Nitrorectal; 
Nitroretard; Nitro-Span; Nitrostabilin; Nitrostat; Nitrozell retard; 
Nysconitrine; Perglottal; Propanetxiol trinitrate; 182,3-Propanetriol, 
trinitrate; 1,2,3,-Propanetriyl nitrate; S.N.G.; Soup; Temponitrin; 
Txiester of glycerol; Trinalgon; Trinitrin; Trinitroglycerin; Trinitro- 
glysera%; Trinitrol; VaSoglyn 

a. MEDLARS (CEEMLINE) 1984; MEDLARS (RTECS) 1984; and MEDLARS (TDB) 
1984. 
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produc t s  (Urbanski  1 9 8 3 ) .  When hea ted  t o  100°C, measurable  v o l a t i l i z a -  
t i o n  occur s ;  a t  t empera tures  o f  135 t o  1 4 S 0 C ,  t h e  compound becomes a 
r e d d i s h  c o l o r  and g i v e s  o f f  ye l low vapor s ;  a t  165OC, c o n s i d e r a b l e  deni -  
t r a t i o n  occur s  and n i t r i c  a c i d  and g l y c e r o l  n i t r a t e s  a r e  g iven  o f f ;  near 
185OC, i t  becomes h i g h l y  v i s c o u s ;  and n e a r  218@C, d e t o n a t i o n  occur s  
(DiCar lo  1975; S n e l l i n g  and Storm 1913,  a s  r e p o r t e d  i n  Urbanski 1 9 8 3 ) .  

Andreev and Bespalov (1963)  s t u d i e d  t h e  e f f e c t s  of v a r i e d  concen- 
t r a t i o n s  of w a t e r  on t h e  thermal  decomposi t ion  of n i t r o g l y c e r i n .  A t  
t empeza tures  ranging  from 100 t o  120°C, t h e  s a t e  of decomposi t ion  of 
n i t r o g l y c e r i n  decseased  as the c o n c e n t r a t i o n  of w a t e r  i n c r e a s e d .  "%e 
a u t h o r s  concluded t h a t  decomposi t ion  of n i t r o g l y c e r i n  a t  e l e v a t e d  tern- 
p e r a t a r e s  and i n  t h e  p re sence  of w a t e r  i s  i n i t i a l l y  by h y d r o l y s i s ,  which 
proceeds  s lowly  i n  n e u t r a l  s o l u t i o n s ,  b u t  i s  a c c e l e r a t e d  by a c i d i c  
decomposi t ion  p r o d u c t s  and t h e i r  subsequent  h y d r o l y s i s .  

In  t h e  p re sence  of n e u t r a l  s o l u t i o n s ,  n i t r o g l y c e r i n  i s  r e l a t i v e l y  
s t a b l e  (DiCar lo  1975; McNiff e t  al. 1980). N i t r o g l y c e r i n  w i l l  deg rade  
under  bo th  a c i d i c  and a l k a l i n e  c o n d i t i o n s ,  b u t  t h e  r a t e  of d e g r a d a t i o n  
i s  much more r a p i d  under  t h e  l a t t e r  (Crew and DiCar lo  1968; F r a s e r  1968;  
&Miff e t  a l .  1980). Under a c i d i c  c o n d i t i o n s ,  n i t r o g l y c e r i n  goes 
through s t epwise  d e n i t r a t i o n  t o  y i e l d  g l y c e r o l  (Farmer 1920; Crew and 
DiCarlo 1968; DiCar lo  1975). Under a l k a l i n e  c o n d i t i o n s ,  g l y c e r o l  i s  n o t  
an end p roduc t  b a t  i s  f u r t h e r  hydro lyzed  t o  mesoxal ic  a c i d ,  o x a l i c  a c i d ,  
carbon d i o x i d e ,  and a ldehyde  r e s i n s ,  and the n i t r a t e  i s  reduced t o  
ammonia (Ber l  and Delpy 1910; S i l b e r r a d  and Farmer 1906;  Vignon 1903,  
a l l  as  r e p o r t e d  i n  DiCar lo  1975). In  t h e  p re sence  of a r e a d i l y  o r i d i z a -  
b l e  compound such  a s  phenylmercaptan,  g l y c e r o l  has been found t o  be a 
h y d r o l y s i s  prodnct  of n i t r o g l y c e r i n  (Klason  and Carlson 1906,  as t epor -  
t e d  i n  DiCar lo  99751, 

1.2 IUNUFACTURING AN3 ANALYTICAL TECHNIQUES 

The t r a d i t i o n a l  means of producing n i t r o g l y c e r i n  h a s  been by t h e  
ba t ch  p r o c e s s ,  b a t  because  of t h e  haza rds  involved  i n  handling l a r g e  
q u a n t i t i e s ,  con t inuous  p r o c e s s e s  a r e  now more wide ly  used  (L indne r  1980;  
Urbanski 1 9 8 3 ) .  In b o t h  p r o c e s s e s ,  ve ry  p u r e  g l y c e r o l  (qv)  and n ixed  
a c i d  (90% n i t r i c  a c i d  and 25 t o  30% olenm) a r e  used.  T h e o r e t i c a l l y ,  t h e  
y i e l d  of n i t r o g l y c e r i n  from g l y c e r o l  is 2.467:1, w h i l e  t h e  a c t u a l  y i e l d  
us ing  c o n c e n t r a t e d  a c i d  i s  about  2.36:l; t h e  y i e l d  i s  s l i g h t l y  h i g h e r  i n  
t h e  con t inuous  p r o c e s s e s  than  i n  t h e  b a t c h  p r o c e s s .  The final p u r i t y  of 
n i t r o g l y c e r i n  depends an i t s  f i n a l  u se ;  smokeless  powders and h igh  
e x p l o s i v e s  r e q u i r e  a compound of h i g h e r  p a r i t y  t h a n  do mining e x p l o s i v e s  
(Urbanski  1 9 8 3 ) .  I m p u r i t i e s  i n  n i t r o g l y c e r i n  i n c l u d e  t h e  s p e n t  a c i d s  
and wash f l u i d s  ( e . g . ,  sodium c a r b o n a t e )  (Urbanski  1 9 8 3 ) .  

Seve ra l  methods have been developed and u t i l i z e d  t o  q u a n t i t a t i v e l y  
measure t h e  c o n c e n t r a t i o n  of n i t r o g l y c e z i n  and i t s  d e g r a d a t i o n  p roduc t s  
i n  b i o l o g i c a l  media and t h e  environment.  The most popu la r  method f o r  
measuring n i t r o g l y c e r i n  h a s  been  g a s  chromatography (Wu e t  01. 19821, 
and,  accord ing  McNiff e t  t i l .  (19801, t h i s  method i s  p a r t i c u l a r l y  s n i t a -  
b l e  f o r  d e t e r m i n a t i o n  of t h e  cornpound i n  b i o l o g i c a l  f l u i d s .  A number of 
v a r i a t i o n s  e x i s t  i n  t h i s  a s say  which d i f f e r  p r i m a r i l y  i n  t h e  type  of 
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d e t e c t o r  used ( e .g . ,  DiCarlo 1 9 7 5 ) .  Use of an  e l e c t r o n  c a p t u r e  d e t e c t o r  
i s  r e p o r t e d l y  1000 t imes more s e n s i t i v e  than  a f lame i o n i z a t i o n  d e t e c t o r  
(Camera and P r a v i s a n i  1964,  a s  r e p o r t e d  i n  DiCar lo  1 9 7 5 ) ;  t h e i r  s e n s i -  
t i v i t i e s  have been  r e p o r t e d  t o  be i n  t h e  nanogram and microgram range ,  
r e s p e c t i v e l y  (Rossee l  and Bogaer t  1 9 7 2 ) .  

A number of spec t ropho tomet r i c  methods have been developed f o r  
a n a l y s i s  of s i n g l e  dosage u n i t s  (XfcNiff e t  a l .  1980;  Yacobi e t  a l .  
1 9 8 3 ) .  Two commonly used  spec t ropho tomet r i c  methods a r e  t h e  B e l l  ( B e l l  
1964, a s  r e p o r t e d  i n  Yacobi e t  a l .  1983) and k i n e t i c  methods (Fung e t  
a l .  1973; Pap e t  a l .  1975,  b o t h  a s  r e p o r t e d  i n  Yacobi e t  al. 1983) ;  b o t h  
methods a r e  based  on a l k a l i n e  h y d r o l y s i s  of t h e  n i t r o g l y c e r i n  (Yacobi e t  
a l .  1 9 8 3 ) .  A spec t ropho tomet r i c  method adapted by t h e  Uni ted  S t a t e s  
Pharmacopeia (1980) i nvo lves  t h e  S e p a r a t i o n  of n i t r o g l y c e r i n  from i t s  
d e g r a d a t i o n  prodrrcts fo l lowed by ac id  h y d r o l y s i s  t o  n i t r a t e  i on .  

Q u a n t i t a t i o n  of n i t r o g l y c e r i n  and i t s  d e g r a d a t i o n  p roduc t s  i s  pos- 
s i b l e  w i t h  t h i n - l a y e r  chromatography (DiCar lo  1975;  Wu e t  a l .  1 9 8 2 ) .  
This method i n v o l v e s  t h e  u s e  of 14C-n i t rog lyce r in .  

Seve ra l  high-performance l i q u i d  chromatographic  ( E L C )  procedures  
have been d e s c r i b e d  (DiCar lo  1975;  McNiff e t  al. 1980). The HPLe method 
along w i t h  u l t r a v i o l e t  d e t e c t i o n  of t h e  n i t r a t e  e s t e r  groups has  been 
used f o r  a n a l y s i s  of was tewaters  from ammunition p l a n t s  (Walsh 1976,  a s  
r e p o r t e d  i n  S u l l i v a n  e t  a l .  1979 ;  Weitzel  e t  a l .  1976) .  

Po la rograph ic  methods have been used by F l a n n  (1969 ,  a s  r e p o r t e d  i n  
MoNiff e t  a l .  1980)  and Woodson and Alber  (1969,  a s  r e p o r t e d  i n  McNiff 
e t  al. 1980) f o r  ana lyz ing  n i t r o g l y c e r i n .  Th i s  method i s  based on t h e  
r e d u c t i o n  of n i t r a t e  a t  t h e  dropping  mercury e l e c t r o d e .  

I n  t h e i r  review of n i t r o g l y c e r i n ,  S u l l i v a n  e t  a l .  (1979)  l i s t e d  s i x  
methods t h a t  they  cons ide red  n o t  s u i t a b l e  f o r  use  i n  measuring t h e  con- 
c e n t r a t i o n  of t h i s  chemical  i n  t h e  environment due t o  t h e i r  l a c k  of sen- 
s i t i v i t y :  "(1) t h e  Du Pont  n i t r o m e t e r  method which measures n i t r i c  ox ide  
gas  l i b e r a t e d  from t h e  e s t e r  by mercury; (21  h y d r o l y s i s  of t h e  e s t e r  
fo l lowed by r e d a c t i o n  of NO3' and a n a l y s i s  of NOz-; ( 3 )  r e d n c t i o n  by 
t i t a n o u s  c h l o r i d e  and back t i t r a t i o n  of t h e  excess  r e a g e n t  w i t h  f e r r i c  
slam; ( 4 )  r e d u c t i o n  wi th  f e r r o u s  c h l o r i d e  and t i t r a t i o n  of t h e  f e r r i c  
i r o n  w i t h  t i t a n o u s  c h l o r i d e ;  ( 5 )  i n f r a r e d  d e t e c t i o n  of n i t r a t e  groups ;  
and ( 6 )  t h e  f e r r o u s  s u l f a t e - s u l f u r i c  a c i d  c o l o r i m e t r i c  method." 

2 .  Jwv IRONMENTAL EFFECTS AND FATE 

2 .I ABIOTIC ENVIRONMENTAL EFFECTS 

S t u d i e s  concern ing  t h e  d i z e c t  a b i o t i c  e f f e c t s  of n i t r s g l y c e b i n  were 
n o t  found; however, s t u d i e s  were a v a i l a b l e  concern ing  t h e  e f f e c t s  of 
was tewaters  gene ra t ed  from n i t r o g l y c e r i n  p r o d u c t i o n  and ase on  t h e  
r e c e i v i n g  bod ies  of water .  These s t a d i e s  showed t h a t  h a b i t a t  a l t e r a t i o n  
may occnr  through d e g r a d a t i o n  of wa te r  q u a l i t y .  Wsi tze l  e t  a l .  (1976)  
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observed h i g h  c o n c e n t r a t i o n s  of t o t a l  o rgan ic  ca rbon ,  n i t r o g e n ,  a.nd 
chromium i n  t h e  r i v e r  r e c e i v i n g  was tewa te r  from Radford Army h a n i t i o n  
P l a n t  (Radford A D ) .  However, t h e  a u t h o r s  f e l t  t h a t  only t h e  e l e v a t e d  
l e v e l s  of n i t r o g e n  could  be a t t r i b u t e d  t o  t h e  was te  d i s c h a r g e  from 
n i t r o g l y c e r i n  p r o d u c t i o n .  In a pond r e c e i v i n g  w a s t e s  from n i t r o g l y c e r i n  
p r o d a c t i o n  a t  Badger AAP, S t i l w e l l  e t  a l .  (1976)  observed a h igh  concen- 
t r a t i o n  of d i s s o l v e d  s o l i d s  and low pH v a l u e s ,  and,  i n  a pond r e c e i v i n g  
was te s  from t h e  manufac tare  of r o c k e t  p a s t e ,  t h e y  found low oxygen con- 
c e n t r a t i o n s  and anae rob ic  sed iments  t h a t  had a h igh  chemical oxygen 
demand and a h igh  K j e l d a h l  n i t r o g e n  c o n c e n t r a t i o n .  

2.2  ENVIRONMENTAL FATE 

Environmental  exposure  t o  n i t r o g l y c e r i n  occur s  fo l lowing  t h e  l o s s  
of the  chemical i n t o  t h e  was tewa te r s  du r ing  i t s  p r o d a c t i o n  o r  u s e .  In a 
U.S. Army Environmental Hygiene Repor t  (1971, a s  r e p o r t e d  i n  Carnaban 
and Smith 19771, i t  was e s t i m a t e d  t h a t  21.3 kg/day of n i t r o g l y c e r i n  were 
r e l e a s e d  i n t o  t h e  was tewa te r s  of Radford AAP when t h e  d a i l y  p r o d u c t i o n  
r a t e  of n i t r o g l y c e r i n  was 7711.1 kg and t h e  volume of Wastewater was 
134.3 BL/day. b r i n g  t h e i r  1975 w a t e r  q u a l i t y  suxvey of t h e  New R i v e r ,  
r e c e i v i n g  w a s t e s  from Radford AAP n i t r o g l y c e r i n  p r o d a c t i o n  f a c i l i t y ,  
Wei tze l  e t  a l .  (1976) e s t i m a t e d  t h a t  a t o t a l  of about 29.5 g/min of 
n i t r o g l y c e r i n  was d i s c h a r g e d  i n  t h e  was tewa te r s  fzom four d i s c h a r g e  
s i t e s .  They found t h a t  t h e  c o n c e n t r a t i o n  of n i t r o g l y c e r i n  in  t h e  wa te r  
g e o e r a l l y  ranged from 0.01 t o  0.02 mg/L. N i t r o g l y c e r i n  wt t s  foand i n  
o n l y  t h r e e  of 3 2  sediment  c o r e s ;  t h e  average c o n c e n t r a t i o n  was s l i g h t l y  
g r e a t e r  than 1 mg/kg dry  wt. . 

I n  a pond r e c e i v i n g  n i t r o g l y c e r i n  p r o d u c t i o n  w a s t e s  a t  Badger U P ,  
S t i l w e l l  e t  a l .  (1975) found n i t r o g l y c e r i n  i n  c o n c e n t r a t i o n s  ranging  
from <0.6 t o  3 . 4  mg/L in t h e  w a t e r ,  and i n  t h e  sediment they found t h e  
c o n c e n t r a t i o n  t o  be 37.5 mg/kg d r y  w t .  I n  a pond r e c e i v i n g  r o c k e t  p a s t e  
was te s  a t  t h i s  same p l a n t ,  S t i l w e l l  e t  a l .  found n i t r o g l y c e r i n  i n  con- 
c e n t r a t i o n s  r ang ing  from (0.6 t o  3.9 mg/L i n  t h e  w a t e r ,  and i n  the sed i -  
ment they found t h e  c o n c e n t r a t i o n  to be (1.73 mg/kg d r y  w t .  

Once n i t r o g l y c e r i n  i s  i n  t h e  environment,  bo th  a b i o t i c  and b i o t i c  
f a c t o r s  i n f l u e n c e  i t s  f i n a l  f a t e .  P h y s i c a l  and chemica l  d e g r a d a t i o n  of 
n i t r o g l y c e r i n  appea r s  t o  be slow. The p h o t o l y t i c  h a l f - l i f e  of n i t r o g l y -  
c e r i n  has  been e s t i m a t e d  t o  be f i v e  days i n  p u r e  w a t e r ,  t hus  i n d i c a t i n g  
r e l a t i v e l y  slow pho todegrada t ion  (Spanggord e t  a l .  1980a) . Spanggord e t  
a l .  (1980b) e s t i m a t e d  t h a t  t h e  v o l a t i l i z a t i o n  h a l f - l i f e  of n i t r o g l y c e r i n  
from water  would be about 3000 days .  Spanggord e t  a l .  (1980b) e s t i m a t e d  
a s o r p t i o n  c o e f f i c i e n t  of between 20 and 32 ( t h e  lower v a l u e  was repor-  
t e d  i n  t h e i r  t e x t  and t h e  h i g h e r  v a l u e  in a t a b l e )  and i n d i c a t e d  t h a t  
a d s o r p t i o n  of n i t r o g l y c e r i n  on sed iments  may n o t  be a s i g n i f i c a n t  
envi ronmenta l  f a t e .  The h y d r o l y s i s  h a l f - l i f e  of n i t r o g l y c e r i n  a t  80°C 
has  been e s t i m a t e d  t o  be 134 days ( S v e t l o v  e t  a l .  1976, a s  r e p o r t e d  i n  
Spanggord e t  al. 1980b); based  o n  t h i s  e s t i m a t e ,  Spanggord e t  a l .  
(1980b) concluded t h a t  t h e  h y d r o l y s i s  h a l f - l i f e  of n i t r o g l y c e r i n ,  a t  
t empera tnzes  normal ly  observed i n  t h e  environment,  would be i n  t h e  o r d e r  
of y e a r s .  Th i s  was s u b s t a n t i a t e d  by Spanggord e t  a l .  (1980b) a f t e r  they 
used some a l k a l i n e  h y d r o l y s i s  d a t a  from Cape l los  e t  a l .  (1978) and 
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es t ima ted  t h a t  a t  25OC t h e  h y d r o l y s i s  h a l f - l i f e  would be g r e a t e r  t han  
one y e a r  a t  a p 3  of 3 t o  8 ,  l e s s  t han  one y e a r  a t  a p3  above 8 ,  and 37 
days a t  a p3 o f  9 .  

N i t r o g l y c e r i n  has  been r e p o r t e d  t o  be r e s i s t a n t  t o  b i o d e g r a d a t i o n  
(American Defense P repa redness  A s s o c i a t i o n  1975;  Smith and Dickinson  
1972, bo th  as  r e p o r t e d  i n  Wendt e t  a l .  1 9 7 8 ) .  A t  c o n c e n t r a t i o n s  of 600 
t o  900 mg/L t h e  compound has  been found t o  e x e r t  t o x i c  e f f e c t s  on mixed 
m i c r o b i a l  p o p u l a t i o n s  (American Defense P repa redness  A s s o c i a t i o n  197 5; 
U.S. Army Na t i ck  Research and Development Command 1973; U.S. Army Na t i ck  
Research and Development Command 3974, a l l  a s  r e p o r t e d  i n  Wendt e t  a l .  
1978) .  I n  c o n t r a s t ,  Wendt e t  a l .  (1978) observe& a 53.6 p e r c e n t  
d e c r e a s e  i n  n i t r o g l y c e r i n  a f t e r  f i v e  days i n  b a t c h  shake- f lasks  con- 
t a i n i n g  67 t o  6 8  mg/L of n i t r o g l y c e r i n  p l a s  g lucose ,  mine ra l  s a l t s ,  and 
a c t i v a t e d  s ludge .  In t h e  absence of g l u c o s e ,  t h e  a u t h o r s  observed only 
a 3.1 p e r c e n t  d e c r e a s e  i n  n i t r o g l y c e r i n  a v e r  t h e  same time p e r i o d .  From 
t h i s  and some unrepor t ed  d a t a ,  t hey  conclnded t h a t  n i t r o g l y c e r i n  does 
n o t  s e r v e  a s  a s u i t a b l e  s o l e  sou rce  of carbon or n i t r o g e n  f o r  m i c r o b i a l  
p o p u l a t i o n s .  Using a con t inuous -cu l tu re  a p p a r a t u s  i n o c u l a t e d  w i t h  
a c t i v a t e d  s l u d g e ,  Wendt e t  a l .  (1,978) d e t e s t e d  no n i t r o g l y c e r i n  ( i n i t i a l  
c o n c e n t r a t i o n  of 30 mg/L) a f t e r  a r e s i d e n c e  t ime of 8 t o  1 5  h r .  Exam- 
i n a t i o n  of t h e  growth media used i n  t h e i r  exper iments  r e v e a l e d  t h e  
presence  of 1,3- and 1 , 2 - d i n i t r o g l y c e r i n s  and monon i t rog lyce r ins .  Based 
on t h e i r  r e s u l t s ,  t h e y  concluded t h a t  under  s u i t a b l e  c o n d i t i o n s ,  n i t r o -  
g l y c e r i n  may be r e a d i l y  b iodegradab le  and t h a t  t h e  pathways of m i c r o b i a l  
d e g r a d a t i o n  are s i m i l a r  t o  those  observed i n  mammalian systems ( s e e  
F i g u r e  1 i n  S e c t i o n  4:l). 

Spanggord e t  a l .  (1980a)  s t u d i e d  t h e  b i o t r a n s f o r m a t i o n  of n i t r o p l y -  
c e r i n  i n  w a t e r  and sediment  ob ta ined  from t h e  New River .  They found 
t h a t  10  ppm of n i t r o g l y c e r i n  was b io t r ans fo rmed  w i t h i n  13 days i n  e i t h e r  
t h e  w a t e r  a lone ,  with sediment added, o r  w i t h  50 ppm y e a s t  e x t r a c t ,  
under  b a t h  a e r o b i c  and m i c r o a e r o p h i l i c  c o n d i t i o n s .  N i t r o g l y c e r i n  (10 
ppm) was a l s o  b i a t r a n s f  ormed by nitrogayoerin-as6rimated microogranisms 
t h a t  had been ob ta ined  from t h e  ae rob ic  b o t t l e  and p l aced  i n  shaker  
f l a s k s  c o n t a i n i n g  a b a s a l - s a l t s  medium. In c o n t r a s t  t o  Wendt e t  a l .  
(19781, t h e  a u t h o r s  concluded t h a t  n i t r o g l y c e r i n  could  be  used by t h e s e  
organisms a s  t h e  s o l e  sou rce  of carbon.  When t h e  c o n c e n t r a t i o n  of 
n i t r o g l y c e r i n  i n  t h e  b a s a l - s a l t s  medium was i n c r e a s e d  t o  120 ppm, t h e  
a n t h o r s  found t h a t  t h e  c u l t u r e  could  grow. Spanggord e t  a l .  (1980a)  
ana lyzed  t h e  b r o t h  from t h e  b i o t r a n s f o r m a t i o n  exper iments  and found 
n i t r i t e  t o  be t h e  major p roduc t ;  t hey  were unab le  t a  d e t e c t  any d i n i t r a -  
or monon i t rog lyco l s .  

2.3 SIJWRY 

N i t r o g l y c e r i n  is r e l e a s e d  i n t o  t h e  environment from was tewaters  
gene ra t ed  du r ing  i t s  p roduc t ion  and use. H a b i t a t  a l t e r a t i o n  i n  a q u a t i c  
systems by n i t r o g l y c e r i n  may occur  through d e g r a d a t i o n  of wa te r  q u a l i t y .  
Labora tory  d a t a  i n d i c a t e  t h a t  degxadat ion  of n i t r o g l y c e r i n  i n  t h e  
environment may be slow, b u t ,  under f a v o r a b l e  t r ea tmen t  c o n d i t i o n s  
d e g r a d a t i o n  may be r a p i d .  Environmental  d e g r a d a t i o n  of n i t r o g l y c e r i n  
occurs  p r i m a r i l y  by b i o d e g r a d a t i o n  and p h o t o l y s i s .  
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3. AQUATIC TOXI COLOGY 

3.1 ACXJTE TOXICITY TO A N I W S  

Bent ley  e t  a l .  (1978)  conducted a s e r i e s  of a c u t e  t o x i c i t y  s t u d i e s  
c f  n i t r o g l y c e r i n  w i t h  f r e s h w a t e r  f i s h  and i n v e r t e b r a t e s .  The a c u t e  tox- 
i c i t y  was de te rmined  unde r  s t a t i c  b ioas say  c o n d i t i o n s  w i t h  f o u r  s p e c i e s  
of f i s h  ( Len& mcroc- 9Salmoeairdnerl ' , Ictaluras v, and 
P . i m s b h a l s s w )  and f o u r  s p e c i e s  of i n v e r t e b r a t e s  (-manna, 
Gammarusfasciatas 8 h d b f - w  * , and tentans); t h e  
a c n t e  t o x i c i t y  was a l s o  de te rmined  under  flow-through a s say  c o n d i t i o n s  
with t h r e e  s p e c i e s  of f i s h  (L. macl.ochitas. , L. m, and P. 

The a u t h o r s  fo l lowed t h e  p rocedures  of USEPA (1975,  a s  r e p o r t e d  in 
Bent ley  e t  a l .  1 9 7 8 ) .  Groups of 3 0  f i s h  were exposed t o  each t e s t e d  
c o n c e n t r a t i o n  (nominal )  i n  b o t h  s t a t i c  and flow-through t e s t s ,  and 
groups of 1 5  and 20 i n v e r t e b r a t e s  were used in t h e  s t a t i c  and flow- 
through t e s t s ,  r e s p e c t i v e l y .  With t h e  e x c e p t i o n  of 2. -, a l l  
organisms were somewhat more s e n s i t i v e  t o  t h e  compound under  flow- 
through c o n d i t i o n s  t h a n  under  s t a t i c  c o n d i t i o n s  (Tab le  3 ) .  In t h e  s ta -  
t i c  a s s a y s I  t h e  96-hr Lc50 v a l u e s  f o r  f i s h  ranged from 2 . 5  t o  3.2 mg/L, 
a d  t h e  4 8 - h ~  EC50 v a l a e s  (based  on immobi l i za t ion )  f o r  i n v e r t e b s a t e s  
ranged from 46 t o  5 5  mg/L. In t h e  flow-through a s s a y s ,  t h e  96-hr LC50 
v a l u e s  fox  f i s h  ranged from 1.67 t o  3.0 mg/L, and th.e 48-hr EC50 v a l u e $  

' f o r  i n v e r t e b r a t e s  ranged from 20 t o  32 mg/L. The mast s e n s i t i v e  f i s h  
and i n v e r t e b r a t e  i n  t h e  s t a t i c  assays  were E. nromelas (96-hr LCSO'of 
2 . 5  mg/L) and a= maPPa ( 4 8 - k  EC50 of 46 mg/L), r e s p e c t i v e l y ;  i n  t h e  
flow-through a s s a y s ,  t h e  most s e n s i t i v e  f i s h  was L. (96-hr 
Lc50 of 1.67 mg/L) and t h e  most s e n s i t i v e  i n v e r t e b r a t e  was C. 
( 4 8 - h ~  zC50 of 20 m g / L ) .  

and two s p e c i e s  of i n v e r t e b r a t e s  (2. and 2. m). 

TQ de te rmine  t h e  e f f e c t s  of w a t e r  q u a l i t y  on t h e  a c u t e  t o x i c i t y  of 
n i t r o g l y c e r i n  t o  f i s h ,  Bentley e t  a l .  (1978)  exposed groups of 3 0  L. 
m c r o u  t o  t h e  compound unde r  v a r i o u s  c o n d i t i o n s  of tempera ture ,  
h a r d n e s s ,  and pH. Using a s t a t i c  a s s a y ,  f i s h  were exposed t o  n i t r o g l y -  
c e r i n  under t h e  fo l lowing  c o n d i t i o n s :  (1) t empera tu res  of 15, 20 ,  or 
2d°C a t  a pB of 7.1 and ha rdness  of 35 mg/L a s  CaC03; ( 2 )  h a r d n e s s  
v a l u e s  of 35, l o o 8  o r  250 m g / L  a s  CaC03 a t  a t empera t a re  of 20°C and pH 
of 7.1; ( 3 )  pH v a l u e s  of 6.0. 7.0 ,  o r  8.0 a t  a t empera tn i e  of 20°C and 
ha rdness  of 3 5  mg/L a s  CaC03. 
i n f l u e n c e  on t h e  t o x i c i t y ,  and t empera tu re  had only a s l i g h t  i n f l u e n c e ,  
w i t h  t h e  compound being less t o x i c  a t  t h e  lowes t  tempera ture  l(9aS-hr 
Lc50 v a l u e s  of 3 . 5 5 ,  1 .92 ,  and 1.99 mg/L a t  15, 20, and 2S°C, respec-  
t i v e l y  ( T a b l e  4) I .  
from 1.38 t o  3 .55  mg/L. 

V a r i a t i o n s  in hardness  and pIi had no 

Under all c o n d i t i o n s ,  t h e  96-hr Lc50 v a l u e s  ranged 

To f u r t h e r  c h a r a c t e r i z e  t h e  t o x i c i t y  of n i t r o g l y c e r i n  t o  f i s h ,  
Ben t l ey  e t  a l .  (1978) conducted an  a c n t e  t o x i c i t y  s tudy  with 2. 
under  s t a t i c  b i o a s s a y  c o n d i t i o n s  during v a r i o u s  s t a g e s  of development ,  
i n c l u d i n g  e g g s ,  1-hr-old newly ha tched  f r y  , 7-day-old f r y  , 30-day-old 
fry, and 60-day-old f r y 4  LC.50 v a l u e s  were de te rmined  f o r  each s t a g e  a t  
24, 48 ,  and 96 h r i  a 144-k LCSO was a l s o  de te rmined  for eggs.  
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TMLE 3 .  ACUTE TESTS F O R  WRTALITYa OR I ~ B I L r Z A T I O N b  OF 
AQUATIC SPECIES FOLLCWING EXPOSURE To N I T R C G L Y C E R I N C  

T e s t  T e s t  T e s t  LCSO EC5 0 Mean Acute Genus 
S p e c i e s  Ziethodd Durat ion m / L ) e  (mg/L)e  Value (mg/L)  ------ 
A f  t h  so pod. 

Cmrt  a ces 
Daphni a. e 

Davhnia mazna 

Banmar i dr a 
Gaemarns f a s c i a t u s  

Asell id.8 
-o_ Aselfus a i l  i t a r i s  

1n I 8  e t a  
C h S  ranam id8e  

C h i r o n o m g  t e n t a n s  

0 tt Q d, ch t hy e d 
Cs nt x ar E h i d. Q 

Leoomiz m a c r o c h i r u s  

S 

S 

F 

F 

S 

S 

s 

S 

s 

S 

F 

F 

S 

s 

S 

F 

IF 

24 hr 

48 h z  

24 hr 

48 h r  

24 hr  

4 8  h r  

24 h r  

48 h r  

24 hr  

48 h r  

24 br 

48 h r  

24 h r  

48  h r  

96 br 

24 h s  

96 hr 

NAg 

NA 

NA ~ 

NA 

Nk 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

6 - 4  
(4.7-8 -8 1 

4.3 
(2.7-6.8) 

2 .7 
( 2  -0-3 - 7  1 
)f.87 

f .67 
(0.87-3.25) 

51 3 8.3666 b 

46 
(38-55) 

72 

(35-72) i 

( 15-3 SO) 

32 

( 21-50 1 

74 
( 5 5 - 9 9 )  

50 
(41-60) 

i 

57 1 
(46-72) 

50 
(38-66) 

76 
(57-102) 

5 5  
(47-64) 

57 
(18-182) 

20 
(11-37) 

NA 

NA 

NA 

NA 

NA 

33.1662 

1 .9423k 
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TABLE 3 .  AmTE TESTS FOR MORTALITPa 08 ISIMOBILIZATIONb OF 
AQUATIC SPECIES FOLLWING EXPOSURE M NITROGLYCERINC 

T e s t  T e s t  T e s t  Lc50 EC50 Mean Acnte  Genus 
S p e c i e s  Methodd D u r a t i o n  ( m g / L ) e  (rng/L)e Value (mg/L) 

S 24 h r  4.8 NA 2 * 8000 

S 48 h r  2 . 9  NA 

Sdmonidas  

( 3 .6-6.6 1 
SarmoPairdneri 

(2.1-3.9) 
S 96 h r  2 . 3  NA 

(2.0-3.8) 

Xc t alar id a 6 
m n n c t a t n s  s 24  h r  6 . 5  NA 

( 4.8- 8 . 8 )  

S 48 hr 4.7 NA 
(3.5-6.41 

s 96 h r  3.2 NA 

F 24 h r  >l.# NA 

F 96 h r  >1.87 NA 

(2.6-3.8) 

2 . 4 4 6 2  

Cyptinidaa 
-oromalas S 24 h r  6.3 NA 2.9189' 

( 4.6-8 -6 1 
S 48 hr 4.1 NA 

s 96 h r  2 . 5  NA 

F 24 h r  >6.0<8.0 NA 

F % h r  3 -0  NA 

(3.4-5.0) 

(2.0-3.0) 

(2.2-3.7) 

a .  M o r t a l i t y  t e s t s  were  d e s i g n e d  t o  g i v e  LC50 v a l u e s .  

b. I m m o b i l i z a t i o n  t e s t s  were d e s i g n e d  t o  g i v e  EC50 v a l u e s .  

c .  Adapted from B e n t l e y  e t  a l .  1978. 

d .  S = S t a t i c ;  F = Flow-through. 

e .  Nominal c o n c e n t r a t i o n s .  

f .  T e s t  Animals w e r e  0-24 hr o l d  a t  s t a r t  of test. 

g. NA = Not a p p l i c a b l e .  

h. Based on 4 & h r  v a l u e s  f o r  Ar th ropoda  and 96-hr v a l u e s  f o r  O s t e i c h t h y e s .  

i. 95% c o n f i d e n c e  i n t e r v a l .  

j .  48-hr v a l u e s  n o t  a c c e p t a b l e  p e r  g u i d e l i n e s  ( S t e p h a n  e t  a l .  1983). 

k. T e s t  an imals  were  i n  t h e i r  second o r  t h i r d  i n s t a r  a t  s t a r t  of t e s t .  

1. Mean Acute Genus Va lue  based on 96-hr v a l u e s .  

m. Value i n c l u d e s  96-hr Lc50 v a l u e s  i n  t h i s  t a b l e  and t h o s e  i n  T a b l e  4 .  
a. Valne i n c l u d e s  a l l  96-hr Lc59 v a l u e s  i n  t h i s  t a b l e  and a l l  of t h o s e  i n  

T a b l e  5 e x c e p t  t h e  v a l u e  f o r  eggs.  
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T A B L E  4. ACUTE T O X I C I T Y  OF NITROGLYCERIN TO L irnz UNDER 
VARYING C O N D I T I O N S  OF WATER QUALITY - = Y b m c r o c h  

Water Quality 
Variable 

15O C 

200 c 

250 c 

Xardness, 35 mg/L as C a C 8 3  

B a d n e s s ,  100 mg/l as CaCO3 

Hardness, 250 mg/L as C a C 0 3  

pB 6.0 

pH 7.0 

pH 8.0 

3.55 
(1.92-6.59)' 

1.92 
(0.88-4.16) 

1.99 
(1.28-3 .09) 

1 .76 
( f 1 2-2 e 7 4) 

1.51 
( 0.99-2 3 2) 

1.65 
( 1.07-2.55) 

1 . 3 8  
( 0 . 8 7 - 2  -21) 

1.91 
(0.88-4.14) 

2.10 
( 0.97-4.5 4) 

a. Adapted f r o m  Bentley et al. 1978. 

b. Undei varied conditions of temperature (15, 2 0 ,  or 25OC)  the pH w a s  
maintained at 7.1, and the hardness was 35 mg/L as C a C 0 3 .  Under varied 
condi t ions  of  hardness (35, 100, or 250  mg/L as C a C 0 3 )  the pH was main- 
tained at 7.1, and the temperature was 2 O O C .  Under varied conditions of 
pby (6.0, 7 . 0 ,  or 8.01, hardness was maintained at 35 mg/L as C a C 0 3 ,  and 
and the temperature was 2 Q ° C .  

c. 9% confidence interval. 
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Based on the  96-hr a s s a y ,  t h e  egg was t h e  l e a s t  s e n s i t i v e  s t a g e  (LC50 of 
>18.0 m g / L ) ,  and t h e  7- and 30-day-old fry t h e  most s e n s i t i v e  s t a g e s  
(Lc50 of 2 . 1  mg/L f o r  each)  ( T a b l e  5 1 .  Bowever, t h e  144-hr Lc50 ( 1 . 2  
mg/L) f o r  eggs i n d i c a t e s  t h a t  t h i s  s t a g e  may be as s e n s i t i v e  as o r  more 
s e n s i  t i v e  t h a n  t h e  o t h e r  s t a g e s .  

Hemphill (1975 ,  a s  r e p o r t e d  i n  S u l l i v a n  e t  a l .  1979) r e p o r t e d  96-hr 
LC50 v a l u e s  of 4.2 2 0.08 and 23 2 4.6 mg/L a t  20 and 10°C,  respec-  
t i v e l y ,  f o r  what appea r s  to be E. w; however, i t  was not  c l e a r  
from t h e  p r e s e n t a t i o n  of t h e  d a t a  i f  t h i s  was t h e  s p e c i e s  nsed. 

3.2 CBRONIC TOXICITY TO ANIMALS 

Ben t l ey  e t  a l .  (1978) s t u d i e d  t h e  e f f e c t s  of n i t r o g l y c e r i n  on t h e  
eggs and f r y  of L. m t a t u g  and 8. ozome.las.. Groups of SO and 35 eggs 
of I. u and &. w, r e s p e c t i v e l y ,  were exposed t o  n i t r o g l y -  
c e r i n  i n  egg cups beginning  48 and 24 hs, r e s p e c t i v e l y ,  a f t e r  f e r t i l i z a -  
t i o n  and c o n t i n u e d  through h a t c h i n g .  A f t e r  h a t c h i n g ,  groups of 2 5  fry 
weze t r a n s f e r r e d  t o  a growth chamber of a flow-through exposure system 
and exposed f o r  30 days .  Two c o n t r o l  groups  of eggs and f r y  of both 
s p e c i e s  were used ,  i n c l a d i n g  s o l v e n t  ( a c e t o n e )  and w a t e r  c o n t r o l s .  The 
eggs and f r y  of A. -were erposed t o  n i t r o g l y c e r i n  a t  concent ra -  
t i o n s  (nominal )  of 0.08, 0.15, 0.31, 0.62, and 1.25 mg/L. The eggs and 
f r y  of E. oromclas were exposed t o  n i t r o g l y c e r i n  a t  c o n c e n t r a t i o n s  
(measured) of 0.03, 0.06, 0.13, 0 . 2 5 ,  and 0.48 mg/L. The a u t h o r s  s t a t e d  
t h a t  they had problems w i t h  n i t r o g l y c e r i n  coming ou t  of s o l u t i o n  and 
forming g l o b u l e s .  Although t h e  c o n c e n t r a t i o n  of t h e  s o l v e n t  ( a c e t o n e )  
was i n c r e a s e d ,  the problem p e r s i s t e d .  Foz L. -, t h e  concent ra -  
t i o n  of ace tone  was mainta ined  a t  125 mg/L from day 1 through 13, and 
155 m g f L  from day 1 3  through 30 pos t -ha tch .  Fo r  2. m, t h e  
a u t h o r s  changed t h e  s t o c k  d e l i v e r y  d e v i c e ,  and t h e  c o n c e n t r a t i o n  of 
ace tone  was ma in ta ined  a t  9 pg/L. 

