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NOTICE : Th e project  that is  the subjec t o f  this  report was approved 
by the Governing Board of th e Na t iona l Research Counc i l , whose members 
are drawn from the Counc i l s  of the Na t ional Ac ademy of Sc iences , the 
Na t i ona l Academy o f  Engineering , and the Ins t i tute o f  Medic ine . The 
member s o f  the commit tee respons ib le for the report were chosen for 
the ir spec ial  competence& and wi th regard for appropr ia te balance . 

Th is report h as been reviewed by a group o th er th an the 
au thors accord ing to procedures approved by a Report Review Commit tee 
c on s is t ing of  members of  the Na t ional Academy of Sc ience s ,  th e 
Na t iona l Academy o f  Eng ineering , and th e Ins t i tute  o f  Med ic ine . 

The Na t iona l Re search Counc i l  was e s tab l ished by the Na t iona l Ac ademy 
o f  Sc iences  in 1916 to as soc ia te the broad commun i t y  o f  sc ience and 
t ech nol ogy with th e Academy's purposes of further ing know ledge and o f  
advis ing the federa l government . Th e Counci l operates i n  accordance 
with general po l ic ies determined by the Academy under the auth or i ty o f  
i t s  Congress iona l charter o f  1863 , wh ich establ ishes  the Academy a s  a 
pr ivate , nonpro f i t, s e l f-governing membership corpora tion .  The 
Counc i l  has become the princ ipa l  operat ing agency o f  both the Na t iona l 
Ac ademy of Sciences  and the Na t ional Academy of Eng ineering in the 
conduc t of  the ir services to  the governmen t ,  th e pub l ic , and the 
scienti fic and eng ineering commun i t ies . It is adminis tered jo in t ly by 
both Academies and the Ins t i tute of  Med icine . The Na t iona l Academy of 
Eng ineering and the In s t i tute of  Med ic ine were e s ta b l ished in 1964 and 
1970 , respec t ively, under th e charter of the Na t iona l Academy o f  
Sc iences . 
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INTRODUCTION 

The u. s .  De partment o f  the Navy ' s Bureau o f  Medic ine and Surgery 
(BUMED) has respons ibi l i ty for sugges t ing environmental-hea l th 
cri teria for po l lutants  pecu l iar to the Navy when s tandards or 
guidelines are not ava ilab l e  from federa l agenc ies wi th primary 
re spons ibi l i ty ,  such as the Environmental Pro tec t ion Agency ( EPA) . 
Ordnance waste pres ents  a prob lem to th e Navy , because it  can enter 
dri nking-wa ter suppl ies and pose h eal th risks to af fec ted 
communitie s .  The EPA has not issued environmenta l-heal th s tandards 
f or many o f  the chemical s  in ordnance was te . BUMED i s  therefore 
engaged in a program to assess  the dis tribution and fate of  s elected 
pol lutants ,  to provide adv ice on th eir toxic i ty ,  and to e s tab l ish 
cri teria for their concentrat ions in dr inking water . 

F ive cons t i tuents o f  ordnance-d isposal  was te are o f  particular 
concern as poten t ia l  contaminants of drinking water: ammonium picrate , 
p icramic ac id (2-amino-4,6-dinitropheno l) , 1 , 3 ,5- trini tro- 1 , 3,5-
triazacyc lohexane (RDX) ,  propy lene glyco l d initra te (a component of 
Ot to Fue l I I) , and tr initroto luene ( TNT) . For each o f  these 
compounds ,  BUMED has  estab lished a target interim maxima l contaminant 
leve l ( TIMCL) for drinking water . 

In an e f fort to  get outs ide expert opinion on its recommendations , 
BUMED has asked the Commit tee on Toxicology of  th e Nat iona l Research 
Counc i l's Board on Toxico logy and Environmental Hea l th Hazard s , 
As sembly of Life Sciences , to eva luate the available l iterature on the 
compounds in que s t ion , to comment on the appropriateness  of the 
T IMCLs , and to suggest addi tional research tha t  could  provide a 
s tronger da ta base on which to der ive TIMCLs . 

This report reviews and evaluates the per t inent literature on the 
f ive contaminant s  iden t i f ied by BUMED and suggests  dr inking-wa ter 
criteria on them. The criteria are intended as guide l ines in 
e s tima t ing the h ea l th ri sks of the c ontaminants  assoc iated with 
exposure from dr inking water.  They are not s tandards or maximal 
contaminant concentra tions , such as are sugges ted by the EPA, and 
would not guarantee abso lute safety. The criteria were der ived on the 
basis of hea l th cons iderations; the feasib ili ty o f  achieving the 
sugges ted concentrat ions in drinking water was not taken into 
account . If the da ta on a part icular compound were sparse, the 
Commi ttee has identified research that would provide a better basis 
for suggesting health cri teria . 
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AMMONIUM P ICRATE 

BACKGROUND INFORMATION 

Ch emical  Name : 2 , 4 , 6-Trinitropheno l , ammonium sa l t  
Common Name s : Ammonium picrate; Picric ac id , ammonium sal t; Obel ine 

picrate; Picratol; Explos ive D 
CAS Number : 1 3 1-74-8 
Phys ica l and Ch emical Propert ies : See Table 1 

Ammonium picrate i s  used in explos ive s .  A l though re lative ly l i t t l e  
h a s  been done t o  s tudy its  toxici ty , some aspects  o f  t h e  toxic i ty o f  
pic ric ac id ( 2 , 4 , 6-trinitropheno l) h ave been described . In b iologic 
sys tems , ammonium picrate would  be expec ted to dis soc iate to y ie ld 
picrate ion , so it is appropr iate to summarize the l i tera ture on 
picri c  acid and its an ion and to  point ou t the s tudies th at invo lved 
i t s  ammonium s a l t . 

SUMMARY OF TOXICITY INFORMATION 

EFFECTS ON HUMANS 

The toxico logy of picric ac id has been reviewed by Berkowitz ( 1979) . 
Asymptomatic microscopic hematuria was observed among 245 men a fter 
th ey drank ( on a ship) water that contained picric  acid a t  an unknown 
conc entra tion .  Inges t ion may resul t  in nausea , vomi ting , diarrhea , 
abdomina l pain , o liguria ,  anuria , ye l low s taining of  the skin , 
pruritus , skin eruptions , s tupor , convu l s ions , and death (Windholz e t  
a l . , 19 76 ) . Gosse l in e t  a l .  ( 1976 ) repor ted that  t h e  lowes t lethal-­

human dose after inges t ion-i s  abou t 5 mg/ kg .  Exposure to picric ac id 
produces  an increase in me tabo l ic rate s imilar to that caused by 
d initropheno l .  Th is  may be taken to mean tha t picric ac id is an 
uncoupl er o f  oxida t ive phosphory lat ion . 

The l i tera ture on the cutaneous effec ts o f  ammonium picrate i s  
spars e .  Sunderman e t  a l .  ( 1945 ) reported dermat i tis i n  munit ions 
worker s exposed to a irborne ammon ium p icrate at 0 . 009-0 . 194 mg/m3 
for 2-13  mo . Schwartz ( 1944) reported tha t  workers exposed to 
ammonium picrate h ad derma titis  charac terized by edema , papules , 
ves ic les , and desquama t ion . The we l l-known e f fec t s  o f  re lated 
c ompounds such as p icric ac id , are also o f  poten tia l re levance in 
assess ing the risks of derma l exposure of  ammonium picrate , and are 
discussed h ere . Me l in ite , an explosive prepared from picric ac id , 
induced sens i t izat ion in workers a t  French arsena l s  ( Fous sereau e t  
a l . , 1982 ) . When mel inite con tained traces of  d initropheno l ,  -­

derma t i t i s  was frequent . Ano ther re lated compound , trini trotoluene , 
i s  a lso  an a l lergen and trinitroanisole  (methyl  picra te ) i s  c ons idered 
a h i gh ly potent a l lergen ( Bandmann and Doh n ,  196 7) . Berkowitz ( 1979) 
described skin sens i t ization from picric acid , and Schwartz ( 1944) 
reported derma tit is  s imi lar to tha t  described for ammonium picra t e . 
A l th ough appropriate test  conc entrations for the d iagnos is o f  a l lerg ic 
contac t 
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dermat i t i s  have been es tab l ished for severa l re lated compounds ,  this  
mus t  s t ill  be determined for  ammonium picrate ( Bandmann and Dohn, 
1967) . 

EFFECTS ON ANIMALS 

Acute Exposure 

There are no data on acute toxic i ty of ammonium p icrate , but some 
values on the letha l doses of  picric ac id h ave been reported and are 
summarized in Tab l e  2 .  

Berkowitz ( 1979) reported th at  p icric ac id potent iated the 
ana lges ic ac t ivity of severa l opiates and increased pentobarbita l 
s leeping t ime in mice . 