Ben t l ey  e t  a l .  (1978) found t h a t  exposure  of L. m t a t n &  eggs a t  a 
c o n c e n t r a t i o n  of up t o  1.25 m g / L  had no s i g n i f i c a n t  e f f e c t  on h a t c h a b i l -  
i t y  (Tab le  6 ) .  Percen tage  s u r v i v a l  of 2. f r y  was s i g n i f i -  
c a n t l y  (P = 0 . 0 5 )  redaced  a f t e r  30 days of exposure t o  n i t r o g l y c e r i n  a t  
c o n c e s t r a t i o n s  of 0.31, 0.62, and 1.25 mg/L. The t o t a l  l e n g t h  of  I. 
OgpEtatus f r y  was s i g n i f i c a n t l y  xednced a f t e r  30 days of exposure t o  

a f r y  exposed t o  n i t r o g l y c e r i n  a t  c o n c e n t r a t i o n s  of 0.15 m g / L  o r  l e s s .  

0.62 and 1 .25  mg/L. No s i g n i f i c a n t  e f f e c t s  were observed i n  L. - 

H a t c h a b i l i t y  of &. eggs was n o t  s i g n i f i c a n t l y  a f f e c t e d  by 
n i t r o g l y c e r i n  a t  c o n c e n t r a t i o n s  of up t o  0.48 mg/L (Tab le  7 )  ( B e n t l e y  e t  
a l .  1978). S u r v i v a l  of f r y  a f t s r  30 days of exgosaxe was s i g n i f i c a n t l y  
( P  = 0.05) reduced a t  c o n c e n t r a t i o n s  of 0.06 mg/L and h i g h e r .  The 
l e n g t h  of f r y  was s i g n i f i c a n t l y  ( P  = 0.05) reduced a t  a c o n c e n t r a t i o n  of 
0.25 mg/L, b u t  n o t  a t  0.48  mg/L. Due t o  h i g h  m o r t a l i t y  of f ry  a t  t h e s e  
two c o n c e n t r a t i o n s ,  t h e  r e s u l t s  on l e n g t h  may n o t  be a c c u r a t e .  No s i g -  
n i f i c a n t  e f f e c t s  were obsemed  a t  a c o n c e n t r a t i o n  of 0.03 n g / L .  

Bent l ey  e t  a l .  (1978) conducted a ch ron ic  t o x i c i t y  s tudy of n i t r o -  
g l y c e r i n  with 2. -, c. ten-, and 2. - th rough t h e i r  e n t i r e  
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TABLE 5 .  ACUTE TOXICITY OF NITROGLYCERIN TO SELECTED LIFE STAGES OF 
PimeDhalesnromelasa 

Lc50 ( r n ~ / L 9 ~  
L i f e  Stage 2 4-hr 48-hr 96-hr 144-hz 

1-61 Fry >1Q .o 8 . 7 < x <  10 .O 

I-day Fry 5 . 4  a . 4  
(4 .5-6.6)  ( 3  .0 -3 .9)  

30-day Fry 6 . 8  4 . 8  
( 5 .o-9.2 1 ( 3 . 9 - 5 . 8 )  

60-dag Fry 5.3  4 . 1  
( 4 . 3 - 6 . 4 )  (3 .4 -5 .0 )  

>18.0 1.2 
(0 .7-2 .1  ) C  

- 5.5 
(4 .6 -6 .6 )  

2.1 
(1.7-2.6) 

Y 

2.1 - 
( 1.6-2.6 1 

3.4 - 
(2 .8 -4  .a)  

a. Adapted f r o m  Bent ley  e t  al. 1978.  

b .  Nominal c o n c e n t r a t i o n s .  

c . 9595 conf idence  i n t e r v a l .  
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TABLE 6 .  MEAN PERCENTAGE HATCH OF EGGS, MEAN 
PERCENTAGE SURVIVAL, AND MEAN TOTAL LENGTH CF 

W n r n q  FRY CONTINUOUSLY 
EXPOSEB TO NITROOLYCERIN FOR 30 DAYSa 

Nominal 
Concentration Hatch Survival Length 

(rng/L) (%I  (%) (mm) 

Control 
Ab 90 96 23  5 2 
Bb 72 92 24 2 3 

Ace tonee 
A 
B 

0.08 
A 
B 

0.15 
A 
B 
0.31 

A 
B 

0.62 
A 
B 

1.25 
A 
B 

86 
91 

86 
85 

84 
85 

7 9  
14 

100 
92 

82 
6 3  

92 24 lr. 2 
90 23 2 

90 24 +- 3 
94 24 2 2 

84 23 t 3 
86 23 2 

7 2d 23 2 2 
88 23 L 2 

7 Od 21  2 2d 
7 4  21 2 2 

26d 18 2 2d 
30 18 & 1 

a .  Adapted from B e n t l e y  e t  a l .  1978. 

b .  R e p l i c a t e .  

c .  Solvent  c o n t r o l .  

d .  P = 0 . 0 5 .  

-21- 



TABLE 7 .  HEAN PERCENTAGE HATCH OF EGGS, MEAN 
PERCENTAGE SURVIVAL, AND MEAN TOTAL LENGTH OF 

M a l e g  mome 3. as FRY CONTINUOUSLY 
EXPOSED TO NITROGLYCERIN FOR 3 0  DAYS8 

Mean Measured 
Concentration Hatch Survival  Length 

(mg/L) ( % I  (k) (ml 

Control 
Ab 94 90 25 k. 2 
B 90 88 25  2 2 

Acetonec 
A 
B 

0.03 
A 
B 

0 . 0 6  
A =  
B 

0 .I3 
A 
% 

Q . 25  
A 
B 

97 
94 

90 
93 

94 
93 

90 
96 

86 
94 

18d 
12 

94 
84 

62e 
4 5  

1Qe 
0 

25 2 2 
26 st 2 

23 2 4 
2 4  2 3 

24 +- 4 
22 2 4 

19 k 3 e  
D 

0 . 4 8  
A 190 6e 23 2 1 
B 87 0 - 

a .  Adapted from B e n t l e y  e t  a l .  1978.  

b .  R e p l i c a t e .  

c .  S o l v e n t  c o n t r o l .  

d .  Low survival i n  the s o l v e n t  control was due t o  a 
system malfunction occurring on day 26 p o s t  ha tch .  

e .  P = 0.05. 
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life cycle. Exposures of g. and 2. tent.ans were in aquaria hold- 
ing 1.75 L of water; 50 mL of test water was delivered every 25 min and 
8 min, respectively. 2. prom- were exposed in flow-through systems. 
Groups of 20 1. maa~la ( ( 2 4  hr old) were exposed to nitroglycerin at con- 
centrations (nominal) of 0, 1.5, 3.1, 6 . 2 ,  12.5, or 25.0 mg/L for two 
generations. Percentage survival was determined on days 7 ,  14, and 21 
of each generation, and percentage of eggs hatched was determined on 
days 14 and 21 of each generation. Groups of at least 50 C.. -tans 
((48 hr old) were a l s o  exposed to nitroglycerin at nominal concentra- 
tions of 0, 1.5, 3.1, 6 . 2 ,  12.5, or 2 5 . 0  mg/L f o r  two generations. Per- 
centage survival was determined for the larval (fourth instar), pupal, 
and adult stages, and percentage emergence and percentage hatching were 
determined for each generation. Groups of 2 0  2. w, beginning 
with fry ( < 2 4  hr), were exposed for a total of 2 6 6  days to nitroglycerin 
at nominal concentrations of  0, 0.11, 0.22, 0.43, 0.87 ,  or 1.75 mg/L. 
Percentage survival was determined at days 30, 60, and 174. The effects 
of nitroglycerin on growth were determined on days 30, 6 0  (total 
length), and 266 (total length and wet weight), and on day 266 the 
effects of nitroglycerin were determined on the following reproductive 
parameters: total spawns, total eggs, spawns/female, and eggs/spawn. 
Sexually mature E. jrome- were allowed to spawn (usually around day 
185 of exposure) in spawning chambers. Eggs were counted, and 50 from 
each exposure group were returned to their corresponding test water; 
also, at this time, groups of control eggs were placed in test waters in 
which little or no spawning had occurred. From these data, the percen- 
tage hatchability of the eggs was determined. Upon hatching, groups of 
15 fry were exposed for 30 days in their corresponding test water and 
the effects of nitroglycerin determined on survival and growth. 

At a concentration of 12.5 ng/L, nitroglycerin significantly 
(P = 0.05)  reduced-the number of young produced per female in both gen- 
erations of B. on day 14, and a concentration of 2 5 . 0  mg/L COQ- 
pletely inhibited reproduction (Table 8 )  (Bentley et al. 1978). Sur- 
vival of &. - was significantly (P = 0.05) reduced at a concentra- 
tion of 29 mg/L (Table SI. Although survival was reduced at a concen- 
tration of 12.5 mg/L, the redaction was not significant. These data 
indicate that the no-observable-effect level of nitroglycerin for Q. 
m ~ ~ ~ p a .  under chronic experimental conditions is 6.2 mg/L; however, based 
on current guidelines for testing the chronic effects of chemicals on 
daphnids (USEPA 19851, the resalts of this study would be considered 
unacceptable because of the low reprodnctive success observed. These 
guidelines state that a chronic toxicity test will be considered unac- 
ceptable if "each control daphnid living the f u l l  21 days produces an 
average of less than 60 young." As can be seen in Table 8 ,  the number 
of young produced pes female i n  the controls over a 21-day period in 
each generation is well below 6 0 .  

Nitroglycerin significantly (P = 0.05) reduced survival of €. 
-larvae at a concentration of 1.5 mg/L in the first generation 
(Table 9) (Bentley et al. 1978); however, because there was no signifi- 
cant difference between survival of control larvae and larvae exposed t o  
nitroglycerin at concentrations of 3.1 and 6.2 mg/L in the first 
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TABLE 8. MEAN PERCENTAGE SURVIVAL AND HEAN NUAMBER OF YOUNG PRODUCED PER 
PARTBENOGENETIC FEAMALE OF DaDhnia EXPOSED TO NITRCGLYCERIN 

FOR TWO GENERATIONSa > b 

Generation I Generation I1 

Nominal Day Dayb 

Conc en t r a ti on 

(mg/L)  7 14 21 7 14 21 

Coat rol s 
Su TP iv a 1 0 96 ( 8 ) d  88 ( 6 )  7 8  (6) 98  ( 5 )  96 ( 8 )  94 ( 8 )  
Young/ f m a l  ee 6 ( 2 )  10 ( 3 )  10 ( 4 )  14 ( 6 )  

Sam iv a1 85 ( 7 )  80 ( 7 )  7 8  ( 6 )  91 (8) 90 (11) 89 ( 9 )  
Young/ f emal e 9 ( 6 )  14 ( 6 )  4 (1) 16 (6) 

S u m  iv a 1  89 ( 8 )  89 ( 8 )  88 ( 6 )  86 ( 9 )  86 (9) 84 (11) 

1 .J 

3 01 

Poung/female 7 ( 2 )  15 ( 5 )  7 ( 5 1  14 ( 4 )  

6.2 
S a w i v a l  91 ( 8 )  89 ( 8 )  82 (13) 91 ( 8 )  89 (13) ' 8 8  (12) 
Young/female 5 (2) 10 (4) 5 (1) 15 ( 2 )  

12.5 
Sarvival 90 ( 4 )  80 (11) 76 (14) 6 8  ( 3 5 )  6 8  (35) 6 5  ( 3 2 )  
Young / f ema? e 1 (2)f 4 (49 1 (llf 9 ( 2 )  

SQXV iVa1 5 8  (30)f 26 (13)f 4 ( 8 ) f  -B 
Youag/female 0 (O)f 0 ( 0 ) f  - - 

25 .o - .- 

a. Adapted from Bentley et al. 1978. 

b. Days 7 ,  14, and 21 of generation I1 correspond t o  days 2 8 ,  3 5  and 42 

c. Survival expressed as a percentage. 

d. Values in parentheses are standard deviation. 

e. Number of young produced per parthenogenetic female. 

f .  P = 0 .05 .  

g .  No young produced in first generation to initiate second generation. 

of the total experiment. 
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TABLE 9 .  MEAN PERCENTAGE SURVIVAL OF LARVAE, PUPAE, AND ADULTS, 
PERCENTAGE EHERGENCE OF ADULTS, AM) NUMBER OF EGGS PRODUCED PER ADULT 

OF W E  FIRST& AND SECOND’J GENERATIONS OF 3L2JLmu 
DURING CONTINUOUS EXPOSURE TO NITROGLYCERINC 

Nominal S u r v i v a l  ( % I  
Conc e n t  r a  t i on Emergence 

(mg/L) Larvae Pup a e Adul t s (%I  Eggs / Adul t 

Con t ro l s  
F i r s t  g e n e r a t i o n  
Second g e n e r a t i o n  

F i r s t  g e n e r a t i o n  
Second g e n e r a t i o n  

1.5 

3.1 
F i r s t  g e n e r a t i o n  
Second g e n e r a t i o n  

F i r s t  g e n e r a t i o n  
Second g e n e r a t i o n  

F i r s t  g e n e r a t i o n  

F i r s t  g e n e r a t i o n  

6 . 2  

12.5f 

25 .Of 

98  (1) 100 (0) 
74 (19) 71 ( 2 9 )  

97 ( 6 )  85 ( 2 7 )  
52  ( 2 5 )  94 (9) 

91 (16) 92 (16) 
80 (17) 75 (49 )  

77 ( 3 4 )  80 (231 
66 (14) 100 (0) 

9 
5 

6 
21 

17 
6 

6 
18 

0 

0 

a .  S u r v i v a l  of l a r v a e  de te rmined  a f t e r  10 days e x p u s w e ,  a l l  o t h e r  

b. S u r v i v a l  of l a r v a e  de te rmined  a f t e r  13 days exposure ,  a l l  o t h e r  

c .  Adapted from Ben t l ey  e t  a l .  1978. 

d .  Values i n  p a r e n t h e s e s  a r e  s t a n d a r d  d e v i a t i o n .  

e. P = 0 . 0 5 .  

f .  Data w e r e  n o t  a v a i l a b l e  f o r  t h e  second g e n e r a t i o n  because  no eggs 

measurements recorded  a f t e r  1 8  days exposure.  

measurements recorded  a f t e z  27 days exposure.  

were produced a t  this c o n c e n t r a t i o n .  
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g e n e r a t i o n ,  t h e  a u t h o r s  concluded t h a t  t h e  r e d u c t i o n  v a s  n o t  n i t r o g l y -  
c e r i n  r e l a t e d .  S u r v i v a l  of b o t h  l a r v a e  and a d u l t s  of t h e  f i r s t  genera-  
t i o n  was s i g n i f i c a n t l y  (P = 0.05) reduced a t  c o n c e n t r a t i o n s  of 12.5 and 
2 5 . 0  mg/L, and emergence of a d u l t s  was s i g n i f i c a n t l y  (P = 0.05) reduced 
at a c o n c e n t r a t i o n  of 25.0 mg/L.  (The a u t h o r s  s t a t e d  i n  t h e i r  t e x t  t h a t  
emergence was s i g n i f i c a n t l y  redaced  a t  a c o n c e n t r a t i o n  of 12.5 mg/L,  b u t  
t h e i r  t a b u l a r  d a t a  a r e  n o t  i n  agreement w i t h  t h i s  s t a t emen t . )  A t  concen- 
t x a t i o n s  of 12.5 and 25.0 mg/L, no eggs were produced by a d u l t s  i n  t h e  
f i r s t  g e n e r a t i o n  (Tab le  9 ) .  In  t h e  second g e n e r a t i o n ,  s u r v i v a l  of l a r -  
vae  was s i g n i f i c a n t l y  (P = 0.05) reduced a t  a Concen t r a t ion  of 3.1 and 
6 . 2  mg/L ( T a b l e  9 ) .  Sased on t h e i r  r e s u l t s ,  t h e  a u t h o r s  concluded t h a t  
cont inuous  exposure  t o  1.5 mg/L does  not a f f e c t  any s t a g e  of development 
of t h i s  organism. 

Exposure of E. or.omelas t o  n i t r o g l y c e r i n  a t  c o n c e n t r a t i o n s  of up t o  
1.75 mg/L f o r  30 days had no s i g n i f i c a n t  e f f e c t  on e i t h e r  s u r v i v a l  or 
t o t a l  l e n g t h  (Tab le  10) ( B e n t l e y  e t  a l .  1 9 7 8 ) .  Exposure f o r  60 days  t o  
c o n c e n t r a t i o n s  20.22 mg/L s i g n i f i c a n t l y  (P = 0.05) reduced s u r v i v a l  , bu t  
had no s i g n i f i c a n t  e f f e c t  on t o t a l  l e n g t h .  A f t e r  1 7 4  d a y s ,  s u r v i v a l  was 
s i g n i f i c a n t l y  (P = 0.05) reduced a t  c o n c e n t r a t i o n s  of 0.43 and 0.87 
mgdL, and a t  a c o n c e n t r a t i o n  of 1.75 mg/L t h e r e  were no s u r v i v o r s .  
A f t e r  266 days of exposure,  t h e r e  were no s u r v i v o r s  i n  t h e  groups 
exposed t o  0.87 o x  1.75 mg/L. There  were no s i g n i f i c a n t  e f f e c t s  on 
t o t a l  l e n g t h  o r  wet weight  of females  a f t e r  exposing them f o r  266 days 
t o  n i t r o g l y c e r i n  a t  c o n c e n t r a t i o n s  of 0.22 mg/L o r  l e s s I l  b u t  a t  a con- 
c e n t r a t i o n  o f  0.43 mg/L, t h e  wet weight  of males  was s i g n i f i c a n t l y  (P = 
0 .05 )  lower  than  t h a t  of t h e  c o n t r o l s  (Tab le  11). Although n o t  s t a t i s -  
t i s a l l y  ana lyzed  by t h e  au thoxs ,  t o t a l  spawns, t o t a l  eggs,  
spawnslfernale,  and eggsjspawn were lower i n  a l l  exposed groups (Tab le  
11). The h a t c h a b i l i t y  of eggs produced by p a r e n t a l  f i s h  exposed t o  0.43 
mg/L of n i t r o g l y c e r i n  and t h e  h a t c h a b i l i t y  of c o n t r o l  eggs exposed t o  
1.75 mg/L n i t r o g l y c e r i n  were reduced;  however, t h e s e  d a t a  were n o t  s t a -  
t i s t i c a l l y  ana lyzed  (Tab le  12). The r e s u l t s  of exposing c o n t r o l  eggs t o  
0.87  mg/L were no t  c l e a r  because ,  i n  r e p l i c a t e  A ,  96 p e r c e n t  of t h e  eggs 
hatched ,  w h i l e  i n  r e p l i c a t e  B ,  o n l y  t h r e e  p e r c e n t  ha t ched ;  t h e  a u t h o r s  
gave R O  e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e .  A t  a c o n c e n t r a t i o n  of 0.22 
mg/L, t o t a l  l e n g t h  and wet  weight  of f r y  from t h e  p a r e n t a l  group and 
c o n t r o l  f r y  exposed t o  t h i s  c o n c e n t r a t i o n  were s i g n i f i c a n t l y  (P = 0.05)  
l e s s  a f t e r  30 days of exposure  (Tab le  13). S u r v i v a l  of t h i s  group was 
a l s o  reduced ,  b u t  the a u t h o r s  d i d  n o t  i n d i c a t e  t h a t  t h i s  r e d a c t i o n  w a s  
s i g n i f i c a n t .  A t  c o n c e n t r a t i o n s  of 0 . 4 3 ,  0.87,  and 1.75 mg/L, which con- 
t a i n e d  o c l y  fry t r a n s f e r x e d  from c o n t r o l s ,  b o t h  t o t a l  l e n g t h  and mean 
wet weight  were s i g n i f i c a n t l y  ( P  = 0.05) l e s s  t han  i n  c o n t r o l  groups .  
No s i g n i f i c a n t  e f f e c t s  were observed a t  a c o n c e n t r a t i o n  of 0 .11  m g / L  
(Tab le  13). 

3.3 TOXICITX TO PLANTS 

Ben t l ey  e t  a l .  (1978)  de te rmined  t h e  a c u t e  t o x i c i t y  of n i t r o g l y -  
c e r i n  t o  four s p e c i e s  of freshwater a l g a e  i n c l u d i n g  two blae-green 
a l g a e ,  Micro- and Gnabeana ---, one g reen  a l g a ,  
S e l  w s  trupa d c  ornu tnlp , and one d ia tom,  N a v i c u b  p e l l i c u l o s k  . Using 
s t a t i c  b ioas say  p rocedures  d e s c r i b e d  by USEPA (1971, as r e p o r t e d  i n  
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TAULE 1 0 .  WEAN PERCENTAGE SURVIVAL AND G R W I B  OF Pirnaohalpl Ilrolpelpr 
CONTlNUOUSLY EXPOSED TO NITROGLYCERINa 

~~ 

Nominal 30  Days 6 0  Days 1 7 4  Daysb 

(mg/L) Survival  (a) T o t a l  Length (mm) Surv iva l  (k) T o t r l  Length (BIB) Surv iva l  (k) 
Cano on t ra t i  on 

Control 
A0 
B 

Ao e tonee 
A 
B 

0.11 
A 
B 

0 . 2 2  
A 
n 

0 . 4 3  
A 
B 

100 
98 

18 f 2 ) d  10Q 
17 ( 3 )  98 

26 1 4 )  100 
25 ( 4 1  100 

911 
98 

98 
93 

27 (3) 100 
26 ( 4 )  100 

100 
100 

1 7  ( 3 )  100 
1 8  1 3 )  ' 90 

93 
93 

93 
93 

16 ( 3 )  85f 
1 8  ( 4 )  83 

93 
87 I 

t.3 
4 

I 

85 
83 

16 ( 4 )  7 8f 
16 ( 4 )  7 3  

25  1 5 )  60f 
2 4  ( 6 )  80 

0.87 
A 
B 

3 . 7 5  
A 
B 

98 
7 5  

17 ( 3 )  5 8f 
17 ( 3 )  58  

27 ( 4 )  1 3 f  
26 ( 6 )  0 

98 
100 

1 8  ( 2 )  7 8f 
17 ( 3 )  85 

28  ( 4 1  Of 
26 ( 4 )  0 

a .  Adapted from Bent l ey  e t  61. 1978.  

b .  Total l engths  were not obtained on day 1 7 4 .  

Q. R e p l i c a t e .  

d .  V a l u e s  i n  pasentheses  ar0 mtrndard d e v i a t i o n .  

e .  S o l v e n t  c o n t r o l .  

f .  P = 0 . 0 5 .  



TABLE 11. SIZE AND REPRQDUCTIQN POTENTIAL gWa prrrmaLas 
CQNTINU0USE-Y EWBSEL9 TO NXIXNLYCERIN FOR 266 DAYS8 

Nominal Total  Length (mm) Wet Weight ( g )  
Conc e n t r  a t i on Males/ Total  Total  Spawns/ E g g s /  Eggs /  

( mg / LI b Males Females Maltas Females female spawns e g g s  female female spawn 

, Control 
As: 
B 

Ac a t  oned 
A 
B 

0 -111 
A 
u 

0.22 
A 
B 

0.43 
A 
B 

44 3 
31 6 

6.6 
4 .5 

57 9 
345 

87 
77 

65 
63 

53 
52 

3.26 1.47 
3.29 1.39 

20 
29 

m a  
2067 

74 
66 

55  
5 5  

4 -66  1.63 
3.60 1.80 

31 6 
316 

3 
23 

457 
2105 

0.5 
3.8 

76 
351 

152 
73 

63 
65 

53 
49 

3.97 1.66 
3.78 1.21 

31 6 
3/6 

3 
14 

143 
1166 

0.5 
2.7 

33 
194 

54 
73 

64 
66 

54 
53 

3.62 2 -63  
3.60 1.63 

2/ 6 
a /  5 

3 
6 

190 
4 93 

0.5 
1 .o 

31 
82 

63 
82 

60 
57 

53 
53 

P.86e  1.48 
2.14 1.69 

18 5 
36 5 

0 
13% 

0 
0.2  

0 
26 

0 
131 

a .  Adapted from Bent ley  e t  a l .  1978. 

b .  There w e r e  no survivors  a t  concentrat ions  of 0.87 and 1.75  mgJmL. 

c .  Repl icate .  

d .  So lvent  contro l .  

0 .  P = 0 . 0 5 .  



TABLE 12. BATCHABILITY OF EGGS OF Pimeohales S Q n l d a  
EXPOSED CONTINUOUSLY TO NITROGLYCERINa 

Nominal Hatchabi l i ty  ( % I  
Concentration Eggs from Eggs Txansferred 

(mg/L) Parents  from Control 

Control 
Ab 
B 

Ace tonee 
A 
B 

0 .ll 
A 
B 

0 .22  
A 
B 

0.43 
A 
B 

0.87 
A 
B 

1.75 
A 
B 

95 ( 3 )  
89 ( 9 )  

-f 
5 8  (1) 

... 

+d 
+ 

f 
+ 

+ 
+ 

+ 
+ 

96 (1) 
3 ( 3 )  

2 ( 3 )  
0 ( 3 )  

a .  Adapted from Bsnt l ey  e t  a l .  1 9 7 8 .  

b .  Repl icate  number. 

c .  Parentheses  show number of egg groups exposed. 

d .  Control eggs were t e s t e d  a t  only those concentrat ions  
a t  which l i t t l e  or no spawning had occnrred. 

e .  Solvent  control .  

f .  No eggs produced by parents .  
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TABLE 13. GROWTB OF SECOND GENERATION 
CONTINUOUSLY EXPOSED TO NITROGLYCERIN 

FOR 30 DAPSa 

Nomin a1 l e a n  Wet 
Concen t r a t ion  S u r v i v a l  T o t a l  Length Weight 

(mg/L) (%I  ( mm) ( g )  

Cont ro l  
Ab 
B 

Ac e t o n ea 
A 
B 

0 . l a  
A 
B 

0.22e 
A 
B 

0.438 
A 
s 

0.875 
A 
8 

1.19% 
w 
B 

100 ( 2 )  
81 ( 5 )  

22 ( 4 )  
21 ( 4 )  

0.10 
0.09 

0.10 
0.10 

0.10 
0.12 

0 .06f 
0.06 

0 .os2 
Q -05 

0.09f 
0 . 0 5  

0 .OSf 
0 .Q6 

a.  Adapted from Ben t l ey  e t  a l .  1978.  

b. R e p l i c a t e .  

c .  Values i n  p a r e n t h e s e s  a r e  s t a n d a r d  d e v i a t i o n .  

d .  So lven t  c o n t r o l .  

e. This exposure group c o n s i s t e d  of groups of fry 
from t h e  p a r e n t a l  exposure group and from unexposed 
c o n t r o l s .  

f .  P = 0.05. 

g .  F r y  t r a n s f e r r e d  from c o n t r o l  a f t e r  h a t c h .  
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Bent ley  e t  a l .  1978) I 24-, 48-, and 96-hr EC50 v a l u e s  w e r e  c a l c u l a t e d  
based on changes i n  c h l o r o p h y l l  a c o n e e n t r a t i o n  ( a l l  f o u r  s p e c i e s ) ,  c e l l  
numbers ( a l l  but A. ---I, o r  o p t i c a l  d e n s i t y  ( o n l y  A. f&.,s.,- 
a b .  Based on t h e  number of c e l l s  p e r  m i l l i l i t e r ,  2. 
w a s  t h e  most s e n s i t i v e  s p e c i e s  and was found t o  have a 96-hr ECSO of 0 . 4  
mg/L (Tab le  14). Based on a d e c r e a s e  i n  c h l o r o p h y l l  a c o n c e n t r a t i o n ,  &. 

and E. were t h e  most s e n s i t i v e  s p e c i e s ,  w i t h  
bo th  having 96-hr EC50 v a l u e s  of 1 .0  m g / L .  BEL. and A. fLes- 
-were t h e  l e a s t  s e n s i t i v e  of t h e  s p e c i e s ,  with b o t h  having 96-hr 
E G O  v a l u e s  of >10.0 mg/L for both parameters  t e s t e d .  

S u l l i v a n  e t  a l .  (1979) p o i n t e d  o u t  t h a t  i n  B e n t l e y  e t  a l . ' s  (1978) 
a l g a l  b i o a s s a y  wi th  n i t r o g l y c e r i n ,  t h e  l a c t o s e  v e h i c l e  a t  a conccnt ra -  
tion of 10 mg/L caused ta 24 p e r c e n t  i n c r e a s e  i n  c e l l  numbers of S. -. Although l a c t o s e  had a l s o  been used a t  c o n c e n t r a t i o n s  of 
1 and 100 mg/L, Ben t l ey  e t  a l .  c o r r e c t e d  a l l  c e l l  c o u n t s  f o r  t h i s  
s p e c i e s  by 2 4  p e r c e n t  r e g a r d l e s s  of  t h e  l a c t o s e  c o n c e n t r a t i o n ;  t h u s  they  
made no a l lowance  f o r  any l e s s e n i n g  of t h i s  e f f e c t  a t  lower v e h i c l e  con- 
c e n t r a t i o n s .  Fu r the rmore ,  t h e  e f f e c t  of t h e  l a c t o s e  was a p p a r e n t l y  n o t  
cons ide red  i n  t h e  d e t e r m i n a t i o n s  of c h l o r o p h y l l  a. Based on th i s ,  Sul- 
l i v a n  e t  a l .  f e l t  t h a t  t h e  EC50 v a l u e s  f o r  c h l o r o p h y l l  a and c e l l  nnm- 
b e r s  of 2. 7 were q u e s t i o n a b l e .  

S u l l i v a n  e t  a l .  (1979) a l s o  c r i t i c i z e d  t h e  Ben t l ey  e t  a l .  (3.9781 
s tudy  becanse  they  had used a p r o b i t  a n a l y s i s  to  ana lyze  growth response  
d a t a , o f  a l g a l  c u l t u r e s  r e l a t i v e  t o  a c o n t r o l .  
o a t  t h a t  a p r o b i t  a n a l y s i s  r e q u i r e s  t h a t  t h e  d a t a  be b inomia l ly  d i s t r i -  
bu ted ,  b a t  t h a t  pe rcen tage  growth r e d a c t i o n  o r  amount of growth of a 
c u l t u r e  a r e  con t inuous  r e sponses  and g e n e r a l l y  normal ly  d i s t r i b u t e d .  
They r eana lyzed  t h e  d a t a  and c a l c u l a t e d  t h e  lowes t  s i g n i f i c a n t  ( l e v e l  of 
s i g n i f i c a n c e  n o t  g i v e n )  r e sponse  c o n c e n t r a t i o n s  € o r  t h e  96-hr c e l l  
coun t s  and c h l o r o p h y l l  p values  of a. u i c u l o g a  and 3.. 7, 
For 1. U a l o s a  t h e  lowes t  s i g n i f i c a n t  r e sponse  c o n c e n t r a t i o n  f o r  
b o t h  c e l l  c o u n t s  and c h l o r o p h y l l  a was 0.32 mg/L, and the r e s p e c t i v e  
c o n c e n t r a t i o n s  f o r  S. were 1.0 and 0.1 mg/L. 

S o l l i v a n  e t  a l .  p a i n t e d  

3 .4 BIOACWMULATION 

The p o t e n t i a l  f o r  b ioaccumula t ion  of n i t r o g l y c e r i n  i n  f i s h  was s t u -  

J L a u m h L r  s- eairdne.rl ', and L. pPfLFtatus were exposed to 14C- 
n i t r o g l y c e r i n  a t  an average  c o n c e n t r a t i o n  of 0.42 mg/L i n  a modif ied 
i n t e r m i t t e n t  f low system which d e l i v e r e d  t h e  c o n t r o l  and t e s t  w a t e r s  a t  
a r a t e  of 5 L/hr. Samples of w a t e r  and f i s h  were t aken  on days 1, 2 ,  4, 
and 8 from t h e  t e s t  a q u a r i a  and on day 8 i n  t h e  c o n t r o l  aquarium. Based 
on t h e  8-day exposure  p e r i o d  t h e  b ioaccnmula t ion  f a c t o r  was e s t i m a t e d  t o  
be  about  8X f o r  .&. aaizdnerl * 8  L. - 2 ,  and 2. and 1% f o r  
k. PLBcrochirus . It was n o t  c l e a r  from the d a t a  i f  t i s s u e  c o n c e n t r a t i o n s  
had attained s t e a d y  s t a t e .  

d i e d  by Bent l ey  e t  a l .  (1978). Twenty each of L. 9 E. 
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TABLE 14. ACUTE TOXICITY OF NITROGLYCERIN TO THE FRESHWATER ALGAE 
Se lma-  Nav icu la  D n l l i o u l o s a  MicrwvstiS 

a 

EC50 ( rng/Llb  E650 (mg/L) J d  

S p e c i e s  

24-hr 4 8- hla 96-hr 96-hx 

S 5aDrlco 4 .O 1.1 0.4 1 .o 

L p e l l i c u l o s a  )10 .o 8 . 6  3.3 1 .O 

Laerueinos_a )10 .o >10 .o )lo .o >IO .o 
e f l o s  - aagae  >10 .o > 1 Q . O  >10.0 >IO .O 

(0 -1-30.4) e ( 0  .1-22.8) (0 .1-1.3) (0 .7 -7  .O) 

(1.2-59.9) ( 0 . 3 - 3 3  .O) 

e.  a .  Adapted from Bentley e t  a l .  1978 .  

b. Based on decrease  in number of  c e l l s  pep mL f o r  2. a B 

pel l tEnlosa ,  and H. aetpninssa, and decrease  i n  o p t i c a l  d e n s i t y  f o x  A. 
€LQs.-&I!&u. 
c .  Nominal concentra t ions .  

d .  Based on decrease  in ch lorophy l l  a. 
e .  95% conf idence  interval. 
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3.5 OTHER DATA 

S t i l w e l l  e t  a l .  (1976) conducted a survey  of t h e  a l g a l  and b e n t h i c  
m a c r o i n v e r t e b r a t e  communities of two on- s i t e  ponds t h a t  r e c e i v e d  w a s t e s  
from t h e  manufac ture  of n i t r o g l y c e r i n  (NG pond) and r o c k e t  p a s t e  (mix- 
tnxe of n i t r o c e l l u l o s e  and n i t r o g l y c e r i n )  (RP pond) a t  Badger 6AP i n  
Baraboo, Wisconsin.  The mean c o n c e n t r a t i o n  of n i t r o g l y c e r i n  i n  t h e  
wa te r  of t h e  NG and RP ponds was 7 . 4  and (1.83 mg/L, r e s p e c t i v e l y ,  and 
t h e  mean c o n c e n t z a t i o n  found i n  t h e  sediment of the two ponds was 37.5 
and <1 .73  mg/kg d r y  w t ,  r e s p e c t i v e l y .  The r e s u l t s  of t h e  surveys  of t h e  
a l g a l  and b e n t h i c  c o r n u n i t i e s  were i n d i c a t i v e  of c o n s i d e r a b l e  s t r e s s .  
Benth ic  m a c r o i n v e r t e b r a t e s  were found t o  be a b s e n t  from b o t h  ponds. The 
a l g a l  communities i n  t h e  NG pond were dominated by p o l l u t i o n  t o l e r a n t  
s p e c i e s ,  t h e  p e r i p h y t o n  be ing  dominated by a coccoid  myxophycean (b lue -  
g r e e n  a l g a )  and t h e  phy top lank ton  be ing  dominated by two s p e c i e s  of t h e  
genus ( g r e e n  a l g a e ) .  The number of s p e c i e s  i d e n t i f i e d  on 
t h e  a r t i f i c i a l  S u b s t r a t e s  and i n  t h e  p l a n k t o n  samples i n  t h e  PIG pond was 
1 8  and 6 ,  r e s p e c t i v e l y .  The s p e c i e s  d i v e r s i t y  of t h e  a l g a l  community 
was low on bo th  t h e  a r t i f i c i a l  ( s p e c i e s  d i v e r s i t y  of 0 .63 )  and n a t u r a l  
( s p e c i e s  d i v e r s i t y  of 1.04) s u b s t r a t e s  a f t e r  a 4-week c o l o n i z a t i o n  
p e r i o d .  The a l g a l  commanity was s i m i l a r l y  a f f e c t e d  i n  t h e  RP pond. The 
p e r i p h y t o n  and phy top lank ton  c o r n u n i t i e s  were bo th  dominated by s p e c i e s  
of blue-green a l g a e  cons ide red  t o l e r a n t  o r  i n d i c a t i v e  of p o l l u t i o n .  The 
t o t a l  number of s p e c i e s  i d e n t i f i e d  i n  t h e  p e r i p h y t o n  and phytoplankton  
were IO and 9 ,  r e s p e c t i v e l y .  S p e c i e s  d i v e r s i t y  on the  a r t i f i c i a l  and 
n a t u r a l  s u b s t r a t e s  a f t e r  4 weeks was 0.65 and 0.6,  r e s p e c t i v e l y ,  v a l u e s  
s i m i l a r  t o  those  c a l c o l a t e d  for t h e  NG pond. Although t h e i r  r e s u l t s  
were i n d i c a t i v e  of a s e v e r e l y  s t r e s s e d  environment,  t h e  a u t h o r s  could 
n o t  a t t r i b u t e  t h e s e  adve r se  e f f e c t s  s o l e l y  t o  n i t r o g l y c e r i n  because  
o t h e r  was te s  were r e l e a s e d  d u r i n g  t h e  manufac ture  of n i t r o g l y c e r i n  and 
r o c k e t  p a s t e .  

A survey  of the  wa te r  q u a l i t y ,  p e r i p h y t o n ,  and b e n t h i c  macroinver-  
t a b r a t e s  was conducted by Wei tze l  e t  a l .  (1976)  oE the  n i t r o g l y c e r i n  
nnmber two a r e a  of t h e  Radfozd AAP and t h e  segment of New River  immedi- 
a t e l y  ups t ream and downstream from t h e  p l a n t  was te  d i s c h a r g e s .  F i v e  
d i s c h a r g e  sources  were sampled f o r  w a t e r  q u a l i t y  a n a l y s e s ,  and s i x  s t a -  
t i o n s  were sampled i n  New Rive r  f o r  water q u a l i t y  a n a l y s e s ,  p e r i p h y t o n ,  
and ben thos ,  two of t h e s e  were above t h e  d i s c h a r g e  a r e a ,  one was 900 m 
downstream from t h e  d i s c h a r g e  a r e a ,  and t h t e e  were w i t h i n  t h e  d i s c h a r g e  
a r e a .  Samples were c o l l e c t e d  duxing a May-June p e r i o d  and a n  O c t o b e r  
November p e r i o d .  Of 32  sediment samples t a k e n ,  only t h r e e  con ta ined  
measurable q u a n t i t i e s  of n i t r o g l y c e r i n ,  w i t h  a maximam c o n c e n t r a t i o n  of 
1.5 mg/kg o c c u r r i n g  i n  a sample c o l l e c t e d  900 m below the  d i s c h a r g e  
a r e a .  N i t r o g l y c e r i n  was d e t e c t e d  s p o r a d i c a l l y  i n  the wate r  a t  a l l  r i v e r  
s t a t i o n s ,  and, i n  g e n e r a l ,  t h e  h i g h e s t  c o n c e n t r a t i o n s  were fonnd i n  Kay. 
The b i g h e s t  w a t e r  c o n c e n t r a t i o n  measured w a s  0 . 2 9  mg/L and w a s  found i n  
a May sample t aken  900 m downstream f rom t h e  d i s c h a r g e  a r e a .  Average 
n i t r o g l y c e r i n  c o n c e n t r a t i o n s  i n  t h e  wa te r  were u s u a l l y  around 0.01 mg/L 
o r  l e s s .  The mean n i t r o g l y c e r i n  c o n c e n t r a t i o n s  i n  t h e  d i s c h a r g e  w a t e r s  
ranged f r o m  42 t o  407 mg/L, w i t h  means u s u a l l y  less t han  100 mg/L. 
Minor v a r i a b i l i t i e s  were observed in t h e  ben thos  and p e r i p h y t o n ,  b u t  
t h e s e  were g e n e r a l l y  n o t  s i g n i f i c a n t .  P e r i p h y t o n  p r o d u c t i o n  appeared t o  
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be i n h i b i t e d  n e a r  two d i s c h a r g e  a r e a s ,  b u t  t h i s  i n h i b i t i o n  could  n o t  be 
a t t r i b u t e d  t o  t h e  was te  d i s c h a r g e  of t h e  AM. An i n c r e a s e  i n  p e r i p h y t o n  
downstream from one d i s c h a r g e  a r e a  was thought  t o  be due t o  an  i n c r e a s e  
i n  n i t r o g e n  l e v e l s .  The a u t h o r s  were unable  t o  c o r r e l a t e  t h e s e  v a r i a -  
t i o n s  w i t h  t h e  e f f l u e n t s  from t h e  n i t r o g l y c e r i n  p r o d u c t i o a  a r e a s .  

3.6 SUl.fbL4RY 

R e s u l t s  of a c u t e  t o x i c i t y  s t u d i e s  i n d i c a t e  t h a t  n i t r o g l y c e r i n  i s  
q u i t e  t o x i c  t o  a q u a t i c  organisms.  T h e  t o x i c i t y  of n i t r o g l y c e r i n  t o  
a l g a e  i s  h i g h l y  v a r i a b l e  among s p e c i e s .  R-eported 96-hr EC50 v a l u e s  
range from 0.4 t o  >IO mg/L. Reported 96-hr Le50 v a l u e s  f o r  f i s h  range  
from 1 .67  t o  3.2 mg/L, and 48-hr EC50 v a l u e s  f o r  i n v e r t e b r a t e s  range 
from 20 t o  5 5  mg/L. 

S t u d i e s  on t h e  e f f e c t s  of n i t r o g l y c e r i n  t o  c r i t i c a l  l i f e  s t a g e s  of 
f i s h  ( e g g s  and f r y )  have shown t h a t  t h e  f r y  s t a g e  i s  t h e  most s e n s i t i v e  
s t a g e .  A v a i l a b l e  d a t a  i n d i c a t e  t h a t  n i t r o g l y c e r i n  i n  c o n c e n t r a t i o n s  of 
up t o  1.25 mg/L  i s  n o t  t o x i c  t o  f i s h  eggs.  Fry of 2. gEomea;tS have been 
found to  be more s e n s i t i v e  t o  n i t r o g l y c e r i n  than  f r y  of I. p u n c t a t a s ;  
t h e  lowes t  c o n c e n t r a t i o n s  r e p o r t e d  t o  have s i g n i f i c a n t l y  a f f e c t e d  (based  
on s u r v i v a l )  t h e s e  two s p e c i e s  a r e  (3.06 and 0.31 mg/L, r e s p e c t i v e l y ,  
a f t e r  a 30-day exposure p e r i o d .  The v a l i d i t y  of t h e s e  d a t a  a t e  ques- 
t i o n a b l e  because  problems w i t h  t h e  d i l u t i o n  of n i t r o g l y c e r i n  occnrsed  
du r ing  t h e  stndy . 

A v a i l a b l e  d a t a  i n d i c a t e  t h a t  f i s h  a r e  more s e n s i t i v e  than  inver- 
t e b r a t e s  t o  n i t r o g l y c e r i n  under  c h r o n i c  exposure  c o n d i t i o n s .  The lowes t  
c o n c e n t r a t i o n  r e p o r t e d  t o  s i g n i f i c a n t l y  a f f e c t  f i s h  i s  0.22 mg/L;  a t  
t h i s  c o n c e n t r a t i o n ,  s u r v i v a l  of E. oromelas was rednced a f t e r  6 0  days  of 
exposure.  The lowes t  c o n c e n t r a t i o n  r e p o r t e d  t o  S i g n i f i c a n t l y  a f f e c t  
i n v e r t e b r a t e s  i s  3 .1  mg/L; a t  t h i s  c o n c e n t r a t i o n ,  s u r v i v a l  of second 
g e n e r a t i o n  l a r v a e  of C. J e n t a p S  was reduced.  

Limi ted  d a t a  on b ioaccnmula t ion  i n d i c a t e  t h a t  n i t r o g l y c e r i n  i s  n o t  
a p p r e c i a b l y  bioaccumulated i n  t h e  t i s s u e s  of fish. E s t i m a t e s  f o r  b ioac-  
cnmnla t ion  f a c t o r s  of n i t r o g l y e e r i n  i n  f i s h  range  from 8X t o  1 s .  

A d i r e c t  r e l a t i o n s h i p  between n i t r o g l y c e r i n  exposure and adve r se  
e f f e c t s  t o  a q u a t i c  organisms has  n o t  been  shown by f i e l d  s t u d i e s ;  
howevert  s e v e r e  e f f e c t s  on b i o l o g i c a l  communities have been observed i n  
ponds r e c e i v i n g  w a s t e  e f f l u e n t s  from t h e  p r o d u c t i o n  of n i t r o g l y c e r i n  and 
r o c k e t  p a s t e  . 

4 .  &4imA.L IAN TOXICOLOGY AND H u  HEALTH EFFECTS 

4 .I PHARMACOKINETICS 

A tremendous body of l i t e r a t u r e  is a v a i l a b l e  OR t h e  p h y s i o l o g i c a l  
and p a t h o l o g i c a l  e f f e c t s  of n i t r o g l y c e r i n ,  p a r t i c u l a r l y  on card iovascn-  
l a x  and sys temis  e f f e o t s .  T h e r e f o r e ,  d i s c u s s i o n s  011 h e a l t h  a f f e c t s  of 
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n i t r o g l y c e r i n  have been l i m i t e d  t o  h i g h l i g h t s  of e f f e c t s  and t h e  expo- 
s u r e  l e v e l s  a t  which t h e s e  e f f e c t s  were obse rved ,  d a t a  which could  pos- 
s i b l y  be used i n  c a l c u l a t i n g  Human H e a l t h  C r i t e r i a .  An e x t e n s i v e  review 
of t h e  mechanisms of a c t i o n  of n i t r o g l y c e r i n  may be found i n  Needleman 
( 1 9 7 5 ) .  

The pha rmacok ine t i c s  of n i t r o g l y c e r i n  i n  l a b o r a t o r y  an imals  has  
been s t u d i e d  e x t e n s i v e l y  , p a r t i c u l a r l y  in r a t s ;  hOWeVer, because  of t h e  
l a c k  of s e n s i t i v e  methodologies ,  many a s p e c t s  of t h e  pha rmacok ine t i c s  of 
t h e  compound a r e  u n c l e a r .  A v a i l a b l e  d a t a  on pha rmacok ine t i c s  i n d i c a t e  
t h a t  n i t r o g l y c e r i n  i s  r a p i d l y  and wide ly  d i s t r i b u t e d  and r a p i d l y  absor- 
bed, me tabo l i zed ,  and e l i m i n a t e d  ( e . g . ,  Fang 1934; BlcNiff e t  a l .  1980; 
DiCar lo  1975; DiCar lo  e t  al. 1968; Needleman and Krantz  1965). 

DiCar lo  e t  a l .  (1968)  gave r a t s  a s i n g l e  o r a l  dose  of 14C- 
n i t r o g l y c e r i n ,  and w i t h i n  30 m i n  r a d i o a c t i v i t y  was observed i n  the  
b lood ,  h e a r t ,  k i d n e y s ,  l i v e r ,  l u n g s ,  s p l e e n ,  g a s t r o i n t e s t i n a l  (GI) 
t r a c t ,  c a r c a s s ,  u r i n e ,  and f e c e s  and i n  t h e  exp i r ed  a i r  as  carbolo diox- 
i d e  (c02z); a m a j o r i t y  of t h e  a c t i v i t y  was foand i n  t h e  l i v e r  (7 .3  per -  
c e n t )  and c a r c a s s  (33 p e r c e n t ) .  Four hours  a f t e r  exposnare, r ad ioac -  
t i v i t y  i n  t h e  l i v e r  and c a r c a s s  had dec reased  t o  2 . 5  and 16.6 p e r c e n t ,  
r e s p e c t i v e l y ,  and t h e  amount of t h e  r a d i o a c t i v i t y  found i n  t h e  u s i n e  and 
f e c e s  and e s h a l e d  a s  CO2 was 20.95, 2.27, and 19.76 p e r c e n t ,  respec-  
t i v e l y  .. 

Hodgsm and Lee (1975) observed p a t t e r n s  of d i s t r i b u t i o n  and e l i n r  
i n a t i o n  of n i t r o g l y c e r i n  s i m i l a r  t o  t h o s e  r e p o r t e d  by DiCar la  e t  a l .  
(1968). Within  4 h z  a f t e r  g i v i n g  r a t s  1 4 C - n i t r o g l y c e r i n  o r a l l y ,  Hodgson 
and Lee found a s i g n i f i c a n t  amount of t h e  r a d i o a c t i v i t y  i n  t h e  l i v e r  
(4.6 p e r c e n t ) ;  this amonnt changed l i t t l e  a f t e r  2 4  h r  ( 4 . 3  p e r c e a t ) .  
S i g n i f i c a n t  amounts of r a d i o a c t i v i t y  were a l s o  found i n  t h e  muscle a t  4 
h r  (9.3 p e r c e n t )  and 24 h r  12.8 p e r c e n t ) ,  and from 0 . 1  t o  2.1 p e r c e n t  of 
t h e  r a d i o a c t i v i t y  was found i n  each of t h e  o t h e r  t i s s a e s  examined a t  4 
and 2 4  h r  (whole b lood ,  k i d n e y s ,  b r a i n ,  and l u n g s ) .  A f t e r  4 hi8 15.6, 
705,  and 3.1 p e r c e n t  of t h e  admin i s t e red  dose  was e l i m i n a t e d  i n  t h e  
u r i n e ,  e x p i r e d  a i r  (C021, and f e c e s ,  r e s p e c t i v e l y ,  and a t  t h e  end of 2 4  
h r ,  t h e  amount of r a d i o a c t i v i t y  e l i m i n a t e d  v i a  t h e s e  same r o u t e s  was 
39.8, 2 5 . 5 ,  and 6.3 p e r c e n t ,  r e s p e c t i v e l y .  

Lee e t  a l .  (1977)  s t u d i e d  t h e  pha rmacok ine t i c s  of o r a l l y  admin- 
i s t e r e d  1 ,3-14C-ni t roglycer in  i n  mice,  r a t s ,  r a b b i t s ,  monkeys, and dogs.  
Wi th in  24  hr a f t e r  r e c e i v i n g  0 s i n g l e  o r a l  dose  of t h e  compound, about  
50 t o  70 p e r c e n t  had been absorbed by mice, whereas 7 5  t o  90 p e r c e n t  had 
been absorbed by t h e  o t h e r  s p e c i e s  du r ing  t h e  same t ime p e r i o d .  During 
t h e  f i s s t  24 h r ,  mice and r a t s  e x c r e t e d  c o n s i d e r a b l e  q u a n t i t i e s  of t h e  
r a d i o a c t i v i t y  in u r i n e  and exp i r ed  a i r  (19.2 and 18.8 p e r c e n t ,  respec-  
t i v e l y ,  for mice, and 2 5 . 5  and 39.8 p e s c ~ n t ,  r e s p e c t i v e l y ,  for rats). 
The o t h e r  t h r e e  s p e c i e s  e x c r e t e d  a m a j o r i t y  of t h e  r a d i o a c t i v i t y  i n  t h e  
u r i n e  ( 4 5 . 0  t o  72.0 p e r c e n t )  and a mach smaller amount i n  t h e  exp i r ed  
a i r  ( 2 . 5  t o  7.8 p e r c e n t )  during t h e  f i r s t  24  h r .  The h i g h e s t  t i s s u e  
c o n c e n t r a t i o n s  of r a d i o a c t i v i t y  a t  t h e  end of 24 h r  were generally 
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observed i n  t h e  l i v e r  of a l l  s p e c i e s  (4.3 t o  6 .8  p e r c e n t ) ;  however, 
g r e a t e r  amounts of r a d i o a c t i v i t y  were observed i n  t h e  s k e l e t a l  muscles  
of dogs and monkeys, w i t h  c o n c e n t r a t i o n s  of 9 . 5  and 13.0 p e r c e n t ,  
s e s p e c t i v e l y ,  a t  t h e  end of 24  h r .  Small  amounts of r a d i o a c t i v i t y  were 
a l s o  found i n  t h e  k idneys ,  s p l e e n ,  l u n g s ,  and b r a i n  of a l l  s p e c i e s .  

S h o r t  e t  a l .  (1977)  performed an i n  v i t r o  s tudy  on t h e  metabol ism 
of n i t r o g l y c e r i n  w i t h  t i s s u e  samples t aken  from male and feniale CD r a t s ,  
Swiss Webster mice,  CD-1 mice,  New Zealand a l b i n o  r a b b i t s ,  b e a g l e  dogs ,  
rhesus  monkeys, and humans ( a t  a u t o p s y ) .  A sex d i f f e r e n c e  was n o t  
observed i n  t h e  metabol ism of th i s  compound by l i v e r  homogenates of any 
s p e c i e s .  I n  a l l  s p e c i e s ,  n i t r o g l y c e r i n  was p r i m a r i l y  metabol ized  t o  
1,2- and l 1 3 - d i n i t r o g l y c e r i n  by t h e  l i v e r ;  r a t s  and mice produced more 
1 , 3 - d i n i t r o g l y c e r i n ,  wh i l e  r a b b i t s ,  dogs ,  monkeys, and humans produced 
more l J 2 - d i n i t r o g l y c e r i n .  R a t s ,  r a b b i t s ,  dogs ,  and monkeys produced 
g r e a t e r  amounts of d i s i t r o g l y c e r i n s  than  humans and mice d i d ,  w h i l e  
huaans produced g r e a t e r  amounts t han  mice. Embryos, f e t a l  l i v e r s ,  and 
c a r c a s s e s  of mice were found t o  have poor  a b i l i t y  t o  me tabo l i za  n i t r o -  
g l y c e r i n .  An i n c r e a s e d  a b i l i t y  t o  me tabo l i ze  t h e  compound w i t h  
i n c r e a s i n g  age  was observed i n  r a t  l i v e r s .  

The d i s p o s i t o n  r a t e  of c i t r o g l y c e r i n  i s  i n f l u e n c e d  by t h e  r o u t e  Qf 
a d m i n i s t r a t i o n  (Fnng e t  a l .  1984a;  Wester e t  a l .  1983;  Ioann ides  e t  a l .  
19821. Fung e t  a l .  (1984a)  e s t i m a t e d  plasma h a l f - l i v e s  of n i t r o g l y c e r i n  
i n  r a t s  fo l lowing  o r a l  and i n t r a v e n o u s  ( i v )  a d m i n i s t r a t i o n s .  
:ntravenoasly admin i s t e red  n i t r o g l y c e r i n  had a plasma h a l f - l i f e  of about  
1 5  min. T h e  plasma h a l f - l i f e  of o r a l l y  admin i s t e red  n i t r o g l y c e r i n  was 
g e n e r a l l y  dependent  upon t h e  s i z e  of t h e  dose  and v a r i e d  from about  30 
t o  140 min. Wester e t  a l .  (1983)  e s t i m a t e d  a plasma h a l f - l i f e  of 1 8  min 
f o r  n i t r o g l y c e r i n  g i v e n  i v .  t o  monkeys, Fol lowing dermal exposure  of 
monkeys t o  2 p e r c e n t  n i t r o g l y c e r i n  o in tment  c o n t a i n i n g  1 9  mg of 14C-  
n i t r o g l y c e r i n ,  a plasma h a l f - l i f e  of 4.3 hx was e s t ima ted .  

Ioann ides  e t  a l .  (19821 s t u d i e d  s e v e r a l  f a c t o r s  t h a t  might 
i n f l u e n c e  t h e  r a t e  of e l i m i n a t i o n  of n i t r o g l y c e r i n  from t h e  plasma? 
inc lud ing  r o u t e  of a d m i n i s t r a t i o n ,  age,  s e x ,  and s p e c i e s .  In r a t s ,  t h e  
plasma h a l f - l i v e s  f o r  i v ,  SUbllngUal,  and o r a l  r o u t e s  of a d m i n i s t r a t i o n  
were 6.7,  14 .3 ,  and 30.0 min, r e s p e c t i v e l y .  The a u t h o r s  i n d i c a t e d  t h a t  
d i f f e r e n c e s  i n  t h e  h a l f - l i v e s  were because t h e  e s t i m a t e  of t h e  i v  h a l f -  
l i f e  was an e l i m i n a t i o n  h a l f - l i f e ,  t h e  o r a l  h a l f - l i f e  was an a b s o r p t i o n  
h a l f - l i f e ,  and t h e  s u b l i n g u a l  h a l f - l i f e  was a mix tu re  of t h e  two. A sex  
d i f f e s e n c e  was n o t  observed i n  t h e  plasma h ' a l f - l i f e  of n i t r o g l y c e r i n  
admin i s t e red  i v  t o  r a b b i t s  (12.2 min f o r  males  and 11 .5  min f o r  
f e m a l e s ) ,  b u t  a s i g n i f i c a n t  s ex  d i f f e r e n c e  (P < 0.001) was obsesved i n  
r a t s  ( 4 - 4  min fox  males and 7.7 m i l n  for f e m a l e s ) .  A d i f f e r e n c e  in the 
h a l f - l i f e  of n i t r o g l y c e r i n  g i v e n  i v  was observed i n  r a t s  a t  d i f f e r e n t  
ages  (4 .4 min a t  8 weeks and 5 . 5  min a t  26 weeks ) ,  b u t  t h e r e  was no 
i n d i c a t i o n  t h a t  t h i s  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t .  Spec ie s  
d i f f e r e n c e s  were observed i n  t h e  plasma h a l f - l i f e  of n i t r o g l y c e r i n  g iven  
t o  male animals  i v ;  an i n c r e a s i n g  h a l f - l i f e  was observed w i t h  i n c r e a s i n g  
weight .  The es t ima ted  plasma h a l f - l i v e s  ( i n  minu tes )  f o r  males  g ive=  
n i t r o g l y c e r i n  i v  were a s  fo l lows :  hamster ,  3.7;  r a t ,  4.4; gu inea  p i g ,  
8.0; f e r r e t ,  9 . 5 ;  and r a b b i t ,  12 .2 .  
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The s i t e  of n i t r o g l y c e r i n  metabolism has been a c o n t r o v e r s i a l  i s sue  
(Needleman e t  a l .  1971; Lang e t  a l .  1972; B l e i  e t  a l .  1984; Fang 1984). 
Rased on bo th  i n  v i t r o  and i n  v i v o  s t u d i e s  wi th  l a b o r a t o r y  animals ,  it 
h a s  bees  thought  f o r  a number of y e a r s  t h a t  n i t r o g l y c e r i n  was metabol- 
ized  i n  t h e  presence  of g lu ta th ione -o rgan ic  n i t r a t e  r educ ta se  i n  t h e  
l i v e r  and blood ( e .g . ,  Needleman and Hunter  1965; Needleman e t  a l .  1971; 
Needleman and Barkey 1971; Lang e t  a l .  1972; Lee 1973; Bodgson and Lee 
1975; Yacobi e t  a l .  1983). More r e c e n t  s t u d i e s  w i t h  r a t s ,  however, have 
i n d i c a t e d  t h a t  t h e  l i v e r  i s  no t  t h e  pr imary s i t e  of metabolism of n i t r o -  
g l y c e r i n  ( B l e i  e t  a l .  1984; Fnng e t  a l .  1984a; Fung e t  a l .  1984bl .  % l e i  
e t  a l .  (1984) i n fused  r a t s  w i th  n i t r o g l y c e r i n  i v  fo l l cmlng  p o r t a c a v a l -  
shun t ing  and found t h a t  t h e  sys t emic  c l e a r a n c e  of n i t r o g l y c e r i n  was no 
d i f f e r e n t  i n  t h e s e  an imals  t h a n  i n  an imals  which had been sham opera ted .  
They a l s o  observed  t h a t  sys temic  plasma c l e a r a n c e  of n i t r o g l y c e r i n  f a r  
exceeded h e p a t i c  blood flow i n  sham and shunt  gronps. Pang e t  a l .  
Q1984b) i n j e c t e d  n i t r o g l y c e r i n  i n t o  v a r i o u s  v e s s e l s  o f  Sprague-Cawley 
r a t s  and fonnd t h a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  of t h e  n i t r a t e  were 
I leares t  t h e  s i t e  of i n j e c t i o n ;  c o n c e n t r a t i o n s  dec reased  p r o g r e s s i v e l y  
f u r t h e r  from the  i n j e c t i o n  s i t e .  Thus, t h e s e  d a t a  i n d i c a t e  t h a t  vascu- 
l a r  t i s s u e s  can t ake  up and/or  me tabo l i ze  n i t r o g l y c e r i n .  Based on h i s  
review of the  l i t e r a t u r e ,  Fnng (1984) prov ided  t h e  following b r i e f  
s c e n a r i o  on t h e  pharmacokine t ics  of n i t r o g l y c e r i n :  " n i t r o g l y c e r i n  i s  
r a p i d l y  t aken  up and metabolized by e x t r a h e p a t i c  t i s s u e s ,  i nc lud ing  t h e  
v a s c u l a t u r e .  L i t t l e ,  i f  any, of t h e  d i s t r i b u t e d  drug emanat ing from t h e  
sys temic  c i r c u l a t i o n  x e t n r n s  t o  it. T h i s  e x t e n s i v e  t i s s u e  d i s t r i b a t i o n  
s a d  metabol ism c o n t r i b u t e  t o  t h e  very  low, and o f t e n  f l u c t u a t i n g ,  con- 
c e n t r a t i o n  of n i t r o g l y c e r i n  observed  i n  t h e  sys temic  c i r c a 1  a t i o n .  " 

Bodgson e t  a l .  (1977) s t u d i e d  t h e  me tabo l i c  f a t e  and d i s p o s i t i o n  of 
four r ad io1  abel  ed metabol i t e s  of n i t r o g l y c e r i n  i n  female Char1 es Rive r  
Cl3 r a t s  i n c l u d i n g  1,2- and 1 , 3 - d i n i t r o g l y c e r i n  and 1- and 2-mononitro- 
g l y c e r i n .  F a s t e d  r a t s  were g iven  a s i n g l e  o r a l  dose of one of t h e  meta- 
b o l i t e s  and s a c r i f i c e d  a f t e r  4 or 2 4  hours,  A s i m i l a r  p a t t e r n  of 
a b s o r p t i o n  was observed  f o r  a l l  metsbol i t e s  excep t  2-mononi t roglyrer in ;  
about 59 p e r c e n t  of t h e  r a d i o a c t i v i t y  was absorbed  from t h e  G I  t r a c t  of 
an imals  exposed t o  2-rnononi t roglycer in ,  whi le  from 7 3  t o  82 pescen t  of 
t h e  r a d i o a c t i v i t y  was absorbed  from G I  t r a c t  of an imals  exposed t o  t h e  
o t h e r  m e t a b o l i t e s .  Most of t h e  2-mononi t rogfycer in  was e x c r e t e d  i n  t h e  
f e c e s  and u r i n e  (32.1 and 48.8 p e r c e n t ) ,  whereas most t h e  o t h e r  t h r e e  
m e t a b o l i t e s  were e x c r e t e d  i n  t h e  u r i n e  and e x p i r e d  a i r  (20 t o  30 p e r c e n t  
and 27 t o  50 p e r c e n t ,  r e s p e c t i v e l y )  , a l though r e l a t i v e l y  l a r g e  quant i -  
t i e s  were a l s o  e x c r e t e d  i n  t h e  f e c e s  (11 t o  14 p e r c e n t ) .  The concentra-  
t i o n  of each of t h e  m e t a b o l i t e s  in t h e  l i v e r  a t  4 and 2 4  hours  was simi- 
l a r ,  r ang ing  from about 2 t o  9 p e r c e n t  of t h e  admin i s t e red  dose.  D i s -  
t r i b u t i o n  of t hese  compounds i n t o  o t h e r  t i s s u e s  was minor. Ana lys i s  of 
t h e  u r i n e  of those  an imals  r e c e i v i n g  t h e  d i n i t r o g l y c e r i n s  r e v e a l e d  t h e  
presence  of mainly f r e e  mononi t roglycero l  s; g lncnron ide  c o n j u g a t e s  of 
d i n i t r o -  and mononi t roglycero l  s, g l y c e r o l ,  and o t h e r  p o l a r  metabol ites; 
and only small  amounts of d i n i t r o g l y c e r i n .  Ur inary  a n a l y s i s  of the 
animal s r e c e i v i n g  t h e  monon i t rog lyce r ins  i n d i c a t e d  t h e  presence  of l a r g e  
amounts of unchanged compounds a s  wel l  a s  g l y c e r o l  and o t h e r  p o l a r  com- 
ponent s; however, no g l  acnronide  5 were de tec t ed .  
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N i t r o g l y c e r i n  i s  a p p a r e n t l y  metabol ized v i a  s t epwise  d e n i t r i f  ica- 
i i o n  (hleedleman and Hunter 1965; DiCarlo e t  a l .  1968; Hodgson e t  a l .  
1977) without  any i n i t i a l  p r e f e r e n c e  f o r  e i t h e r  t h e  priffiary o r  secondary 
n i t r a t e  group (DiCar lo  e t  a l .  1 9 6 8 ) .  n e  f o l l o w i n g  m e t a b o l i t e s  have 
been i d e n t i f i e d  i o  t h e  u r i n e  of r a t s  i n  s t u d i e s  on t h e  m e t a b o l i c  f a t e  of 
o r a l l y  admin i s t e red  1 4 C - n i t r o g l y c e r i n  (R iCar lo  e t  a l .  1963; Aodgson and 
Lee 1975; Bodgson e t  a l .  1977) : g 1 y c e r y l - l D 3 - d i n i t r a t e ;  glyceryl-1,2-  
d i n i  t r  a t e ;  g l  yce ry  1-1-ni t r  a te ;  g l  ycery l-2-ni t r a t e ;  g l  yce ry  1-1,3- 
d i n i  t r  a t e  g l  ucuronide ; g l  yce ry  1-1,2-gl ~ c u r o n i d e ~ ;  g l y c e r y l  mononi t r a t e  
glucuronides:  and g l y c e r o l .  
t h e  metabolism of n i t r o g l y c e r i n ,  lWcNiff e t  a l .  (1980) proposed t h e  meta- 
b o l i c  f a t e  a s  p r e s e n t e d  i n  F i g u r e  l .  

Based on t h e i r  review of the  l i t e r a t a r e  on 

4.1.2 Human S t u d i e s  

The number of s t u d i e s  concerning t h e  pha rmacok ine t i c s  of n i t r o g l y -  
c e r i n  i n  humans i s  l i m i t e d ,  b u t  a v a i l a b l e  d a t a  i n d i c a t e  t h a t  t h e  phar- 
macok ine t i c s  of t h i s  compound i n  humans i s  s i m i l a r  t o  t h a t  of l a b o r a t o r y  
animal s. N i t r o g l y c e r i n  given buccal  ly o r  sabl ingual  l y  i s  r a p i d l y  absor- 
bed. Rlnmeathal e t  a l .  (1977) obse rved  peak c o n c e n t r a t i o n s  of plasma 
n i t r o g l y c e r i n  w i t h i n  about 3 min a f t e r  sub1 i n g u a l l y  a d m i n i s t e r i n g  a 
t a b l e t  c o n t a i n i n g  0.3 mg of t h e  compound. Armstrong e t  a l .  (1979) 
observed a peak i n  n i t r o g l y c e r i n  l e v e l s  i n  t h e  blood w i t h i n  2.3 min 
a f t e r  a d m i n i s t e r i n g  0.6 mg of t h e  compound s u b l i n g u a l l y .  A peak n i t r o -  
g l y c e r i n  plasma c o n c e o t r a t i o n  w a s  n o t e d  by Vei and Reid (1979) w i t h i r  
abont 5 min a f t e r  a d m i n i s t e r i n g  0.6 mg of t h e  compound s u b l i n g u a l l y .  
IWsgaert and Rosseel  (1972)  found t h a t  i n  3.5 min a f t e r  g i v i n g  n i t r o g l y -  
c e r i n  b u c c a l l y ,  a l l  b u t  2 5  t o  40  p e r c e c t  of t h e  dose was absorbed. 

As h a s  been observed i n  animal s t u d i e s ,  n i t r o g l y c e r i n  i s  widely 
d i s t r i b u t e d  and r a p i d l y  e l i m i n a t e d  i n  humans. Armstrong e t  a l .  (1979)  
e s t i m a t e d  t h a t  t h e  volume of d i s t r i b u t i o n  o f  n i t r o g l y c e r i n  i n  humans 
f o l l o w i n g  sub1 i n g s a l  a d m i n i s t r a t i o n  is 149.6 L (assuming a n  average bociy 
weight of 1 8  kg, t h i s  volame of d i s t r i b u t i o n  would be approx ima te ly  2 .6  
L/%g)  and t h e  t o t a l  body c l e a r a n c e  i s  28.0 L / m i c .  According t o  t h e  
a n t h o r s ,  t h i s  r a t e  of c l e a r a n c e  i s  much g r e a t e r  t han  t h e  h e p a t i c  blood 
flow. The a u t h o r s  a l s o  e s t i m a t e d  t h a t  t h e  e l i m i n a t i o n  h a l f - l i f e  was 4 . 4  
min. Fol lowing i v  i n f u s i o n  of n i t r o g l y c e r i n  i n t o  humans, McNiff e t  a l .  
(1981) observed a volume of d i s t r i b u t i o n  of 3.3 L/kg, a t o t a l  body 
c l e a r a n c e  of 5 4 . 5  Limin, a plasma c l e a r a n c e  of 0 . 1 2  L/mio/kg, and an  
e l i m i n a t i o n  h a l f - l i f e  of 2 .8  min. The a u t h o r s  a l s o  observed,  a s  
Armstrong e t  a l ,  (1979) had, t h a t  t h e  t o t a l  body c l e a r a n c e  of n i t r o g l y -  
c e r i n  g r e a t l y  exceeded t h e  l i v e r  plasma flow and a l s o  t h e  c a r d i a c  out- 
pu t .  

The s i t e  of n i t r o g l y c e r i n  metabolism has no t  y e t  been a s c e r t a i r e d .  
T h e  f i n d i n g  t h a t  body c l  earence of n i t r o g l y c e r i n  e s c e e d s  1 i v e r  plasma 
flow and c a r d i a c  ou tpu t  i n d i c a t e s  t h a t  a c o n s i d e r a b l e  amount of metabol- 
i s m  o c c u r s  i n  e x t r a h e p a t i c  t i s s u e s  (Armstrong e t  a l .  1979; McNiff e t  al. 
1 9 8 1 ) .  Several  in v i t r o  s t u d i e s  have shown t h a t  n i t r o g l y c e r i n  i s  a l s o  
me tabo l i zed  by whole blood, blood c e l l s ,  and plasma ( e . g . ,  Noonan 1954; 
Sokoloski  e t  a l .  1983). 
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The me tabo l i c  f a t e  of n i t r o g l y c e r i c  a p p e a r s  t o  be s i m i l a r  between 
humans and animals .  The d i n i t r a t e s ,  1,2- and 1 , 3 - g l y c e r y l  d i n i t r a t e ,  
have been observed i n  t h e  s a l i v a  of humans w i t h i n  3.5 min a f t e r  be ing  
g iven  n i t r o g l y c e r i n  s a b l i n g u a l l y  (Bogae r t  and Rosseel  1972). In addi- 
t i o n  t o  t h e  two d i n i t r a t e s ,  two m o n o n i t r a t e s  (I- and 2-glyceryl  eononi- 
t r a t e )  have been i d e n t i f i e d  i n  v i t r o  i n  blood and plasma (Noonan and 
Benet 1982; Noonan 1984). 

4.2 ACUTE TOXICITY 

4.2.1 Animal S t u d i e s  

A summary of a v a i l a b l e  a c u t e  t o x i c i t y  v a l u e s  f o r  n i t r o g l y c e r i n  i s  
provided i n  T a b l e  15. These d a t a  show t h a t  t h e  a c u t e  t o x i c i t y  of n i t r o -  
g l y c e r i n  i s  moderate bu t  t h a t  t h e  e x t e n t  of t h e  t o x i c i t y  v a r i e s  w i th  
r o u t e  o f  exposure; t h e  con2ound i s  l e s s  t o x i c  when exposure i s  v i a  o r a l  
o r  subcutaneous r o u t e s  and u o s t  t o x i c  when exposure  i s  i v .  L i t t l e  or no 
d i f f e r e n c e  e x i s t s  between sexes  o r  emong s p e c i e s  i n  t h e  a c u t e  t o x i c i t y  
of t h i s  chemical.  LD50 v a l u e s  f o r  i v  and o r a l l y  a d m i n i s t e r e d  n i t r o g l y -  
c e r i n  range from 10.6 t o  32  mg/kg and 500 eo 1188 mg/kg, r e s p e c t i v e l y .  

Seve ra l  s t u d i e s  were found conce rn ing  t h e  n o n l e t h a l  e f f e c t s  of 
n i t r o g l y c e r i n  given i n  a s i n g l e  dose t o  l a b o r a t o r y  mammals. A number of 
s t u d i e s  have shown t h a t  a c u t e  exposure t o  n i t r o g l y c e r i n  r e s u l t s  i n  vaso- 
d i l a t i o n .  Heinzow and Z i e g l e r  (1981) exposed male Sprague-Eawlep r a t s  
t o  a s i n g l e  dose of n i t r a g l y c e s i n  v i a  t h e  f o l l o w i n g  r o u t e s  and concen- 
t x a t i o n s :  j u g u l a r  v e i n ,  10  pg/kg;  p o r t a l  ve in ,  100 Nglkg; j e j n n m ,  200 
pg/kg;  sub1 i ngua l ,  100 pg/kg; and i o t r a p e r i t o n e a l ,  100 p g / k g .  The 
a u t h o r s  observed a r e d n e t i o n  i n  blood p r e s s u r e  f o l l o w i n g  t h e  allminisera- 
t i o n  of n i t r o g l y c e r i n  by a l l  rou te s .  The e x t e n t  of change i n  blood 
p r e s s u r e  from g r e a t e s t  t o  l owes t  response was a s  f o l l o w s :  j u g u l a r  ve in ,  
sub1 ingua l ,  i n t r a p e r i t o n e a l ,  p o r t a l  ve in ,  and j ejunucu. 

Oral a d m i n i s t r a t i o n  of a s i n g l e  lOO-mg/kg dose o f  n i t r o g l y c e r i n  t o  
f i v e  male Spfagae-Dawley r a t s  r e s u l t e d  i n ?  a r a p i d  d e c r e a s e  in s y s t o l i c  
blood p r e s s u r e ;  base1  ine p r e s s n r e  v a l u e s  were r e e s t a b l i s h e d  w i t h i n  about 
1 0  min (Maier e t  a l .  1980). Flaim (1982) a d m i n i s t e r e d  n i t r o g l y c e r i n  t o  
mal e Sprague-Dawley r a t s  ove r  t h r e e  subsequent i n f u s i o n  p e r i o d s  15 min 
a p a r t .  The i n f u s i o n  dosages wexe a s  f o l l o w s :  15-min p o i n t ,  2 p g / k g ;  
30-min p o i n t ,  8 pg/kg;  and 45-min p o i n t ,  32  p g / k g .  The a u t h o r  observed 
s i g n i f i c a n t  changes a t  a l l  dosage l e v e l s  i n  blood flow and v a s c u l a r  
r e s i s t a n c e .  A f t e r  i n f u s i o n  w i t h  2 pg/kg, s i g n i f i c a n t  (P < 0.05) reduc- 
t i o n s  were observed i n  v a s c u l a r  r e s i s t a n c e  of t h e  kidneys,  ileum, and 
ce rebe l lum,  wh i l e  a s i g n f i c a n t  (P < 0.05) i n c r e a s e  i n  blood flow was 
observed i n  t h e  kidneys.  A f t e r  i n f u s i o n  wi th  8 pg/kg, v a s c u l a r  r e s i s -  
t ance  was S i g n i f i c a n t l y  reduced i n  t h e  ileum, jejunum, h e a r t ,  and b r a i n ,  
and blood flow was i n c r e a s e d  s i g n i f i c a n t l y  (P < 0.05) i n  t h e  h e a r t  and 
b r a i n .  S i g n i f i c a n t  (P < 0.05) d e c r e a s e s  were observed i n  v a s c u l a r  
r e s i s t a n c e  i n  t h e  kidneys,  ileum, jejunum. h e a r t ,  and b r a i n ,  and s i g n i -  
f i c a n t  (P < 0.05) i n c r e a s e s  were observed i n  blood flow i n  t h e  kidneys,  
h e a r t ,  and b r a i n  a f t e r  i n f u s i o n  w i t h  32 pg/k,a. Also obse rved  w a s  a s i g -  
n i f i c a n t  (P < 0.05) d e c r e a s e  i n  CO2 t e n s i o n  (pC02) a f t e r  i n f u s i o n  w i t h  8 
and 32 y g / k g .  The a u t h o r  concluded t h a t  n i t r o g l y c e r i n  was a strong 
a r t e r i o l a r  v a s o d i l  a t o r  i r  r a t s .  

-10- 



TABLE 1 5 .  LB'lUALIlY (LDso'S) OP.NITROOLYCLtRXN TO UIUMALS 

No. p o t  Durat ion  of m50 
Ref erenco Ronte'/Vehicl o Ob e orv s t lon  (ma / t g ) Comment a Spec i e s / S  t ra i  ti Oronp 

Youse/Crl:CF1BR 

Woure/Albino Srlsr 

Mou r e /  NA 

Uonscf NA 

Moue e /  SIC : dd 

blouse/ S l c  :dd 

Mou I e/S1 c : dd 

1 0  

NAG 

NA 

NA 

10 

10 

10 

Uouse/Slc :dd 10 

Rnt/Crl  : CD( SD)BR 10 

JV/Ethanol 

O r a l l i n  l a c t o s e  
added t o  peanut 
( f l u 8 1  r o f ~ ~ t i o n :  3.41% 
NGd, 31.5% laoto .0 ,  4 .5% 
peanut  o i l )  

SCIhlA 

Orai/PropyIone r;ly001 

SC/Propylano g l y c o l  

IP/PropyIeaa g l y o o l  

IV/Propyleno g l y o o l  

Xv/ Ethanol 

1 4  days 

1 4  doye 

N A .  