Cutaneous E ffec t s  

Sens i t izat ion o f  guinea p igs to picric ac id deve lops s lowly . I t  i s  
firs t evident as discrete papu les  and ves ic les  and require s  2-3 d for 
maxima l  re sponse . Inflammat ion in the form of sca l ing ,  ery thema , and 
th ickening c an be seen a week after exposure ( Berkowi tz , 1979) . 
Because of  i t s  h igh a l lergic potency , picric ac id has  been extens ive ly 
s tud ied as  a mode l  compound in guinea pig as says ( Maguire and Chase ,  
19 72 ) . 

Ch ronic Exposure 

Sunderman e t  a l .  (1945) re ported on experiment s  in wh ich four rabb its  
and e igh t  guinea pigs were exposed to ammonium picrat e in a fac tory 
a tmosphere for up to 12 mo . ( There were no contro l s , and th e numbers 
of anima l s  were small; so the data  mus t  be cons idered no more than 
sugges t ive . )  Of the e igh t guinea pigs, three were found dead at 1 wk , 
3 wk , and 9 mo after s tart ing exposure . The remainder survived th e 
ent ire exposure period . Two of  th e  rabb i t s  were k i l led a t  6 wk and 
the other two at 12 mo . As ide from inf lammatory reac t ions to ammonium 
p icra te , th e major e f fect was the occurrence o f  brownish granules in 
kidney , h eart , lung , and l iver .  Th e authors pos tulated that  the 
granules were either ph agocytes that  h ad engulfed ammonium p icrate and 
d ied or c rys ta l s  of  guanid ine picrate . 

Carc inogenic i ty 

Th ere are no data on the carcinogenic potentia l o f  ammonium p icrate . 

Teratogen ic i ty and Reproduc t ive E f fec t s  

There are no report s o n  t h e  teratogenic i ty and reproduc t ive e f fec ts  o f  
ammonium p icrate . 

Mutagenici ty 

Picr ic ac id is  mutagenic to Sa lmone l la typh imurium TA98 ( Yoshikawa e t  
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a l . , 197 6) . Won ( 197 7) reported that mutat ions were seen only after 
metabo l ic ac t ivat ion. Van Each et a l . ( 1957 )  were unab le to  detec t 
tumors in ma le or fema le Wis tar rats-fed picr ic acid a t  500 ppm in the 
diet for 2 . 5 yr . 

EXPOSURE LIMITS 

BUMED ( 1980) recommended a T IMCL for ammon ium p icra te of 0 . 0 0 1  mg/L . 
Th e pr imary bas is  o f  that recommendat ion was cons iderat ion o f  th e 
tas te threshold ( 0 .5 mg/L) ( Ruchho ft  and Norris , 1946) , to wh ich an 
uncerta inty fac tor was appl ied . Previous ly ,  th e Navy ( Fauth and 
Whee le r ,  197 7 )  had sugges ted a maxima l dr inking water l imi t o f  0 .05 
mg/L , a f ter applying an uncertainty fac tor of  10 to the taste 
th reshold; 0 . 0 1  mg/L was s ta ted as  a des irab l e  concen tra t ion . 

COMMITTEE RECOMMENDATIONS 

The toxic i ty data  on ammonium picrate are sparse , and there are no 
data that indicate the e f fe c t s  of mul t iple dosing by inges t ion. 
However ,  on the bas is  of the ava i lab l e  informat ion on ammonium picra t e  
and acute toxic ity informa tion on picric acid in humans and an imals , 
the Commi t tee be l ieves tha t the BUMED sugges ted concentrat ion of 0 . 0 0 1 
mg/L is  a reasonab le drinking-wa ter cri terion. Because there is 
uncertainty about po ten t i a l  hea l th e f fec t s  of exposure to ammonium 
p icrate a t  the T IMCL or any o ther concentration ,  the Commit tee has 
iden t i f ied severa l kinds of research tha t  shou ld be cons idered . Thes e 
inc lude detai led s tudy o f  the e ffects  of chronic exposure , pre ferab l y  
b y  inges t ion , a t  var ious concen trat ions . Va luab l e  informat ion can 
a l so be  obtained from a 9Q-d exposure s tudy , wh ich wou ld 1nc lude 
inves t iga t ion of the toxicokine t i c s  and mechan isms of ac t ion of 
ammon ium picra te .  In addi t ion , because o f the poten t ia l  for skin 
contac t wi th ammon ium picrate , there i s  jus t ificat ion for deve loping 
a t  least a partial  pro f i le o f  dermatotoxico logic e f fec t s .  This  wou l d  
inc lude appropr iate  guinea pig sens i t izat ion assays and a 
de term ina t ion o f  non- irri tant concen trat ions for diagnos t ic patch 
tes t ing in humans .  

Pending evaluation o f  toxic ity data on ammon ium picrate s t i l l  to 
be ob tained , the drinking-water concentrat ion of 0 . 00 1 mg/L shou ld be 
cons idered as an interim criterion . 
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Tab le 1 .  Some Phys ica l  and Ch emical Propert ies of Ammon ium Picrate 

Molecular we igh t: 
So lub i l i ty :  

Convers ion factors in a ir :  

- 5 -

246 . 14 
1 g/100 ml of  water 

a t  20 °C; s l igh t l y  
so lub le i n  alcohol  

1 ppm • 10  mg/m3 
1 mg/m3 • 0 . 1  ppm 
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Tab le 2 .  Le tha l i ty Data on P icric Ac ida 

Spec ies 

Pigeon 
Frog 
Dog 
Cat  
Rabb i t  
Gu inea p ig 

aFrom NIOSH , 1979 .  

Rou te o f  Admini s trat ion 

Subcutaneous 
Subcutaneous 
Subcutaneous 
Ora l  
Ora l 
Ora l 

bLowes t reported l ethal  dos e .  

- 6 -

LD1.o..L
b mg/kg 

200 
200 
60 
250 
120 
100 
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' 

PICRAMIC ACID 

BACKGROUND INFORMAT ION 

Ch emical Names : 2-Amino-4 , 6-d in tropheno l; 2 , 4-Din i tro-6-aminopheno l 
Common Names : Picramic ac id , C . I .  Oxida t ion Bas e 2 1 ,  Fourrine 

4R , Fourrine 93 ,  Furro 4R , Zoba 4R 
CAS Number : 96-9 1-3 
Phys ical and Ch emica l Propert ies : See Tab le 3 

Picramic ac id is  prepared from picric ac id , concentra ted ammonium 
hydroxide , and hydrogen sul f ide fo l lowed by neutra l izat ion with acet ic 
ac id . It is used in the manufac ture o f  azo dyes , as  a reagent for 
a lbumin , and as an indica tor ( y e l low with acids , red with a lkal ies) . 
P icrami c  acid is  a major metabo l i te of  picric ac id , wh ich has  been 
used as th e explos ive in de tonat ing fuses and as a bur s t ing-charge 
exp los ive .  

SUMMARY OF TOXICITY INFORMATION 

EFFECTS ON HUMANS 

There are no pub l ished report s  of the effec t s  of picramic ac id on 
humans . 

EFFECTS ON ANIMALS 

Acute Exposure 

The ora l LD5o of picramic ac id in mice was reported to be 3 78 mg/kg 
( S te tka , 1979a) . 

Ch ron ic Exposure 

There are no pub l i shed report s  of chron ic exposure of anima l s  to 
picramic ac id . 

Carc inogenic i ty 

There are no pub l ished report s  on the carc inogen ic potential  o f  
picramic acid i n  anima l s . 

Teratogeni c i ty and Reproduct ive E f fects  

The tera togen ic effec t s  o f  picramic ac id have no t been reported . 
The only report o f  pos s ib le reproduc t ive e f fec t s  o f  p icramic ac id 

refer red to a dominant le thal assay in mice ( S te tka , 1979b) . Ma le 
CD- 1 mice were g iven p icramic ac id in corn oil  by gavage for 5 d at  
7 .56 ,  2 5 . 2 ,  and 75 . 6  mg/kg . They were then ma ted with virgin females  
for  the  ent ire sperma togen ic cyc l e  (7  wk) . Compared with contro l s ,  
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th ere were no effects  on fert i l ity , average number o f  implantat ions , 
number o f  resorpt ion& per pregnan t female , number o f  females  with one 
or more dead implants , or number of dead imp lants  per tota l implan t s . 