NA 

7 day1 

7 days  

7 d r y r  

7 dryr 

1 4  days  

A l l  d e a t h s  ooourrod within S 
mln; s u r v l v l u g  m i c e  normal 
within 2 hr; no r i i n i f i o a n t  
pa tho1 og p 

h i r e l r  8 a u a l l y  d i e d  within 
5 t o  6 hr ,  s u r v i v o r s  recovered 
w i t h i n  24 hr, no g r o r e  
ps tholosy  

Doathi  oaonrred w t t b i n  4 8  hr,  
i u r v i l o c r  rocovared w l t h l n  
4 8  t o  72 Bra no n o t a b l e  
f l n d i n i r  a t  bIIt0pSy 

Doaths o c r u r r d  w i t h i n  4 8  h r i  
aarvivors rooovered w i t h i n  
4 8  t o  72 hr ;  no n o t a b l e  
f i n d i n g s  a t  autopty  

Deaths occurred w i t h i n  10 m i n i  

r u r v l v o r r  reoovered w i t h i n  
48 to  72 hr; no n o t a b l e  
f i n d i n ~ a  s t  nutopsy 

Deaths occurred w i t h i n  10 minr 
a u r v l v o r s  recovered r l t h l n  
about 2 hr i  no n o t a b l e  
find1nBr n t  autopsy 

A l l  d e a t h s  ooourred w i t h i n  5 
min, r n r v l v i n 8  r a t s  norma l  
w i t h i n  1 hrr D O  S i g I l i f i C b U t  

pa thology 

Anderson e t  s 1 .  1983 

Lee e t  e l .  1975 

Advisory Center  on s " O X i C O 1 o ~ y  

Advisory Center on Toxicology 

O t e t a n i  e t  r l .  l9U2c 

19680 

196 86 

O L e t r n l  e t  81. 19820 

Olietrnl e t  11. 1982c 

Oketan i  e t  a i .  19820 

Anderson e t  11. 1983 



TABLE IS. (Con t inued)  ~- 
No. p e r  D u r a t i o n  of mag 

SgeoleslStrain aroop Ron t e'/ Vehic X e O b s e r v a t i a a  (ag/kg) Comments P e f e r e n c e  

Rat/Cbarles R i v e r  NA B r a l / i n  l a c t o s e  (9.72U) 
added t o  peauu t  o i l  
( f i n a l  s o l a t i o n :  3.41% 
NG, 31.5% l a c t o s e ,  6 .5% 
peanu t  o i l )  

R a t / S l c  : SD 10 O r a l l P r o p y l e n e  g l y o o l  

Ra t /S lc :  SD 10 SGIPropylcne g l y o o l  

Rat/Slc:SD 10 IP/Propy 1 eae g l y c o l  

Rat/Slc:SD 10 N I P r o p y  l e n e  g 1  p o x  

Ca P NA I Y / N A  

Dog/Beagle 2 t o  4 N / P r o p y l o n o  g l y a o l  

7 days 610 O r )  

5 4 5  ( P I  

7 d a y s  302 (H) 

308 (PI 

A n i m a l s  u s u a l l y  d i e d  w i t h i n  
5 t o  6 hr;  s a r v i r o r r  recovered 
wilhin 2 4  h r ,  no gross 
pa tho logy  

Deaths ooour red  w l t h i n  4 %  h r j  
s u r v i v o r s  r ecove red  w i t h i n  
48 S O  7 2  h r i  no n o t a b l e  
f i n d i n g s  a t  autopsy 

Deaths occurred w i t h i n  48 h r i  
s u r v i v o r s  reoovered r i  t h i n  
48 to  7 2  h r i  no n o t a b l e  
f i n d i n g s  a t  au topry  

Deaths ocour red  with in  10 m i n i  
s u r v i v o r s  rocove red  with in  
48 bo 7 2  hr;  no notable 
f i n d i n g s  s t  an topsy  

Deaths occurred r l t b i n  10 ria, 
s u r v i v o r s  restovered within 
abou t  2 h r i  no n o t a b l e  
f i n d i n g s  a t  au topsy  

HA 150 (NX) 

1 daya 19.0 [NAj Baath occor rod  w i t h i n  
30 m i n ,  s u r v i v o r s  r eoove red  
within 2 h r ;  no notable 
findings a t  au topsy  

I.ec e t  a l .  1915  

O k e t r n i  e t  a1.  1982c 

O k e t a n i  e t  a l .  1982c 

Oketani e t  r l .  1982c 

h e t a n i  e t  11. 19820 

Q r e s t a n o  19370 

Oketsni  e t  a1 .  1981. 

a .  IV = Hntzavenonsz SC = h b o o t a n e o n s j  I P  = Iatcaperitonesl~ I Y  = I n t r a m u s c u l a r .  

b. Y = ralei F = female .  

c .  NA = Not a v a i l a b l e .  

d .  NO = nitroglyoerin. 

e .  As r e p o r t e d  in Dacre and Tew 1973. 



gypson and E a i t  (1971) i n j e c t e d  groups of seves  a l b i n o  r a b b i t s  
i n t r a p e r i t o n e a l l y  with 0 ,  40, o r  1 0 0  y g / k g  of n i t r o g l y c e r i n .  Adminis- 
t r a t i o n  of 40 mg/kg caused  a s i g n i f i c a n t  i n c r e a s e  i n  plasma l a c t a t e  
(P < 0.021, plasma f r e e  f a t t y  a c i d s  (P < 0.05).  and plasma g l y c e r o l  
(P < 0.05). The same parameters ,  a s  we l l  as  plasma pyruvate .  were s i g -  
n i f i c a n t l y  i n c r e a s e d  (P < 0.005) a f t e r  t h e  a d m i n i s t r a t i o n  of 100 pg/kg. 
Rased on t h e i r  r e s u l t s ,  t h e  a u t h o r s  sugges t ed  t h a t  n i t r o g l y c e r i n  may 
i n c r e a s e  l i p o l y s i s  and g l y c o l y s i s .  

4.2 .2  Haman & a m  

Changes i n  t h e  c a r d i o v a s c u l a r  system of humans fo l lowing  acEte  
exposure  t o  n i t r o g l y c e r i n  have been r e p o r t e d .  As i n  animal s t u d i e s ,  
hnman s t u d i e s  have shown t h a t  n i t r o g l y c e r i n  i s  a v a s o d i l a t o r .  
Blamenthal e t  a l .  (1977)  observed  an  i n c r e a s e  i n  t h e  pu l se  r a t e  and a 
dec rease  i o  t h e  mean a r t e r i a l  p r e s s a r e  a f t e r  a s i n g l e  a d m i n i s t r a t i o n  of 
n i t r o g l y c e r i n  sub1 i n g u a l l y  (0 .3  mg) , o r a l l y  ( 6 . 5  mg s u s t a i n e d  r e l e a s e d  
c a p s u l e )  , and dermal ly  ( 2  p e r c e c t  o in tmen t )  t o  a h e a l t h y  human volnn-  
t e e r .  The fo l lowing  e f f e c t s  have been observed  a f t e r  a s i n g l e  snb- 
l i n g u a l  a d m i n i s t r a t i o n  of 0.6 mg of n i t r o g l y c e r i n  t o  h e a l t h y  hnman 
v o l u n t e e r s :  i n c r e a s e d  h e a r t  r a t e  (Armstrong e t  a l .  1979; Brachfe ld  e t  
a l .  1959; Kikendal l  and Mellow 1980; Wei and n e i d  1979);  dec reased  blood 
p r e s s n r e  (Armstrong e t  a l .  1979; Brachfe ld  e t  a l .  1959; Wei and Reid 
1979);  r e d u c t i o n  i n  esophageal  s p h i n c t e r  p re s snxe  (Kikendal l  and filellow 
1980) ; i nc reased  myocardial  oxygen consumption and i n c r e a s e d  coronary  
blood flow mediated by lower v a s c u l a r  r e s i s t a n c e  ( E r a c h f e l d  e t  a l .  
1959) ;  and f a l l  i n  myocardial  e f f i c i e n c y  ( B r a c h f e l d  e t  a l .  1959) .  
Armstrong e t  a l .  (1979)  and Blei and Reid (1979) observed  f a l l s  i n  sys- 
t o1  i c  blood p r e s s u r e  bu t  no t  i n  d i a s t o l i c  blood p r e s s u r e  fo l lowing  sub- 
l i n g u a l  a d m i n i s t r a t i o n  of 0.6 mg of n i t r o g l y c e r i n .  

A p p l i c a t i o n  of 2 p e r c e n t  n i t r o g l y c e r i n  t o  t h e  s k i n  of normal hnman 
v o l u n t e e r s  has  been r e p o r t e d  t o  dec rease  s y s t o l i c  and d i a s t o l i c  blood 
p r e s s u r e  and i n c r e a s e  h e a r t  r a t e  (Magometschnigg e t  a l .  1983) b u t  has  no 
e f f e c t  on lower esophageal  s p h i n c t e r  p r e s s u r e  (Kikendal l  and 1Iellow 
1980). T r a i n o r  and J o n e s  (1966) r e p o r t e d  t h a t  exposure  t o  n i t r o g l y c e r i n  
in t h e  atmosphere a t  a c o n c e n t r a t i o n  of 0.5 o r  0.7 m g / d  f o r  2 5  min 
causes  headaches and d e c r e a s e s  blood pres su re .  

4.3 SUBCHRONIC AND CHRONIC TOXICITY 

4.3.1 Animal a- 
E l l i s  e t  a l .  (1984) gave groups of b e a g l e  dogs, c o n s i s t i n g  of two 

males and two females  each,  n i t r o g l y c e r i n  in c a p s u l e s  a t  c o n c e n t r a t i o n s  
o f  2 5 ,  50,  100, o r  200 mg/kg/day for f i v e  days; t h e  a u t h o r s  d i d  not 
i n d i c a t e  t h a t  t hey  had used a c o n t r o l  group. A dose-response r e l a -  
t i o n s h i p  i n  peak l e v e l  and d u s a t i o n  of methemoglobinemia was observed.  
In animals  g iven  up t o  100 mg/kg/day t h e  methemoglobin l e v e l s  r e t u r n e d  
t o  z e r o  w i t h i n  2 4  hr. Adverse c l i n i c a l  e f f e c t s  w e r e  no t  observed  a t  t h e  
two lowes t  doses .  A t  t h e  two h i g h e s t  doses ,  c y a n o s i s  was observed 
w i t h i n  2 t o  3 h r  a f t e r  each dose and l a s t e d  f o r  s e v e r a l  hours. A t  t h e  
h i g h e s t  c o n c e n t r a t i o n  t h e  dogs becane l e s s  a c t i v e .  
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Anderson e t  a l .  (1983) s t l l d i ed  t h e  e f f e c t s  of two weeks of exposure 
of C r 1 : C D  ( S D I E R  r a t s  and b e a g l e  dogs t o  n i t r o s t a t ,  a s t a b i l i z e d  form of 
n i t r o g l y c e r i c .  [According t o  t h e  P h v s i c i a n s  && Reference (19831, each 
m i l l i l i t e r  of n i t r o s t a t  c o n s i s t s  of 0.8 mg n i t r o g l y c e r i n  w i t h  c i t r i c  
a c i d  and sodium c i t r a t e  a s  b u f f e r s ,  and 5 p e r c e n t  a l c o h o l  i n  wa te r . ]  
Groups of t e n  male and t e n  female r a t s  were given d a i l y  iv i n j e c t i o n s  of 
n i t r o s t a t  a t  c o n c e n t r a t i o n s  of 2 . 5 ,  5 ,  or  1 0  ng/kg/day., and groops of 
two male and two female dogs were g iven  1 o r  3 mg/kg/day. Roth v e h i c l e  
( 5  p e r c e n t  aqueous e t h a n o l )  and u n t r e a t e d  c o n t r o l  groups were used. A t  
B c o n c e n t r a t i o n  of 1 0  mglkg  two r a t s  d i e d  f o r  r e a s o n s  t h e  a u t h o r s  could 
not determine.  A r e d u c t i o n  i n  body weight and food consumption was 
observed in t r e a t e d  and v e h i c l e  c o n t r o l  groups,  b u t  RO dose-response 
r e l a t i o n s h i p  was found. lio s i g n i f i c a n t  changes were observed i n  
biochemical ,  hema to log ica l ,  and u r i n a l y s i s  p a r m e t e r s  o r  organ w e i g h t s  
and organ weight-to-body weight r a t i o s .  The a u t h o r s  a l s o  observed RO 
g r o s s  o r  mic roscop ic  changes i n  t h e  t i s s u e s .  

Oketani e t  a l .  (1982b) gave groups of t e n  male and t e n  f ema le  
Slc:SD r a t s  d a i l y  i p  i n j e c t i o n s  of n i t r o g l y c e r i n  a t  c o n c e n t r a t i o n s  of 1, 
5 ,  2 5 ,  os 50 mg/kg f o r  one month. A c o n t r o l  g r o u p  r e c e i v e d  on ly  t h e  
v e h i c l e ,  propylene g l y c o l .  A t  5 0  mg/kg t h e  a u t h o r s  f r e q u e n t l y  observed 
t o n i c  convu l s ions ,  S t r a u b  t a i l  response,  and a t a x i c  g a i t ;  two of t e n  
males  d i e d  of dyspnea toward t h e  end of t h e  exposc re  pe r iod .  S l i g h t  
t r a n s i e n t  convul s i o n s  o r  s e d a t i o n  was obse rved  i n  some an ima l s  exposed 

. t o  5 and 25 mglkg. No adve r se  e f f e c t s  were observed i n  an ima l s  exposed 
t o  1 plg/Bg, and no changes w e r e  observed i n  any group i n  body weight,  
food and wa te r  consumption, u r i n a l y s i s ,  hematology, serum b iochemis t ry ,  
o r  h i s topa tho logy .  

The subchron ic  t o x i c i t y  of n i t r o g l y c e r i n  t o  b e a g l e  dogs was s t u d i e d  
by Oketani e t  a l .  ( 1 9 8 2 a ) .  Groups of  t h r e e  male and t h r e e  female dogs  
were g iven  n i t r o g l y c e r i n  iv  i n  c o n c e c t r a t i o n s  of 1, 2 . 5 ,  or  5 mglkglday 
f o r  one month, and two c o n t r o l  groups r e c e i v e d  e i t h e r  s a l i n e  or pro- 
pylene g lyco l  ( v e h i c l e ) .  A t  t h e  h i g h e s t  c o n c e n t r a t i o n ,  t h e  animal s f r e -  
q u e n t l y  e x h i b i t e d  t o n i c  convul s i o n s ,  eye hyperemia, 1 j  ing down, and ari-  
nary and r e c t a l  i ncon t inence ,  b u t  t h e s e  e f f e c t s  l a s t e d  no more t h a n  30 
min. S l i g h t  t r a n s i e n t  convu l s ions  o r  t remors  were observed i n  t h e  group 
t h a t  had r e c e i v e d  2 . 5  mg/kg. Adverse e f f e c t s  were not  observed i n  t h e  
1-mg/kg exposure  group, and no changes were observed i n  any g r o u p  i n  
body weight, food and wa te r  consumption, u r i n a l y s i s ,  hematology, s e r m  
b i  ochem i s t r y ,  o r  h i  st opa t h  o l  ogy . 

E l l i s  e t  a l .  (1984) s t u d i e d  t h e  subchron ic  e f f e c t s  of n i t r o g l y c e r i n  
t o  b e a g l e  dogs, CD r a t s ,  and CD-1 mice. Groups of f o u r  male and f o u r  
female dogs were g i v e n  n i t r o g l y c e r i n  o r a l l y  a t  c o n c e n t r a t i o n s  of 0, 
0,01, 0.1,  o r  1 rnglhglday i n  c a p s u l e s  f o r  t h r e e  weeks; then ,  because 
t h e r e  were no o b s e r v a b l e  adve r se  e f f e c t s ,  t h e  c o n c e n t r a t i o n s  of n i t r o -  
g l y c e r i n  were i n c r e a s e d  t o  0.05, 0 . 5 ,  o r  5 mglkgldap a t  t h e  s t a r t  of t he  
f o u r t h  week and were con t inued  through t h e  t h i r t e e n t h  week. Groups of 
s i x  male and six female r a t s  were given n i t r o g l y c e r i n  i n  t h e i r  d i e t s  a t  
c o n c e n t r a t i o n s  of 0 ,  0.001, 0.01. o r  0 . 1  p e r c e n t  f o r  f o u r  weeks an& t h e n  
i n c r e a s e d  t o  0.005, 0.05, o r  0.5 p e r c e n t  for t h e  remainder  of t h e  13- 
s e e k  exposure p e r i o d  due t o  t h e  absence of adverse e f f e c t s .  Mice were 
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t r e a t e d  i n  t h e  same manner a5 t h e  r a t s  except  t h a t  t h e  i n c r e a s e d  doses  
were g iven  a t  t h e  s t a r t  of t h e  t h i r d  week. The e s t i m a t e d  d a i l y  in t ake  
of n i t r o g l y c e r i n  by r o t s  was 0 . 8 ,  6 ,  and 59 mg/kg f o r  ma les  and 0.9,  
6 . 4 ,  and 59 Irgfkg € o r  f ema les  exposed t o  0.001, 0.01, and 0.1 p e r c e n t ,  
r e s p e c t i v e l y ;  €or exposores  t o  0.005, 0.05, and 0.5 p e r c e n t  t h e  estima- 
t e d  d a i l y  i n t a k e  was 2.6, 24.5,  and 230 erg/kg f o r  males  and 3 .1 ,  2 6 . 5 ,  
and 234 mg/kg f o r  females ,  r e s p e c t i v e l y .  The e s t i m a t e d  d a i l y  i n t a k e  of 
n i t r o g l y c e r i n  by mice g iven  0.001, 0.01, and 0.1 p e r c e n t  was 1.3,  11.5,  
and 107 rng/kg for males  and 1.3, 10.9,  and 95 mglkg € o r  females ,  respec-  
t i v e l y ;  for  exposures  to 0.005, 0 . 0 5 ,  and 0.5 p e r c e n t  t h e  e s t i m a t e d  
d a i l y  i n t a k e  was 6.4, 60.2, and 608 mg/kg f o r  males  and 6.9,  5 8 . 7 ,  and 
561 mg/kg f o r  females ,  r e s p e c t i v e l y .  

E l l i s  e t  a l .  (1984) observed  no adve r se  e f f e c t s  in dogs a t  t h e  end 
of t h e  13-week exposnre  period. A t  t h e  h i g h e s t  c o n c e n t r a t i o n ,  r a t s  were 
found t o  have a lower consumption of food and a lower  weight  gain.  
Rlood t e s t s ,  necropsy ,  and h i s t o p a t h o l o g y  of r a t s  showed no s i g n i f  i c a o t  
d i f f e r e n c e  from c o n t r o l s .  Some mice e x h i b i t e d  mild t o  moderate 
ex t r amedu l l a ry  hematopo ies i s  i n  t h e  l i v e r  and/or  sp l een ,  b u t  PO dose- 
response re1 a t i o n s h i p  was observed. 

In an a d d i t i o n a l  subcfironic  s tudy ,  E l l i s  e t  a l .  (1984) exposed a 
group of t h r e e  male and t h r e e  female cf) r a t s  t o  a d i e t  c o n t a i n i n g  2 . 5  
p e r c e n t  n i t r o g l y c e r i n  f o r  13 weeks. A c o n t r o l  group c o n s i s t i n g  of f o u r  
male  and f o u r  female r a t s  was f e d  t h e  b a s a l  d i e t .  The e s t i m a t e d  average  
d a i l y  i n t a k e  of n i t r o g l y c e r i n  was 1406 and 1416 mg/kgfday for males  and 
females ,  r e s p e c t i v e l y .  A t  t h e  end of t h e  exposure pe r iod ,  t h e  a u t h o r s  
observed  a s i g n i f i c a n t  (P < 0.05) i n c r e a s e  il: e r y t h r o c y t e s ,  r e t i c n l o -  
c y t e s ,  hema toc r i t ,  hemoglobin c o n c e n t r a t i o n ,  and a l k a l  ine phosphatase,  
and a dec rease  i n  f a s t i n g  b lood  g lucose  of t h e  exposed an imals .  Ristcr 
p a t h o l o g i c a l  examinat ion  r e v e a l e d  t h e  presence  of pigment d e p o s i t s  i n  
t h e  1 i v e r  and s p l e e n  and moderate  t o  s e v e r e  t e s t i c u l a r  d e g e n e r a t i o n  
a n d / o r  a t rophy with s e v e r e  t o  complete aspermatogenes is .  

E l l i s  e t  a l .  (1978a, 1984) s t u d i e d  t h e  c h r o n i c  t o x i c i t y  of n i t r o -  
g l y c e r i n  t o  CD r a t s ,  CD-1 mice, and b e a g l e  dogs. Groups of 38 male and 
38 female r a t s  and 5 8  male and 5 8  female mice were g iven  a d i e t  con- 
t a i n i n g  0,  0.01, 0.1, or 1 p e r c e n t  n i t r o g l y c e r i n  f o r  two y e a r s .  The 
c a l c u l a t e d  d a i l y  in t ake  of n i t r o g l y c e r i n  by male and f ema le  r a t s  w a s  
3.04 and 3.99 ng/kg,  r e s p e c t i v e l y ,  for t h e  l o w  dose; 31.5 and 38.1 
mg/%g, r e s p e c t i v e l y ,  fo r  t h e  middle  dose; and 363 and 434 mg/kg, respec-  
t i v e l y ,  for t h e  high dose.  The c a l c u l a t e d  d a i l y  i n t a k e  of n i t r o g l y c e r i n  
by male and female  mice was 11.1 and 9 . 7 2  mg/kg, r e s p e c t i v e l y ,  f a r  t h e  
low dose; 114.6 and 96.4 mg/kg, r e s p e c t i v e l y ,  for t h e  middle  dose; and 
1022 and 1058 mg/kg, r e s p e c t i v e l y ,  f o r  t h e  high dose. Groups of s i x  
male and sir female  b e a g l e  dogs were a d m i n i s t e r e d  n i t r o g l y c e r i n  capsxdes  
c o n t a i n i n g  0,  1, 5 ,  o r  2 5  mg/kg d a i l y  €or  one year .  

The only e f f e c t  observed i n  dogs du r ing  t h e  12-month exposure 
p e r i o d  was a n  o c c a s i o n a l  dose - re l a t ed  occur rence  of methemoglobinemia; 
t h e  c o n c e n t r a t i o n  of methemoglobin was n s n a l l y  l e s s  t h a o  3 p e r c e n t  
(Ellis e t  a l .  197Sa,  1984). 
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A f t e r  two y e a r s  of exposure,  body weight  of r a t s  exposed t o  1.0 
p e r c e n t  n i t s o g l y c e r i n  w a s  c o n s i d e r a b l y  lower t h a n  t h a t  of e i t h e r  t h e  
c o c t r o l s  o r  t he  0 .01  and 0.1 p e r c e n t  exposure groups; c o n t r o l  w e i g h t s  
were about 800 and 500 g f o r  males  and f ema les ,  r e s p e c t i v e l y ,  and 
w e i g h t s  of males and f e m a l e s  exposed t o  1.0 p e r c e n t  n i t r o g l y c e r i n  were 
600 and 300 g ,  r e s p e c t i v e l y  ( E l l i s  e t  a l .  1978a, 1984). A f t e r  t h r e e  
months of exposure t o  1 . 0  p e r c e n t  n i t r o g l y c e r i n ,  t h e  a u t h o r s  observed 
d i s c o l o r a t i o n  of t h e  s k i n  and f u r ,  methemoglobinemia, r e t i c u l o c y t o s i s ,  
and an i n c r e a s e d  e r y t h r o c y t e  count ,  hema toc r i t ,  and hemoglobin concec- 
t r a t i o n ;  t o t a l  hemoglobin t y p i c a l l y  c o n s i s t e d  of 1 0  t o  30  p e r c e n t  
methemoglobin. A f t e r  1 2  months of exposure t o  1.0 p e r c e n t  n i t r o g l y -  
c e r i n ,  e r y t h r o c y t e  coun t s  were ncrmals b u t  hemoglobinemia p e r s i s t e d .  
Enlarged 1 i v e r s  were a1 so observed a t  t h i s  same time and c o n c e n t r a t i o n ,  
and a l l  b u t  two of t h e  r a t s  i n  t h i s  group had c h o l a n g i o f i b r o s i s ,  p r o l i -  
f e r a t i o n  of b i l e  d u c t s ,  and f i b r o u s  t i s s c e  of t h e  l i v e r .  A f t e r  two 
y e a r s  of exposure t o  1 .O p e r c e n t  n i t r o g l y c e r i n ,  methemoglobinemia had 
d i s a p p e a r e d ,  b a t  e l e v a t e d  l e v e l s  of serum g lu tamic -oxa loace t i c  t ransan-  
inase ,  s e r m  glutamic-pyruvic  t r ansaminase ,  and a l k a l  ine phosphatase 
l e v e l s  were observed i o  males. In a d d i t i o n ,  high-dose f ema les  were . 
found t o  l i v e  c o n s i d e r a b l y  longe r  than  c o n t r o l s  (about  2 5  p e r c e n t  of 
f ema les  t r e a t e d  w i t h  1 . 0  p e r c e n t  were dead a t  2 4  months v e r s u s  about 60  
p e r c e n t  of t h e  c o n t r o l s ) .  No s i g n i f i c a n t  hemato log ica l  e f f e c t s  were 
observed i n  r a t s  exposed f o r  two y e a r s  t o  n i t r o g l y c e r i n  a t  concentra-  

. t i o n s  of 0 .01  o r  0 .1  p e r c e n t .  

A f t e r  12 months o f  exposcse to 1.0 p e r c e n t  n i t r o g l y c e r i n ,  mice were 
found t o  have compensated anemia and an e l e v a t e d  r e t i c u l o c y t e  c o m t  
accompanied by Eeinz b o d i e s  ( E l l i s  e t  a l .  1978a, 1984). lethemoglo- 
b i n e n i a  occur red  on ly  in males  exposed t o  1 .0  p e r c e n t  n i t r o g l y c e r i n .  
Also a t  1 2  months, most an ima l s  e spased  t o  1 .0  p e r c e n t  and some exposed 
t o  0.1 p e r c e n t  n i t r o g l y c e r i n  had i n t r a c e l l u l a r  g r a n u l e s  i n  t h e  l i v e r  
w i t h  l e s s e r  m o u n t s  i n  t h e  s p l e e n  a n d / o r  kidneys.  Body we igh t s  of mice 
exposed f o r  two y e a r s  t o  1 .0  p e r c e n t  n i t r o g l y c e r i n  were c o n s i d e r a b l y  
lower t h a n  those of c o n t r o l s .  A t  t h e  end of t h e  two-year exposure 
p e r i o d ,  no s i g n i f i c a n t  i n c r e a s e s  were observed i o  unscheduled d e a t h s ,  
a l though  a s l i g h t  i n c r e a s e  was observed i n  t h e  groups exposed t o  1.0 
p e r c e n t  n i t r o g l y c e r i n .  Hematological pa rame te r s  a f t e r  two y e a r s  were 
s i m i l a r  t o  those  observed a f t e r  12 months. 

Suzuki e t  a l .  (1975) gave gronps of C57RL/6Jms mice, c o n s i s t i n g  of 
about 50 an ima l s  of each sex, n i t r o g l y c e r i n  i n  t h e i r  d r i n k i n g  w a t e r  f o r  
1 8  months a t  c o n c e n t r a t i o n s  e s t i m a t e d  t o  be 0, 1.5, o r  6.2 mg/kg/day, 
and f o r  1 2  months a t  an  e s t i m a t e d  c o n c e n t r a t i o n  of 58.1 mg/kg/day. A t  
t h e  end of t h e  exposure p e r i o d s ,  body we igh t s  of exposure groups d i d  n o t  
appear  t o  be s u b s t a n t i a l l y  d i f f e r e n t  from those of t h e  c o n t r o l  group. 
Nontmoroas changes, i n c l u d i n g  inf lammations,  d e g e n e r a t i v e  changes,  and 
c y t o l o g i c a l  changes i n  h e p a t i c  c e l l s ,  were s i m i l a r  t o  those  observed i n  
c o n t r o l  animal s. 

4.3 .2 Human S t u d i e s  

Seve ra l  s t u d i e s  and r ev iews  have been pnbl ished conce rn ing  t h e  
c h r o n i c  t o x i c  e f f e c t s  of n i t r o g l y c e r i n  t o  humans (e .g .  2. Am. b d .  
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- Assoc. 1898; h n c h  e t  a l .  1965; L a d  e t  a l .  1968; NIOSH 1978). Expo- 
s u r e s  t o  n i t r o g l y c e r i n  i n  i n d u s t r i a l  s i t u a t i o n s  a r e  f r e q u e n t l y  assoc i -  
a t e d  w i t h  exposures t o  n i t r o g l y c o l  (e .g . ,  such a s  d u r i n g  t h e  p r o d u c t i o n  
o f  e x p l o s i v e s ) ,  t h e r e f o r e ,  e s t a b l  ishment of e f f e c t s  due d i r e c t l y  t o  
exposure  t o  n i t r o g l y c e r i n  i s  d i f f i c a l t  [ L a d  e t  a l .  1968; NIOSH 1978). 
Headache and f a t i g u e  a r e  ‘ f r equen t ly  observed i n  long-term employees of 
t h e  e x p l o s i v e s  i n d n s t r y  ( S t o k i n g e r  1982) .  Other  symptoms observed  1 e s s  
f r e q u e n t l y  i n c l  ude nausea,  vom it ing, dyspnea,  a l coho l  i n t  01 e rance ,  h e a r t  
p a l p i t a t i o n ,  and angina  p e c t o r i s  (NIOSH 1978; Stok inge r  1982). Availa- 
b l e  i n f o r m a t i o n  i n d i c a t e s  t h a t  con t inued  exposure  t o  n i t r o g l y c e r i n  or a 
combina t ion  of n i t r o g l y c e r i n  and n i t r o g l y c o l  resal t s  i n  i n c r e a s i n g  
t o l e r a n c e  ( L m d  e t  a l .  1968; Munch e t  a l .  1965; NIOSH 1978). I n i t i a l  
symptoms of exposare  may inc lude  headaches,  nansea,  d i z z i n e s s ,  h e a r t  
p a l p i t a t i o n s ,  s a e a t i n g ,  f a t i g n e ,  and d i f f u s e  p a i n s  which tend  t o  eveatu-  
a l l y  become m i l d e r  o r  d i sappea r .  A f t e r  s e v e r a l  y e a r s  of exposure,  c h e s t  
p a i n s  have been  observed  w i t h i n  24 t o  72 h r  a f t e r  i n t e r r u p t i o n  of expo- 
s u r e  b a t  d i s a p p e a r  a f t e r  exposure s t a r t s  a g a i n  {Land e t  a l .  1968). 
Long-term employment i n  t h e  e x p l o s i v e s  i n d u s t r y  has  been a s s o c i a t e d  w i t h  
nonatberomatous i schemic  h e a r t  d i s e a s e  (Lange e t  a l .  19’72). Sudden 
d e a t h s  of a few employees of t h e  e x p l o s i v e s  i n d u s t r y  have been observed  
one t o  t h r e e  days  a f t e r  c e s s a t i o n  of exposure  (Carmichael  and Lieben  
1963; Hogstedt and Axelson 1977; NIOSH 1978) and have been  a t t r i b u t e d  
p r i m a r i l y  t o  n i t r o g l y c o l  ( 3 o g s t e d t  and Davidsson 1980). 

Reeve e t  a l .  (1983) r e c e n t l y  p r e s e n t e d  t h e  r e s u l t s  of a m o r t a l i t y  
s tudy  they conducted on n i t rog lyce r in -exposed  workers a t  a munitions 
p l a n t  i n  V i r g i n i a .  They o b t a i n e d  r e c o r d s  on 5 , 6 6 8  white  male employees 
who had worked a t  t h e  p l a n t  du r ing  t h e  p e r i o d  1949 throogh 1977; of t h i s  
nmber, 13 p e r c e n t  were dead, 83 p e r c e n t  l i v i n g ,  and 4 p e r c e n t  lost t o  
follow-up. Using m o r t a l i t y  r a t e s  of t h e  gene ra l  p o p u l a t i o n  of t h e  Uni- 
t e d  S t a t e s ,  they  fonnd no s i g n i f i c a n t  i n c r e a s e s  i n  d e a t h s  due t a  
d i s e a s e s  of t h e  nervous, c a r d i o v a s c a l w ,  r e s p i r a t o r y ,  o r  d i g e s t i v e  sys- 
tems. More in-depth examinat ion  of t h e i r  d a t a  r e v e a l e d  t h a t  a s l i g h t  
e l e v a t i o n  i n  t h e  number of d e a t h s  due t o  i schemic  h e a r t  d i s e a s e  had 
occur red ,  bat t h e  i n c r e a s e  was not s i g n i f i c a n t .  When t hey  f u r t h e r  broke 
t h e  r e c o r d s  down i n t o  age c a t e g o r i e s  of ten-year  i n t e r v a l s ,  an  i n c r e a s e  
i n  d e a t h s  due t o  i schemic  h e a r t  d i s e a s e  was observed  i n  f o u r  of seven of 
t h e  c a t e g o r i e s ,  bu t  was s i g n i f i c a n t  (P < 0 . 0 5 )  in only t h e  40 t o  49 age 
group. The a u t h o r s  i n d i c a t e d  t h a t  t h e i r  r e s u l t s  were s u g g e s t i v e  of an 
a s s o c i a t i o n  between n i t r o g l y c e r i n  exposure  and c a r d i o v a s c u l a r  d i sease .  
Addi t iona l  s t u d i e s  a r e  planned by Stayne r  e t  a l .  (1985) o f  t h e  same mun- 
i t i o n s  p l a n t  t o  t e s t  t h e  h y p o t h e s i s  t h a t  exposure  t o  n i t r o g l y c e r i n  is 
a s s o c i a t e d  w i t h  an i n c r e a s e d  r i s k  of dying  from ischemic h e a r t  d i s e a s e  
and t o  de te rmine  whether  any observed a s s o c i a t i o n  e x i s t s  s e p a r a t e l y  from 
t h e  r i s k  of dy ing  from a c n t e  withdrawal from n i t r o g l y c e r i n  exposure  and 
o t h e r  known medical r i s k  f a c t o r s .  In  a d d i t i o n ,  they w i l l  t r y  t o  de te r -  
mine if exgosnre t o  other n i t r a t e d  compounds used in t h e  manufac ture  of 
p r o p e l l a n t s  i s  a s s o c i a t e d  w i t h  an i n c r e a s e d  r i s k  of ischemic h e a r t  
d i s e a s e  and whether  t h e r e  is an i n t e r a c t i o n  between t h e s e  e x p o s a r e s  and 
n i t r o g l y c e r i n .  
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4.4 GENOTOXICITY 

I n  v i v o  and i n  v i t r o  s t u d i e s  us ing  mammalian and b a c t e r i a l  c e l l  
systems have f a i l e d  t o  show t h a t  n i t r o g l y c e r i n  i s  a genotoxin.  Lee e t  
a l .  (1977)  s t u d i e d  t h e  c y t o g e n e t i c  e f f e c t s  of n i t r o g l y c e r i n  on somatic  
c e l l  chromosomes from lymphocyte and kidney t i s s u e  cu l  t a r e s  o b t a i n e d  
fram b e a g l e  dogs and CD r a t s .  Groups of t h r e e  t o  f i v e  male and female  
r a t s  were f e d  an  average of 5 9  t o  5 9 . 3  mg/kg/day n i t r o g l y c e r i n  f o r  5 
weeks and t h e n  2 2 9 . 5  t o  233.8 mglkglday f o r  an a d d i t i o n a l  8 seeks .  
S i m i l a r l y ,  groups of one t o  two male and female  dogs were f e d  a n  average 
of 1 mglkglday n i t r o g l y c e r i n  f o r  4 weeks and t h e n  5 mglkglday f o r  an 
a d d i t i o n a l  9 weeks. For both  spec ie s ,  lymphocyte and k idney  t i s s u e s  
were o b t a i n e d  a f t e r  4 and 13 weeks and c u l t u r e d .  Examinat ion of c e l l s  
from t h e  c u l t u r e s  d i d  no t  show any apparent  changes i n  t h e  chromosome 
frequency d i s t r i b u t i o n ,  number of t e t r a p l o i d s ,  chromat id  b reaks ,  o r  
t r a n s l o c a t i o n s .  A1 though t h e s e  r e s u l  t s  sugges t  t h a t  n i t r o g l y c e r i n  i s  
n o t  genotoxic ,  t h e  use of g r e a t e r  numbers of an imals  would have improved 
t h e  v a l i d i t y  of t h e  s tudy.  

E l l i s  e t  a l .  ( 1 9 7 8 a )  s t u d i e d  the c y t o g e n e t i c  e f f e c t s  of n i t r o g l g -  
c e z i n  t o  bone marrow c e l l s  and k idney  t i s s u e  c u l t u r e s  o b t a i n e d  from cx) 
r a t s .  Groups of fou r  t o  s i x  an ima l s  were g iven  n i t r o g l y c e r i n  i n  t h e i r  
d i e t  f o r  two y e a r s  a t  a c o n c e n t r a t i o n  of 0 o r  1 p e r c e n t .  T i s s u e s  and 
c e l l s  f o r  t h e  c u l t u r e s  were ob ta ined  a t  t h e  end of t h e  two-year exposure  
per iod .  The e s t i m a t e d  d a i l y  i n t a k e  of n i t r o g l y c e r i n  was 363 and 434 
mg/kg/day f o r  males  and females ,  r e s p e c t i v e l y .  No s i g n i f i c a n t  d i f f e r e n -  
c e s  were found between t h e  c o n t r o l  and exposure  gaoups; however, a 
s l i g h t  i n c r e a s e  i n  t h e  number of chromat id  b reaks  and gaps was observed  
i n  kidney c u l t u r e s  (1.6 b r e a k s  and gaps p e r  50 c e l l s  f o r  c o n t r o l s  v e r s u s  
2.9 pe r  5 0  c e l l s  f o r  t h e  exposed group) .  

Lee e t  a l .  (1977)  s t u d i e d  t h e  mutagenic  e f f e c t s  of n i t r o g l y c e r i n  on 
wi ld  type Chinese Hamster Ovary ( C B B - K l l  c e l l s  i n  v i t r o .  The mutageai- 
c i t y  of n i t r o g l y c e r i n  was measured r e l a t i v e  t o  e t h y l  methanesul fona te ,  a 
known mutagen. N i t r o g l y c e r i n  a t  c o n c e n t r a t i o n s  of 50 and 144.8 pg/mL 
r e s u l t e d  i n  a s u r v i v a l  r a t e  of 3 5  and 1 p e r c e n t ,  r e s p e c t i v e l y ,  and a 
m u t a t i o n  f requency  of z e r o  a t  bo th  c o n c e n t r a t i o n s .  In c o n t r a s t ,  expo- 
s u r e  t o  e t h y l  methanesul fona te  a t  a c o n c e n t r a t i o n  of 124 p g / d  r e s u l t e d  
i n  a s u r v i v a l  of 1 5  p e r c e n t  and a muta t ion  f requency  of 2 8 . 0  x 10-6, 
thus  i n d i c a t i n g  t h a t  n i t r o g l y c e r i n  was n o t  mutagenie.  

E l l i s  e t  a l .  (1978a)  a l s o  performed a dominant l e t h a l  assay  w i t h  
Cha r l e s  Biver  CD r a t s .  Groups c o n s i s t i n g  of t e n  male an ima l s  were g iven  
n i t r o g l y c e r i n  i n  t h e i r  food f o r  13 weeks a t  c o n c e n t r a t i o n s  of 0 ,  0.01, 
Q , d ,  o r  1 p e r c e n t  ( e s t i m a t e d  i n t a k e  of 0 ,  3 . 0 4 ,  31.5, and 363 mg/kg/day, 
r e s p e c t i v e l y ) ;  each male was t h e n  mated w i t h  two v i r g i n  females .  
Females were s a c r i f i c e d  a t  mid-term of pregnancy, and t h e  fo l lowing  d a t a  
were c o l l e c t e d :  number of f e r t i l e  males  pe r  number of males t r e a t e d ,  
number o f ’ p r e g n a n t  f ema les  p e r  number of mated females ,  number of cor- 
pora  l u t e a  per  pregnant  female,  and t h e  number of t o t a l  implants ,  dead 
implants ,  and 1 ive  imp lan t s  pe r  pregnant  female.  The a u t h o r s  observed  
na dominant l e t h a l  muta t ions ,  no evidence of adverse  e f f e c t s  on male 
f e r t i l i t y ,  and no p r e i m p l a n t a t i o n  and p o s t i m p l a n t a t i o n  l o s s e s .  
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Kononova et a l .  (1972) studied the mutagenic potential of nitrogly- 

Treatment of bacteriophages with a 0.084 M solution of nitroglycerin for 
up t o  6 hr did not increase the frequency of mutations in bacteriophages 
as compared to a control but did affect their survival rate (30 and 16 
percent at 3 and 6 hr, respectively, for nitroglycerin versus 100 per- 
cent at 3 and 6 hr for the control). 

cerin on the extracellular bacteriophage T43 of Esche richia C O U .  

The mntagenic activity of nitroglycerin and several of its metabol- 
ites (1,3- azd l,2-dinitroglpcerin and 1- and 2-mononitroglycerin) was 
tested by Ellis et al. (1978b) with the Ames assay at concentrations of 
10, 100, 300, and 1000 pg per plate. The following histidine-requiring 

’-- tester strains were used: TA-1535, TA-1937, TA- 
1538, TA-98, and TA-100. No mutagenic activity was observed with 1,3- 
dinitroglycerin or 1-mononitroglycerin. At concentrations of 10 and 30 
p g  per plate, 1,2-dinitroglycerin caused a significant (level of signi- 
ficance not given) increase in frame-shift mutations without activation. 
Weak mutagenic activity was exhibited ’by both nitroglycerin and 2- 
mononitroglycerin, both requiring concentrations of 1000 pg per plate 
and metabolic activation; 2-mononitroglycerin caused only base pair sub- 
stitution mutations, while nitroglycerin caused both base-pair sabstitu- 
tioa and frame-shift mutations. 

Kaplan et al. (1982) also studied the mutagenic potential of 1- 
* mononitroglycerin under the conditioos of the h e s  assay, and, like 

Ellis et al, (1978b1, they observed no mutagenic activity. 

4.5 DEVELOPMENT~/RER~~UCTXVE TaXICITY 

4.5.1 Animal Studies 

Developmental toxicity studies have failed to show that nitrogly- 
cerin is a teratogen ( e . g . ,  Ellis et al. 1978a; Oketani et al. 1981b; 
Oketani et. a l .  1 9 8 1 ~ 1 ,  and reproductive effects have been observed 
only at high concentrations (Ellis et al. 1978a,  1984). Ellis et al. 
(1978a, 1984) fed a group of three male and three female CD rats 2.5 
percent nitroglycerin for 13 weeks, and a group consisting of four male 
and four female rats was fed a standard diet to serve as  a control. The 
estimated average daily consnmption of nitroglycerin by males and 
females was 1406 and 1416 mg/kg, respectively. At the end of the expo- 
sure period Ellis et al. observed moderate to severe testicular atrophy 
and/or degeneration, and severe to complete aspermatogenesis. No 
effects to the female reproductive system wese reported. 

Ellis et al. (1978a) conducted a three-generation reproductive 
study with CD rats. Each generation was given a diet containing 0, 
0.01, 0.1, or 1 percent nitroglycerin. The parental generation (Fo) 
consisted of 10 male and 20 female animals per group, and the later gen- 
erations consisted of 10 to 12 pairs per group. Ellis et al. observed 
no significant effects on reproduction at the low and middle concentra- 
tioas. The highest concentration did not significantly affect fertility 
of the Fo generation, but did affect fertility of the succeeding genera- 
tions; only three litters (F2a) wexe produced by the F1. generation. 
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None of t h e  FI dams t h a t  l i t t e r e d  w i t h  t h e  f i r s t  mating produced a 
second l i t t e r  ( F 2 b ) .  Two mat ings  of t h e  F2a l i t t e r s  produced on ly  one 
l i t t e r  ( F 3 ) .  Mating of 1 4  F2a females  w i t h  c o n t r o l  males r e s u l t e d  i n  1 3  
p regnanc ie s ,  t hus  showing t h a t  t h e  F2a males  were i n f e r t i l e .  Males i n  
t h e  F2a g e n e r a t i o n  had v e r y  sma l l  t e s t e s ,  and females  e x h i b i t e d  a h igh  
inc idence  of v a g i n a l  p l u g s  w i t h o u t  sperm. Microscopic  examinat ion  of 
t h e  animals  showed s e v e r e  aspermatogenes is  and m i l d l y  t o  modera te ly  
inc reased  i n t e r s t i t i a l  t i s s u e  i n  t h e  t e s t e s .  Reproduct ive  pa rame te r s ,  
i n c l u d i n g  l i t t e r  s i z e ,  l ive-born  index ,  b i r t h  weight ,  v i a b i l i t y  and l ac -  
t a t i o n  indexes ,  and weaning we igh t ,  were s i g n i f i c a n t l y  reduced (P < 
0.051 i n  t h e  h i g h  dose  F l a  l i t t e r s ,  b u t  sex  r a t i o s  were n o t  s i g n i f i -  
c a n t l y  a f f e c t e d  i n  t h i s  group.  I n  t h e  h igh  dose  F l b  l i t t e r s ,  b i r t h  
we igh t ,  v i a b i l i t y  index ,  and weight  a t  weaning were s i g n i f i c a n t l y  (P < 
0 .05 )  reduced;  t h e  l a c t a t i o n  index was a l s o  reduced b u t  n o t  s i g n i f i -  
c a n t l y .  I n  t h e  h i g h  dose  F2a l i t t e r s ,  l i t t e r  s i z e  and b i r t h  weight  were 
s i g n i f i c a n t l y  (P < 0.05) reduced.  A l l  o t h e r  parameters  i n  t h i s  group 
were lower than  t h o s e  observed i n  c o n t r o l s ,  b u t  t h e  d i f f e r e n c e s  were n o 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 .  The a u t h o r s  thought  t h a t  t h e  t o x i c  e f f e c t s  
seen i n  t h e  r e p r o d u c t i v e  parameters  of t h e  F1 and F2 l i t t e r s  were par- 
t i a l l y  due t o  t h e  poor  n u t r i t i o n a l  s t a t u s  of t h e  dams. The a u t h o r s  
i n d i c a t e d  t h a t  t h e  r e d u c t i o n  i n  l i t t e r  s i z e  of t h e  high-dose F l a  group 
w a s  s u g g e s t i v e  of mutagenic and /o r  t e r a t o g e n i c  e f f e c t s ;  howeverr i n  
t h e i r  c y t o g e n e t i c  and dominant l e t h a l  mu ta t ion  s t u d i e s  [ s e e  s t u d i e s  by 
E l l i s  e t  a1 (1978al  i n  S e c t i o n  4 . 6 1 ,  t h e y  observed no g e n o t o r i c  e f f e c t s .  
R e s u l t s  o'f t h e i r  t e r a t o g e n i c i t y  s tudy  ( E l l i s  e t  a l .  1 9 7 8 a ) ,  which invol -  
ved a thiXd mating of t h e  females  of t h e  Fg g e n e f a t i o n ,  d i d  not show any 
s i g n i f  i s a n t  t e r a t o g e n i c  e f f e c t s .  However, t hey  observed diaphragm'atic 
h e r n i a s  in 4 of 1 9  l i t t e r s  i n  t h e  high-dose group and none i n  t h e  o t h e r  
gronps.  Although t h e  i n c r e a s e  i n  h e r n i a s  was n o t  found t o  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 ,  t h e  a u t h o r s  sugges ted  t h a t  t h i s  could have been t h e  
cause  of t h e  reduced l i t t e r  s i z e s  found i n  t h e  s tudy  on r e p r o d u c t i v e  
e f f e c t s .  Also observed was a s i g n i f i c a n t  (P < 0.05) i n c r e a s e  i n  t h e  
inc idence  of absen t  o r  i ncomple t e ly  o s s i f i e d  hyoid bone; however, t h e  
aathcrrs po in t ed  o u t  t h a t  s k e l e t a l  anomalies  a r e  i n d i c a t i v e  of de layed  
development and n o t  t h e  t e r a t o g e n i c  p o t e n t i a l  of a chemica l .  

Q k e t a n i  e t  a l .  (1981b) s t u d i e d  t h e  t e r a t o g e n i c  and embroytoxic 
e f f e c t s  of n i t r o g l y c e r i n  t o  Japanese  a l b i n o  r a b b i t s .  Groups c o n s i s t i n g  
of t e n  female  an imals  were g iven  n i t r o g l y c e r i n  i v  i n  doses  of 0 ,  0 .5 ,  1, 
o r  4 mg/kg/day from day 6 t o  day 1 8  of g e s t a t i o n .  They observed no d i f -  
f e r e n c e  between t h e  exposed and c o n t r o l  groups  in t h e  i n c i d e n c e  of t e r a -  
t o g e n i s  e f f e c t s  based  on t h e  inc idence  of e x t e r n a l r  v i s c e r a l ,  and 
s k e l e t a l  a b n o r m a l i t i e s ,  no r  d i d  they  obse rve  any s i g n s  of embryotoxic i ty  
based on t h e  number of corpora l n t e a ,  i m p l a n t a t i o n s ,  dead or l i v e  
f e t u s e s ,  sex  r a t i o ,  body weight  of l i v e  f e t u s e s ,  o r  p l a c e n t a l  weight .  

I n  a s tudy  on  t h e  xep rodnc t ive  and t e r a t o g e n i c  e f f e c t s  of n i t r o g l y -  
c e r i n  t o  CB-Slc r a t s r  Oketan i  e t  a l .  (1981~) gave groups of 1 9  t o  20 
p regnan t  r a t s  n i t r o g l y c e r i n  i n t r a p e r i t o n e a l l y  i n  doses  of 0 ,  1, 10, o r  
20 mg/kg/day from day 7 t o  day 17  of g e s t a t i o n .  Compared t o  c o n t x o l s ,  
n i t r o g l y c e r i n  had no s i g n i f i c a n t  e f f e c t  on d e l i v e r y ,  g e s t a t i o n  p e r i o d ,  
l a c t a t i o n ,  nu r s ing  i n s t i n c t ,  f e t a l  and p o s t n a t a l  development ,  o r  f e r t i l -  
i t y  of o f f s p r i n g .  Also,  ev idence  of t e r a t o g e n i c i t y  was n o t  found i n  any 
of t h e  o f f s p r i n g  ( F 1  and F2). 
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fn ano the r  s tudy  on t h e  r e p r o d u c t i v e  e f f e c t s  of n i t r o g l y c e r i n  on 
SD-Slc r a t s ,  Oketan i  e t  a l .  (1981d) a d m i n i s t e r e d  t h e  chemical on day 1 7  
of g e s t a t i o n  t o  day 21 of l a c t a t i o n .  Groups of 17 t o  20 r a t s  were g iven  
n i t r o g l y c e r i n  d a i l y  i n  doses  of 0 ,  1, 10, o r  20 mg/kg i p .  They observed 
no s i g n i f i c a n t  e f f e c t s  on d e l i v e r y ,  g e s t a t i o n  p e r i o d ,  l a c t a t i o n ,  n u r s i n g  
i n s t i n c t ,  growth, development,  o r  f e r t i l i t y  of o f f s p r i n g ,  nor  any evi- 
dence of t e r a t o g e n i c  e f f e c t s .  

In  a s tudy p r i m a r i l y  on t h e  e f f e c t s  of n i t r o g l y c e r i n  on t h e  f e r t i l -  
i t y  of SD-Slc r a t s ,  Oketan i  e t  a l .  ( 1 9 8 1 e )  admin i s t e red  t h e  conponnd i v  
a t  doses  of 0 ,  1, IO, or 20 mgfhgfday t o  groups of 20 male an imals  for 
63 days  p r i o r  t o  mating and t o  groups  of 20 females 1 4  days  p r i o r  t o  
mating and up t o  day 7 of g e s t a t i o n .  No s i g n i f i c a n t  e f f e c t s  wexe obser- 
ved OR f e r t i l i t y  based  on t h e  number of male r a t s  c o p u l a t i n g  w i t h  
t r e a t e d  and o n t r e a t e d  f ema les ,  p e r c e n t a g e  of p regnan t  r a t s I  o r  t h e  dnra- 
t i o a  of p a i r i n g  u n t i l  mating. They also observed no s i g n i f i c a n t  e f f e c t s  
on indexes  of t e r a t o g e a i c i  t y  and embryo tox ic i ty .  

Data on t h e  e f f e c t s  of n i t r o g l y c e r i n  on haman r e p r o d u c t i o n  a s e  lim- 
i t e d  and essentially a n e c d o t a l .  A 1898 r e p o r t  d e s c r i b e d  t h e  e f f e c t s  of 
n i t r o g l y c e r i n  o n  t h e  wives  of employees of a p l a n t  manufac tur ing  t h e  
compound (31.  h. &d.. u. 1898). These women occapied  t h e  same 
s l e e p i n g  q u a r t e r s  as  t h e i r  husbands and l annde red  t h e i r  husbands’  
clothes. Symptoms expe r i enced  by t h e  wives  were a t e r i n e  m a l f u n c t i o n s  
and i n c r e a s e d  mens t rua l  b l e e d i n g .  Fewer c h i l d r e n  were born,  and they 
were o f t e n  premature.  Tfie s u r v i v i n g  c h i l d r e n  were no t  a s  strong a s  
o t b e z  c h i l d r e n .  were often c y a n o t i c ,  and were n o t  as r e s i s t a n t  t o  
d i s e a s e .  Laws (1910) d e s c r i b e d  t h e  symptms  exper ienced  by workers 
engaged i n  t h e  mannfac tare  of n i t r o g l y c e r i n ,  i n c l u d i n g  d i s t u r b a n c e s  of 
t h e  g e n i t o u r i n a r y  system. He a t t r i b u t e d  marked a p h r o d i s i a c  e f f e c t s  t o  
t h e  oompoand and s t a t e d  t h a t  most “ n i t r o g l y c e r i n  men” &ad l a r g e  fami- 
l i e s .  

Mndd (1977) used  t h e  v a s o d i l a t i n g  e f f e c t s  of n i t r o g l y c e r i n  t o  d i ag -  
nose and t r e a t  a t h e r o s c l e r o t i c  impotence. A %-year  old nan w i t h  known 
psychogenic impotence w a s  g iven  0.3 mg of n i t r o g l y c e r i n  s u b l i n g u a l l y  and 
responded q u i c k l y  and f a v o r a b l y  t o  t r e a t m e n t  w i t h  a s s o c i a t e d  changes i n  
p e n i l e  volume, t empera tn re ,  and s e n s a t i o n .  

4.6 ONCOGENICITY 

4.6.1 Animal Stud- 

Three s t n d i e s  were found concern ing  t h e  oncogenic p o t e n t i a l  of 
n i t r o g l y c e r i n  i n  l a b o r a t o r y  animals .  From the r e s u l t s  of t h e i r  s t u d i e s ,  
Suzuki e t  a l .  (1975) and Takayama (1975) concluded that nitroglycerin is 
n o t  an oncogen. E l l i s  e t  a1. (1978a,  1984)  r e p o r t e d  an i n c r e a s e  i n  t h e  
occur rence  of h e p a t o c e l l u l a r  aarcknomas and i n t e r s t i t i a l  c e l l  tnmors of 
t h e  t e s t i s  i n  r a t s  b u t  n o t  i n  mice of: dogs.  
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f n  t h e i r  s tudy ,  E l l i s  e t  a l .  (1978a,  1984) gave groups of 38 male 
and 38 female CD r a t s  and 5 8  male and 58 female  CB-1 mice a d i e t  con- 
t a i n i n g  0, 0.01, 0.1, o r  I p e r c e n t  n i t r o g l y c e r i n  f o r  two y e a r s .  Groups 
of 6 male and 6 female  b e a g l e  dogs were g iven  c a p s u l e s  o r a l l y  which con- 
t a i n e d  0 ,  1, 5, or 25 mg/kg/day n i t r o g l y c e r i n  f o r  one y e a r .  The ca lcu-  
l a t e d  d a i l y  i n t a k e  of n i t r o g l y c e r i n  by male and female  r a t s  was 3.04 and 
3.99 mg/kg, r e s p e c t i v e l y ,  f o r  t h e  low d o s e r  31.5 and 38.1 mg/%g, respec-  
t i v e l y ,  f o r  t he  middle  dose ,  and 363 and 434 mgfkg, r e s p e c t i v e l y ,  f o r  
t h e  h igh  dose .  The c a l c u l a t e d  d a i l y  i n t a k e  of n i t r o g l y c e r i n  by male and 
female mice was 11.1 and 9.72 mgfkg, r e s p e c t i v e l y ,  f o r  t h e  low dose ,  
114.6 and 96.4 mg/kg, r e s p e c t i v e l y ,  f o r  t h e  middle  dose ,  and 1022 and 
1058 mglkg, r e s p e c t i v e l y ,  f o x  t h e  h igh  dose .  

E l l i s  e t  al. (1978a,  1984) observed no s i g n s  of oncogen ic i ty  i n  
e i t h e r  mice o r  dogs a t  t h e  end of t h e  exposure  p e r i o d ;  however, r e s u l t s  
from t h e  one-year exposure  s tudy  of dogs may n o t  be r e p r e s e n t a t i v e  of 
r e s u l t s  from l i f e t i m e  exposures  of t h i s  s p e c i e s .  In r a t s ,  a f t e r  t h e  
f i r s t  12 months of exposure t o  n i t r o g l y c e s i n ,  t h e  a u t h o r s  observed what 
they  d e s c r i b e d  a s  p r o g r e s s i v e  s i g n s  of h e p a t o c e l l u l a r  carcinomas i n c l u -  
d ing  a r e a s  and f o c i  of h e p a t o c e l l n l a r  a l t e r a t i o n  i n  a l l  dose  groups;  
n e o p l a s t i c  nodules  i n  one middle-dose male ,  t h r e e  high-dose males ,  and 
one high-dose female;  and t h e  occur rence  of an  h e p a t o c e l l u l a r  carcinoma 
i n  one high-dose = a l e .  A t  t h e  end of t h e  two-year exposure  p e r i o d ,  
h e p a t o c e l l u l a r  carcinomas were observed i n  13 of 21 males and 11 of 2 5  
females  of t h e  1 p e r c e n t  exposure .group;  3 of 26 males and 2 of 28 
f ema les  of t h e  6.1 p e r c e n t  exposure group;  0 ~f 2 8  males and 0, of 32 
f ema les  of t h e  0.01 p e r c e n t  exposure  group;  and 0 of 24 males and 0 of 
29 females  of t h e  c o n t r o l  group.  Also a t  t h e  end of t h e  two-year expo- 
sure p e r i o d ,  n e o p l a s t i c  nodules  were observed i n  2 of 21 males and 5 of 
25 females  of t h e  1 p e r c e n t  exposure group;  1 of 26 males and 1 of 2 8  
females  of t h e  0,1 p e r c e n t  exposure  group;  0 of 28 males and 0 of 32 
females  of t h e  0.01 p e r c e n t  exposure  group;  and 1 of 24 males  and 0 of 
29 females  of t h e  c o n t r o l  group.  I n  a d d i t i o n ,  11 of 21 males exposed t o  
1.0 p e r c e n t  n i t r o g l y c e r i n  had i n t e r s t i t i a l  c e l l  tumors i n  one or b o t h  
t e s t e s .  The inc idence  of tumors i n  t h e  t e s t e s  of t h e  o t h e r  two exposure 
groups was s i m i l a r  t o  t h a t  of t he  c o n t r o l s  ( 4  t o  11 p e r c e n t ) .  On t h e  
o t h e r  hand, female r a t s  exposed t o  1.0 p e r c e n t  n i t r o g l y c e r i n  e x h i b i t e d  
dec reased  i n c i d e n c e s  of mammary g land  tumors and p i t u i t a r y  chromophobe 
adenomas. 

Silzuki e t  a l .  (1975)  s t u d i e d  t h e  oncogenic  p o t e n t i a l  of n i t r o g l y -  
c e r i n  i n  C57BL/6Jms mice exposed t o  t h e  chemical  fox  up t o  18 months, 
Groups of mice c o n s i s t i n g  of a t  l e a s t  54 males and 49 f ema les  were 
exposed t o  n i t r o g l y c e r i n  i n  t h e i r  d r i n k i n g  w a t e r  a t  an  average  concen- 
t r a t i o n  sE 0 ,  1.5, or 6.2 mg/kg/day f o r  1 8  months. Another group of 
miceo c o n s i s t i n g  of 4 9  males and 45 f ema les  was exposed f o r  12 months t o  
n i t r o g l y c e r i n  i n  t h e i r  d r i n k i n g  w a t e r  a t  an average  c o n c e n t r a t i o n  of 
58.3. mg/kg/day. Based on t h e i r  r e s u l t s ,  the a u t h o r s  concluded t h a t  t h e  
number and inc idence  of tumor-bearing an ima l s ,  t h e  number and inc idence  
o f  h i s t o l o g i c a l l y  d e f i n e d  tumors, t h e  number of tumors p e r  animal ,  and 
t h e  p a t t e r n  of t h e  tumors i n  t h e  dosed groups were comparable w i t h  those  
of t h e  c o n t r o l  group.  However, gross examinat ion  of t h e  an imals  
r evea led  t h a t  5 of 34 female  mica i n  t h e  high-dose group hac! an  
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u n s p e c i f i e d  type of p i t u i t a r y  tumor. H i s t o l o g i c a l  examinat ion  a f  a l l  
groups of an imals  showed what appeared t o  be a d o s e - r e l a t e d  i n c r e a s e  i n  
t h e  i n c i d e n c e  of p i t u i t a r y  adenomas; a t o t a l  of 6 ,  3 ,  1, and 1 p i t u i t a -  
adenomas was observed  i n  t h e  h igh ,  middle ,  low, and c o n t r o l  g ronps ,  
r e s p e c t i v e l y .  Using an e x a c t  a n a l y s i s  of a cont ingency  t a b l e ,  E l l i s  e t  
a l .  (1984) r e a n a l y z e d , t h e  r e s u l t s  t h a t  Suzuki e t  a l .  had ob ta ined  from 
t h e i r  g r o s s  examinat ion  of t h e  p i t u i t a r y  g l and  and concluded t h a t  t h e r e  
was a s i g n i f i c a n t  (P = 0.0061 i n c r e a s e  i n  t h e  inc idence  of p i t u i t a r y  
tumors a t  t h e  h i g h e s t  c o n c e n t r a t i o n .  

Takayama (1975) gave a group of Sprague-Dawley r a t s  c o n s i s t i n g  of  
50 males and 48 females  a 0.03 p e r c e n t  c o n c e n t r a t i o n  of n i t r o g l y c e r i n  i n  
t h e i r  d r i n k i n g  w a t e r  f o r  10  months and t h e n  gave t a p  w a t e r  f o r  am addi- 
t i o n a l  8 months. A c o n t r o l  group c o n s i s t i n g  of 53 male and 49 female  
r a t s  was g iven  t a p  w a t e r  f o r  18 months, The e s t ima ted  d a i l y  i n t a k e  of 
n i t r o g l y c e r i n  was 31 mg/kg. A t  t h e  end of t h e  18-nonth p e r i o d ,  t h e  
a u t h o r s  observed no remarkable  h i s t o p a t h o l o g i c a l  changes and concluded 
t h a t  under t h e i r  expe r imen ta l  c o n d i t i o n s ,  n i t r o g l y c e r i n  was n o t  
oncogenic.  HDweveir, t h e  exposure p e r i o d  used  by t h e s e  a a t h o s s  is n o t  
r e p r e s e n t a t i v e  of a l i f e t i m e  exposure  fox t h i s  s p e c i e s  ( e . g . ,  Bass e t  
a l .  1980). 

Reeve e t  a l .  (1983) conducted a m o r t a l i t y  s tudy  of workers exposed 
t o  n i t r o g l y c e r i n  a t  a munitions p l a n t  i n  V i r g i n i a .  They examined h e a l t h  
r e c o r d s  of 5 , 6 6 8  w h i t e  males who hEd worked in t h e  n i t r o g l y c e r i n  a r e a  
d u r i n g  some per iod  between 1949 and 1977. They found no i n c r e a s e s  in 
d e a t h s  due t o  mal ignant  neoplasms; i n  f a c t ,  they found t h a t  t h e  number 
of d e a t h s  dne t o  ma l ignan t  neoplasms was s i g n i f i c a n t l y  lower t h a n  the 
expec ted  number in t h e  g e n e r a l  Uni ted  S t a t e s  p o p u l a t i o n .  

Rogs ted t  and Andersson (1979) conducted an ep idemio log ica l  s tudy of 
employees of a Swedish dynamite p l a n t  and examined t h e  i n c i d e n c e  of 
tumors as  a p o s s i b l e  cause  for excess  m o r t a l i t y  i n  the  dynamite indus- 
try. The primary components of dynamite a r e  nitroglycerin and n i t r o -  
g l y c o l ,  and accord ing  t o  t h e  a u t h o r s  they  e x i s t  i n  dynamite i n  1:l 
r a t i o .  The a u t h o r s  a l s o  i n d i c a t e d  t h a t  between t h e s e  two chemica l s ,  
n i t r o g l y c o l  i s  t h e  predominant chemical in t h e  a i r  due t o  i t s  h i g h e r  
v o l a t i l i t y .  Death c e r t i f i c a t e s  were c o l l e c t e d  on employees who had d i e d  
between 1951 and 1977, and t h e  o f f i c i a l  unde r ly ing  cause  of d e a t h  was 
used and c l a s s i f i e d  acco rd ing  t o  t h e  1965 v e r s i o n  of t h e  I n t e r n a t i o n a l  
C l a s s i f i c a t i o n  of D i seases .  Tbe f i n a l  group of s u b j e c t s  t h a t  they chose 
c o n s i s t e d  of 143 male employees who had worked a t  l e a s t  one y e a r  since 
1927 and who had d i e d  s i n c e  1951. This group c o n s i s t e d  of 8 8  exposed 
and 5 5  anexposed employees. The exposed group c o n s i s t e d  of t hose  
employees w i t h  jobs t h a t  were somehow d i r e c t l y  r e l a t e d  t o  t h e  handl ing  
o r  p r o d n c t i o n  of dynamite andfo r  t o  t h e  hand l ing  of i t s  major com- 
ponents .  The unexposed group c o n s i s t e d  of t h o s e  employees t h a t  d i d  no t  
hand le  and /o r  produce dynamite or hand le  i t s  major components. The 
cause  of d e a t h  w a s  broken down i n t o  t h e  fo l lowing  c a t e g o r i e s :  a l l  
twsor s ,  c i r c n l a t o r y  d i s e a s e s ,  and o t h e r  causes. The number of observed 
d e a t h s  was then compared w i t h  t h e  n a t i o n a l  average .  In bo th  t h e  exposed 

-53- 



and unexposed groups ,  t h e  number of d e a t h s  due t o  tumors was l e s s  t han  
t h e  number expec ted .  The a u t h o r s  a l s o  looked a t  a subgroup o f  t h e  
exposed group t h a t  c o n s i s t e d  of those  enployees  w i t h  a t  l e a s t  1 0  y e a r s  
of exposure.  In t h o s e  employees who d i e d  between 1951 and 1964,  t h e  
number of d e a t h s  due t o  tumors was one and t h e  expected number was 1 . 3 ,  
wh i l e  t h e  numbes of  observed and expec ted  d e a t h s  between 1965 and 1977 
was two and 1 . 4 ,  r e s p e c t i v e l y .  Thus, long-term exposure t o  n i t r o g l y -  
c e r i n  andfo r  n i t r o g l y c o l  a t  t h e  l e v e l s  o c c u r r i n g  i n  t h i s  dynamite  p l a n t  
does n o t  appear  t o  s i g n i f i c a n t l y  i n c r e a s e  t h e  i n c i d e n c e  of c a n c e r .  

4.7 SUBIMARY 

S t u d i e s  on t h e  pharmacokine t ics  of n i t r o g l y c e r i n  i n  l a b o r a t o r y  
an imals  and hrmans i n d i c a t e  t h a t  i t  is r a p i d l y  and wide ly  d i s t r i b u t e d ,  
and r a p i d l y  absorbed ,  me tabo l i zed ,  and e l i m i n a t e d .  The d i s p o s i t i o n  r a t e  
i s  i n f l u e n c e d  by t h e  r o u t e  of a d m i n i s t r a t i o n ,  w i t h  more r a p i d  d i s p o s i -  
t i o n  occur r ing  fo l lowing  i v  and s u b l i n g u a l  exposures  t h a n  a f t e r  o r a l  o r  
dermal  exposures .  Metabolism of t h e  compound appears  t o  occur  i n  b o t h  
h e p a t i c  and e x t r a h e p a t i c  t i s s u e s .  Metabolism is v i a  s t epwise  d e n i t r i f i -  
c a t i o n  w i t h  no p r e f e r e n c e  f o r  t h e  pr imary  ox  secondary n i t r a t e  group.  
N i t r o g l y c e r i n  i s  e l i m i n a t e d  p r i m a r i l y  i n  t h e  u r i n e  and e x p i r e d  a i r .  

Labora tory  animal d a t a  on t h e  a c u t e  t o x i c i t y  of n i t r o g l y c e x i n  ind i -  
c a t e  t h a t  i t  i s  modera te ly  t o x i c .  The t o x i c i t y  of n i t r o g l y c e r i n  depends 
upon t h e  r o u t e  of a d m i n i s t r a t i o n  and i s  most t o x i c  when g i v e n  i v  and 
l e a s t  t a x i c  when g i v e n  o r a l l y .  L i t t l e  ar no sex  and s p e c i e s  d i f f e r e n c e s  
have been observed  i n  t h e  a c u t e  t o x i c i t y  of t h i s  compound. V a s o d i l a t i o n  
and headaches have been  observed i n  humans a f t e r  s u b l i n g u a l  admin i s t r a -  
t i o n .  

Short- term exposures  (one  month) of l a b o r a t o r y  an imals  t o  n i t r o g l y -  
c e r i n  (2 .5  mg/kg/day) have been found t o  cause  s l i g h t  t r a n s i e n t  t o x i c  
e f f e s t s  such a s  t o n i c  convu l s ions  o r  t remofs .  Subchronic  exposure  (13 
weeks) t o  h igh  c o n c e n t r a t i o n s  of n i t r o g l y c e r i n  h a s  been found t o  reduce  
weight  g a i n  i n  rats (230 mg/kg/day) ,  i n c r e a s e  e r y t h r o c y t e s ,  r e t i c a l o -  
c y t e s ,  h e m a t o c r i t ,  hemoglobin,  and a l k a l i n e  phosphatase ,  and d e c r e a s e  
f a s t i n g  blood g lucose  (1406 mg/kg/day) .  

L ike  subchronic  expasu re ,  c h r o n i c  exposure  ob l a b o r a t o r y  animals  t o  
n i t r o g l y c e r i n  has  been  a s s o c i a t e d  w i t h  hemato log ica l  changes and reduced 
weight  i n c r e a s e s .  Methemoglobinemia and. r e t i c u l o c y t o s i s  have been 
observed i n  mica and r a t s ,  i n c r e a s e s  i n  e r y t h r o c y t e  c o u n t s ,  h e m a t o c r i t ,  
and hemoglobin c o n c e n t r a t i o n s  have  been observed  i n  mice,  and conpensa- 
t e d  anemia has  been observed i n  r a t s  a f t e r  one t o  two y e a r s  of d i e t a r y  
exposure t o  1 .0  p e r c e n t  n i t r o g l y c e r i n  ( a b o u t  1022 mg/kg/day f o r  mice a r d  
363 mg/kg/day in  r a t s ) .  Changes i n  t h e  l i v e r  have a l s o  been  observed i n  
mice and r a t s  a t  h i g h  c o n c e n t r a t i o n s  i n c l u d i n g  i n t r a c e l l u l a d  g r a n u l a t i o n  
i n  mice and en la rged  l i v e r s ,  cho lang i s f  i b r o s i s ,  p r o l i f e r a t i o n  of t h e  
b i l e  d u c t s ,  and f i b r o u s  t i s s u e  i n  t h e  l i v e r  of r a t s .  Long-term employ- 
ment of hamans i n  i n d u s t r i e s  producing n i t r o g l y c e r i n  or u s i n g  n i t r o g l y -  
c e r i n  i n  t h e  p r o d u c t i o n  of e x p l o s i v e s  has been f r e q u e n t l y  a s s o c i a t e d  
w i t h  headaches,  f a t i g u e ,  and nausea .  There i s  some evidence  t h a t  long- 
term exposure t o  n i t r o g l y c e r i n  and/or  n i  t r o g l y c o l  i n  t h e  e x p l o s i v e s  
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industry may cause an increase in death due to cardiovascular disease 
and also may be the cause of some isolated cases of sudden death. 

In vivo penotoxicity studies have failed to demonstrate that nitro- 
glycerin is a genotoxin. Nitroglycerin is reportedly weakly mutagenic 
under the conditions of the Ames assay. Of the metabolites of nitrogly- 
cetin studied for mutagenicity with the hues assay,  1,2-dinitrogIycerin 
has shown significaot mutagenic effects, 2-nononitroglycerin has shown 
weak mutagenic effects, and l,3-dinitroglycerin and 1-mononitroglycerin 
have shown no matagenis effects. Developmental toxicity and repsodnc- 
tive effects stadies with laboratory animals have failed to demonstsate 
that nitroglyoerin is a teratogen, but have shown that exposures to high 
concentrations (360 rng/kg/day) may cause infextility in male rats, and 
delayed development, as judged by incomplete ossification of the hyoid 
bone, in rats exposed prenatally. 

A high incidence of hepatocellular carcinomas (52 percent) and 
interstitial cell tumors of the testes ( 5 2  percent) has been observed in 
rats exposed to 1.0 percent ( 3 6 3  mg/kg/day) nitroglycerin f a r  two years. 
A -  increased incidence of hepatocellular carcinomas (13 percent) has 
also been observed in rats given 0.1 percent nitroglycerin (31.5 
rng/kg/day) for two years. An increase in pitaitaq tumors (14 percent) 
has been observed in female mice erposed for one year to 58.1 mg/kg/day. 
Long-term exposure of humans employed in the explosives industry has not 
been associated with an increased incidence of cancer. 

5 .  O FORMoLATION 

5.1 EXISTING GUIDELINES AND STANDARDS 

The current Occupational Safety and Bealth Administration standard 
f o r  occupational exposure (TWA) to nitroglycerin is 2 rng/m3 (skin) (0.2 
ppm), which is a ceiling limit (USOSHA 1983). The National Institute 
for Oocnpational Safety and Health recommended an occupational exposure 
limit of 0.1 mg/m3 (0.01 gpm) measured as a ceiling concentration during 
any 20-minute sampling per iod  ( N I O S H  1978). The American Conference of 
Governmental Industrial Hygenists recommended a threshold limit value 
(TLV) of 0.5  mg/m3 ( 0 . 0 5  ppm) and a short-term exposure limit value 
(STEL) of 1.0 mg/m3 (0.1 ppm) for skin (ACGIH 1981). An IDLR (concen- 
tration immediately dangerous to life or health) of 80 ppm (750 ms/m3) 
was given by the International Labour Office (1983). 

5.2 OCCUPATIONAL EXPOSURE 

Occupational exposure to nitroglycerin has been documented for a 
number of years. Some of the early reports were of employees in t h e  
explosives industry who handled nitroglycerin (L. 9pr. W. -* 8 9 8 ;  
Laws 1910). The employees frequently complained of severe headaches, 
nausea, and weakness. Headaches have been reported to occar in the 
explosives industry when air concentrations of nitroglycerin were 0 . 5  
m g / d  Long-term employment in the explosives indnstry, in which 
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exposures  t o  n i t r o g l y c e r i n  and /o r  n i t r o g l y c o l  have occur red ,  has  been 
a s s o c i a t e d  w i t h  c h e s t  p a i n s ,  nonatheromatous ischemic h e a r t  d i s e a s e ,  and 
sudden d e a t h  two or t h s e e  days a f t e r  t e r m i n a t i n g  exposure (Carmichael  
and Lieben  1963;  Bogs ted t  and Axelson 1977;  Hogstedt  and Andersson 1979; 
Lange e t  a l .  1972;  Lund e t  a l .  1968) .  Bogs ted t  and Andessson (1979)  
examined t h e  i n c i d e n c e  of d e a t h s  o c c u r r i n g  i n  employees of a dynamite  
p l a n t  i n  Sweden from 1951  through 1977. They observed a s l i g h t l y  h i g h e r  
t han  expected i n c i d e n c e  of d e a t h s  ove r  t h e  n a t i o n a l  average ,  p a r t i c u -  
l a r l y  from c a r d i o v a s c u l a r  d i s e a s e s .  From 1965 through 1977 t h e  
i n c i d e n c e  of d e a t h  due  t o  C a r d i o v a s c u l a r  d i s e a s e  was s i g n i f i c a n t l y  
h i g h e r  ( P  < 0.05) f o r  men w i t h  a t  l e a s t  one y e a r  of exposure  t o  dynamite  
than  fox  t h e  n a t i o n a l  average.  They i n d i c a t e d  t h a t  exposures  i n  t h i s  
p l a n t  were due p r i m a r i l y  t o  n i t r o g l y c e r i n  and n i t r o g l y c o l .  Hogstedt  and 
Davidsson (1980)  performed an  in-depth a n a l y s i s  of some shor t - te rm a i r  
samples t h a t  had been  t a k e n  from 1958  through 1978 i n  two dynamite  
p l a n t s  i n  Sweden. They e s t i m a t e d  t h a t  t h e  8-hr time-weighted average  
c o n c e n t r a t i o n s  f o r  n i t r a t e  e s t e r s  during t h i s  t ime p e r i o d  ranged from 
0 .z t o  1.1 m g / m 3 .  

Mare r e c e n t l y ,  Reeve e t  a l e  (1983)  condncted an ep idemio log ica l  
s tudy  O R  n i t r o g l y c e r i n  exposed employees of B mani t ions  p l a n t  i n  V i r -  
g i n i a .  Eased on r e c o r d s  ob ta ined  on  5,668 w h i t e  male employees t h a t  Bad 
worked a t  t h e  p l a n t  a t  some t ime between 1949  and 1977, and compared 
w i t h  t h e  g e n e r a l  p o p u l a t i o n  of t h e  Uni ted  S t a t e s ,  they  found no s i g n i f i -  
c a n t  i n c r e a s e  i n  d e a t h s  due t o  d i s e a s e s  of t h e  nexvous,  c a r d i o v a s c a l a s ,  
r e s p i r a t o r y ,  06 d i g e s t i v e  systems.  When they  broke  t h e  d a t a  down i n t o  
age groups of ten-year  i n t e r v a l s ,  a s i g n i f i c a n t  (P < 0.05) i n c r e a s e  i n  
t h e  inc idence  of d e a t h s  due t o  ischemic h e a r t  d i s e a s e  was found t  t hus  
sugges t ing  an  a s s o c i a t i o n  between n i t r o g l y c e r i n  exposure and ca rd iavas -  
c n l a r  d i s e a s e .  A d d i t i o n a l  s t u d i e s  a r e  be ing  conducted by Stayne r  e t  a l .  
(1985) on t h e  h e a l t h  e f f e c t s  of exposure  t o  n i t r o g l y c e r i n  and a t h e r  
n i t r a t e d  compounds a t  t h i s  muni t ions  p l a n t .  

5.3 PREVIOUSLY CALCULATEB CRITERIA 

Bent ley  e t  a l .  (1978)  conducted an e x t e n s i v e  s tudy  on b o t h  t h e  
a c u t e  and long-term t o x i c i t y  of n i t r o g l y c e r i n  t o  a wide v a r i e t y  of 
f r e s h w a t e r  organisms.  From a n  a p p l i c a t i o n  f a c t o r  c a l c n l a t e d  from 
chron ic  t o  a c u t e  t o x i c i t y  r a t i o s  and t h e  lowes t  a c u t e  t o x i c i t y  v a l u e  
from t h e i r  s t u d y #  t h e y  c a l c u l a t e d  a w a t e r  q u a l i t y  c r i t e r i o n  of 0 .01  mg/L 
f o r  a q u a t i c  organisms.  S u l l i v a n  e t  a l .  (1979)  used  t h e  d a t a  from t h e  
s tudy  by S e n t l e y  e t  a l .  (1978)  and c a l c u l a t e d  a w a t e r  q u a l i t y  c r i t e r i o n  
f o r  a q u a t i c  organisms of 0.0072 mg/L, based  on t h e  p rocedure  proposed by 
t h e  Environmental  P r o t e c t i o n  Agency (USEPA) i n  1978 (USEPA 1978,  a s  
r e p o r t e d  i n  S u l l i v a n  e t  al. 1979) .  

E l l i s  e t  a l .  (197th) conducted a chson ic  t o x i c i t y  s tudy  of n i t r o -  
g l y c e r i n  w i t h  mice,  r a t s ,  and dogs and found t h e  compound t o  b e  
oncogenic t o  r a t s  a t  a 1 p e r c e n t  c o n c e n t r a t i o n .  Based OR t h e  procedure  
recommended by t h e  EPA (USEPA 1979a,  a s  r e p o r t e d  i n  E l l i s  e t  a l .  1978a)  
and t h e  r e s u l t s  -8f t h a ' r  s t u d y ,  Ellis e t  a l e  c a l c u l a t e d  human h e a l t h  
c r i t e r i a  for 1 0  
2 8 . 9 ,  2.8,  and 0.29 p g / L ,  r e s p e c t i v e l y .  Using an updated  v e r s i o n  of 

, lo-', and a d d i t i o n a l  l i f e t i m e  cance r  r i s k s  of 
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USEPA guidelines (USEPA 1979b, as reported by J. Barkley, pers. comm. 
1982) and the data of Ellis et a1 (197 a > ,  Dacre (1980) recalculated 
the human health criteria for IO-’, lo-‘, and lo” additional lifetime 
cancer risks and obtained estimates of 22.8,  2 . 2 8 ,  and 0.23 pg/L, 
respectively. 

5.4 AQUATIC CRITERIA 

A snmmary of the USEPA’s proposed methodology for the estimation of 
water quality criteria suitable for the protection of aquatic life and 
its uses  is presented in Appendix A .  The proposed criterion consists of 
two values, a Criterion Maximum Concentration (CMC) and a Criterion Con- 
tinuous Concentration (CCC) (Stephan et al. 1985). The CMC is equal t o  
one-half the Final Acnte Value, while the CCC is equal to the lowest of 
the Final Chronic Value, the Final Plant Value, or the Final Residue 
Valne. 

Sufficient data were not available to calculate an aquatic cri- 
terion on nitroglycerin based on the USEPA guidelines (Stephen et al. 
1985); e.g., only six of the required eight families needed in calcula-  
ting a Final Acute Value were available, and nominal csncentrations of 
nitroglycerin were used in acute flow-through and chronic toxicity tests 
instead of measured concentrations which ase required for calculating a 
Final  Chronic Value. However, because some of the data generated by 
these tests are uniform in their assessment of the degree of toxicity of 
nitroglycerin, a tentative Final Acute Value was calculated usingathe 
USEPA Guide1 ines. 