Mu tagenic i ty 

P icramic acid was nega t ive in the s is ter chromatid  exch ange assay wi th 
L5 178Y mouse lymphoma cel l s  ( S tetka , 19 7 9c ) , in the mouse  dominant 
l e tha l as say ( S te tka , 19 79b) , and in cy togen ic analysis o f  mouse bone 
marrow ( S te tka , 197 9a) . In Sa lmone l la typh imurium s trains TA 1538 , 
98 , 1535 , and 100 , picramic ac id was mutagenic withou t ac tivation by 
l iver S-9 ( Wyman e t  a l . , 1979) . Concentrations ranged from 1 to  200 
� g/p l ate , with the-highes t be ing cytotoxic in TA 100 . A re la ted 
compound , 2-amino-5-n itrophenol ,  had direc t-ac ting mu tagen ic ity in TA 
98 ( Ch iu e t  a l . , 19 78) .  P icric acid ( 2 , 4 , 6- t r initroph enol) was 
mutagen ic-rn-sa lmone l la typhimur ium s tra ins TA 98 and 100 a t  10 �g i n  
th e presence o f  r a t  l iver S-9 (Wyman!! a l . ,  19 7 9; Ch iu e t  a l . ,  1978) 

COMPARATIVE TOXICOLOGY 

L i t t le information is availab le on p icramic acid , but 
2 , 4-dinitropheno l and o ther s truc tura l ly re lated compound s ,  have been 
s tud ied more extensive ly . Mos t  nitrophenol compounds are uncouplers 
of oxida t ive phos phory lat ion , this be ing a primary mechanism of the ir 
toxicity . Leader and Whi tehouse ( 1966 ) measured uncoup ling ac tivity 
o f  various compounds in ra t l iver mi tochondria respiring on 
s uccinat e .  2 , 4-Din i trophenol at  9 mg/L was a powerful uncoup ler ( on 
the basis of  ability to decrease the ra t io of phosphorus to oxygen) . 
Picramic acid at  about 22 mg/L was also a powerful uncoupler , whi le 
p icric  acid at  57 mg/L had no effect . 

The fatal human oral dose of 2 , 4-d initrophenol i s  abou t 1-3 g 
( Gos sel in e t  a l . , 1976 ) . To preven t toxicity , b lood concen trations 
should  not-exceed 10 �g/g of blood (Dreisbach , 1963) . 
2 , 4-Din i tropheno l can cause l iver and kidney insu fficiencies , is 
catarac togen ic in humans on repeated exposure , is absorbed through 
intac t skin ,  and i s  a contac t a l lergen ( Gosselin e t  a l . , 1976;  
Dre isbach , 1963). Ni trophenols in  general are slowly e liminated from 
the body . In toxication from picric acid is as soc iated wi th b lood 
c oncentra tions above 20 � g/g of b lood . Kidney and liver damage occur 
in acute  poisoning . Picric ac id is also absorbed through the skin , 
and s kin sens i t ization and dermatitis result from d irect contac t or 
a irborne exposure ( Berkowi t z , 1979; Schwart z ,  1944) . 

E XPOSURE LIMITS 

In 19 7 7 ,  the Navy ( Fau th and Whee l e r ,  197 7 ) sugges ted a guide l ine 
s tandard for p icramic acid in drinking wa ter of 0 . 05 mg/L , one- ten th 
o f  the reported tas t e  threshold o f  0 . 5 mg/L . I t  was s ta ted tha t  0 . 05 
mg/L shou ld be considered a maxima l acceptable l imi t ,  wi th 0 . 0 1  mg/L 
as a des ired targe t concen tra t ion . BUMED (1980 ) has now sugges ted a 

TIMCL for picramic acid in dr inking water o f  0 . 00 1  mg/L . 
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COMMITTEE RECOMMENDATIONS 

Informa tion on picramic ac id is severe ly l imited , compared with that 
on s truc tura l ly re lated compounds , such a s  2 , 4-d ini trophenol .  
However , there does not appear to be any evidence to sugge s t  tha t the 
BUMED recommendation of 0 .001 mg/L is inappropr iate as a 
drinking-water criterion for p icramic acid . There is a need for 
further s tudy of this compound , and the sugges ted c r i terion of 0.001 
mg/L s hould  be regarded as an interim one , pending review o f  further 
research .  The e f fec t s  of chronic exposure to picramic acid , 
pre ferab ly by inges t ion , shou ld be inve s t igated . As a minimum, a 90-d 
s tudy o f  the toxic ity , toxicokine tics , and mechan isms o f  ac tion would 
provide va luab le informa t ion . 

- 1 1  -
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Table 3 .  Some Physica l  and Ch emical  Properties of  Picramic Acid 

Molecular weigh t :  
Me l t ing poin t :  

So lubility : 

Conversion fac tors in air : 

- 12 -

199 . 12 
168 °C 
0 . 065 g/100 ml o f  water 

a t  2 2 °C;  solub le in 
alcoho l , benzene , glacia l 
ace tic acid , aniline , and 
e ther 

1 ppm • 8 . 33 mg/m3 
1 mg/m3 • 0 . 12 ppm 
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PROPYLENE GLYCOL DINITRATE 
( A MAJOR COMPONENT OF OTTO FUEL I I) 

BACKGROUND 

Chemica l  Name : 1 , 2-Propanedio l ,  dinitrate; 1 , 2-Propylene g lyco l  
dinitra te 

Common Names : Propylene dinitrate , Propylene nitrate , I s opropylene 
nitrate , PGDN 

CAS Number : 6423-43-4 
Physical and Chemical Properties : See Table 4 

Otto  Fue l I I , a liquid propellant used in torpedoes , is a mixture of 
three component s .  Th e main component i s  propylene glycol dinitrate 
(PGDN) , which accounts  for 90% o f  the mixture; the remainder of the 
mixture is 2-nitrodiphenylamine (a so-called desensitizer) and 
di-n-butylsebacate (a so-ca l led s tabilizer) . This review is primarily 
c onfined to  PGDN , the compound used as  the basis for the TIMCL 
recommended by the Navy for Otto  Fuel I I ,  although available 
information on Otto  Fuel I I  i s  also reviewed . 

SUMMARY OF TOXICITY INFORMAT ION 

EFFECTS ON HUMANS 

Rivera ( 1974) reviewed the health effec ts o f  PGDN , which i s  an 
ana logue of the nitrate es ters that are used as vasodila tor s .  These 
compound s  produce nasal  conges tion, headaches, dizzine s s , nausea , 
vasodilatation , decrease in blood pres sure , and labored breathing . 
The nitrate e s ters ac t as me themoglin- formers , but experience with 
PGDN sugges t s  that this is not one of its  important  ac tivitie s .  PGDN 
share s with the other nitrated es ters the property of leading to rapid 
deve lopment of tolerance : headaches are common earl y  in the workweek , 
but disappear as tolerance develops during the week and reappear at  
the s tart of  the nex t  workweek. I t  is possible that compensatory 
vasospasm on withdrawa l from es ter nitrate exposure may produce 
coronary insufficiency , which at its  mos t severe may be fatal .  

In controlled studies ( S tewart e t  al . , 1974) , humans were exposed 
to PGDN at 0 . 03 ,  0 . 1 ,  0 . 2 ,  0 . 35 ,  0 .� and 1 . 5 ppm for 1-8 h. At 0 . 1 
ppm and greater , mos t of the subjects  developed headaches after 2 h; 
but some tolerated exposure for 1 h.  Longer exposure s a t  these  
conc entrations invariably re sulted in more severe headache s .  Exposure 
at 0 . 5 ppm produced severe disequilibrium . These subjec t s  were unab l e  
to perform normally i n  the Romberg tes t o r  in the heel- to-toe test  
after 6 h of exposure . They usually had severe headaches ,  but 
appeared to  func tion normally 1n tes t s  of  intellec tual ability and 
manual coordination . Exposure at 0 . 2  ppm and greater caused 
alteration in the visual evoked response . At 1 . 5 ppm, severe eye 
irritation was observed within 30-40 min , although no conjunc tivitis 
was seen . Subjec t s  exposed to PGDN 8 h/d for 5 d a t  0. 2 ppm developed 
a tolerance to headaches ,  bu t there was an alteration in the visual 
evoked response .  
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Otto Fue l I I  can be absorbed from the skin and l ead to headache s ,  
dizzines s , and nausea ( Rivera , 19 74) . Splashes into the eyes can 
c ause severe irritation , and inges tion can cause disorders of the 
gas trointes tina l trac t , damage to mucosal membranes , di latation of 
blood vessel s ,  headaches , nausea , and dizzines s .  

EFFECTS ON ANIMALS 

Acute Exposure 

The data on acute l e thality of PGDN in anima l s  are in Tab le 5 .  The 
mouse is the leas t sensitive s pecies  s tudied , whereas the rat , monkey , 
cat , and guinea pig appear to disp lay similar degrees o f  sensitivity; 
the cat may be the mos t  sensitive animal .  

Jones !! al . ( 1972)  observed the e ffec ts of PGDN in rabbits from 
dermal and occu lar exposure . The Draize tes t showed no skin 
irritation after 24 and 7 2  h.  Instil lation of  PGDN in the eye 
produced conjunc tiva l rednes s ,  which was gone within 24 h; no damage 
to the iris or cornea was ob served . When the skin t e s t s  were extended 
to 20 d of treatment , a number of dos e-dependen t phenomena became 
apparent .  At 1 g/kg , some skin irr i t a t ion was ob served . At 2 g/kg , 
the anima l s  were weakened and cyanotic , and the ir breathing was 
shal low and rap id; one o f  these anima l s  died and had a reduced 
hematocrit and hemog lobin c oncen tration . At 4 g/kg , significant 
me themog lobinemia was observed . 