A summary of the steps used in calculating the Final Acute Value is 
presented in Table 16. As previously stated, only sir of the required 
eight families necessary to calculate a Final Acute Value were availa- 
ble; a family from a phyltam other than Arthropoda aad Chordata and a 
family in any order of insect or phylum n o t  already represented were not  
available. However, acnte toxicity data were available for eight fami- 
lies of aquatic test animals (see Table 3 in Section 3-11, therefore, 
the value €or N (number of genera used t o  calcolate a Final Acute Value) 
was taken io equal eight. G Final Acute Value of 1.7258 mg/L is estima- 
ted. It is reemphasized that this value i s  tentative because acnte tox- 
icity data did not meet all requirements of the USEPA Guidelines 
(Stephan e t  al. 198s). 

The Final Chronic Value may be calculated either in the same manner 
as  the Final Acute Value or by dividing the Final Acute Value by the 
Final Acute-Chronic ratio. In either case, calculation of a Final 
Chronic Value requires toxicity values from acute and chronic flow- 
through tests using measured concentrations for three species of organ- 
isms; in the case of chronic tests, if results are not available for 
flow-through t e s t s  for daphnids, results from renewal tests are accepta- 
ble. Results of life cycle O X  partial life cycle tests are preferred, 
bat early life stage tests may be used if results of the former tests 
are no t  available. Results of both acute and chronic toxicity tests 
were available f o r  four species; however, a Final Chroaic Value was not 
calculated for the following reasons: (1) Concentrations of nitro- 
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TABLE 16. CALCULATIONS FOR FINAL ACUTE VALUE (FAV) OF NITROGLYCERINa 

Rank (R) GMAVb log GMAV' (log CTMAV)~ P = R/(N+ l)d,e 0 

4 2.9 189 0.4652 0.2 164 0.4444 0.6667 

3 2.8000 0.4472 0.2000 0.3333 0.5774 

2 2.4462 0.3885 0.1509 0.2222 0.47 14 

1 1.9423 0.2883 0.083 1 0.1111 0.3333 

Sum: 1.5892 0.6504 1.1111 2.0488 

a. Based on calculation methods diseussed in Stepban et al. (1985). 

S2 = 2((log GMAV)2) - ((Z(1og GMAV))2/4) 

L = (Z(1Og GMAV) - S(Z(JP)))/4 

A =- S(J-O,OS) -t- L 

FAV = eA 

L ~(1.5892 - (0.5551)(2.0488))/4 == 0.1129 

A = (0.5551)(J-0.05) i- (0.1129) = 0.2370 

FAV = = 1.7258 

b. GMAV = genus mean acute value in mg/L. 

c. log GMAV = log to the base 10 of GMAV. 

d. N = 8. 

e. P - probability for each GMAV; R = rank of four highest GMAVs from lowest ta highest. 
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glycerin used in all tests were nominal, and current guidelines (Stephan 
et al. 1985) specify that concentrations should be measured; ( 2 )  Prob- 
lems were encountered with nitroglycerin coming out of solution and for- 
ming globules in the early life stage test for the fish Jdctalaras .JLIUUZ 

tatns; 3 )  Flow-through tests are reqnired for all organisms with the 
exception of those nsing -; a renewal test procedure w a s  used in 
the chronic toxicity test for  G&xmaux t.entans; and 14) For m, 
current procedures for chronic toxicity tests (USEPA 1985) state that if 
"each control daphnid living 21 days produces an average of less than 60 
young," then the test is unacceptable; data in Table 8 clearly indicate 
that young production of controls i s  extremely low and thus nnaccepta- 
ble. 

A Final Plant Value mag be obtained from the lowest reported result 
of a toxicity test on an important aquatic species; the concentration of 
the test material should be measured, and the and point should be biolo- 
gically important (Stephan et al. 1985). Based on a decrease in cell 
numbers, a 96-hr ECSO of 0 . 4  mg/L has been estimated for the green alga - caDrLS;grnntwll (Bentley et al. 1978); however, this value was 
based on nominal concentrations of nitroglycerin and the guidelines 
state that concentrations should be measured. Also,  this value is a 50 
percent effective concentration, and, if the assumption is made that a 
biologically important end point is that end paint at which o n l y  5 per- 
cent or even 19 percent of the population is affected, the EC50 could 
greatly exceed a biologically important end point. Sullivan et al. 
(1979) reanalyzed the data of Bentley et al. and calculated lowest sig- 
nificant response concentrations (level of significance not given) of 
0.1 mg/L and 1.0 mg/L based on changes in chlozophylla concentration 
and cell nmbers. respectively, for a. m r u t t n p l  . Because plant 
data were based on nominal concentrations and the validity of the sta- 
tistical and experimental procedures is questionable. a Final Plant 
Value cannot be obtained for nitroglycerin. 

A Final Residue Value is obtained by dividing maximum permissible 
tissne concentrations by appropriate bioconcentration factors (Stephan 
et al. 1985). A maximum permissible tissue concentration is either an 
FDA action level or a maximum acceptable dietary intake obtained from a 
chronic wildlife feeding study or a long-term wildlife field study. 
Bioconcentration factors were available for four fish, and ranged from 
8X to 15X; however, it was n o t  clear from the study if tissue concentra- 
tions had attained steady state. No maximum permissible tissue concen- 
tration was available; thus no Final Residue Value can be calculated for 
nitroglycerin. 

As stated previously, the final aquatic criterion consists of two 
concentrations: a Criterion Maximtun Concentration and a Criterion Con- 
tinoas Concentration (Stephan et al. 1985). A Criterion Caximum Concen- 
tration of 0 . 8 6  ng/L may be calculated from available data, however, 
this value is considered tentative because acute toxicity data did not 
meet all requirements of the USEPA guidelines. Final chronic, plant, 
and residue values could not be determined for nitroglycerin; thns the 
minimum data base required by the USEPA in calculating a Criterion Coa- 
tinous Concentration was not available. 
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5 . 5  BUlfAN HEALTH CRITERIA 

Based on t h e  r e s u l t s  of a s tndy  conducted by E l l i s  e t  a l .  (1978a, 
19841, n i t r o g l y c e r i n  i s  suspec ted  of be ing  a human ca rc inogen .  I n  t h i s  
s t u d y ,  14/21 male and 16/25 female  CD r a t s  had h e p a t o c e l l u l a r  carcinomas or 
h e p a t i c  n e o p l a s t i c  nodules  a f t e r  two y e a r s  of o r a l  exposure  t o  n i t r o g l y -  
c e r i n  a t  c a l c u l a t e d  dose  l e v e l s  of 363 and 434 mg/kg/day, r e s p e c t i v e l y .  
These a r e  c u r r e n t l y  no s u i t a b l e  methods t o  de t e rmine  a t h r e s h o l d  f o r  c a r c i -  
nogenic  e f f e c t s  (USEPA 1980) ;  t h e r e f o r e ,  t h e  recommended c o n c e n t r a t i o n  for 
maximum p r o t e c t i o n  of human h e a l t h  i s  z e r o .  Eowever, because a t t a i n m e n t  of 
t h i s  c o n c e n t r a t i o n  i n  some c a s e s  may n o t  be f e a s i b l e ,  USEPA (1980) has  
p r e s e n t e d  a range  of c o n c e n t r a t i o n s  cor responding  t o  inc remen ta l  cance r  
z i s k s  of t o  loe5. For  example, a r i s k  of i n d i c a t e s  t h a t  one 
a d d i t i o n a l  c a s e  of cance r  may occur  f o r  every  100,000 people  exposed. The 
U S P A  (1980) has  adopted t h e  model of Cramp (1980, as r e p o r t e d  i n  USEPA 
1980), GLOBAL 1 9 ,  t o  e s t i m a t e  t h e  wa te r  c o n c e n t r a t i o n  t h a t  would cause  a 
l i f e t i m e  caxc inagen ic  r i s k  of 10-5; t h i s  model i s  B l i n e a r i z e d ,  m u l t i s t a g e d  
model .  The water: c o n c e n t r a t i o n  of n i t r o g l y c e r i n  whish i s  es t ima ted  t o  
cflase a l i f e t i m e  c a r c i n o g e n i c  r i s k  a t  lQ4, 10-6, and 18-7 has been cafcu-  
ls t ted w i t h  t h e  GLOBAL 7 9  model using t h e  GLOBAL 82 program of Eowe and 
Csnmp (1982). A summaxy of t h e  p e r t i n e n t  d a t a  and formulae  used i n  ca l cu -  
l a t i n g  r i s k  f o r  n i t r o g l y c e r i n  i s  p r e s e n t e d  i n  Tab le  1 7 .  The cor responding  
recommended c r i t e r i a  f o r  n i t r o g l y c e r i n  a r e  14.0, 1.40, and 0.14 p g / L .  If 
' the above e s t i m a t e s  a r e  made f o r  consumption of a q u a t i c  organisms o n l y ,  
exc luding  consumption of w a t e r ,  t h e  l e v e l s  a r e  231, 23.1, and 2.31 p g / L ,  
r e s p e c t i v e l y .  Based on t h e  e s t ima ted  F i n a l  Acute Value f o r  a q u a t i c  l i f e  
(1.1258 mg/L)  , main ta i aance  of c o n c e n t r a t i o n s  a t  t h e  l e v e l s  recommended fox 
t h e  human h e a l t h  c x i t e r i a  would more than  adequa te ly  p r o t e c t  a q u a t i c  l i f e .  

5.6 RESEARCH RECOMMENDATIONS 

As has been p o i n t e d  o u t ,  n o t  enough d a t a  were a v a i l a b l e  t o  c a l c u l a t e  
a q u a t i c  c r i t e r i a  f o r  n i t r o g l y c e r i n .  The f o l l o w i n g  r e s e a r c h  recommendations 
a r e  g iven  so t h a t  s u f f i c i e n t  d a t a  w i l l  be a v a i l a b l e  t o  meet t h e  USEPA 
Guide l ine  requi rements  (USEPA 1980; Stephaa  e t  a l .  1985) f o r  g e n e r a t i n g  
wa te r  q u a l i t y  c r i t e r i a .  

1. Acute t o x i c i t y  t e s t s  a r e  needed f o r  a genus f r o m  a phylum o t h e r  t han  
Arthropoda and Charda ta  ( e .g . ,  Annel ida ,  Mollusca,  R o t i f e r a )  and f o r  a 
genus i n  any o r d e r  of i n s e c t  o r  phylum n o t  a l r e a d y  r e p r e s e n t e d .  

2 .  Chronic f low-through t e s t s  u s ing  measured c o n c e n t r a t i o n s  a r e  needed f o r  
t h r e e  d i f f e r e n t  a q u a t i c  genera  where a t  l e a s t  one i s  a f i s h ,  one i s  an  
i n v e r t e b r a t e ,  and one 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. Acute flow-thxough t e s t s  u s ing  measured c o n c e n t r a t i o n s  a r e  needed f o x  
s p e c i e s  of organisms for which a c c e p t a b l e  c h r o n i c  t o x i c i t y  t e s t s  have been  
pebf ormed . 
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4. A toxicity test o n  an important aquatic plant species is needed in 
which measured ConcentratiQnS were used and t h e  end point is biologically 
important. 

5. A maximum permissible tissue concentration and a definitive steady- 
state or 28-day bioaccnmulation study for nitroglycerin are needed. 
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TABLE 1 7 .  SUtWRY OF PERTINENT DATA FOR CALCULATING TBE 
LIFETIME C A R C I N O G E N I C  RISK OF NITRmLYCERINa 

Dose t o  male r a t s  B e p a t o c e l l u l a r  carcinomas 
(mg/kg/day)  (No.  r esponding/  no. t e s t e d  1 

0 .o 11 2 4  

3.04 01 28 

31.5 41 26 

363 .O 141 21 

a .  In o r d e r  t o  p r e s e n t  a c o n s e r v a t i v e  e s t i m a t e  of ca rc inogen ic  x i s k ,  
t h e  w a t s r  q u a l i t y  c r i t e r i o n  for n i t r o g l y c e r i n  i s  based on t h e  indac-  
tion of h e p a t o c s l l n l a r  carcinomas i n  male r a t h e r  t han  female  r a t s  
( E l f i s  e t  a l .  1978a ,  1984) .  

l o g  BCF = ( 0 . 8 5  l o g  P) - 0.70 

7n i n  - 5  
c =  A q1*(Bl(2 + 0.0065 BCF) 

-5  - 
' 0  - 91*(B;;O:0i:5 BCF) 

Wh8ZQ: 

BCF = Bioconcen t r a t ion  f a c t o r  = 19.8381 L/kg 

2 = hnman w a t e r  consumption,  Llday 

0.0065 = human f i s h  consumption,  k:g/day 

Log P = 2.35  

9% upper  confidence.  i n t e r v a l  = 1.50499 x 

%E = Maximum l i k e l i h o o d  e s t i m a t e  = 3.211326 x l Q - 3  mg/kg/day 

q2*(A) = Carc inogenic  potency  f a c t o r  f o r  unimals  = 4 . 6 8 6 5  x IOe3 (mg/kg/day 

Q1*(El = Carc inogenic  potency f a c t o r  f o r  humans = 2.34812 I loe2 (mg/kg/day 

W B  = Average weight  of humans = 70 kg 

WA = Average weight  of exper imenta l  animals  = 53Q gm 

l e  = Dare t ion  of exposure = 730 days 

L -. Li fospan  of t e s t  animal = 730 days 

-1 

-1 

CA =1 Concen t ra t i an  of n i t r o g l y c e r i n  i n  w n t B r ,  c a l c u l a t e d  t o  keep t h e  l i f e t i m e  

CO = Concen t ra t ion  in organisms o n l y ,  c a l c n l a t e d  t o  keep  the l i f e t i m e  

c a m e =  risk below = 14.0 p g / L  

cance r  r i s k  below = 231 p g / L  
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7. GLOSSARY 

AAla 
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AD1 

ccc 

CHO 

CMC 

EC50 

F AV 

FCV 

PEL 

FPV 

FRV 

G U Y  

G I  

HPLC 

Lc50 

LD50 

LOAEL 

NQAEL 

NOEL 

P m  

S U V  

Army Ammunition P l a n t  

American Conference of Governmental 
I n d u s t r i a l  H y g i e n i s t s  

Accept ab1 e da i l y  i n t a k e  

Bioaccnmnla t ion  f a c t o r  

C r i t e r i o n  con t inuous  c o n c e n t r a t i o n  

Chines e hamster  ov axy 

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

E f f e c t i v e  c o n c e n t r a t i o n  c a a s i n g  90 p e r c e n t  d e a t h  
(based  on i m o b i l i a a t i o a )  

F i n a l  a c u t e  v a l n e  

F i n a l  c h s a n i c  value 

Frank e f f e c t  l e v e l  

F i n a l  p l a n t  v a l u e  

F i n a l  r e s i d u e  v a l n e  

Genus mean a c u t e  v a l n s  

G a s t r o i n t e s t i n a l  

H i g h  p r e s s u r e  l i q u i d  chromatography 

L e t h a l  c o n c e n t r a t i o n  cans ing  50 p e r c e n t  d e a t h  

L e t h a l  dose  caus ing  50 p e r c e n t  d e a t h  

Lowest observed adve r se  e f f e c t  l e v e l  

No observed adve r se  e f f e c t  l e v e l  

No observed e f f e c t  l e v e l  

P a r t s  p e r  m i l l i o n  

S p e c i e s  mean acn fe  v a l u e  
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SICV 

STET,, 

ZLV 

USMlBRDL 

USEPA 

Species mean chronic valne 

Short-term exposure limit 

Threshold 1 imi t value 

U.S. Army Medical Bioengineering Research 
and D eve 1 o pmen t Lab o r a t o r y  

U . S .  Environmental Protection Agency 
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APPENDIX A: 
SUMMARY OF USEPA AWHODOLOGY FOR DERIVING NUMERICAL WATER QUALITY 

CRITERIA FOR TIfE PROTECTION 3 AQUATIC ORGANISbS AM) THEIR USES 

The following smmasy i s  a condensed version of t h e  1985 final US 
Environmental P r o t e c t  ion Agency (fJsFSA) goidslines for calculating a 
rater quality criteria t o  protect aquatic l i f e  and i s  slanted t o r a r d s  
the specific regulatory needs of the US Army (e .g. ,  discassion of 
saltwater aspects of the  cr i ter ia  calonlation axe not included). The 
gaidelinss a r t  the most recent document outlining t h e  required pro- 
cedures and were written by the following researchers from t h e  USFPA's 
regional research laboratories: C.E. Stephan, D.I. Moant, D.J. HBnscn, 
SOH. Gentile, G,A. CSapaan, and W.A. Brangs .  For greater detail  on 
individual p o i n t s  consalt Stephaa  et  a l .  (1985) .  

1. INTRODUCTION 

The Guide l ines  for Deriving Numerical Na t iona l  Water Q u a l i t y  C r i -  
--- t e r i a  f o r  t h e  P t o t e c t i o n  of Aanat ic  Qrnanisms and T h e i r  Uses d e s c r i b e  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 ,  aod a p p r o p r i a t e  way of e s t i m a t i n g  
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 
o c c a s i o n a 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  a l l  of t h e  t ime  
was not  deemed necessa ry .  I f  a c c e p t a b l e  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  
n m b e r  of a p p r o p r i a t e - t a x a  from a v a r i e t y  of taxonomic and f u n c t i o n a l  
groups,  a r e a s o n a b l e  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 smal l  f r a c t i o n  a r e  p r o t e c t e d ,  u n l e s s  a commercial ly ,  
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 ve ry  s e n s i t i v e .  T h e  
sma l l  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 i g h  or  t o o  low in comparison w i t h  t h e  s e t s  of 
d a t a  from which they  were c a l c u l a t e d .  Use of 0.05 t o  c a l c u l a t e  a F i n a l  
Acute Value does n o t  imply t h a t  t h i s  pe rcen tage  of adve r se ly  a f f e c t e d  
t a x a  should be used t o  dec ide  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  a p p r o p r i a t e .  

To be a c c e p t a b l e  t o  t h e  p u b l i c  and u s e f u l  in f i e l d  s i t u a t i o n s ,  pro- 
t e c t i o n  of a q u a t i c  organisms and t h e i r  u s e s  should  be d e f i n e d  a s  preven- 
t i o n  of Unacceptable  long-term and short- term e f f e c t s  o n  (1) commerci- 
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  s p e c i e s  and ( 2 )  ( a )  f i s h  
and b e n t h i c  i n v e r t e b r a t e  assemblages i n  r i v e r s  and s t r eams  and (b) f i s h ,  
b e n t h i c  i n v e r t e b r a t e ,  and zooplankton  assemblages in l a k e s ,  r e s e r v o i r s ,  
e s f n a r i e s ,  and oceans.  These n a t i o n a l  g u i d e l i n e s  have  been  developed on 
t h e  t h e o r y  t h a t  e f f e c t s  which occur  on a s p e c i e s  i n  a p p r o p r 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 on s . 

Numerical a q u a t i c  l i f e  c r i t e r i a  d e r i v e d  us ing  t h e s e  n a t i o n a l  
g u i d e l i n e s  a r e  expres sed  a s  two numbers, so t h a t  t h e  c r i t e r i a  can more 
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 .  The combina- 
t i o n  of a maximum c o n c e n t r a t i o n  and a cont inuous  c o n c e n t r a t i o n  i s  des ig-  
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  u s e s  from 
a c u t e  and ch ron ic  t o x i c i t y  t o  animals ,  t o x i c i t y  t o  p l a n t s ,  and 
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bioaccumula t ion  by a q u a t i c  organisms w i t h o u t  be ing  a s  r e s t r i c t i v e  a s  a 
one-number c r i t e r i o n  would have  t o  be i n  o r d e r  t o  p rov ide  t h e  same 
degree  of p r o t e c t  ion .  

C r i t e r i a  produced by t h e s e  g u i d e l i n e s  should  be u s e f u l  f o r  develo-  
p i n g  w a t e r  q u a l i t y  s t a n d a r d s ,  mixing zone s t a n d a r d s ,  and e f f l u e n t  s tan-  
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  
f a c t o r s  such a s  s o c i a l ,  l e g a l ,  economic, 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 .  
It may be 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  c r i t e r i a  from t h e s e  n a t i o n a 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 1982). The two f a c t o r s  t h a t  
may cause  t h e  most d i f f e r e n c e  between t h e  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 c i e s - t h a t  w i l l  be  exposed and t h e  c h a r a c t e r i s t i c s  of 
t h e  water .  

C r i t e r i a  should  p rov ide  r e a s o n a b l e  and adequa te  p r o t e c t i o n  wi th  
only a smal l  p o 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  o r  underpro tec-  
t i o n ,  It i s  not enough t h a t  a c r i t e r i o n  be t h e  b e s t  e s t i m a t e  o b t a i n a b l e  
us ing  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  o n l y  i f  adequa te  a p p r o p r i a t e  d a t a  a r e  a v a i l a b l e  t o  p rov ide  
r e a s o n a b l e  conf idence  t h a t  i t  i s  a good e s t i m a t e .  Thus,  t h e s e  guide l -  
i n e s  r e q u i r e  t h a t  c e r t a i n  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 
de r ived .  I f  a l l  t h e  r e q u i r e d  d a t a  a r e  not  a v a i l a b l e ,  u s u a l l y  a c r i -  
t e r i o n  should  no t  be de r ived ;  however, 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  e n s u r e  t h a t  a c r i t e r i o n  can  be d e r i v e d .  The amount 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 ign ' i f ica .nt ;  b a t  much of it i s  neces- 
sarily 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 ;  much judgement 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  c r i t e r i o n  f o r  a q u a t i c  l i f e .  All 
necessa ry  d e c i s i o n s  should  be based  on a thorough knowledge of a q u a t i c  
t o x i c o l o g y  and a n  unde r s t and ing  of t h e s e  g u i d e l i n e s  and should  be con- 
s i s t e n t  wi th  t h e  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  make b e s 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  most a p p r o p r i a t e  c r i t e r i o n .  

2 .  DEFINITION 2 MATERIAL CONCERN 

1. Each s e p a r a t e  chemical  t h a t  does  no t  i o n i z e  s i g n i f i c a n t l y  i n  
most n a t u r a l  b o d i e s  of w a t e r  should  be cons ide red  a s e p a r a t e  
m a t e r i a l ,  except  p o s s i b l y  f o r  s t r u c t u r a l l y  s i m i l a r  o rgan ic  
compounds t h a t  o n l y  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 
mix tu res  of t h e  v a r i o u s  compounds and a p p a r e n t l y  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  p r o p e r t i e s .  

2.  For  chemica ls  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  chemical  e q u i l i b r i u m  should  u s u a l l y  be cons ide red  
one m a t e r i a l .  Each d i f f e r e n t  o x i d a t i o n  s t a t e  of a meta l  and 
each d i f f e r e n t  nonioniz  ab1 e cova len t1  y bonded o r g a n o n e t a l l  i c  
compound should  u s u a l l y  be cons ide red  a s e p a r a 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  m a t e r i a l  should  inelande a n  o p e r a t i o n a l  
a n a l y t i c a l  component. It i s  a l s o  necessa ry  t o  r e f e r e n c e  or 
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d e s c r i b e  a n a l y t i c a l  methods t h a t  t h e  term i s  in t ended  t o  
denote .  Primary r equ i r emen t s  of t h e  o p e r a t i o n a l  a n a l y t i c a l  
component i s  t h a t  i t  be a p p r o p r i a t e  f o r  use on samples of 
r e c e i v i n g  w a t e r ,  t h a t  i t  be compat ib le  w i t h  t o x i c i t y  and 
b ioaccnmala t ion  d a t a  w i t h o u t  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  underpro tec-  
t i o n  of a q u a t i c  l i f e  and i t s  uses .  

- NOTE: A n a l y t i c a l  chemis t ry  of t h e  m a t e r i a l  may have  t o  be 
c o n s i d e r e d  when d e f i n i n g  t h e  m a t e r i a l  o r  when judg ing  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 n 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  a s a n  a n a l y t i c a l  t e c h n i q u e s ,  
t h e  p rope r  s o l u t i o n  i s  t o  deve lop  b e t t e r  a n a l y t i c a l  methods, 
not t o  u n d e r p r o t e c t  a q u a t i c  l i f e .  

3 .  COLLECTION X)ATA 

1. C o l l e c t  a l l  a v a i l a b l e  d a t a  on t h e  m a t e r i a l  conce rn ing  ( a )  
t o x i c i t y  t o ,  and b ioaccmnola t ion  by, a q u a t i c  an ima l s  and 
p l a n t s ;  (b) FDA a c t i o n  l e v e l s  (=A G n i d e l i n e s  Manual); and 
( c )  c h r o n i c  f e e d i n g  s t o d i e s  and long-term f i e l d  s t u d i e s  w i t h  
wi ld1  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, d a t e d  and s igned  
hardcopy with enough s n p p o r t i n g  i n f o r m a t i o n  t o  i n d i c a t e  t h a t  
a c c e p t a b l e  t e s t  p rocedures  were used and t h e  r e s d t s  should  
be r e l i a b l e .  

3 .  Q u e s t i o n a b l e  d a t a ,  whether  p u b l i s h e d  o r  no t ,  should  n o t  be 
used. 

4 .  Data on t e c h n i c a l  grade  m a t e r i a l s  may be used i f  a p p r o p r i a t e ,  
but  d a t a  on f o r m u l a t e d  m i x t u r e s  and emuls i f  i a b l e  c o n c e n 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 ,  h y d r o l y z a b l e ,  o r  deg radab le  ma te r i -  
a l s  it may be a p p r o p r 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 c o n c e n t r a t i o n  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 n s i n g  a c c e p t a b l e  a n a l y t i c a l  methods. 

6 .  Do not use  d a t a  o b t a i n e d  using b r i n e  shrimp, s p e c i e s  t h a t  do 
no t  have  r ep roduc ing  w i l d  p o p u l a t i o n s  i n  North America, or 
organisms t h a t  were p r e v i o u s l y  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  t e s t  m a t e r i a l  o r  o t h e r  contaminants .  
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4 .  REQUIRED =A 

1. R e s u l t s  of a c c e p t a b l e  a c u t e  t e s t s  ( s e e  S e c t i o n  5 )  wi th  
f r e s h w a t e r  an imals  i n  a t  l e a s t  e i g h t  d i f f e r e n t  f a m i l i e s  such 
t h a t  a l l  of t h e  f o l l o w i n g  a r e  inc luded :  

a. t h e  f a m i l y  Salmonidae i n  t h e  c l a s s  O 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 impor tan t  warmwater 
s p e c i e s )  i n  t h e  c l a s s  Q 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  minnow, o r  channel  c a t f i s h ) ;  

c.  a t h i r d  f a m i l y  i n  t h e  phylum Chordata  ( e . g ,  f i s h  o r  
amphibian)  ; 

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

f .  a n  i n s e c t  (e .g .  , mayfly,  midge, s tonef lgr ) ;  

,g- a f a m i l y  i n  a phylum o t h e r  t h a n  Arthropoda; or Cbordata  
( e .  g, Annelida o r  Mol l a sca . ) ;  and 

h .  B f a m i l y  i n  any o r d e r  of i n s e c t  o r  any phylum atst 

P epr e s e n t  e d 

2 .  Acute-chronic r a t i o s  ( s e e  S e c t i o n  7 )  f o r  s p e c i e s  of a q u a t i c  
an imals  i n  a t  l e a s t  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 ,  (b) one i s  a n  
i n v e r t e b r a t e ,  and ( c )  one 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 .  Resul t s  of a t  l e a s t  one a c c e p t a b l e  t e s t  w i th  a f r e s h w a t e r  
a l g a  or a c h r o n i c  t e s t  w i t h  a f r e s h w a t e r  v a s c u l a r  p l a n t  ( s e e  
S e c t i o n  9). I f  p l a n t s  a r e  among t h e  a q u a t i c  organisms t h a t  
a r e  insst 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 u l t s  of a t e s t  w i t h  a 
p l a n t  i n  a n o t h e r  phylum ( d i v i s i o n )  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 n  f a c t o r  de te rmined  
wi th  an 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 ,  i f  a 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  ( s e e  S e c t i o n  10). 

I f  a l l  r e q n i r e d  d a t a  a r e  a v a i l a b l e ,  a numerical  c r i t e r i o n  c a n  u s u a l l y  be 
d e r i v e d ,  except  i n  s p e c i a l  ca ses .  For  examplep i f  a c r i t e r i o n  i s  t o  be 
r e l a t e d  to a r a t e s  q u a l i t y  c h a r a c t e r i s t i c  ( s e e  S e c t i o n s  6 and 8 1 ,  more 
data  w i l l  be necessa ry .  S i m i l a r l y  i f  a l l  r e q u i r e d  d a t a  a r e  n o t  a v a i l a -  
b l e  a numerical  c r i t e r i o n  should  not. be d e r i v e d  except  i n  s p e c i a l  ca ses .  
For example, even i f  no t  enough a c u t e  and c h r o n i c  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  d e r i v e  a c r i t e r i o n  i f  t h e  d a t a  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 wonld be much lower t h a n  e i t h e r  t h e  Final. 
Q l ron ic  Valae  or 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  amonnt of d a t a  i n c r e a s e s .  Thus, a d d i t i o n a l  
d a t a  a r e  u s u a l l y  d e s i r a b l e .  

1. 

2 .  

3 .  

4 .  

5 .  

5 .  FINAL ACUTE VALUE 

The F i n a l  Acute Value (FAV) is  a n  e s t i m a t e  of t h e  concent ra -  
t i o n  of m a t e r i a l  co r re spond ing  t o  a cumula t ive  p r o b a b i l i t y  of 
0 . 0 5  i n  t h e  a c u t e  t o x i c i t y  v a l u e s  for t h e  genera  wi th  which 
a c u t e  t e s t s  have  been condac ted  on t h e  m a t e r i a l .  However, i n  
some c a s e s ,  i f  t h e  S p e c i e s  Mean Acate  Value (SMAV) of an 
impor tan t  s p e c i e s  i s  lower  t h a n  t h e  c a l c u l a t e d  FAV, t h e n  t h a t  
SMAV r e p l a c e s  t h e  FAT t o  p r o t e c t  t h a t  impor t an t  s p e c i e s .  

Acute t o x i c i t y  t e s t s  should  have  been conducted a s i n g  accep- 
t a b l e  p roceda res  ( e . g . ,  ASTM S t a n d a r d  E 724 o r  7 2 9 ) .  

G e n e r a l l y ,  r e s u l t s  of a c u t e  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  no t  be used,  u n l e s s  d a t a  i n d i c a t e  
t h a t  food d i d  not a f f e c t  t e s t  r e s u l t s .  

R e s u l t s  of a c u t e  t e s t s  conducted i n  a n u s a a l  d i l u t i o n  w a t e r ,  
e . g . ,  d i l u t i o n  w a t e r  c o n t a i n i n g  high l e v e l s  of t o t a l  o r g a n i c  
ca rbon  o r  p a r t i c u l a t e  m a t t e r  ( h i g h e r  t h a n  5 mg/L) shou ld  not  
be used, u n l e 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 o r g a n i c  caxbon o r  u n l e s s  d a t a  show t h a t  o r g a n i c  carbon o r  
p a r t i c u l a t e  m a t t e r ,  e t c .  do no t  a f f e c t  t o x i c i t y .  

Acute values should be based on e n d p o i n t s  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 .  T h e r e f o r e ,  only t h e  f o l l o w i n g  k i n d s  of 
d a t a  on a c u t e  t o x i c i t y  t o  f r e s h w a t e r  a q u a t i c  an ima l s  should 
be used:  

a. T e s t s  w i t h  daphnids  and o t h e r  c l a d o c e r a n s  should  be s t a r  
t e d  w i t h  organisms (24 h r  o l d  and t e s t s  w i t h  midges 
shou ld  be s t a r t e d  w i t b  second- o r  t h i r d - i n s t a r  l a r v a e .  
T h e  r e s u l t  shonld be t h e  48-hr EC50 based  on pe rcen tage  
of organisms immobilized plus percen tage  of organisms 
k i l l e d .  I f  such a n  ECSO i s  not a v a i l a b l e  from a t e s t ,  
t h e  48-hr LC50 should  be used i n  p l a c e  of t h e  d e s i r e d  
48-hr ECSO. An ECgo o r  LC50 of longer t h a n  4 8  hr can be 
used p rov ided  an ima l s  were no t  f e d  and c o n t r o l  an imals  
were a c c e p t a b l e  a t  t h e  end of t h e  t e s t .  
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6 .  

7 .  

8 .  

9. 

10. 

b. 

C .  

d. 

If 

The r e s u l t  of t e s t s  w i th  a l l  o t h e r  a q u a t i c  animal s p e c i e s  
should  be t h e  96-hr EC50 v a l u e  based  on  pexcentage  of 
organisms e x h i b i t i n g  l o s s  of e q u i l i b r i u m  p l u s  pe rcen tage  
of organisms immobil ized p l u s  pe rcen tage  of organisms 
k i l l e d .  I f  such a n  EC50 v a l u e  i s  no t  a v a i l a b l e  f rcm a 
t e s t ,  t h e  96-hr LC50 should  be used i n  p l a c e  of t h e  
d e s i r e d  EC50. 

T e s t s  w i t h  s i n g l e - c e l l  organisms a r e  n o t  cons ide red  a c u t e  
t e s t s ,  even  i f  t h e  d u r a t i o n  was (96 h r .  

I f  t h e  t e s t s  were  conducted p r o p e r l y ,  a c u t e  v a l u e s  repor-  
t e d  a s  g r e a t e r  t h a n  v a l u e s  and t h o s e  a c u t e  v a l u e s  which 
a r e  above s o l u b i l i t y  of t h e  t e s t  m a t e r i a l  a r e  a c c e p t a b l e .  

t h e  a c a t e  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  an imals  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  G h a s a c t e r i s t i c  
( e . g . ,  t o t a l  o r g a n i c  ca rbon)  f o r  f r e s h w a t e r  s p e c i e s ,  a F i n a l  
Acute Equa t ion  should be d e r i v e d  based  on t h a t  c h a r a c t e r i s -  
t i e .  

If t h e  d a t a  i n d i c a t e  a t h a t  one ox more l i f e  s t a g e s  a r e  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 o r  more 
o t h e r  l i f e  s t a g e s  of t h e  same s p e c i e s ,  t h e  d a t a  f o x  t h e  no re  
r e s i s t a n t  l i f e  s t a g e s  should  n o t  be used i n  t h e  c a l c u l a t i o n  
of t h e  SIWV because  a s p e c i e s  can  o n l y  be cons ide red  p ro tec -  
t e d  from a c a t e  t o x i c i t y  i f  a l l  l i f e  s t a g e s  a r e  p r o t e c t e d .  

Consider  t h e  agreement of t h e  d a t a  w i t h i n  and between 
s p e c i e s .  Q u e s t i o n a b l e  r e s u l t s  i n  comparison t o  o t h e r  a c u t e  
a d  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  t h e  
same genas p robab ly  should  no t  be used. 

For each s p e c i e s  f o r  which a t  l e a s t  one a c u t e  v a l u e  i s  
a v a i l a b l e ,  t h e  SlHAV should  be c a l c u l a t e d  a s  t h e  geometr ic  
mean of a l l  flow-thxough t e s t  r e s u l t s  i n  which t h e  concent ra -  
t i o n  of t e s t  m a t e r i a l  were measured. For  a s p e c i e s  f o x  which 
no such r e s u l t  i s  a v a i l a b l e ,  c a l c u l a t e  t h e  geometr ic  mean of 
a l l  a v a i l a b l e  a c u t e  v a l u e s ,  i. e. r e s u l t s  of flow-through 
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  no t  measured and  
x e s n l t s  of s t a t i c  and renewal  t e s t s  based  on i n i t i a l  t o t a l  
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 .  

- N61'E: Data r e p o r t e 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  be 
rounded o f f  and a t  l e a s t  f o u r  s i g n i f i c a n t  d i g i t s  should  be 
r e t a i n e d  i n  i n t e r m e d i a t e  c a l c u l a t i o n s .  

For  each genus for which one ox more SWV i s  a v a i l a b l e ,  c a l -  
c u l a t e  t h e  Genus Mean Acute Value (GMAV) a s  t h e  geometr ic  
mean of t h e  SLXAVs. 
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11. Order t h e  G U V s  from h igh  t o  low and a s s i g n  ranks ( R )  t o  t h e  
GMAVs from '1" f o r  t h e  lowes t  t o  "N" f o r  t h e  h i g h e s t .  I f  two 
o r  more G U V s  a r e  i d e n t i c a l ,  a r b i t r a r i l y  a s s i g n  them succes- 
s i v e  ranks .  

12. C a l c u l a t e  t h e  cumula t ive  p r o b a b i l i t y  (PI f o r  each G W V  a s '  
R/ ( N + 1 )  . 

13. S e l e c t  t h e  four GMAVs which have  cnmnla t ive  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  <S9 GfaAVs, t h e s e  w i l l  always be 
t h e  four lowes t  G U V s ) .  

14. Using t h e  s e l e c t e d  GiHAVs and P s ,  c a l c n l a t e  

L - ( E (  In GMAV) - S( Z( x P ) ) ) / 4  

A - S(.f0.05) f L 

EAV - 
15. I f  f o r  an impor tan t  s p e c i e s ,  such as a r e c r e a t i o n a l l y  o r  com- 

m e r c i a l l y  imgor tan t  s p e c i e s ,  t h e  geometr ic  mean of mcute 
v a l u e s  from flow-through t e s t 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 measured i s  lower t h a n  t h e  FAV, t h e n  t h a t  
geometr ic  mean should  be used a s  t h e  FAV. 

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

6 .  FINAL ACUTE EQUATION 

1. When enough d a t a  show t h a t  a c u t e  t o x i c i t y  t o  two o r  more 
s p e c i e s  i s  s i m i l a r l y  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 ,  t h e  r e l a t i o n s h i p  should  be c o n s i d e r e d  a s  d e s c r i b e d  below 
o r  u s i n g  analysis of c o v a r i a n c e  (Dixon and Brown 1979, Neter  
and Wasserman 19741. 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  a n a l y s e s  should  be used. 

2 .  For each s p e c i e s  f o r  which comparable a c u t e  t o x i c i t y  v a l u e s  
a r e  a v a i l a b l e  a t  t w o  o r  more d i f f e r e n t  v a l u e s  of t h e  wa te r  
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 
a c u t e  t o x i c i t y  v a l u e s  on v a l u e s  of the w a t e r  q u a l i t y  charac-  
t e r i s t  i c .  
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3.  Decide whether  t h e  d a t a  for each s p e c i e s  i s  u s e f u l ,  cons ider -  
ing  t h e  range and number of t e s t e d  v a l u e s  of t h e  w a t e r  qual-  
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 
s p e c i e s .  I n  a d d i t i o n ,  q u e s t i o n a b l e  r e s u l t s ,  i n  comparison 
wi th  o t h e r  a c u t e  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  t h e  same genus, p robab ly  should  no t  be usefd. 

4 .  I n d i v i d u a l l y  f o r  each s p e c i e s  c a l c u l a t e  t h e  geometr ic  mean of 
t h e  a c u t e  value 's  and t h e n  d i v i d e  each of t h e  a c u t e  v a l u e s  f o r  
a s p e c i e s  by t h e  mean f o r  t h e  s p e c i e s .  This n o r m a l i z e s  t h e  
a c u t e  v a l u e s  so t h a t  t h e  geometr ic  mean of t h e  normal ized  
v a l u e s  f o r  each s p e c i e s  i n d i v i d u a l l y  and for any combina t ion  
of s p e c i e s  i s  1.0 

5 .  S i m i l a r l y  normal ize  t h e  v a l u e s  of t h e  w a t e r  q u a l i t y  charac-  
t e r i s t i c  f o r  each s p e c i e s  i n d i v i d u a l l y .  

6. I n d i v i d u a l l y  f o r  each s p e c i e s  per form a l e a s t  s q u a r e s  r eg res -  
s i o n  of t h e  normalized a c u t e  t o x i c i t y  v a l u e s  on t h e  
co r re spond ing  normal ized  v a l u e 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 9 5  p e r c e n t  confi-  
dence l i m i t s  w i l d  be i d e n t i c a l  t o  t h o s e  ob ta ined  i n  2.  above. 
Now, however,  i f  t h e  d a t a  a r e  a c t u a l l y  p l o t t e d ,  t h e  l i n e  of 
b e s t  f i t  f o r  each i n d i v i d u a l  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  c e n t e r  of t h e  graph. 