Subchronic Exposure 

In one s tudy , rats were exposed to PGDN by inha lation 7 h/d , 5 d/wk , 
for 30 d a t  10 . 8  ppm ( 65 mg/ml) and showed no abnormalities  (Jones 
e t a l . , 19 7 2) . In a second s tudy ( Jones e t  a l . , 1972) , 15 rat s , 15 
guinea p igs , 2 dogs , and 9 monkeys were each-exposed t o  PGDN 
c ontinuous ly for 90 d at 1 1  ppm (67 mg/m3) ,  18 ppm ( 108 mg/m3 ) ,  or 
3 9  ppm ( 2 36 mg/m3 ) .  Equa l  numbers of animals were used as 
control s .  One monkey exposed at 39  ppm died; no other deaths or signs 
of toxicity were noted in any o f  the other anima l s . At 3 9  ppm , iron 
deposits  were found in the live r ,  kidneys ,  and sp leen of monkeys and 
dogs; there was a l so l iver damage in guinea pigs and focal hepatic 
necrosis and acute rena l tubu lar necrosis in female  rat s .  In 
addition , a l l  animal s  had increased leve l s  of me themog lobin at 39 ppm 
and dogs had decreased hemog lobin and hematocrit va lue s .  At 18 ppm, 
dogs had h emos iderin in their livers and epithe lia l  c e l l s  lining the 
proximal rena l tubules  and guinea pigs had pulmonary hemorrhage . 
Fat ty changes in the liver were noted in animals a t  a l l  three 
concentration s . 

There have been several report s  of behavioral tes ting in monkeys 
exposed to PGDN . Jones et a l . ( 1972)  exposed rhesus monkeys to PGDN 
at 35 ppm for 90 d and reported no changes in avoidance behavior . 
Mat tsson e t  a l .  ( 1975a ,  1975b) and Young e t  a l . ( 19 7 6) exposed rhesus 
monkeys at:2 -3 3  ppm for l- 125  d and used a-varie ty of avoidance tests , 
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but were unab le to d emons trate any deficit s .  There was , however , a 
s light decrease in the visua l evoked response .  No patho logic effec t s  
were observed at  necropsy . 

Chronic Exposure 

There are no published report s  of chronic exposure of anima l s  to PGDN. 

Carcinogenicity 

There are no pub lished repor t s  inves tigating the carcinogenic 
potentia l of PGDN . 

Teratogenicity apd Reproduc tive Effects  

There are  no  published reports on  the teratogenicity and reproduc tive 
effe c t s  of PGDN . 

Mutagenicity 

Ot to Fue l I I  was subjec ted to a series of mu tagenicity t e s t s  at  Lit ton 
Bione tics ( 197 9a , 197 9b ,  197 9c , 197 9d) . In the Ames Salmone l l a  tes t , 
there were no indications of mutagenesis in s trains TA 1535 , 1537 , 
1538 , 98 , or 100; nor were mutations seen in yeas t 04 ce l l s  with or 
without me tabolic ac tivation (Li t ton Bionetics , 19 7 9a) . Ot to Fue l I I  
was not found t o  b e  ac tive in t h e  dominan t le tha l tes t ( Lit ton 
Bione tic s ,  197 9b) . Cy togene tic analysis in which aberrations were 
inves tigated did not demons trate an effec t of PDGN that was 
s tatis tica l ly significant , but some unusual chromosoma l damage was 
observed that is not normal l y  seen in the his torical  contro l s  (Lit ton 
Bione tic s ,  l979c) . These s tudies should be repeated . There was no 
evidence o f  increased sis ter chromatid exchange in the mouse lymphoma 
c e l l ,  a l though me tabolic ac tivation led to increased t oxicity o f  PGDN 
me tabo lites to the c e l l s  ( Lit ton Bione tic s 197 9d) . These s tudies did 
not sugges t  a mutagenic potential for PGDN . 

Toxicokine tic s 

The me tabolism o f  PGDN was reviewed by Cl ark and Li tchfie ld ( 1969)  and 
Litchfie ld ( 19 7 1 ) .  When it was adminis tered to ra t s , blood nitrite 
and nitrate increase , and nitra te is a major urinary me tabolite . 
Partial denitra tion yie lds eithe r  1- or 2-nitropropy lene g lyco l , but 
neither is found a t  0.5% or more in the urine , because of further 
degradation.  In  the blood , the 2-nitro isomer predominate s .  S tudie s 
of PGDN metabolism in vitro have demons trated that the red ce l l  is the 
exc lusive site of degrada tion in blood . Isomers are formed in vitro , 
but the 2- isomer predominates in vitro as it does in vivo . Further 
s tudies in the rat have demons trated the complete  removal of the nitro 
groups to yie ld the free g lycol and the eventual breakdown of the 
g lycol to C02• The lat ter s teps are in part assumed , on the basis 
of ana logy to ethy l ene glyco l .  The breakdown is apparent l y  not 
comp l ete since some of the g lyco l  may appear in the urine . 
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Further mechanis tic s tudies by Andersen and Smith (1973) sugges ted 
th at oxyh emoglobin (HB02) i s  responsible  for the oxidation of PGDN . 
The reac t ion is  inhibi ted by CO . The authors sugges ted that PGDN 
re ac t s  a t  or near the heme , the iron is oxidized , and the mononitrate 
is formed . The s toichiome try sugge s t s  that  1 . 5 mo l of heme are 
oxid ized to yie ld me themoglobin per n itro group re leased . It s eems 
tha t  there mus t  be a reac tive intermediate , and nitrite is though t to 
be this intermediate . 

EXPOSURE L IMITS 

ACGIH ( 198 1)  has proposed a threshold limi t va lue-t ime weigh ted 
average ( TLV-TWA) for PGDN in the workroom air of 0 .05 ppm (0 . 3  
mg/m3) .  BUMED ( 1980) has sugges ted a TIMCL in drinking water of 
0 . 05 mg/L for Ot to Fue l I I ,  assuming tha t  PGDN is the mos t important 
c omponent .  

COMMI TTEE RECOMMENDATIONS 

The availab le data on derivation of a targe t interim concen tration for 
PGDN in drinking water are limi ted . However ,  there does not appear to 
be any evidence to sugges t  that  the BUMED recommendation of 0 .05 mg/L 
is inappropriate as a drinking-water criterion for PGDN . Th e l it t l e  
re liab le quan titative information that i s  availab l e  wou ld tend to 
support th i s  recommendation . In an inha lation s tudy, dogs exposed 
interm i t tent ly at 10 ppm (100 mg/m3) for 90 d had minimal effects  
and rats exposed a t  10 ppm for 30  d had  no  observed effec t s . With 
th ese data , the fo l lowing equat ion could  be used to e s timate a t arge t 
concentration for PGDN in drinking water : 

(100 mgfm3) ( 1 0 ml ) • 0 . 5 mg/L 
(2 L/d) (1 ,000) 

The assumptions made h ere are that a 7G-kg adu l t  inhales 10 m3 

of air and consume s 2 L of wa ter per day , that  PGDN is completely  
absorbed from the respiratory trac t, and that  an  uncertainty fac tor of 
1 ,000 would be appropriate . However ,  because anima l data from a 90-d 
s tudy are being used t o  e s timate a criterion for life time exposure , 
because there is lit t le support ing toxicity information , and because 
th e  extrapo l a t ion from inhalation to oral exposure has many 
uncertain ties ( such as the poten tia l wide variability of the 
re spira tory rate in a heterogeneous popu lation that could be exposed 
to PGDN and the absence of  data to  es timate the absorp tion fac tor) , 
the Commi t tee be l ieves it wou ld be inappropriate a t  t h i s  time to 
modify the curren t sugges ted exposure limi t of 0 .05 mg/L . As 
additional information on PGDN becomes availab le , the drinking-water 
c riterion should be reeva luated . Further examination of the effec t s  
of chronic exposure o f  PGDN a t  various concen trations t h a t  may be 
found in drinking water is particular ly needed . 
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Tab l e  4 .  Some Physical  and Chemical  Prope rt ies  of 
Propylene G lycol Dinitrate 

Molecu lar we ight : 
Bo i l ing point : 

Solub i l ity : 
Convers ion factors in a ir :  

- 19 -

166 .09 
92•c 
0 . 13 g/ 100 ml of water 
1 ppm • 7 . 14 mg/ml 

1 mg/ml 
• 0 . 14 ppm 
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Table s. Ac ute 

Species 

Rat 
Ra t 
Rat 
Mouse 
Mouse 
Monkey 
Cat 
Guinea pig 

•From NIOSH , 1978. 