7 .  T r e a t  a l l  t h e  normal ized  d a t a  a s  i f  t h e y  were a l l  €or t h e  
same s p e c i e s  and per form a l e a s t  s q u a r e s  r e g r e s s i o n  of a l l  
t h e  normal ized  a c u t e  v a l u e s  on  t h e  co r re spond ing  normal ized  
v a l u e s  of the  w a t e r  q u a l i t y  c h a r a e t e r i s t i e  t o  o b t a i n  t h e  
pooled  a c u t e  s l o p e  (VI and i t s  9 5  p e r c e n t  conf idence  l i m i t s .  
I f  a l l  t h e  normal ized  d a t a  a r e  a c t u a l l y  p l o t t e d ,  t h e  l i n e  of 
b e s t  f i t  w i l l  go through t h e  p o i n t  1,l i n  t h e  c e n t e r  of t he  
graph . 

8. For each s p e c i e s  c a l c u l a t e  t h e  geometr ic  mean (W) of t h e  
a c u t e  t o x i c i t y  v a l u e s  and t h e  geometr ic  mean (XI of t h e  r e l a -  
t e d  v a l u e s  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  ( c a l c u l a t e d  i n  
4 .  and 5 .  above) .  

9 .  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 i c  i n t e r c e p t  (Yl o f  
t h e  SMAV a t  a s e l e c t e d  v a l u e  (Z)  of t h e  w a t e r  q u a l i t y  charac-  
t e r i s t i c  n s i a g  t h e  equa t ion :  Y = 1~ W - V ( l n  X - I n  Z ) .  

10. For each s p e c i e s  c a l c u l a t e  the SUAV u s i m g :  SMAV = ey. 
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11. Obta in  t h e  FAV a t  2 by us ing  t h e  p rocedure  d e s c r i b e d  i n  Sec- 
t i o n  5 .  (No. 10-14). 

12. I f  t h e  SMAV f o r  a n  impor tan t  s p e c i e s  i s  lower  t h a n  t h e  FAV a t  
Z ,  t h e n  t h a t  SMAV should  be used  a s  t h e  FAV a t  Z .  

13. The F i n a l  Acute Equa t ion  i s  w r i t t e n  a s :  FAY 5: e(VEln(water  
q u a l i t y  c h a r a c t e t i s t i c )  + I n  A - VEln 211, f i e r e  v = pooled  

a c n t e  slope and A = FAV a t  2. Because V, A, and Z a r e  known, 
t h e  FAV c a n  be c a l c u l a t e d  f o r  any s e l e c t e d  v a l u e  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 .  

7 .  FINAL CHRONIC VALUE 

1. Depending o n  a v a i l a b l e  d a t a ,  t h e  F i n a l  Chronic Value (FCV) 
m i g h t  be c a l c u l a t e d  i n  t h e  same manner 8s t h e  FAV or by d i v i -  
ding t h e  FAV by t h e  F i n a l  Acute-Chronic Ra t 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  ways 
of r e l a t i n g  a c u t e  and c h r o n i c  t o x i c i t i e s  of a m a t e r i a l  t o  
a q u a t r c  organisms. S a € e t y  fact .ors  a r e  used t o  p rov ide  an 
e x t r a  margin of s a f e t y  beyond known o r  e s t i m a t e d  s e n s i t i v i -  
t i e s '  of a q u a t i c  organisms. Another advantage'  of t h e  acute- ' 

c h r o n i c  r a t i o  is t h a t  it should  u s u a l l y  be g r e a t e r  t h a n  one; 
t h i s  should  a v o i d  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  is one t h a t  i s  c l o s e  t o  u n i t y  os one t h a t  h a s  a denom- 
i n a t o r  t h a t  i s  much g r e a t e r  t h a n  t h e  numerator.  

2.  Q r o n i c  v a l u e s  shou ld  be based  on r e s u l t s  of flow-through 
( e x c e p t  renewal is a c c e p t a b l e  f o r  daphn ids )  c h r o n i c  t e s t 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  w e r e  p r o p e r l y  measured 
a t appr  opr i a t  e t ime s dur ing t e s t i n g  . 

3.  R e s u l t s  of c h r o n i c  t e s t s  i n  which s u r v i v a l ,  growth, o r  repro- 
d u c t i o n  i n  c o n t r o l s  was unaccep tab ly  low should not  be used. 
L i m i t s  of a c c e p t a b i l i t y  will depend on t h e  s p e c i e s .  

4 .  R e s u l t s  of c h r o n i c  t e s t s  conducted i n  unusual d i l u t i o n  w a t e r  
should  not  be used, u n l e 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 t h e  ~ u s n a l  c h a r a c t e r i s t i c  o r  u n l e s s  
d a t a  sbuw t h e  c h a r a c t e r i s t i c  does no t  a f f e c t  t o x i c i t y .  

5 .  Chronic v a l u e s  should  be based  on e n d p o i n t s  and e x p o s w e  
d u r a t i o n s  a p p r o p r i a t e  t o  t h e  s p e c i e s .  T h e r e f o r e ,  o n l y  
r e s u l t s  of t h e  f o l l o w i n g  kinds of c h r o n i c  t o x i c i t y  t e s t s  
should be used:  
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a.  L i f e -cyc le  t o x i c i t y  t e s t s  c o n s i s t i n g  of exposures  of two 
o r  more groups of a s p e c i e s  t o  a d i f f e r e n t  c o n c e n t r a t i o n  
of t e s t  m a t e r i a l  th roughout  a l i f e  cyc le .  T e s t s  w i t h  
f i s h  should  b e g i n  wi th  embryos or newly ha tched  young (48  
BP o l d ,  con t inue  through m a t u r a t i o n  and r e p r o d u c t i o n ,  and 
should  end no t  (24  days  (90 days  f o r  sa lmonids)  a f t e r  t h e  
h a t c h i n g  of t h e  next  gene ra t ion .  T e s t s  w i t h  daphnids  
should  b e g i n  wi th  young (24 h r  o ld  and l a s t  f o r  no t  (21 
days.  For  f i s h ,  d a t a  should  be o b t a i n e d  and  ana lyzed  on 
s u r v i v a l  and growth of a d u l t s  and young, m a t u r a t i o n  of 
males  and f ema les ,  eggs spawned p e r  female ,  embryo via-  
b i l i t y  ( sa lmon ids  o n l y ) ,  and h a t c h a b i l i t y .  For daphnids ,  
d a t a  should be ob ta ined  and ana lyzed  OR s n r v i v a l  and 
young p e r  female .  

b. P a r t i a l  l i f e c y c l e  t o x i c i t y  t e s t s  c o n s i s t i n g  of exposures  
of two or  more groups of a s p e c i e s  t o  a d i f f e r e n t  concen- 
t r a t i o n  of t e s t  m a t e r i a l  th roughout  a l i f e  cyc le .  Par- 
t i a l  l i f e - c y c l e  t e s t s  a r e  a l lowed w i t h  f i s h  s p e c i e s  t h a t  
r e q u i r e  more t h a n  a y e a r  t o  reach  sexual  m a t u r i t y ,  so 
t h a t  a l l  major l i f e  s t a g e s  can  be exposed t o  t h e  t e s t  
m a t e r i a l  i n  l e s s  t h a n  1 5  months. Exposure t o  t h e  t e s t  
m a t e r i a l  should  b e g i n  w i t h  j u v e n i l e s  a t  l e a s t  2 months 
p r i o r  t o  a c t i v e  gonadal development , cont  inne  through 
m a t u r a t i o n  and r e p r o d u c t i o n ,  and shou ld  end no t  (24 days  
(90  days  f o r  sa lmonids)  ' a f t e r  t h e  h a t c h i n g  of the.  next  
gene ra t ion .  Data  should  be o b t a i n e d  and ana lyzed  on s u r -  
v i v a l  and growth of a d u l t s  and y o m g ,  m a t u r a t i o n  of males  
and f ema les ,  eggs spawned p e r  female,  embryo v i a b i l i t y  
( sa lmon ids  o n l y )  , and h a t c h a b i l i t y .  

G .  E a r l y  l i f e - s t a g e  t o x i c i t y  t e s t s  c o n s i s t i n g  of 28- t o  32- 
day (60 days  p a s t h a t c h  for sa lmonids)  exposures  of e a r l y  
l i f e  s t a g e s  of a s p e c i e s  of f i s h  from s h o r t l y  a f t e r  f e r  
t i l i z a t i o n  through embryonic, l a r v a l ,  and e a r l y  j u v e n i l e  
development. Data should  be o b t a i n e d  on growth and sur- 
v i v a l .  

NOTE: R e s u l t s  of an  e a r l y  l i f e - s t a g e  t e s t  a r e  used  a s  
p r e d i c t o r s  of r e s u l 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 th  t h e  same s p e c i e s .  T h e r e f o r e ,  when 
r e s u l t s  of a l i f e - c y c l e  o r  p a r t i a l  l i f e - c y c l e  t e s t  a r e  
a v a i l a b l e ,  r e s u l t s  of an  e a r l y  l i f e - s t a g e  t e s t  w i th  t h e  
same s p e c i e s  should  not be used. Also,  r e s u l t s  of e a r l y  
l i f e - s t a g e  t e s t s  in which t h e  i n c i d e n c e  of m o r t a l i t i e s  o r  
a b n o r m a l i t i e s  i n c r e a s e d  s u b s t a n t i a 1 l . y  n e a r  t h e  end of t h e  
t e s t  should n o t  be used because  r e s u l t s  of such t e s t s  may 
be poor e s t i m a t e s  of r e s u l t s  of a comparable l i f e c y c l e  
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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A c h r o n i c  v a l u e  may be o b t a i n e d  by c a l c u l a t i n g  t h e  geometr ic  
mean of lower and upper ch ron ic  l i m i t s  from a c h r o n i c  t e s t  o r  
by a n a l y z i n g  c h r o n i c  d a t a  us ing  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 d  c o n c e n t r a t i o n  ( a )  i n  a n  
a c c e p t a b l e  c h r o n i c  t e s t ,  ( b )  which d i d  not  cause a n  mnaccep- 
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 ( c f  below which no t e s t e d  c o n c e n t r a t i o n  
caused  such a n  unaccep tab le  e f f e c t .  An upper c h r o n i c  l i m i t  
i s  t h e  lowes t  t e s t e d  c o n c e n t r a t i o n  ( a >  in a n  a c c e p t a b l e  
c h r o n i c  t e s t ,  (b) which d i d  cause  a n  unaccep tab le  amount of 
a n  adve r se  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  
measurements, and ( c l  above which 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 ,  

I f  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 ima l s  a p p e a r s  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  c h a r a c t e r i s t i c ,  a Final Llhronic 
Equa t ion  should be d e r i v e d  based  on t h a t  r 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 .  

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  in e i g h t  f a m i l i e s  
a s  d e s c r i b e d  in S e c t i o n  4 (No. 11, a S p e c i e s  Mean CSlmonic 
Value (SHCV) shou ld  be c a l c u l a t e d  f o r  each s p e c i e s  for which 
a t  l e a s t  one c h r o n i c  v a l u e  i s  a v a i l a b l e  by c a l c n l a t i n g  t h e  
geamet r i c  mean of a l l  c h r o n i c  v a l a 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 Q r o n i c  Values  shoald be c a l c a l a t e d .  
?kt FCV should  t h e n  be o b t a i n e d  u s i n g  p rocedures  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 .  For  each c h r o n i c  v a l n e  f o r  which a t  l e a s t  one co r re spond ing  
a p p r o p r i a t e  a c n 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  an aca te -  
c h r o n i c  r a t i o ,  using f o x  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 ( excep t  s t a t i c  i s  
a c c e p t a b l e  f o r  daphn ids )  a c u t e  t e s t s  i n  t h e  same d i l n t i o n  
wa te r  and i n  which c o n c e n t r a t i o n s  were measured. For f i s h ,  
t h e  a c u t e  t e s t ( s )  shou ld  h a v e  been  conducted w i t h  j u v e n i l e s .  
Acute t e s t ( s )  should  h a v e  been p a r t  of t h e  same study 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  were no t  condac ted  a s  p a r t  of 
t h e  same s t u d y ,  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 used. I f  a c u t e  t e s t s  were not con- 
dnc ted  a s  p a r t  of t h e  same s tudy ,  a c u t e  t e s t s  conducted i n  
t h e  same d i l u t i o n  w a t e r  b a t  a d i f f e r e n t  l a b o r a t o r y  may be 
used. I f  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 t e -  
c h r o n i c  r a t i o  should 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-chxonic r a t i o s  for 
t h a t  s p e c i e s .  
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For some m a t e r i a l s  t h e  acute-chronic  r a t i o  i s  about  t h e  same 
f o r  a l l  s p e c i e s ,  bu t  f o r  o t h e 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  d e c r e a s e s  a s  t h e  SMAV i n c r e a s e s .  Thus, t h e  F i n a l  Acute- 
Chronic  R a t i o  can  be ob ta ined  i n  t h r e e  ways, depending on t h e  
d a t a .  

a .  

b. 

C .  

If 

I f  t h e  s p e c i e s  mean acute-chronic  r a t i o  i n c r e a s e s  or 
d e c r e a s e s  a s  t h e  SiWV i n c r e a s e s ,  t h e  f i n a l  Acute-Chronic 
R a t i o  should  be c a l c u l a t e d  a s  t h e  geometr ic  mean of a l l  
s p e c i e s  whose SMAVs a r e  c l o s e  t o  t h e  FAV. 

I f  no major  t r e n d  i s  a p p a r e n t  and t h e  acute-chronic  
r a t i o s  f o r  a number of s p e c i e s  a r e  within a f a c t o r  of 
t e n ,  t h e  F i n a l  Acute-Chronic R a t i o  should  be c a l c u l a t e d  
a s  t h e  geometr ic  mean of a l l  s p e c i e s  mean acute-chronic  
r a t i o s  for both  f r e s h w a t e r  and s a l t w a t e r  s p e c i e s .  

If t h e  most a p p r o p r i a t e  s p e c i e s  mean acute-chronic  r a t i o s  
a r e  (2.0, and e s p e c i a l l y  i f  t h e y  are (1.0, a c c l i m a t i o n  
h a s  p robab ly  occur red  du r ing  t h e  ch ron ic  t e s t .  Because 
con t inuous  exposure  and a c c l i m a t i o n  cannot  be a s s u r e d  t o  
p rov ide  adequate  p r o t e c t i o n  i n  f i e l d  s i t u a t i o n s ,  t h e  
Final Acute-Chronic R a t i o  should  be s e t  a t  2 . 0  so that 
t h e  FCV i s  equal  t o  t h e  C r i t e t i s n  Maximum Concen t ra t ion .  

t h e  a c u t e c h r o n i c  r a t i o s  do no t  f i t  one of t h e s e  cases ,  a 
F i n a l  Acute-Chronic R a t i o  p robab ly  cannot  be o b t a i n e d ,  and a 
FCV probab ly  cannot  be c a l c u l a t e d .  

C a l c u l a t e  t h e  FCV by d i v i d i n g  t h e  FAY by t h e  F i n a l  .Acute- 
Chronic  Ra t io .  

I f  t h e  SMAV of a n  impor tan t  s p e c i e s  i s  lower t h a n  t h e  ca lcu-  
l a t e d  FCV, t h e n  t h a t  SMCV should  be nsed a s  t h e  FCV. 

Go to S e c t i o n  9 .  

8 .  FINAL CHRONIC EQUATION 

I.. A F i n a l  Chronic Equa t ion  can  be d e r i v e d  i n  two ways.  %%le 
procedure  d e s c r i b e d  in t h i s  s e c t i o n  w i l l  r e s u l t  in t h e  
ch ron ic  s lope  be ing  t h e  same a s  t h e  a c u t e  s lope .  

a .  If acute-chronic  r a t i o s  f o r  enough s p e c i e s  a t  enough 
v a l u e s  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 s  i n d i c a t e  t h a t  
t h e  acute-chronic  r a t i o  i s  probab ly  t h e  same f o r  a l l  
s p e c i e s  and independent  of t h e  w a t e r  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 i n a l  Acute-Chronic R a t i o  
a s  t h e  geometr ic  mean of t h e  s p e c i e s  mean acu te -ch ron ic  
r a t i o s .  

b. C a l c u l a t e  t h e  FCV a t  t h e  s e l e c t e d  v a l u e  Z 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  by d i v i d i n g  t h e  FAV a t  Z by t h e  
F i n a l  Acute-Chronic R a t i o .  

c. Use V = pooled  a c u t e  s l o p e  a s  L = pooled  c b r o n i c  slope. 

d. Go t o  S e c t i o n  8 ,  No. 2 ,  i tem m. 

2 .  The p rocedure  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  u s u a l l y  r e s u l t  
i n  t h e  c h r o n i c  s l o p e  be ing  d i f f e r e n t  from t h e  a c u t e  s lope .  

a.  When enough d a t a  a r e  a v a i l a b l e  t o  show t h a t  c h r o n i c  t o x i -  
c i t y  t o  a t  l e a s t  one s p e c i e s  i s  r e l a t e d  t o  a w a t e r  qua l -  
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 c o n s i d e r e d  
a s  d e s c r i b e d  below o r  using a n a l y s i s  of cova r i ance  (Dixon 
and Brawn 1979, Ntter and Wasserman 1974). I f  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 ,  mnl t i p l e  r e p r e s s i o n  
a n a l y s e s  should  be used. 

b. For each s p e c i e s  f o r  which comparable ch ron ic  t o x i c i t y  
v a l u e s  a r e  a v a i l a b l e  a t  two o r  more d i f f e r e n t  v a l u e s  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 ,  per form a l e a s t  s q u a r e s  
r e g r e s s i o n  of c h r o n i c  t o x i c i t y  v a l u e s  on v a l u e s  of t h e  
wa te r  qual i t y  ch a r a c  t e t  i s t i c . 

c. Decide whether  d a t a  fox each s p e c i e s  i s  u s e f u l ,  t a k i n g  
i n t o  account  range  and number of t e s t e d  v a l u e s  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  and degree  of agreement 
w i t h i n  and between s p e c i e s .  In a d d i t i o n ,  q u e s t i o n a b l e  
r e s u l t s ,  i n  comparison wi th  o t h e r  a c u t e  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  t h e  same genus, pro- 
bab ly  should  no t  be used. I f  a u s e f u l  c h r o n i c  s l o p e  i s  
not a v a i l a b l e  f o r  a t  l e a s t  one s p e c i e s  o r  i f  t h e  s l o p e s  
a r e  t o o  d i s s i m i l a r  o r  i f  d a t a  a r e  inadequa te  t o  d e f i n e  
t h e  r e l a t i o n s h i p  between ch ron ic  t o x i c i t y  and w a t e r  qnal-  
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  7 (No. 8 1 ,  using 
r e s u l t s  of t e s t s  conducted under c o n d i t i o n s  and i n  w a t e r  
s i m i l a r  t o  t h o s e  commonly used  f o r  t o x i c i t y  t e s t s  w i t h  
t h e  s p e c i e s .  

d. For each s p e c i e s  c a l c u l a t e  t h e  geometr ic  mean of t h e  
a v a i l a b l e  c h r o n i c  v a l u e s  and t h e n  d i v i d e  each c h r o n i c  
v a l u e  f o r  a s p e c i e s  by t h e  mean f o r  t h e  s p e c i e s .  
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T b i s  normal izes  t h e  ch ron ic  v a l u e s  so t h a t  t h e  geometr ic  
mean of t h e  normalized v a l u e s  f o r  each s p e c i e s  and f o r  
any combina t ion  of s p e c i e s  i s  1 .0 .  

S i m i l a r l y  normal ize  t h e  v a l u e s  of t h e  wa te r  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 e c i e s  i n d i v i d u a l l y .  

I n d i v i d p a l l y  f o r  each s p e c i e s  perform a l e a s t  s q u a r e s  
r e g r e s s i o n  of t h e  normalized c h r o n i c  t o x i c i t y  v a l u e s  OB 

the corresponding  normalized v a l u e s  of t he  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 9 5  p e r c e n t  con- 
f i d e n c e  l i m i t s  w i l l  be i d e n t i c a l  t o  t h o s e  ob ta ined  i n  1. 
above. Now, however, i f  t h e  d a t a  a r e  a c t u a l l y  p l o t t e d ,  
t h e  l i n e  of b e s t  f i t  for each i n d i v i d u a l  s p e c i e s  w i l l  go 
through t h e  p o i n t  1,l in t h e  c e n t e r  of t h e  graph.  

T r e a t  a l l  t h e  normalized d a t a  a s  i f  they  were a l l  f o r  t h e  
same s p e c i e s  and perform a l e a s t  s q u a r e s  r e g r e s s i o n  of 
a l l  t h e  normalized ch ron ic  v a l u e s  on t h e  cor responding  
normal ized  v a l u e s  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  t u  
o b t a i n  t h e  pooled c h r o n i c  s lope  (Ll and i t s  9 5  percen t  
conf idence  l i m i t s .  I f  a l l  t h e  normalized d a t a  a r e  actu-  
a l l y  p l o t t e d ,  t h e  l i n e  o f  b e s t  f i t  w i l l  go through t h e  
p a i n t  1.1 i n  t h e  c e n t e r  of t h e  graph. 

For each s p e c i e s  c a l c u l a t e  t h e  geometr ic  mean (HI of tox- 
i c i t y  v a l u e s  and the geometr ic  mean (F) of r e l a t e d  vsalaes 
of t h e  wa te r  q u a l i t y  c h a r a c t e r i s t i c .  

For each s p e c i e s  c a l c u l a t e  t h e  l o g a r i t h m  (Q) o f  the SMCVs 
a t  a s e l e c t e d  v a l u e  (2;) 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  u s ing  t h e  equa t ion :  Q = I n  El - L ( l n  P - 1x1 Z l .  

For each s p e c i e s  c a l c u l a t e  a SMICV a t  Z a s  t h e  a n t i l o g  of 
Q ( S M W  = e Q ) .  

Obta in  t h e  FCV a t  Z by us ing  t h e  procedure  d e s c r i b e d  i n  
S e c t i o n  5 (No. 10-14). 

If t h e  SMCV a t  Z of an  impor tan t  s p e c i e s  is lower  t h a n  
t h e  c a l c u l a t e d  FCV a t  Z ,  t h e n  t h a t  SICV should be used a s  
t h e  FCV a t  Z.  

The F i n a l  Chronic Q a a t i o a n  is w r i t t e n  a s :  FCV = 
e ( L [ l n ( w a t e r  q u a l i t y  s h a r a c t e r i s t i c ) l  f I n  S - L C ~ E  211, 
where L = mean chxonic s lope  and S = F W  a t  Z. 
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1. 

2 .  

3 .  

1. 

2 .  

Appropr 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 an ima l s .  Although p r o c e d a r e s  f o r  conduct ing  and 
i n t e r p r e t i n g  r e s u 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  a r e  not  
w e l l  deve loped ,  r e s u l t s  of such t e s t s  u s u a l l y  ind ica te !  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 ima l s  and t h e i r  
uses 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  u s e s .  

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  conducted 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 .  

Ob ta in  t h e  F i n a l  P l a n t  Value by s e l e c t i n g  t h e  lowes t  r e s u l t  
o b t a i n e d  i n  a t e s t  on a n  impor tan t  a q a 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 metlsnred and t h e  
endpoin t  i s  b i o l o g i c a l l y  impor tan t .  

10. FINAL RISIDUE VALUE 

The F i n a l  Res idue  Valne (FIZV) is i n t ended  t o  { a >  p r e v e n t  con- 
c e n t r a t i o n s .  i n  commercial ly  o r  r e c r e a t i o n a l l y  impor tan t  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 f ram demonst ra ted  Unacceptab le  e f f e c t s .  
The EBV is t h e  lowes t  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  maximum pe rmis s ib1  e t i s  sue c o n c e n t r a t i o n s  by 
a p p r o p r i a t e  b i o c o n c e n t r a t i o n  o r  b ioaccmnula t ion  f a c t o r s .  A 
maximnm 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  is e i t h e r  ( a )  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  o r  
f o r  t h e  e d i b l e  p o r t i o n  of f i s h  o r  s h e l l f i s h  o r  (b) a maximum 
a c c e p t a b l e  d i e t a x y  i n t a k e  (ADS) based  on o b s e r v a t i o n s  on sur -  
v i v a l ,  growth, o r  r e p r o d u c t i o n  i n  a ch ron ic  w i l d l i f e  f e e d i n g  
s tudy  o r  a long-term w i l d l i f e  f i e l d  s tudy .  If 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  
ll., because a F i n a l  Residue Valne cannot be de r ived .  

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 ioaccamula t ion  F a c t o r s  
( B u s )  a r e  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  
i n  one o r  more t i s s u e s  of an a q u a t i c  organism d i v i d e d  by t h e  
ave rage  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 
h a s  been exposed. A BCF is i n t ended  to acconnt o n l y  for net 
uptake  d i r e c t l y  frat  wate r ,  and thus almost has t o  be 
measured i n  a l a b o r a t o r y  t e s t .  A BAE i s  i n t ended  t o  account  
f o r  n e t  up take  from bo th  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 h a s  t o  be measured i n  B 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  from 
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water  and by consuming prey .  Because so few a c c e p t a b l e  B a s  
a r e  a v a i l a b l e ,  only BCFs w i l l  be  d i s c u s s e d  f u r t h e r ,  bu t  a n  
a c c e p t a b l e  BAF c a n  be used i n  p l a c e  of a BCF. 

3 .  I f  a 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  is a v a i l a b l e  
for a subs t ance  (e .g ,  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 r i a l  p l u s  
m e t a b o l i t e )  , t h e  t i s s u e  c o n c e n t r a t i o n  used i n  BCF c a l c u l a -  
t i o n s  should  be f o r  t h e  same subs t ance .  O t h e m i s e  t h e  t i s s u e  
c o n c e n t r a t i o n  used  i n  t h e  BCF c a l c u l a t i o n  should  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  s t r u c t u r a l l y  s i m i -  
l a r  and a r e  n o t  much more s o l u 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 .  

a. 

b. 

C. 

d.  

e. 

A BCF shou ld  be used only i f  t h e  t e s t  was flow-through, 
t h e  BCF was c a l c u l a t e d  based  on measured 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  i n  t i s s u e  and i n  t h e  t e s t  s o l u t i o n ,  and 
exposure  con t inued  a t  l e a s t  until e i t h e r  appa ren t  
s t e a d y - s t a t e  (BCF does  not change s i g n i f i c a n t l y  ove r  a 
p e r i o d  of t ime,  such a s  two days o r  16 p e r c e n t  of expo- 
s u r e  d u r a t i o n ,  whichever  i s  l o n g e r )  o r  2 8  days w a s  
reached.  The BCF used  from a t e s t  should  be t h e  h i g h e s t  
of ( a >  t h e  appa ren t  s t e a d y - s t a t e  BCF, i f  appa ren t  
s t e a d y - s t a t e  was reached;  (b) h i g h e s t  BCF o b t a i n e d ,  i f  
appa ren t  s t e a d y - s t a t e  was no t  reached;  and (c9 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 .  

Whenever a BCF i s  de termined  f o r  a l i p o p h i l i c  m a t e r i a l ,  
pe rcen tage  of l i p i d s  should  a l s o  be de te rmined  i n  t h e  
t i s s u e ( s 1  for which t h e  BCF i s  c a l c u l a t e d .  

A BCP o b t a i n e d  from an exposure  t h a t  a d v e r s e l y  e f f e c t e d  
t h e  t e s t  o rganisms may be used only i f  i t  i s  s i m i l a r  t o  
t h a t  ob ta ined  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  lower con- 
c e n t r a t i o n s  t h a t  d i d  canse  e f f e c t s .  

Because 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 s  a r e  
r a r e l y  based  o n  d ry  we igh t s ,  a BCF c a l c u l a t e d  u s i n g  dry  
t i s s u e  w e i g h t s  must be conve r t ed  t o  a wet t i s s u e  weight  
b a s i s .  I f  no conver s ion  f a c t o r  i s  r e p o r t e d  w i t h  t h e  BCF, 
m u l t i p l y  t h e  dry  weight  by 0 . 1  f o r  p l a n k t o n  and by 0.2 
for s p e c i e s  of f i s h e s  and  i n v e s t e b r a t e s .  

I f  more t h a n  one a c c e p t a b l e  BCF i s  a v a i l a b l e  f o r  a 
s p e c i e s ,  t h e  geometr ic  mean of v a l u e s  shou ld  be used, 
a n l e s s  t h e  BCFs axe  from d i f f e r e n t  exposure  d u r a t i o n s ,  
t h e n  t h e  BCF f o r  t h e  l o n g e s t  exposure  should  be used. 
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4 .  If enough p e r t i n e n t  d a t a  e x i s t ,  s e v e r a l  r e s i d u e  v a l u e s  can  be 
c a l c u l a t e d  by d i v i d i n g  maximum p e r m i s s i b l e  t i s s u e  concent ra -  
t i o n s  by a p p r o p r i a t e  BCFs: 

a .  For  each a v a i l a b l e  maximum AD1 d e r i v e d  from a f e e d i n g  
s tudy  o r  a long-term f i e l d  s tudy wi th  w i l d l i f e ,  i n c l u d i n g  
b i r d s  and a q a a t i c  organisms, t h e  a p p r o p r i a t e  BCF is based 
on t h e  whole body of a q u a t i c  s p e c i e s  which c o n s t i t n t e  or 
r e p r e s e n t  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  
s p e c i e s .  

b. For  an FDA a c t i o n  l e v e l  f o r  f i s h  o r  s h e l l f i s h ,  t h e  
a p p r o p r i a t e  3CF i s  t h e  h i g h e s t  geometr ic  mean s p e c i e s  BCF 
for t h e  e d i b l e  p o r t i o n  of a consumed s p e c i e s .  The 
h i g h e s t  s p e o i e s  BCF is used because  FDA a c t i o n  l e v e l s  a r e  
a p p l i e d  on a species-by-species b a s i s .  

5 .  For l i p o p h i l i c  m a t e r i a l s ,  i t  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  r e s i d u e  val t res ,  Because the s t e a d y - s t a t e  RCF f o r  
a l i p o p h i l i c  m a t e r i a l  seems t o  be p r o p o r t i o n a l  t o  pe rcen tage  
of l i p i d s  from one t i s s u e  t o  a n o t h e r  and from one s p e c i e s  t o  
a n o t h e r  (Hamelink e t  a l .  1971, Lundsford and Blem 1982, 
Scbnoor  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  s p e c i e s  t o  u n t e s t e d  t i s s u e s  or s p e c i e s  on t h e  B a s i s  of 
p e r c e n t a g e  of l i p i d s .  

a. For each BCF f o r  which pe rcen tage  of l i p i d s  i s  known f o r  
t h e  same t i s s u e  f o x  which t h e  BCF was measuxed, ncmnal ize  
t h e  B C F  t o  a one p e r c e n t  l i p i d  b a s i s  by d i v i d i n g  t h e  BCF 
by pe rcen tage  of l i p i d s .  T h i s  ad jus tment  makes a l l ;  t h e  
measured BCFs comparable r e g a r d l e s s  of s p e c i e s  o r  t i s s u e .  

b. C a l c u l a t e  t h e  geometr ic  mean normal ized  BCF. 

c. C a l c u l a t e  a11 p o s s i b l e  r e s i d u e  values by d i v i d i n g  a v s i l a -  
b l e  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 s  by t h e  mean 
normal ized  BCF and by t h e  pe rcen tage  of l i p i d s  v a l u e s  
a p p r o p r i a t e  t o  t h e  maximum p e r m i s s i b l e  t i s s u e  concent ra -  
t i o n .  

* For an FDA a c t i o n  l e v e l  for f i s h  o i l ,  t h e  appropr i -  
a t e  pe rcen tage  of l i p i d s  v a l u e  is 100. 

+ For an FDA a c t i o n  l e v e l  for f i s h ,  t h e  a p p r o p r i a t e  
pe rcen tage  of l i p i d s  v a l u e  i s  11 f o r  f r e s h w a t e r  c r i -  
t e r i a ,  based  on the h i g h e s t  l e v e l s  f o r  impor tan t  
consumed s p e c i e s  ( S i d w e l l  l981). 
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d For  a maximum AD1 d e r i v e d  from a c h r o n i c  f e e d i n g  
s tudy  o r  long-term f i e l d  s tudy  wi th  w i l d l i f e ,  t h e  
a p p r o p r i a t e  pe rcen tage  of l i p i d s  i s  t h a t  of an  aqna- 
t i c  s p e c i e s  o r  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 t h e  d i e t  of t h e  w i l d l i f e  
spec  i es .  

6.  The FRV i s  o b t a i n e d  by s e l e c t i n g  t h e  lowes t  of a v a i l a b l e  
r e s i d u e  v a l u e s .  

11. OTHER DATA 

P e r t i n e n t  i n f o r m a t i o n  t h a t  cau ld  n o t  be used i n  e a r l i e r  s e c t i o n s  
may be a v a i l a b l e  concern ing  a d v e r s e  e f f e c t s  on a q u a t i c  organisms and 
t h e i r  uses .  The most impor tan t  of t h e s e  a r e  d a t a  on cumula t ive  and 
de layed  t o x i c i t y ,  f l a v o r  impairment,  r e d u c t i o n  i n  s u r v i v a l ,  growth, os 
r ep roduc t  ion ,  o r  any o t h e r  b i o l o g i c a l l y  impof tan t  adve r se  e f f e c t .  
E s p e c i a l l y  impor tan t  ape  d a t a  f o r  s p e c i e s  f o r  which no o t h e r  d a t a  a r e  
a v a i l  ab1 e. 

12. CRITERION 

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  
Maximum C o n c e n t r a t i o n  and t h e  C r i t e r i o n  Continuous Concentra- 
t i o n .  

2 .  T h e  C r i t e r i o n  Maximum C o n c e n t r a t i o n  (CMC) i s  equa l  t o  one- 
h a l f  of t h e  FAV. 

3 .  The C r i t e r i o n  Continuous c o n c e n t r a t i o n  (CCC) i s  equal  t o  t h e  
lower  of t h e  FCV, t h e  F i n a l  P l a n t  Value,  and t h e  FRV u n l e s s  
o t h e r  d a t a  show a lower v a l u e  should  be used. If t o x i c i t y  i s  
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 ,  t h e  CCC i s  
o b t a i n e d  from t h e  F i n a l  Chronic  Equat ion ,  t h e  F i n a l  P l a n t  
Value,  and t h e  FRV by s e l e c t i n g  t h e  v a l u e  or c o n c e n t r a t i o n  
t h a t  r e s u l t s  i n  t h e  lowes t  c o n c e n t r a t i o n s  in t h e  usua l  range 
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 ,  u n l e s s  o t h e r  d a t a  ( s e e  
S e c t i o n  11) show t h a t  a lower v a l u e  should  be used. 

4 .  Round both  t h e  CCC a n d  CMC 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 .  The c r i t e r i o n  i s  s t a t e d  a s :  

T h e  procedures  d e s c r i b e d  i n  t h e  G u i d e l i n e s  for Der iv ing  
Numerical N a t i o n a l  Water Q u a l i t y  C r i t e r i a  fot the P r o t e c t i o n  
- of Auuat ic  Organisms and T h e i r  Uses i n d i c a t e  t h a t  ( excep t  
p o s s i b l y  where a l o c a l l y  impor tan t  s p e c i e s  is v e r y  s e n s i t i v e )  
(1) a q u a t i c  organisms and t h e i r  u s e s  should  not  be a f f e c t e d  
Unacceptab ly  i f  t h e  fons-day average  c o n c e n t r a t i o n  of ( 2 )  
does not exceed  ( 3 )  p g / L  more t h a n  once every t h r e e  y e a r s  on 
t h e  average  and i f  t h e  one-hour average  c o n c e n t r a t i o n  does  
not exceed ( 4 )  pg/L more t h a n  once every  t h r e e  yeaxs  on t h e  
a v e r  age. 

Where 

11) = i n s e r t  f r e s h w a t e r  o r  s a l t w a t e r ,  

( 2 )  = name of m a t e r i a l ,  

( 3 )  = i n s e r t  t h e  C r i t e r i o n  Continuous Concen t r a t ion ,  and 

( 4 )  = i n s e r t  t h e  C r i t e r i o n  Maximum Concen t ra t ion .  
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APPENDIX 3: 

CB?XERIA FOR THS PROTECIXON 
SUMMARY OF USEPA METHODOLOGY FOR DETERMINING WATER QUALITY 

W M  HEALTE 

The f o l l o w i n g  sparnary i s  a condensed v e r s i o n  of t h e  1980 f i n a l  US 
Environarental  Protection Agency (USEPA) g a i d a l i n e s  for c a l c u l a t i n g  a 
water  qaality c r i t e r i a  t o  protect human health and i s  s l a n t e d  towards 
the s p e c i f i c  regulator]r needs  of the US Army. The g a i d s l i n s t  arb t h e  
most recent doclntnt optlining the teqnirad procasd~res aad were pub- 
l i d h e d  in the F e d e r a l  R e g i s t e r  (USEPA 1980). For greater d e t a i l  on 
i n d i v i d u a l  points consalt tha t  rsfsrencs. 

1. IM'BODUCI'ION 

The EPA's wate 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  a r e  
based  on one or more of t h e  f o l l o w i n g  p r o p e r t i e s  of a chemical p o l l u -  
t a n t  : 

a )  C a r c i n o g e n i c i t y ,  b) T o x i c i t y ,  and c )  O r g a n o l e p t i c  ( t a s t e  and 
odor )  e f f e c t s .  

T h e  meanings and p r a c t i c a l  u s e s  of t h e  c r i t e r i a  v a l u e s  a r e  d i s -  
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 t h e y  a r e  based. 
C r i t e r i a  based  s o l e l y  on o r g a n o l e p t i c  e f f e c t s  do not  n e o e s s a r i l y  
r e p r e s e n t  approx ima t ions  of a c c e p t a b l e  r i s k  l e v e l s  f o r  human h e a l t h .  I n  
a l l  o t h e r  c a s e s  t h e  c r i t e r i a  v s l a e s  r e p r e s e n t  e i t h e r  e s t i m a t i o n s  of t h e  
maximnm a l lowab le  ambient w a t e r  c o n c e n t r a t i o n s  of a p o l l a t a n t  which 
would preven t  a d v e r s e  h e a l t h  e f f e c t s  o r ,  f o x  suspec t  and proven carc ino-  
gens,  e s t i m a t i o n s  of t h e  i n c r e a s e d  cance r  r i s k  a s s o c i a t e d  w i t h  incremen- 
t a l  changes i n  t h e  ambient w a t e r  c o n c e n t r a t i o n  of the subs t ance .  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 cons ide red  i n  de t e rmin ing  w a t e r  
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  w a t e r  q u a l i t y  s t a n d a r d s ,  t h e  cho ice  
of t h e  c r i t e r i o n  t o  be used depends o n  t h e  d e s i g n a t e d  w a t e r  use. I n  t h e  
case of a mul t ip l e -use  w a t e r  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  a p p l i e d .  

2 .  DATA NEEDED FOR HUMAN HEAWTII CRITERZA 

C r i t e r i a  documenta t ion  r e q u i r e s  i n f o r m a t i o n  on: (1) exposa re  
l e v e l s ,  ( 2 )  pharmacok ine t i c s ,  and ( 3 )  range  of t o x i c  e f f e c t s  of a g iven  
wa te r  p o l l a t a n t .  

2.1 lExpOSURE DATA 

For  an a c c n r a t e  assessment  of t o t a l  exposnre  t o  a chemica l ,  con- 
s i d e r a t i o n  must be g i v e n  t o  a l l  p o s s i b l e  exposure  r o u t e s  i n c l u d i n g  
i n g e s t i o n  of contaminated  w a t e r  and e d i b l e  a q u a t i c  and nonaqua t i c  organ- 
isms, a s  w e l l  a s  exposure  through i n h a l a t i o n  and dermal c o n t a c t .  For 
water  q u a l i t y  c r i t e r i a  t h e  most impor tan t  exposure  r o u t e s  t o  be con- 
s i d e r e d  a r e  i n g e s t i o n  of w a t e r  and c o n s m p t i o n  of f i s h  and s h e l l f i s h .  



Genera l ly ,  exposure through i n h a l a t i o n ,  dermal c o n t a c t ,  and non-aquat ic  
d i e t  i s  e i t h e r  unknown o r  so low a s  t o  be i n s i g n i f i c a n t ;  however,  when 
such d a t a  a r 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  evalua- 
t i o n .  

The EPA g u i d e l i n e s  f o r  deve loping  w a t e r  q u a l i t y  c x i t e r i a  a r e  
on t h e  f o l l o w i n g  assumpt ions  which a r e  des igned  t o  be p r o t e c t i v e  
h e a l t h y  a d u l t  male who i s  s u b j e c t  t o  average  exposure  c o n d i t i o n s :  

I .  The exposed i n d i v i d u a l  i s  a 70-tg ma le  p e r s o n  ( I n t e r n a t  
Commission on R a d i o l o g i c a l  P r o t e c t i o n  1977). 

based  
f a  

onal 

2 .  The average  d a i l y  consumption of f r e s h w a t e r  and e s t u a r i n e  f i s h  
and s h e l l f i s h  p r o d u c t s  i s  equal  t o  6 . 5  grams. 

3 .  TBe average  d a i l y  i n g e s t i o n  of w a t e r  is equal  t o  2 l i t e r s  
(Dr ink ing  Water and Bea f th ,  Na t iona l  Research Counci l  1977). 

Because fish and s h e l l f i s h  consumption i s  a n  impor tan t  exposure  f a c t o r ,  
i n fo rma t ion  on b i o c o n c e n t r a t i o n  of t h e  p o l l u 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  s p e c i e s  is n e c e s s a r y  t o  c a l c u l a t e  t h e  o v e r a l l  exposuxe l e v e l .  
T h e  b i o c o n c e n t r a t i o n  f a c t o r  (BCF) i s  equal  t o  t h e  q u o t i e n t  of t h e  c o r  
c a n t r a t i o n  of a subs t ance  i n  a l l  OF p a r t  of a n  organism 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 h  ambient w a t e r  t~ which t h e  o x g a n i m  h a s  been  exposed. 
The BCF i s  a ' f a 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 t ance  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  p o r t i o n s  of f i s h  o r  s h e l l f i s h .  To de termine  
t h e  weighted  average  BCF, t h r e e  d i f f e r e n t  p r o c e d u e s  can  be used depen- 
d ing  upon 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 b i o c o n c e n t r a t i o n  d a t a :  

(1) For  l i p i d  s o l u b l e  compounds, t h e  average  BCF i s  c a l c u l a t e d  from 
t h e  weighted  ave rage  p e r c e n t  l i p i d s  in i n g e s t e d  fish and s h e l l f i s h  
i n  t h e  average  American d i e t .  T h e  l a t t e r  f a c t o r  h a s  been  e s t i m a t e d  
t o  be 3 p e r c e n t  (S tephan  1980 ,  a s  c i t e d  i n  USEPA 1980) 

Because s teady-  st a t  e BCFs f o r  1 i p i d  s o l u b l  e compounds a 1  e p r  opor- 
t i o e a l  t o  p e r c e n t  l i p i d s ,  t h e  BCF f o r  t h e  average  American d i e t  can 
be  c a l c u l a t e d  a s  follows: 

where BCFsp i s  t h e  b i o c o n c e n t r a t i o n  f a c t o r  f o r  a n  a q u a t i c  s p e c i e s  
and PLsp i s  t h e  p e r c e n t  l i p i d s  in t h e  e d i b l e  p o r t i o n s  of t h a t  
spec ie s .  

( 2 )  Where a n  a p p r o p r i a t e  b i o c o n c e n t r a t i o n  f a c t o r  i s  no t  a v a i l a b l e ,  
t h e  BCF can  be e s t i m a t e d  from t h e  o c t a n o 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 subs t ance  a s  f a l l o w s :  

l o g  BCF = ( 0 . 8 5  l o g  PI - 0.76 
f o r  a q u a t i c  organisms c o n t a i n i n g  aboat  7 . 6  p e r c e n t  l i p i d s  (Ve i th  e t  
a l .  1980, a s  c i t e d  i n  USEPA 1980). A n  adjns tment  f o r  p e r c e n t  
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l i p i d s  i n  t h e  average  d i e t  ( 3  p e r c e n t  v e r s u s  7 . 6  p e r c e n t )  i s  made 
t o  d e r i v e  t h e  weighted  average  b i o c o n c e n t r a t i o n  f a c t o r .  

( 3 )  For nonl i p i d - s o l u b l e  compounds, t h e  a v a i l a b l e  BCFs f o r  e d i b l e  
p o r t i o n s  of consumed f r e s h w a t e r  and e s t u a r i n e  f i s h  and s h e l l f i s h  
a r e  weighted  a c c o r d i n g  t o  c o n s m p t i o n  f a c t o r s  t o  de t e rmine  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 .  

2.2 PIJARMACOKINIXIC DATA 

Pharmacokine t ic  d a t a ,  encompassing i n f o r m a t i o n  on a b s o r p t i o n ,  d i s -  
t r i b u t i o n ,  metabolism, and e x c r e t i o n ,  a r e  needed f o r  de t e rmin ing  t h e  
b iochemica l  f a t e  of a subs t ance  i n  human and animal systems. Informa- 
t i o n  on a b s o r p t i o n  and e x c r e t i o n  i n  an ima l s ,  t o g e t h e r  wi th  a knowledge 
of ambient c o n c e n t r a t i o n s  in w a t e r ,  food,  and a i r ,  a r e  u s e f u l  i n  estima- 
t i n g  body burdens  i n  humans. P h a w a c o k i n e t i c  d a t a  a r e  a l s o  e s s e n t i a l  
for e s t i m a t i n g  e q u i v a l e n t  oral doses  based  on d a t a  from i n h a l a t i o n  o r  
o t h e r  r o u t e s  of exposure. 

2.3 BIOLOGICAL EFFEcrS DATA 

E f f e c t s  d a t a  which a r e  e v a l u a t e d  for w a t e r  q u a l i t y  c r i t e r i a  i n c l u d e  
a c u t e ,  subchron ic ,  and  c h r o n i c  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 g e n o t o x i c i t y ,  t e r a t o g e n i c i t y ,  and c a r c i n o g e n i c i t y .  The 
-data  axe d e r i v e d  p r i m a r i l y  from animal s t u d i e s ,  but  c l i n i c a l  c a s e  h i s -  
t o r i e s  and ep idemio log ica l  s t u d i e s  may a l s o  p rov ide  u s e f u l  i n fo rma t ion .  
According t o  t h e  EPA (USEPA 19801, s e v e r a l  f a c t o r s  i n h e r e n t  i n  human 
ep idemio log ica l  s t u d i e s  o f t e n  p rec lude  t h e i r  use in 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  ( s e e  NAS 19771. However, ep idemio log ica l  d a t a  can be 
u s e f u l  i n  t e s t i n g  t h e  v a l i d i t y  of animal-to-man e x t r a p o l a t i o n s .  

From an a s ses smen t  of a l l  t h e  a v a i l a b l e  d a t a ,  a b i o l o g i c a l  end- 
p o i n t ,  i . e . ,  c a r c i n o g e n i c i t y ,  t o x i c i t y ,  or o r g a n o l e p t i c  e f f e c t s  i s  
s e l e c t e d  f o r  c r i t e r i a  f o r m u l a t i o n .  

3 .  WMAN HEALTH CWTXTERIA FOR CAaCINOGEJliIC SUBSTANCES 

I f  s u f f i c i e n t  d a t a  e x i s t  t o  sonc lude  t h a t  a s p e c i f i c  subs t ance  i s  a 
p o t e n t i a l  human c a r c i n o g e n  ( c a r c i n o g e n i c  i n  animal s t u d i e s ,  w i t h  suppor- 
t i v e  g e n o t o x i c i t y  d a t a ,  and p o s s i b l y  a l s o  s u p p o r t i v e  ep idemio log ica l  
d a t a )  t h e n  t h e  p o s i t i o n  of t h e  EPA i s  t h a t  t h e  wa te r  q u a l i t y  c r i t e r i o n  
for t h a t  subs t ance  (recommended ambient w a t e r  c o n c e n t r a t i o n  for maximum 
p r o t e c t i o n  of human h e a l t h )  i s  ze ro .  T h i s  i s  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  f o r  e s t a b l i s h i n g  a t h r e s h o l d  l e v e l  for carc ino-  
gen ic  e f f e c t s ,  and, consequen t ly ,  t h e r e  i s  no s c i e n t i f i c  b a s i s  for es t a -  
b l i s h i n g  a "safe" level. To better d e f i n e  t h e  carcinogenic risk associ- 
a t e d  w i t h  a p a r t i c a l a r  w a t e r  p o l l u t a n t ,  t h e  EPA h a s  developed a metho- 
dology f o r  de t e rmin ing  ambient wa te r  c o n c e n t r a t i o n s  of t h e  subs t ance  
which would co r re spond  t o  inc remen ta l  l i f e t i m e  cance r  r i s k s  of lo-' t o  
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10-5 (one  a d d i t i o n a l  c a s e  of cance r  i n  p o p u l a t i o n s  r ang ing  from t e n  m i l -  
l i o n  t o  100,OQO, r e s p e c t i v e l y ) .  These r i s k  e s t i m a t e s ,  however,  do not  
r e p r e s e n t  an  EPA judgment a s  t o  a n  "accep tab le"  r i s k  l e v e l .  

3 $1 IMETHODOLOGY FOR DETERMINING CARCINOGENICJX'Y (NONTHRESHOED) CRITERIA 

T h e  ambient w a t e r  c o n c e n t r a t i o n  of a subs t ance  co r re spond ing  t o  a 
s p e c i f i c  c a r c i n o g e n i c  r i s k  c a n  be c a l c u l a t e d  a s  f o l l o w s :  

70 x PR 
C = q1* ( 2  + 0.0065BCF9 

where, 
C = ambient w a t e r  c o n c e n t r a t i o n ;  
PR = t h e  p robab le  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  100,000);  
BCF = t h e  b i o c o n c e n t r a t i o n  f a c t o r ;  and 
ql* = a c o e f f i c i e n t  ( d e f i n e d  below) (USEPA 1980). 

By r e a r r a n g i n g  t h e  te rms  i n  t h i s  equa t ion ,  i t  can  be s e e n  t h a t  t h e  ambient 
w a t e r  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  t h e  o v e r a l l  e sposn re  
l e v e l :  

PR = a* x C ( 2  i- 0.0065 BCF) 
.7 0 

os 

where, 2 C  i s  t h e  daily exposure r e s u l t i n g  froan d r i n k i n g  2 l i t e r s  
of wa te r  p e r  day and (0.0065 x B C F  x C )  i s  t h e  ave rage  
d a i l y  exposure  r e s u l t i n g  from t h e  conswnption of 6 . 5  mg 
of f i s h  and s h e l l f i s h  per  day. Because t h e  exposure  is 
c a l c u l a t e d  f o r  a 70-kg man, i t  i s  normal ized  t o  a p e r  
k i logram b a s i s  by t h e  f a c t o r  of 1 / 7 0 .  I n  t h i s  
p a r t i c u l a r  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 ,  
dermal c o n t a c t ,  and n s n a q u a t i c  d i e t  i s  cons ide red  
t o  be n e g l i g i b l e .  

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

PR = pa* x, 
where X i s  t h e  t o t a l  avexage d a i l y  exposure i n  mgfkgfday 
o r  

Q%* = PR, 
X 

~ b o w i s g  t h a t  the c o e f f i c i e n t  ~ 1 "  i s  t h e  r a t i o  of 
x i s k  t o  dose; a n  i n d i c a t i o n  of t h e  caac inogen ic  potency 
of t h e  componnd, 

The USEPA g u i d e l i n e s  s t a t e  t h a t  for t h e  purpose of deve loping  w a t e r  
q u a l i t y  c r i t e r i a ,  t h e  assumpt ion  i s  wade t h a t  a t  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 r i s k  ( a t  h igh  doses ,  however, 
t h e r e  may be a r a p i d  i n c r e a s e  i n  r i s k  w i t h  dose r e s u l t i n g  i n  a s h a r p l y  
curved  dose j r e sponse  c u r v e ) .  A t  low 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 a p p r e c i a b l y  and q1' is a c o n s t a n t .  A t  h i g h  doses  
t h e  c a r c i n o g e n i c  potency  c a n  be d e r i v e d  d i r e c t l y  from expe r imen ta l  d a t a ,  
but f o r  r i s k  l e v e l s  of 10-7 t o  10-5, which cor respond t o  v e r y  low doses, 
t h e  q1* v a l a e  must be d e r i v e d  by e x t r a p o l a t i o n  from ep idemio log ica l  d a t a  
or from high  dose,  shor t - te rm animal b i o a s s a y s .  

3.2 CARCINOGENIC POTENCY CALCULATED FROM WJW DATA 

I n  haman e p i d e m i o l o g i c a l  s t u d i e s ,  c a r c i n o g e n i c  e f f e c t  i s  expres sed  
i n  t e rms  of t h e  r e l a t i v e  r i s k  [RRCX)] of a c o h o r t  of i n d i v i d u a l s  a t  
exposure  X compared t o  t h e  r i s k  i n  t h e  c o n t r o l  group f P R ( c o n t r o 1 ) l  
( e . g . ,  i f  t h e  cance r  risk in group A i s  f i v e  t i m e s  g r e a t e r  t h a n  t h a t  of 
t h e  c o n t r o l  groap, t h e n  RR(X) = 5 ) .  In such c a s e s  t h e  "excess" r e l a t i v e  
cance r  risk i s  expres sed  a s  =(XI - 1, and t h e  a c t u a l  numeric, o r  pro- 
p o r t i o n a l  excess  r i s k  l e v e l  IPB(X)l c a n  be c a l c u l a t e d :  

pR(X) = IrzrC(X> - 11 x PR(con t ro1 ) .  

Using t h e  s t a n d a r d  r i s k l d o s e  e q u a t i o n :  

PB(X) = b x X 
and s u b s t i t u t i n g  for PR(X): 

[RR(X) - 11 x PR(cont ro1)  = b x X 

o r  

b = JER(X) - 11 x PB(con t ro l1 ,  
X 

where b i s  equal  t o  t h e  c a r c i n o g e n i c  potency  o r  q1*. 

3 . 3  CARCINOGENIC POTENCY CALUJLATED FROM ANIiMAL 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  s p e c i e s ,  s t r a i n s ,  and s e x e s  
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 exposnre,  and. 
exposnre  d u r a t i o n s ,  any d a t a  s e t s  used  in 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 t a n d a r d s :  

1. T h e  tnmor i n c i d e n c e  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 g h e r  
t h a n  t h e  c o n t r o l  f o r  a t  l e a s t  one t e s t  dose l e v e l  and /o r  t h e  
tumor inc idence  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 e n d  w i t h  r e s p e c t  t o  dose l e v e l .  

2 .  The d a t a  se t  g i v i n g  t h e  h i g h e s t  e s t i m a t e  of c a r c i n o g e n i c  
l i f e t i m e  r i s k  (a*) shou ld  be s e l e c t e d  u n l e s s  t h e  sample s i z e  
i s  q u i t e  small  and a n o t h e r  d a t a  s e t  w i th  a s i m 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 .  



3 .  If two or more da t a  s e t s  axe  comparable i n  s i z e  and i d e n t i c a l  
with r e s p e c t  t o  s p e c i e s ,  s t r a i n ,  sex ,  and tumor s i t e ,  t h e n  t h e  
geometr ic  mean of q l r  from a l l  d a t a  s e t s  i s  used i n  t h e  r i s k  
a s s e  s sm en t  . 

4 .  I f  i n  t h e  same s tudy  tumors occur  a t  a s i g n i f i c a n t  f requency 
a t  more t h a n  one s i t e ,  t h e  cancer  i nc idence  i s  based  on t h e  
nmnber of an imals  hav ing  tumors a t  any one of t h o s e  s i t e s .  

I n  o r d e r  t o  make d i f f e r e n t  d a t a  s e t s  comparable,  t h e  EPA g u i d e l i n e s  
c a l l  f o r  t h e  f o l l o w i n g  s t a n d a r d i z e d  p rocedures :  

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  te rms  of dose p e r  day ( m )  p e r  unit of body 
s u r f a c e  a rea .  Because t h e  s u r f a c e  a r e a  i s  p r o p o r t i o n a l  t o  t h e  
2/3 power of t h e  body weight  (W) , t h e  d a i l y  exposure (XI c a n  
be expres sed  a s :  

m x =  ------- 
W l 3  

2. I f  t h e  dose ( S I  i s  g iven  a s  mg per  kg of body weight :  

1 
s = ---- 

w 
then 

m = S X W  

and t h e  e q u i v a l e n t  d a i l y  exposure (XI would be 

(s x w )  

$ / 3  

x = :  ---I-----.- 

o r  

3 .  T h e  dose must a l s o  be normalized t o  a l i f e t i m e  average  expo- 
s u r e .  For  an ca rc inogen ic  a s say  i n  which t h e  average  dose pe r  
day ( i n  mg)  i s  m, and t h e  l e n g t h  of exposore i s  l e ,  and t h e  
t o t a l  l eng th  of t h e  experiment i s  Le, t h e n  t h e  l i f e t i m e  
average  e x p o s w e  (&) is 

1 6  x rn _-------------- x,= 
Le x $ 1 3  
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4 .  

5 .  

6 .  

If t h e  d u r a t i o n  of t h e  experiment (Le) i s  l e s s  t h a n  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  v a l u e  of q l c  is 
i n c r e a s e d  by a f a c t o r  of (LfLe)3 t o  a d j u s t  for a n  a g e - s p e c i f i c  
i n c r e a s e  i n  t h e  cance r  r a t e .  

If t h e  exposure  i s  expres sed  a s  t h e  d i e t a r y  c o n c e n t r a t i o n  of a 

subs t ance  ( i n  ppm), t h e n  t h e  dose pe r  day ( m )  i s  

m = ppm x F x r ,  

where F is t h e  weight  of t h e  food  e a t e n  p e r  day i n  kg, and r 
i s  t h e  a b s o r p t i o n  f r r c t i o n  (which is g e n e r a l l y  assumed t o  be 
e q u a l  t o  1). The weight  of t h e  food  e a t e n  p e r  day c a n  be 
expres sed  a s  a f u n c t i o n  of body weight 

F = fW, 

where f i s  E s p e c i e s - s p e c i f i c ,  e m p i r i c a l l y  d e r i v e d  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  F 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  con ten t  of each s p e c i e s  d i e t  ( f  is equa l  t o  0 . 0 2 8  f o r  
a 70-kg man; 0.05 f o r  a 0.35-kg r a t ;  and 0.13 for a 0.03-kg ' 

mouse). 

S u b s t i t u t i n g  (ppm x F) f o r  m and fW f o r  F, t h e  d a i l y  exposure  
( d o s e f s x u f a c e  a r e a / d a y  o r  m / @ / 3 >  c a n  be expres sed  a s  

Ppm = F p p m x f  X P T  

x = -----c- = -----...----- = p p  x f x v1/3. 
@ I 3  wz/ 3 

When exposure  i s  v i a  i c h a l a t i o n ,  c a l c u l a t i o n  can  be cons ide red  
f o r  two c a s e s :  (1) t h e  subs t ance  i s  a wa te r  s o l u b l e  gas  o r  
a e r o s o l ,  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  amount of 
a i r  b r e a t h e d  i n  and ( 2 )  t h e  subs t ance  i s  not  v e r y  w a t e r  solu- 
b l e  and a b s o r p t i o n ,  a f t e r  e q u i l i b r i u m  i s  reached  between t h e  
a i r  and t h e  body compartments, w i l l .  be p r o p o r t i o n a l  t o  t h e  
me tabo l i c  r a t s  which is p r o p o r t i o n a l  t o  r a t e  of oxygen con- 
sumption; which, i n  t u r n ,  i s  a f u n c t i o n  of t o t a l  body s u r f a c e  
a r e a  e 

3.4 EXTRAPOLATION FROM HIGH TO LOW DOSES 

Once exye r imen ta l  d a t a  have  been s t a n d a r d i z e d  i n  te rms  of exposure  
l e v e l s ,  t h e y  a r e  i n c o r p o r a t e d  i n t o  a mathemat ica l  model which a l lows  for 
c a l c u l a t i o n  of e x c e s s  r i s k  l e v e l s  and c a r c i n o g e n i c  potency  a t  low d o s e s  
by e x t r a p o l a t i o n  from hi& dose  s i t w t i o n s .  There  a r e  a number of 
mathemat ica l  models which can  be used f o r  t h i s  procedure  ( s e e  Krewski e t  
a l .  1983 f o r  r e v i e w ) .  The EPA h a s  s e l e c t e d  a " l i n e a r i z e d  m u l t i - s t a g e "  
e x t r a p o l a t i o n  model f o r  use i n  d e r i v i n g  w a t e r  quality c r i t e r i a  (USEPA 
1980). T h i s  model is d e r i v e d  from a s t a n d a r d  "general  p roduc t "  t i m e -  
to - response  ( tumor )  model (Krewski e t  a l .  1983): 

P ( t ; d )  = 1 - e r p [ - g ( d ) H ( t ) l ,  

where P { t ; d )  i s  t h e  p r o b a b l e  r e sponse  for dose d and 
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t ime t ;  g ( d )  i s  t h e  polynomial  f n n c t i o n  d e f i n i n g  t h e  
e f f e c t  of dose l e v e l ,  and H ( t )  t h e  e f f e c t  of t ime :  

(wi th  a and p 2 0 ,  a n d 1  p i  = 1). 

T h i s  t ime- to- response  model can  be conver ted  t o  a q u a n t a l  r e sponse  
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  into each Q a s  a m n l t i p l i c a -  
t i v e  cons t an t  (Crump 1980) : 

a 

P ( d / t )  = 1 - exp{ - 2 a d i ) ,  
i=Q 

o r  a s  g iven  i n  t h e  EPA g u i d e l i n e s  (USEPA 1980)  : 

P ( d )  = 1 - expK-(qo + q l d  + q2d2 + . . . + q k d k ) l ,  

where P ( d )  i s  t h e  l i f e t i m e  r i s k  ( p r o b a b i l i t y )  of cance r  a t  dose d. 

For  a g iven  dose t h e  excess  cance r  r i s k  A(d) above t h e  background s a t e  

P Q o )  i s  g iven  by t h e  equa t ion :  

P(d) -P(o )  

I - P(0) 
A(d) = ----------- 

where 

A(d) = 1 - exp[-qld + p2d2 + . . . + qkdkl l  I 

Poin t  e s t i m a t e s  of t h e  c o e f f i c i e n t s  q1.. .qk and consequen t ly  the 
e x t r a  r i s k  f u n c t i o n  A(d)  a t  any g i v e n  dose axe  c a l c u l a t e d  by us ing  t h e  
s t a t i s t i c a l  method of maximam l i k e l i h o o d .  Whenever q1 is no t  equal  t o  
0, a t  low doses  t h e  e x t r a  r i s k  f u n c t i o n  A(d)  h a s  approximate ly  t h e  form: 

A(d) = q1 x d. 

Consequently.  91, x d r e p r e s e n t s  a 95 p e r c e n t  upper conf idence  l i m i t  
on t h e  excess  r i s k ,  and R / ~ J .  r e p r e s e n t s  a 95 p e r c e n t  lower  conf idence  
l i m i t  on t h e  dose producing  a n  excess  r i s k  of R. n u s  A(d)  and R w i l l  
be  a f u n c t i o n  of t h e  maximum p o s s i b l e  v a l u e  of QI which can be de t e r -  
mined from t h e  9 5  p e r c e n t  upper  conf idence  limits on 91. T h i s  i s  accom- 
p l i s h e d  by us ing  t h e  computer program GLOBAL 7 9  developed by Crnmp and 
Watson (1979). P a  t h i s  p rocedure  q1*, t h e  9 5  p e r c e n t  upper conf idence  
l i m i t ,  i s  c a l c u l a t e d  by i n c r e a s i n g  q1 t o  a v a l n e  which, when incorpora-  
t e d  i n t o  t h e  l o g - l i k e l i h o o d  f u n c t i o n ,  r e s u l t s  i n  a maximum v a l u e  
s a t i s f y i n g  t h e  e q u a t i o n :  

 LO - L1) = 2.70554, 

where LO i s  t h e  maximum v a l u e  of t h e  l o g - l i k e l i h o o d  funetioa. 
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Whenever t h e  m u l t i s t a g e  model does  no t  f i t  t h e  d a t a  s u f f i c i e n t l y ,  
d a t a  a t  t h e  h i g h e s t  dose a r e  d e l e t e d  and t h e  model is r e f i t t e d  t o  t h e  
d a t a .  To de termine  whether  t h e  f i t  i s  a c c e p t a b l e ,  t h e  ch i -square  s t a -  
t i s t i c  i s  used: 

h (xi - 
x 2  = ---------------c---- , 

i -1  NiPi x (1 - Pi) 

where N i  i s  t h e  number of an ima l s  i n  t h e  i t h  dose group, 
xi i s  t h e  namber of animals in t h e  i t h  dose  group w i t h  a 
tumor r e sponse ,  p i  is t h e  p r o b a b i l i t y  of a r e sponse  in 
t h e  i t h  dose  group e s t i m a t e d  by f i t t i n g  t h e  m u l t i s t a g e  
model t o  t h e  d a t a ,  and h i s  t h e  number of remain ing  groups.  

The f i t  i s  de termined  t o  be unaccep tab le  whenever ch i -square  
( 8 2 )  is l a r g e r  t h a n  t h e  cumula t ive  9 9  p e r c e n t  p o i n t  of 
t h e  ch i -square  d i s t r i b u t i o n  w i t h  f d e g r e e s  of freedom, where f 
e q u a l s  t h e  number of dose groups  minus the number of 
nonzero  m u l t i s t a g e  c o e f f i c i e n t s .  

4 .  EE4LTH CRITERIA F O R  NONCAaCINOGENIC TOXIC SUESTANCES 

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 nonca rc inogen ic  human 
h e a l t h  e f f e c t s  c a n  be d e r i v e d  from s e v e r a l  s o u r c e s  of d a t a .  In  a l l  
c a s e s  i t  i s  assumed t h a t  t h e  magnitude of a t o x i c  e f f e c t  d e c r e a s e s  a s  
t h e  exposure  l e v e l  d e c r e a s e s  u n t i l  a t h r e s h o l d  p o i n t  i s  r eached  a t ,  and 
below which. t h e  t o x i c  e f f e c t  w i l l  not o c c m  r e g a r d l e s s  of t h e  l e n g t h  of 
t h e  exposure p e r i o d .  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 s u b s t a n c e  i n  ambient w a t e r  which, when c o n s i d e r e d  i n  r e l a -  
t i o n  t o  o t h e r  sources of exposure  I i . e . ,  average  d a i l y  consumption of 
n o a s q u a t i c  organisms (DT) and d a i l y  i n h a l a t i o n  (IN1 I , p l a c e  t h e  Accepta- 
b l e  Da i ly  I n t a k e  (AD11 of t h e  subs t ance  a t  a l e v e l  below t h e  t o x i c i t y  
t h r e s h o l d ,  t h e r e b y  p r e v e n t i n g  adve r se  h e a l t h  e f f e c t s :  

AD1 - (rn +IN) 
c .......................... 

C2L f (0.0065 kg I 3CF)I 

where 2L i s  t h e  amonnt of w a t e r  i n g e s t e d  p e r  day, 0.0065 kg 
i s  t h e  amotmt of f i s h  and s h k l l f i s h  consumed p e r  day, and 
BCF i s  t h e  weighted  average  b i o c o n c e n t r a t i o e  f a c t o r .  

In t e rms  of s c i e n t i f i c  v a l i d i t y ,  an a c c u r a t e  e s t i m a t e  of t h e  AD1 i s  
t h e  major  f a c t o r  i n  d e r i v i n g  a s a t i s f a c t o r y  w a t e r  q u a l i t y  c r i t e r i a .  

The t h r e s h o l d  exposure  l e v e l ,  and t h u s  t h e  ADI, can  be d e r i v e d  from 
e i t h e r  or both animal and human t o x i c i t y  d a t a .  
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4 . 1  NONCARCINOGENIC HEALTH CRITERIA BASED ON ANIMAL TOXICITY DATA (ORAL) 

For  c r i t e r i a  d e r i v a t i o n ,  t o x i c i t y  i s  d e f i n e d  a s  any adve r se  e f f e c t s  
which r e s d  t i n  f u n c t i o n a l  impairment a n d l o r  p a t h o l o g i c a l  l e s i o n s  which 
may a f f e c t  t h e  performance of t h e  whole organism, o r  which reduce a n  
o rgan i sm ' s  a b i l i t y  t o  respond t o  a n  a d d i t i o n a l  c h a l l e n g e  (USEPA 1 9 8 0 ) .  

A b i o a s s a y  y i e l d i n g  i n f o r m a t i o n  a s  t o  t h e  h i g h e s t  c h r o n i c  (90 days  
o r  more) exposure  t o l e r a t e d  by t h e  t e s t  animal w i thou t  adve r se  e f f e c t s  
(No-Observed-Adverse-Eff ect-Level  o r  NOAEL,) i s  e q u i v a l e n t  t o  t h e  tox i -  
c i t y  t h r e s h o l d  and c a n  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 .  I n  
a d d i t i o n  t o  t h e  NOAEL, o t h e r  d a t a  p o i n t s  which c a n  be o b t a i n e d  from tox- 
i c i t y  t e s t i n g  a r e  

(1) NQEL = No-Observed-Ef f es t -Level ,  
( 2 )  u)Ec = Lowest-Observed-Effect-Level, 
( 3 )  LOAIL = Lowest-Observed-Adverse-Eff ect-Level ,  
( 4 )  FEL, = Frank-Ef f e c t - l e v e l  . 
According t o  t h e  EBA g u i d e l i n e s ,  o n l y  c e r t a i n  of t h e s e  d a t a  p o i n t s  

can be used f o r  c r i t e r i a  d e r i v a t i o n :  

I., A s i n g l e  FEL v a l u e ,  w i thou t  i n f o m a t i o n  on t h e  o t h e r  response  
l e v e l s ,  should no t  be used f o r  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 way of knowing how f a r  above t h e  t h r e s h o l d  i t  
OOCUKS. 

2 .  A s i n g l e  NOEL v a l u e  i s  a l s o  u n s u i t a b l e  because t h e r e  i s  no way 
o f  de te rmin ing  how f a r  below t h e  t h r e s h o l d  i t  occur s .  I f  only 
m u l t i p l e  N O E S  a r e  a v a i l a b l e ,  t h e  h i g h e s t  v a l u e  should  be 
used. 

3 .  I f  a LQEL v a l n e  a l o n e  i s  a v a i l a b l e ,  a judgement must be made 
a s  t o  whether  t h e  v a l u e  a c t u a l l y  co r re sponds  t o  a NOAEL o r  an 
LOAEL . 

4. I f  an LOAEL v a l n e  i s  used  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  10 t o  make i t  approx ima te ly  
e q u 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 f o r  s easonab ly  c l o s e l y  spaced doses  o n l y  a NOEL and a LOAEL 
v a l u e  of equal  q u a l i t y  a r e  a v a i l a b l e ,  t h e  NOEL i s  used f o r  
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 t h e  t o x i c i t y  t h r e s h o l d  would be o m  
o b t a i n e d  from a b i o a s s a y  i n  which a n  NOEL, NOAEL, LO&, and c l e a r l y  
d e f i n e d  FEL were observed  i n  r e l a t i v e l y  c l o s e l y  spaced doses .  

Rega rd le s s  of which of t h e  above d a t a  p o i n t s  i s  used t o  e s t i m a t e  
t h e  t o x i c i t y  t h r e s h o l d ,  a judgement must be made a s  t o  whether  t h e  
exper imenta l  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  e x t r a p o l a t i o n  f o r  haman exposnre  s i t u a t i o n s .  Depending OR 
whether  t h e  d a t a  a r e  cons ide red  t o  be adequate  o r  i nadequa te ,  t h e  
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t o x i c i t y  t h r e s h o l d  i s  a d j u s t e d  by a " s a f e t y  f a c t o r "  o r  " u n c e r t a i n t y  fac-  
t o r "  (NAS 19'77). The ' " M c e t t a i n t y  f a c t o r "  may range from 10 t o  1000 
accord ing  t o  t h e  f o l l o w i n g  g e n e r a l  gu ide1  i n e s :  

1. U n c e r t a i n t y  f a c t o r  10. Va l id  expe r imen ta l  r e s u l t s  from stn-  
d i e s  on prolonged  i n g e s t i o n  by man, wi th  no i n d i c a t i o n  of car- 
c i n o  gen i  c i t y . 

2 .  U n c e r t a i n t y  f a c t o r  100. Data on c h r o n i c  exposnxes i n  humans 
not  a v a i l a b l e .  V a l i d  r e s u l t s  of long-term f e e d i n g  s t u d i e s  on 
expe r imen ta l  an ima l s ,  o r  i n  t h e  absence  of human s t u d i e s ,  
v a l i d  animal s t u d i e s  on one or more s p e c i e s .  No i n d i c a t i o n  of 
c a r c i n o g e n i c i t y .  

3 .  U n c e r t a i n t y  f a c t o r  1000. No long-term or  a c u t e  exposare  d a t a  
for humans. S c a n t y  r e s u l t s  on expe r imen ta l  an imals  w i t h  no 
i n d i c a t i o n  of ca zc i n o g e n i c i  t y  . 

U n c e r t a i n t y  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  d e s c r i b e d  
above should  be s e l e c t e d  on t h e  b a s i s  of a l o g a r i t h m i c  s c a l e  ( e . g . ,  33 
b e i n g  ha l fway  between 1 0  and 100). 

' Ihe ph rase  "no i n d i c a t i o n  of c a r c i n o g e n i c i t y "  means t h a t  c a r c i n a -  
g e n i c i t y  d a t a  from animal expe r imen ta l  s t u d i e s  or human epidemiology a r e  

. not a v a i l a b l e .  Data from shor t - te rm c a r c i n o g e n i c i t y  s c r e e n i n g  t e s t s  may 
be r e p o r t e d ,  but  t h e y  a r e  not  used i n  c r i t e r i a  d e r i v a t i o n  o r  f o r  r u l i n g  
out t h e  u n c e r t a i n t y  f a c t o r  approach. 

4.2 CRITERIA BASED ON XNHALATION EXPOSURES 

In t h e  absence  of o r a l  t o x i c i t y  d a t a ,  wa te r  q u a l i t y  c r i t e r i a  f o r  a 
subs t ance  can be d e r i v e d  from t h r e s h o l d  l i m i t  v a l n e s  (TLVs) e s t a b l i s h e d  
by t h e  American Conference of Governmental and I n d u s t r i a l  H y g i e n i s t s  
(ACGIH),  t h e  Occupa t iona l  S a f e t y  and Hea l th  A d m i n i s t r a t i o n  {OSHA), o r  
t h e  Na t iona l  I n s t i t u t e  f o r  Occupat iona l  S a f e t y  and Hea l th  (NIOSB) ,  o r  
from l a b o r a t o r y  s t u d i e s  e v a l u a t i n g  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 a n c e  i n  expe r imen ta l  animals.  TLVs r e p r e s e n t  8-hr time-weighted 
a v e r a g e s  of c o n c e n t r a t i o n s  i n  a i r  des igned  t o  p r o t e c t  workers  from 
v a r i o u s  a d v e r s e  h e a l t h  e f f e c t s  d u r i n g  a normal working c a r e e r .  To t h e  
e x t e n t  t h a t  TLVs a r e  based  on soand t o x i c o l o g i c a l  e v a l u a t i o n s  and have 
been  p r o t e c t i v e  i n  t h e  work s i t u a t i o n ,  t h e y  p rov ide  h e l p f u l  i n f o r m a t i o n  
f o r  d e r i v i n g  w a t e r  q u a l i t y  c r i t e r i a .  However, each TLV must be examined 
t o  d e c i d e  i f  t h e  d a t a  i t  i s  based  on can  be used f o r  c a l c u l a t i n g  a wa te r  
q u a l i t y  c r i t e r i a  (using t h e  u n c e r t a i n t y  f a c t o r  approach) .  Also t h e  h i s -  
t o r y  of each TLV should  be examined t o  a s s e s s  t h e  e x t e n t  t o  which it h a s  
r e s u l t e d  i n  worker s a f e t y .  With each TLV, t h e  t y p e s  of e f f e c t s  a g a i n s t  
which it i s  des igned  t o  p r o t e c t  a r e  examined i n  te rms  of its r e l e v a n c e  
t o  exposure  from w a t e r .  It must be shown t h a t  t h e  chemical is not  R 
l o c a l i z e d  i r r i t a n t  and t h e r e  i s  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 
e n t r y ,  r e g a r d l e s s  of t h e  exposure  r o u t e .  
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The most impor tan t  f a c t o s  i n  u s i n g  i n h a l a t i o n  d a t a  i s  i n  de t e r -  
mining e q u i v a l e n t  dose / r e sponse  r e l a t i o n s h i p s  f o r  o r a l  exposures .  
E s t i m a t e s  of e q u i v a l e n t  doses  can be based  upon (1) a v a i l a b l e  p h a r  
macokine t ic  da t a  f o r  o r a l  and i n h a l a t i o n  r o u t e s ,  ( 2 )  measurements of 
a b s o r p t i o n  e f f i c i e n c y  from i n g e s t e d  or i n h a l e d  chemica ls ,  o r  ( 3 )  com- 
p a r a t i v e  e x c r e t i o n  d a t a  when a s s o c i a t e d  m e t a b o l i c  pathways a r e  
e q u i v a l e n t  t o  t h o s e  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 .  Tbe use of 
pharmacokine t ic  models  i s  t h e  p r e f e r r e d  method f o r  c o n v e r t i n g  from 
i n h a l a t i o n  t o  e q u i v a l e n t  o r a l  doses. 

In t h e  absence of pharmacokine 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  measurements can  be used t o  c a l c u l a t e  an  AD1 v a l u e  by means of 
t h e  S t o k i n g e r  and Woodward (1958) model: 

AD1 = mv x BR x DE x d x AA/(Ao x S F ) ,  

BR = d a i l y  a i r  i n t a k e  (assume 10 m3),  
DE = d u r a t i o n  of exposure  i n  hours p e r  day, 
d = 5 days17 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 ,  
iho = e f f i c i e n c y  of a b s o r p t i o n  from o r a l  exposureB and 
SF = s a f e t y  f a c t o r ,  

where, 

For d e r i v i n g  a n  A D 1  from animal i n h a l a t i o n  t o x i c i t y  d a t a ,  t h e  e q u a t i o n  is: 

@I = 

CA 
DE = d u r a t i o n  of exposure  ( h r / d a y ) ,  
d = number of days  exposed/number of days observed ,  
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 ,  
BR 
76  kg = s t a n d a r d  human body weight ,  
EVA = body weight  of exper imenta l  an imals  (kg), 
&I = e f f i c i e n c y  of a b s o r p t i o n  from o r a l  e x p o s u e ,  and 
SF = s a f e t y  f a c t o r .  

CA x DE x d x AA x BR x 70 kg/(BWA x kO x SF), 

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

= volume of a i r  b r e a t h e d  ( & / d a y ) ,  

The s a f e t y  f a c t o r s  used i n  t h e  above e q u a t i o n s  a r e  in t ended  t o  
account  f o r  s p e c i e s  v a r i a b i l i t y .  Consequent ly ,  t h e  mg/surf ace a rea /day  
conve r s ion  f a c t o r  i s  n o t  used i n  t h i s  methodology. 

5 .  ORGANOLEPTIC C R I T W I A  

Organo lep t i c  c f i t e r i a  d e f i n e  c o n c e n t r a t i o n s  of s u b s t a n c e s  which 
impart  u n d e s i r a b l e  t a s t e  and/or  odor t o  wa te r .  Organo lep t i c  c r i t e r i a  
a r e  based on a e s t h e t i c  q n a l i t i e s  a l o n e  and no t  on t o x i c o l o g i c a l  d a t a ,  
rand 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  p o t e n t i a l  adve r se  human 
h e a l t h  e f f e c t s .  Howeverp saf f i c i e n t l y  i n t e n s e  o t g a n o l e p t  i c  e f f e c t s  may, 
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under some circumstances,  r e s u l t  in  depressed f l u i d  intake  which, in 
turn,  m i g h t  aggravate a v a r i e t y  of f u n 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 ) .  

For comparison purposes,  both o r g a n o l e p t i c  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 d e r i v e d  f o r  a g i v e n  water p o l l u t a n 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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