Le tha lity of Propylene Glycol 

Route of  Adminis tration 

Ora l 
Subcutaneous 
In traperitonea l 
Subcutaneous 
Intraperitoneal 
I n travenous 
Subcutaneous 
In traper i tonea l 

- 20 -

Dinitrate• 

LDso, mg/kg 

250 
463 
479 

1 , 208 
1 ,047 

4 10 
200 
402 
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BACKGROUND INFORMATION 

Chemical Names: Hexahydro-1 , 3 , 5-trinitro-1 , 3, 5-triazine; 
Hexahydro- 1 , 3 , 5-trinitro-a- triaz ine; 1 , 3 , 5-Trin i tro-
1 , 3 , 5-triazacyc lohexane 

Common Names: RDX , Cyc l on i te , Cyclotrime thyleneni tramine ,  
Cyc lotr imethylenetrinitramine , Hexogen , Hexogen 5W , 
T4 

CAS Number: 1 2 1-8 2 -4 
Phy s ical and Chemical Propert ies : See Tab le 6 

RDX was first used on a large scale as  a base charge for denonatora 
and as an explosive for shells and bombs by all major part i c ipants in 
World War II (Stone et a l . ,  1969) . More recently , it baa been 
i ncorporated in Composi t ion C-4 ( 9 1 %  RDX , 2 . 1% polyisobuty lene , 1 . 6% 
motor o i l ,  and 5 . 3% di-(2-e thylhexyl) sebaca te) , a plastic  exploai�e 
used by the mi l i tary to  l evel trees and to destroy enemy 
for t i f icat ions . Compos i t ion c-4 was the moat common plast ic explos ive 
used by f ield  uni t s  during the Vie tnam War (S tone e t  al . ,  1969) . 

RDX is manufac tured by two procedures :  the Woolwich or direc t 
process , in which hexamine is n i trated with n i tric  ac id y ield ing 
70-75% RDX; and the Bachmann process , used exc lusive ly in the United 
S tates, in wh ich hexamine is mixed with n itric ac id , ammonium n i trate , 
and ace t ic anhydride to yield 80-84% RDX , of which about 10% is 
c yc lote tramethy lenete tran i tramine (HMX) ( Lindner, 1980) . Ni tromethane 
and me thyln i trate are vol a t i l e  byproduc t• formed during c leavage of  
hexame thy l ene tetramine by  the lat ter process ( Thomps on et  al . , 19 7 9) . 

RDX is  desens i t ized by mixing with trin i trotoluene CTNTY to form 
c yc lotola or by coating with waxes, synthe t i c  polymers , and 
elaatomeric binders . Most of the RDX made in the Uni ted S tates is 
converted to Compos i t ion B ( 6 0% RDX , 40% TNT , and 1 part wax) and 
Composi tion A3 ( 9 1 %  RDX and 9% wax) (Lindner ,  1980) .  

In 1972, the produc tion o f  RDX in u.s. Army plants was e s t imated 
at over 80 , 000 tons (Smal l and Rosenblat t , 1974) . 

SUMMARY OF TOXICITY INFORMATION 

EFFECTS ON HUMANS 

Barso t t i  and Cro t t i  ( 1949) repor t ed 17 cases o f  toxic reac t ions that 
occurred between 1 939 and 1942 in Ital ian worker s  hand l ing powdered 
RDX in the dry ing, cooling , sieving , and packing processes of ita 
manufac ture . Ten workers exper ienced generalized convul s ions of a 
c lonic- tonic type fol lowed by pos t ic t al coma, four had loss o f  
consc iousness wi thout convu l s ions , two had vert igo , and one had 
vomi t ing and confusion . These e ither occurred wi thout prodromal 
symptoms or were preceded by several days of insomnia , restlessness , 
irritab i lity, or anxiety.  Recovery in all cases was complete . 
S imi l ar symptoms of toxicity  were described by Voge l (195 1)  in German 
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workers  h and l ing f ine RDX powder . 
Five cases o f  i l lness in workers hand l ing RDX in an explos ives 

plant in the Un i ted S tates were described by Kaplan e t  a l . (1965) . 
Al l the c ases occurred in the workers exposed to Rnx-rn-rts f inely 
powdered form . Inha lat ion , inge s t ion , and skin absorpt ion were 
c ons idered the probable  modes of entry into the body . Th e typical 
symptoms in the 5 cases reported as RDX intoxicat ion were sudden 
c onvul s ion and unconsc iousness wi thout  convu l s ion . Th ere were few or 
no premoni tory symptoms , some of the subjec t s  exper ienc ing only  short 
peri ods of headache ,  d izz ines s , nausea , or vomit ing . No a bnormal 
phys ical f ind ings were noted o ther than those related to the CNS , and 
no changes were evident in the complete b lood count or urina lys is.  
Treatment was support ive , and recovery was complete with no seque lae . 

No fata l i t ies have been experienced in RDX fac i l i t ies ( Ha th away 
and Buc k ,  197 7 ) . Reported toxic e f fec ts  of RDX in man have been 
l imi ted to  the CNS and h ave been mani fe s ted as epi leptoid se izures 
(Barsot t i  and Crot t i , 1949; Kap lan e t  al . , 1965) . 

A cross-sec t iona l  epidemiologic-stUdy was conduc ted by Ha thaway 
and Buc k  (19 7 7 )  to inves t iga te the e f fec ts of RDX fol lowing a report 
of a c luster o f  three c ases o f  systemic lupus ery thematosus at one 
mun i t ions plant . Of the 2 , 02 2  emp loyees se lec ted from 5 u.s . Army 
ammun it ion p l ant s , 1 , 491 part ic ipated ( 7 3 . 7%) . O f these , 69 were 
exposed to RDX a lone , 70 were exposed to TNT alone , 24 were exposed to  
RDX and HMX ,  465 were exposed to  RDX and TNT , and 863  were not exposed 
to exp los ives . The study demons trated no excess  of autoimmune d isease 
and fai led to iden t i fy any hemato logic , hepat ic , or renal 
abnormal i t ies in employees  with 8-h t ime-weigh ted exposures to RDX at 
up t o  1 . 5 7  mg/m3 ( average exposure , 0 . 28 mg/m3) .  Tab les 7-9 l is t  
the mean laboratory values for RDX-exposed and -nonexposed emp loyee s 
and the proport ions o f  abnorma l l aboratory de terminat ions by RDX 
exposure category in males  and fema les . 

A number o f  serious intoxicat ions h ave been reported in persons 
who ingested Compos i t ion C-4 to produce a "h igh" simi lar to that  of 
ethanol ( S tone et  a l . , 1969) . Inges t ion o f  Composit ion C-4 by six 
mi l itary personnel-was fol lowed in a few hours by mul t iple  general ized 
seizures , h ema turia, severe nausea and vomi t ing , twi tching , and mental 
change s .  The s ix people were hospi tal ized and were treated by gas tric 
lavage , main tenance of  a irways , contro l o f  seizures , and maintenance 
o f  f lu id and e lec trolyte ba lance . Al l six survived . Army physic ians 
re cogn ized Compos i t ion C-4 intoxicat ion as by far the most common 
cause o f  recurring general ized seizures in Vie tnam ( S tone e t  a l . , 
1969) . 

--

Convu l s ions have a l so been reported in fac tory workers who h andle 
and pack Compos i t ion C-4, and inhalat ion of  the dust was incriminated 
( Merri l l ,  1968) . 

Af ter ingest ion o f  Compos i t ion C-4 or l ong exposure to the fumes 
from i ts burn ing , pat ient s  had s igns of  CNS , renal , and 
gastro intes t inal toxic i ty ( Ho l lander and Co lbach , 1969; Merr i l l ,  1968; 
Stone e t  a l . , 1969) . Ke te l and Hughes ( 19 7 2) reviewed 18 cases o f  
t oxic encepha lopathy with seizures secondary t o  ingest ion o f  
Composi t ion C-4 .  The CNS s igns , wh ich appear sequen t ia l ly , are 
c onfusion , marked hyper irri tab i l ity , myoc lon ic se izures , and major 
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motor se izures with prolonged pos t ictal  confus ion and amnesia.  The 
toxic e f fec ts involving the CNS were completely reversible, often 
within weeks and occas ionally over several months, both c l inica l ly and 
elec troencephalographically . 

EFFECTS ON ANIMALS 

Acute Exposure 

Th e  LD5o of RDX is approximately 2 00 mg/kg in nonfas t ing rats and 
50- 100 mg/kg in fast ing rat s (von Oet t ingen � a l . ,  1949) . Other 
l ethal doses h ave been reported : 

Sk in, 
Ora l , 

guinea pig LDto 
rat LD50 

465 mg/kg McNamara e t  a l . ,  1974 
200 mg/kg von Oe t t ingen _!! .!.!.·, 1949 

Oral, mouse LD5o 500 mg/kg Sk lyanskaya and Pozhariskii, 
Intraperi tonea l ,  rat LDLo 10 mg/kg McNamara e t  a l . ,  1 9 74 
I n travenous , rat LDLo 18 mg/kg McNamara e t  al . ,  1 974 
Intravenous , mouse LD5o 19 mg/kg McNamara e t  a l . , 1974 
Intravenous , guinea pig LD5o 25  mg/kg McNamara e t al . , 1974 
I n travenous , dog LDLo 40  mg/kg McNamara et  al . , 1 9 74 

Schne ider !! a l . ( 1977) reported that the acute LD5o o f  RDX 
depends on i t s  physica l  form and on the me thod used to suspend or 
d issolve i t .  Hence , caut ion mus t  be exerc ised in comparing resu l ts 
among various laboratories, to ensure that what appear to b e  differen t 
LD5o values for RDX are no t due pr imarily to d i f ferences in the RDX 
solut ions or suspensions. For example , the oral LD5o of  more f inely 
powdered RDX whose sal ine s lurry was more s tab le was equivalen t  to the 
oral LD5o of d imethy l sulfoxide solu t ions of RDX ( abou t  100 mg/kg ) , 
but abou t  one-third o f  the LD5o o f  granular RDX ( approximate ly 3 00 
mg/kg ) in the rat . 

Sk lyanskaya and Po zhariskii  (1944) described the acute e f fec ts of  
RDX admin istered by gavage in aqueous and oil  suspensions in mice, 
rabbits, and cats . Th e  severity of neuromuscular exc i tat ion depended 
on dose and ranged from mi l d  hyperreflexia to severe convu l s ions and 
eventua l death. The 100-mg/kg dose , harmless t o  mice , was fatal in 
cats. 

Sunderman et a l .  ( 1 944) reported that RDX injec ted 
intraperi toneaTry-caused convu lsions and death in rats in 9- 12 1 min; 
subc utaneous and intravenous injec t ions also c aused a rapid onset of 
convulsions . Doses as low as 10 mg/kg in traperi toneally and 18 mg/kg 
intravenously caused death . 

Subchron ic Exposure 

Repeated daily oral admin i s trat ion of RDX at 25, 50, or 100 mg/kg to 
ra ts for 3 mo produced hyper irra t i b ility, convu lsions , and a mortality 
o f  4Q-86 . 6% .  RDX at  15 mg/kg d id not c ause outright symptoms or deaths 
(von Oett ingen et a l . ,  1949 ) . Repeated dai ly exposure to RDX at  15, 
25, 50, or 100 mg/kg d id not cause sign i ficant cytologic b lood changes 
in rats . 
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Rat s  g iven RDX by gavage at  20 mg/kg per day for up to 90 d did not 
have convu l s ions or overt neurologic s igns charac teris tic of  RDX 
t oxici ty. However ,  8 of  the 30 treated rats d ied , apparently from 
exacerbat ion of  chronic  resp iratory disease ( Schne ider e t  al. , 1978). 

Feed ing of  RDX to dogs at  50 mg/ kg per day for 6 wk-prOduced 
hyper irratib i l i ty ,  convu l s ions , and weigh t los s , but d id not materia l ly 
a f fect  the cytologic pic ture. The gross and microscopic changes  in the 
organs and t is sues of rat s  and dogs fed RDX daily  were neg l ig ib le (von 
Oe t t ingen e t  a l. ,  1949) . 

Sklyanskaya and Pozhariskii  (1944) reported that mice g iven RDX at 
20 mg/kg per day for up to 30 d became progres sively more debilitated 
and d ied , but had no c l inical signs of neurotoxic i ty. 

Th ree of s ix rhesus monkeys given RDX at 10 mg/kg per day for 90 d 
had a t  leas t one severe convu l s ive episode , and f ive of  the s ix 
deve loped tremors and had frequent episodes o f  emes is  ( Mart in and Hart , 
1974) . Dogs were unaffec ted at  th is  dosage , except for occas iona l 
eme s i s  ( Hart , 1974) . The on ly e f fec t observed at  1 and 0 . 1  mg/kg per 
day was eme s i s. 

Chronic  Exposure 

Ma le  and fema le Sprague-Dawl ey rats fed RDX in their d ie t s  at 1 . 0, 3 . 1 ,  
and 10 mg/kg for 2 yr had no increase in mortal ity and no overt  s igna 
of toxic i ty ( Hart , 1976) . 

Carc inogen icity 

No pub l ished reports  were availab le inve s t iga t ing the carcinogenic 
potential  of  RDX. However ,  long-term s tud ies are currently  underway 
(Jorgenson and Spanggord , 1981; L i sh , 198 1 ) , wh ich should  be eva luated 
by the Navy as s oon as th e resu l t s  become avai lable. 

Teratogen ic i ty and Reproduc t ive E f fec ts  

Th ere are no  pub l ished reports  o f  teratogenic or re produc t ive e f fec ts 
of RDX . 

Mu tagenic ity 

RDX was nonmutagenic when tes ted in the Ames Sa lmone l la teat  with 
s trains TA 1535 , 153 7 ,  1538 , 100 , and 98 with and wi thou t  me tabol ic  
a c t iva t ion (Whong!! a l . ,  1980) . 

Toxicok ine tics  

The me tabo l ism and dis tribut ion of  RDX after adminis tra tion o f  single 
ora l dos e s  in the ra t and minia ture swine have been de termined by 
Schneider et a l. ( 1977) . In rats g iven RDX intraperi toneal ly a t  500 
mg/kg , thelmean t imes to firs t se izure and to death were 2 3 . 8  and 171 
min , respec t ive ly ,  and the mean p lasma RDX concen tra t ions a t  se izure 
and death were 5 . 2  and 13 . 8  �g/ml , respect ive ly. After an oral dose o f  
100 mg/kg , the plasma concentra t ion was 2 . 1 �g/ml a t  4 h and 3 . 0  
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� g/ml at 24 h ,  and the urinary concentration was 5 . 5  � g/ml a t  4 h and 
6 . 9 �g/ml at 24 b .  Four days after an ora l dose o f  5 0  mg/kg, leas than 
0 . 6 %  of the original dose remained in the rat . On ly 3%  h ad been 
excreted unchanged, mos t l y  in the urine; the remainder had been 
me tabolized, and the me tabol i tes excre ted in the urine or exhaled (a s 
C02) .  The reac t ions invo lved in RDX me tabol ism appear to be 
catalyzed by microsoma l enzyme sys tems and occur primari l y  in the l iver 
(French e t  a l . ,  19 76; Brad l ey ,  1977). 

In miniature swine g iven RDX ora l ly a t  100 mg/kg , the p lasma 
concentrat ion was 1 . 6  � g/ml a t  2 h and 4 .  7 � g/ml a t  24 h ,  and the 
urinary concentrat ion was 2 . 0 � g/ml at 2 h and 3 . 6  � g/ml  a t  24 h 
(Schne ider e t  a l . , 19 7 7) . 

In the stud ies reported by Schne ider e t  a l . ( 19 7 7) , irrespec t ive of  
dosage or route of  adminis tration , the RDX:concentrat ion was greates t 
in  kidney , varied moa t wide ly in  l iver (s i te of RDX me tabo l i sm) , and 
d id not accumu l a te in b rain .  In miniature swine given 100 mg/kg 
ora l l y ,  the concentrat ions of RDX in brain , heart , l iver ,  rena l cortex, 
renal medu l l a ,  and fat at 24 h were between 4 . 4 and 9 . 1 � g/g . Rat a  
convu l sed w i th in the f ir s t  several hours after rece iving RDX, b ut 
miniature swine convulsed 12-24 h after  rece iving RDX (Schne ider et 
a l . ,  1 9 7 7) ;  the l a t ter is  comparab le  with the l a tent per iod preced ing 
RDX convul s ions in  humans (Merr i l l , 1968; S tone e t  a l . ,  1969; 
Knepa h l ied and S tone, 1972; Ke te l and Hughes, 1 9 7 2)-.nd cons is tent with 
the time course of  RDX in swine p lasma (Schne ider !! !!• • 1977) . 

In a aubch ron ic s tudy in which rata  were g iven un labe led RDX or 
[ 14c] RDX by gavage at 20 mg/kg per day for up to 90 d or a l lowed free 
acce s s  to drink ing wa ter tha t  was sa tura ted wi th un labe led RDX or 
[ 14c] RDX ( 5 0-70 � g/ml) for up to 90 d ,  RDX was a lso found to be  
extens ive ly me tabo l ized (Schne ider et a l . , 19 78) . About one-th ird o f  
th e total  l abe l was exh aled as  14co2: and a s imi lar amount was 
excreted in the urine . The amoun t of paren t compound in the urine 
accounted for on ly 3-5% of  the total urinary radioac t ivi ty , and the 
rema inder was assoc iated with un identified me tabo l i te s .  RDX did not 
accumulate sign i f i cant ly in any o f  th e t is sues examined . Res idual 
carcas s rad ioac t ivity was abou t 2 . 5  t imes greater after 13  wk o f  
drinking [ 14c]RDX-a a turated wa ter than i t  was af ter 1 wk, but the 
carcass RDX concentrat ion was only abou t 1 . 5 t imes as  great . 
Metabol ism o f  RDX produced various one-c arbon in termediates , e . g . , 
C02 , b icarbonate ion , and formic ac id (Schneider !! a l . , 1 9 7 7 ,  
1978) . Incorporat ion of these intermed iates into var ious long- l ived 
c e l lular cons t i tuent s  was b e l ieved to be the c ause of the a l igh t 
increase in body burden o f  rad ioac t ivity after 13  wk (Scheider e t  a l . , 
19 78) . 

- -

In th e s tud ies in wh ich rata  were g iven RDX by gavage a t  20  mg/kg 
per day for 90 d ,  the p lasma RDX never exceeded 2 . 08 � g/ml . There were 
no convul s ions or overt neuro logic s igna charac ter i s t ic of RDX tox i c i ty 
a t  the p lasma concentrat ions observed in th is s tudy (Schne ider et a l . , 
19 78) . 

- -
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Urine : p l asma and t issue : p lasma RDX ratios were cons isten t ly greater 
in ora l-admin istrat ion than in dr ink ing-water stud ie s .  Administration 
in drinking water would a l low a s lower , but con t inuous, absorption, 
permitting more e ffic ient hepatic metabol ism and decreased urinary 
e xcre t ion of  the parent compound ( Sch ne ider � a l . , 1 9 7 8) . 

EXPOSURE L IMITS 

The th resho ld l imi t va lue-t ime we igh ted average ( TLV-TWA) for RDX in 
workroom a ir is 1 . 5  mg/m3 ( ACGIH ,  1981 ) . BUMED ( 1980) has 
es tab l i shed a T IMCL for RDX in dr inking wa ter of 0 . 05 mg/L . U SAMBRDL 
( 1980) has  recommended an RDX l imi t of 0 . 0 3 mg/L for dr inking water . 

On the bas is  o f  the absence o f  observab le  b ioaccumulat ion in rats 
g iven RDX by gavage a t  20 mg/kg per day or a l lowed free acce s s  to 
RDX-sa tura ted drinking wa ter ( 5 0-70 � g/ml) for up to 90 d ( Schneider e t  
a l . , 1 9 78) , the absence o f  toxic i ty i n  rhesus monkeys g iven RDX at 1

-­

mg/kg per day for 90 d ( Mart in and Har t  ( 1974) , and the absence of 
toxic i ty in rats g iven RDX in food a t  10 mg/kg per day for 2 yr ( Hart , 
1976) , Schne ider e t  a l . ( 1978)  s ta ted tha t  an inge s t ion l imi t o f  
approximately O . l!Mg/kg per day wou ld appear appropr iate , regard less  of 
the mode o f  inges t ion . Assuming tha t  a 70-kg man consumes 3 L of  water 
per day , Schne ider et a l . (19 78) sugges ted an acceptab le concentra t ion 
of RDX in drinking water of 2-3 mg/L . 

COMMITTEE RECOMMENDATIONS 

The mos t  re levant da ta for eva lua t ing the effec t s  o f  long-term exposure 
o f  RDX are from Mart in and Har t  ( 1974) and Hart ( 1974 , 19 7 6) . In these 
s tud ies , 10 mg/kg per day for 90 d or 2 yr produced lit t le e ffect in 
dogs or rats , respec tive ly , and 1 mg/kg per day produced l i t t le e f fect 
in monkeys .  After eva luat ing the toxic i ty data on RDX , th e Comm i t tee 
h as conc luded that there is no s trong ind ication tha t  the current BUMED 
recommendat ion of  0 . 05 mg/L shou l d  be mod i f ied . Al though the data 
a lready c i ted could  be used to support rais ing the dr inking-wa ter 
cri terion , the Commit tee believes tha t  that wou ld not now be prudent , 
g iven the l imi ted data base on e f fec t s  o f  chron ic exposure to RDX. 
Long-term exposure to RDX is now being s tud ied , and the Committee 
s ugge s t s  that the drinking water c r i ter ion be reeva luated when da�a 
from curren t s tud ies become availab l e . 
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Tab l e  6 .  Some Phys ical and Chemica l  Properties  of RDX 

Mo lecular weigh t :  
Me lting point : 

Solub i l i ty :  

Convers ion fac tors in a ir :  

2 22 . 26 
202 °C 
Insolub le in wa ter ( 0 . 00 76 g/ 100 g 

wa ter a t  25 °C) , e thanol ( 0 . 105 g/ 100 g 
e thano l a t  2 0 °C) , isopropy l a lcoho l , 
carbon te trach loride , and carbon 
d isul fide 

Sl igh t ly solub l e  in me thano l ,  ether ,  
e thy l acetate , and g lacia l ace t ic 
acid 

Solub l e  in ace tone ( 1  g in 2 5  ml ) , 
cyc lohexanone , dime thy l sul foxide , 
hot an i l ine ,

J
heno l,  and n i trobenzene 

1 ppm • 10 mg/ 
1 mg/ml • 0 . 1 ppm 
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w 
0 

LABORATORY 
DETERMINATION 

No . of peopl e  
LDH 
Alk.  Ph os . 
SGOT 
SGPT 
B i l irub in 
Hb 
Re t 

Tab le  7 .  Mean Laboratory Values for RDX-Expos ed and -Nonexposed Employees 
at  Five Army Munition P l an t s& 

MALE FEMALE 

RDX RDX 
Nonexposed Exposed Nonexposed Exposed 

0 . 0 1 mg/m3 

Undetec tedb Unde tectedb or over 

237 22 45 10 1 1 
1 7 3  1 9 1  1 74 184 1 6 7  
8 2  7 8  80 70 88 
22  25  2 1  2 1  10 
2 1 2 6  18 13 10 

0 . 5  0 . 4  0 . 4 0 . 4 0 . 4 
15 . 2  14 . 7  15 . 2  13 . 8 13 . 9  
4 7  45 . 6 4 7  4 1 . 7  43 . 3 

Re t icu locyte count 0 . 7  0 . 9  0 . 7  1 0 . 3  
To tal pro t e in 7 . 2 7 . 2 7 . 3 7 . 3  7 . 6  
BUN 15 . 5  15 . 6  16 . 4  13 . 2  8 
Glucose 94 9 1  9 3  92 6 7  
Choles tero l 2 12 202 208 2 1 2  206 

&Reprinted with permiss ion from Hathaway and Buck , 19 7 7 . 
bsome exposure was thought to exi s t , on the bas is o f  profes s ional judgement , but no 

RDX was detec ted wi th breath ing-zone samp l ing .  

0 . 0 1  mg/m3 

or over 

25 
184 

6 7  
2 0  
12  

0 . 4 
13 . 8  
4 1 . 4  

1 . 1  
7 . 2 

12 . 6  
92 

2 2 7  
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Tab le 8 .  Proport ion o f  Abnormal Laboratory De terminations by RDX 
Exposure Ca tegory in Ma l e  Workers a t  Five Army Muni t ion P l anta8 

DETERMINATIONb RDX EXPOSUREC 

None Unde tec ted 

Hb (< 14) 15 /23 7  3/ 2 2  
Hc t (< 40) 1/23 7 1/2 2 
Re t icu locyte count (> 1 . 5) 18/23 7  3 / 22 
LDH (> 250)  2/23 7  1/2 2 
Alk.  Ph oa . (> 105) 34/237  l/ 22  
SGOT (> 35)  15/2 3 7  2 / 2 2  
SGPT (> 35) 20/237  4 / 2 2  
Bil irub in (> 1 . 0) 5/23 7 1/2 2 

8Re pr in ted with permis s ion from Ha thaway and Buck , 197 7 .  
bAbnorma l va lues in parentheses . 
CProport ion of  abnormal results  to  total  number o f  persona 

in exposure category . 
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4/45 
1/45 
2 /45 
0/45 
6/45 
0/4 5  
2 /45 
1/45 

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

Evaluat ion o f  the Heal th  Risk  o f  Ordnance Disposal  Waste in  Dr ink ing Water
ht tp : / /www.nap.edu/cata log.php?record_ id=19607

http://www.nap.edu/catalog.php?record_id=19607


Tab le 9 .  Proport ion of Abnormal Laboratory De terminat ions by RDX 
Exposure Ca tegory in Female Worker s a t  Five Army Mun i t ion P l ants• 

DETERMI NATIONb RDX EXPOSURE c 

None Unde tec ted 

Hb ( < 12 )  2 / 1 0 1  0/ 1 
Hc t ( < 3 7 )  4/ 10 1  0/ l 
Re t icu locyte count ( > 1 . 5 )  19/ 10 1 0/ l 
LDH ( > 2 5 0 )  1 1/ 10 1 0/ l 
A l k .  Ph os . ( > 105)  l l/ 101  0/ l 
SGOT ( > 3 5 )  4/ 101  0/ l 
SGPT ( > 3 5 )  3/ 10 1  0/ l 
Bil irub in ( > 1 . 0 ) 4/ 101  0/ l 

•Re printed with permiss ion from Hathaway and Buck , 19 7 7 .  
bAbnorma l values in parentheses . 
CProport ion o f  abnorma l re su l t s  to tota l number of  persons 

in exposure category . 
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TRINITROTOLUENE ( TNT ) 

BACKGROUND INFORMATION 

Ch emical  Names : 2 , 4 , 6-Tr in i tro toluene ; 2-Me thy l- 1 , 3 , 5- tr in i trobenzene 
Common Names : Trin i tro to luene , TNT , To l i te ,  a -TNT , Troty l , Tri to l , 

Tr i l i t  
CAS Number : 1 18-9 6-7 
Phy s ica l and Chemica l Proper t ies : See Ta b le 10 

TNT was d iscovered in 1863  and by 1902 had assumed importance 1n Germany 
as th e pr inc ipa l c ons t i tuen t in many explos ives . I t was wide ly u sed by 
i t se l f  or in comb ina t ion with other materials  dur ing Wor ld War I 
( McConne l l  and Fl inn , 1946) . TNT has been the mos t  c ommonly used 
exp los ive in the munit ions indus try s ince Wor ld  War I and con t inues to  
b e used extens ive ly in she l ls , bomb s ,  and mines and as a burs t ing charge 
( Goodwin , 1972 ; Morton et a l . , 1976 ; Hathaway , 19 7 7 ) . I t  is made in 
e ith er a b atch or a cont inuous process  ( Rinkenbach , 1965 ; Lindner , 
1980 ) . To luene is  n i trated with n i tric  ac id and mixed with s u l furic 
ac id in a 3-s tage operat ion by us ing increas ing temperatures and 
mixed-ac id concen trat ions to in troduce n i tro groups success ively to form 
monon i trotoluene (MNT) , d initrotoluene ( DNT) , and TNT . Numerous other 
compounds are formed , inc lud ing unsymmetric  isomers  o f  TNT and such 
oxida t ion produc t s  as  te tran i tromethane , n i trobenzoic ac id , n i trocreso l ,  
and part ial ly ni trated toluene s .  Pur i f ied TNT can b e  obta ined in the 
Se l l i te proces s ,  in wh ich crude TNT is treated with 16% sod ium s u l f i te 
and then reac t s  pre feren t i a l l y  wi th asymme tric  me ta  isomers to form the 
water- s o luble s od ium s a l ts  of  the correspond ing sul fon ic ac ids . The 
forma t ion of  isomeric impur i t ie s  and reac t ion byproduc t s  and the losses 
in  s e l l i t ing reduce the theore t ical  y ie ld of  a -TNT to  a bout 8 5-88% . 
The ch ie f impuri t ies  in crude TNT are 2 , 3 , 4-trini tro toluene (6 -TNT ; 
m . p . , l l2 °C) , smal l amount s  o f  trini trobenzoic ac id , trini trobenzene , 
and te tran i tromethane (Rinkenbach , 1965 ) . 

TNT produc t ion can resu l t  in a ir pol lutant s , such as  n i tro to luene 
( as ortho , me ta , and para isomers , wh ich are d issolved in spen t acids 
and are re leased to  the a ir during the reproces s ing o f  ac ids)  and 
te tran i trome thane ( formed dur ing the des truc t ive oxidat ion o f  a 
byproduc t ,  3 , 5-d ini tro toluene) ( Th ompson e t a l . , 1 9 7 9 ) . 

Subs tan t i a l  quan t i t ies  o f  was te are generated dur ing the processes 
n ecessary for the produc t ion , pur i fication , and load ing o f  muni t ions 
( Wa l sh et a l . , 1973 ; Won e t  a l . , 19 74 ; Smock e t  a l . , 19 76 ; Legge t t , 
19 7 7 ) . �he-ma in was t ewa ter prob lem or iginates-from TNT f inish ing , she l l  
washou t , and equ ipmen t  and b u i l d ing washdown , in wh ich TNT i s  d issolved 
in the washwater and is chemical ly transformed into a complex of  various 
compounds and isomers , col lec t ive ly re ferred to as  "p ink water" ( Smock 
e t  a l . , 1 9 7 6 ) . The was te formed when par t ia l ly puri fied TNT is finally 
water-washed after  s e l l i te pur i f icat ion i s  also  re ferred to  as  "pink 
water" ( Wa l sh e t  a l . , 1 9 73 ) .  "Red wa ter" i s  the was te formed during the 
se l l i te pur i f icat ion of TNT . 

In th e f inish ing proces s ,  TNT is  dried , £ l acked , and packaged with 
cons iderab le amoun t s  o f  wa ter ( e . g . , as much as  500 , 000 ga l can be 
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generated a t  a s ingle plant)  to c l ean equipment and the interior o f  
f inish ing-plant build ings . I t  is  usua l ly beyond t h e  capac i ty o f  a 
mun i t ions p l ant  to inc inera te such volumes of  water in add i t ion to  the 
large amoun ts  of red and pink water norma l ly inc inera ted . Hence , the 
f in ish ing- p l ant was tewater is  usua l ly d isposed of  by d ischarge into 
nearby rivers or s treams (Walsh  et a l . , 197 3 ) . The f inish ing-plant 
water cons is ts  mos t l y  of a -TNT , wit�sma l ler amounts  of  d initroto luenes 
and isomers of TNT . OWing to exposure to sunl igh t and neu tra l izat ion of 
the was tewa ter be fore d isposal , s ome o f  these ni tro compounds are 
chemica l l y  trans formed into  h igh ly colored compounds whose iden t i t ie s  
and toxi c i t ies are largely unknown (Wa l sh e t  a l . ,  1 9 7 3 ; Smock e t  a l . , 
1 9 7 6 ) . S tud ies by  Wal sh e t  al . ( 19 7 3 ) h ave-sugges ted tha t  in neutra l 
and b as i c  so lut ions the chemical conver s ion o f  a -TNT may be  as  h igh as 
95% ; h ence , the ma in po l lutan t  in neu tral ized f inish ing-p lan t  was tewa ter 
i s mos t  l ikely not a -TNT , but rather the colored convers ion spec ies . 

SUMMARY OF TOXICITY INFORMAT ION 

EFFECTS ON HUMANS 

Ha th away ( 1 9 7 7 )  reviewed the s c ien t i fic and med ical l i terature on TNT,  
wi th emphas is  on  s tud ies tha t provided correlat ion be tween work 
exposures and adverse heal th e f fec t s . During Wor ld Wars I and I I ,  many 
TNT workers reportedly d ied o f  aplas tic  anemia or toxic hepa t i t i s ; the 
nature of th ese toxic e f fects  was report ed mos t ly be tween 1920 and 1955  
( Voegtl in e t  a l . , 1922 ; Har t e t  a l . , 1944 ; Cone , 1944 ; McConne l l  and 
F l inn , 194 6 ;  Crawford , 1954) .--Tbere were 475  death s in about 1 7 , 000 
cases o f  TNT poisoning in the Un i ted S tates  in a period of abou t 7 . 5 mo 
of Wor ld  War l--in sharp contras t with the total experience in the 
Un ited S tates  during Wor ld War II ( e . g . , a rate of less than three 
occupat ional-d isease death s  per 100 , 000 operat ing employees per year) 
( McConne l l  and F l inn , 1946 ) . S ince Wor ld War I I ,  there have been only 
occas ional reports  of  death s  due to TNT po is oning , and there have b een 
very few reports in the Eng l ish-language l i terature o f  any prob lems 
re lated to TNT use in the l as t  20 yr ( Morton e t  a l . , 1976 ) . Goodwin 
( 19 7 2 )  reported revers ib le  l iver damage in a smal l percen tage o f  worker s 
in a she l l- l oading plant  in a per iod of over 20 yr . 

Occupa t ional  exposure to TNT h as been reported to occur by 
inh a l a t ion , ingest ion , and skin absorp t ion . Common ly reported medical 
prob lems inc lude gas tr i t i s , derma t i t is , and anemia ( Voeg t l in !! a l . , 
1922 ; Cone , 1944 ; Lawrence ,  1942 ) ; hemo lytic  anemia ( Dj eras s i  and 
Vitany , 19 7 5 ) ; nose  and throat  irr i tat ion ( Fa irh i l l ,  195 7 ) ; 
red-b lood-c e l l  des truc t ion ( Cone , 1944) ; me themog lob inemia ( Cone , 1944) ; 
leukopen ia and leukocytos is  ( Fairh i l l , 195 7 ) ; peripheral neur i t i s  
( Soboleva , 1969) ; myocard ial irregu lar i t ies ( Soboleva , 1969) ; pancreat ic 
dys func t ion ( Kleiner e t  a l . , 19 74 ) ; and ca taract  format ion ( Hassman and 
Juran , 19 7 1 ) . -- --

In a s eries of 22  TNT fata l i t ies in the Un i ted S tates  in Wor ld War 
I I ,  summarized by McConne l l  and Fl inn ( 1946 ) , eigh t  persons d ied o f  
toxic hepa t i t i s  and 1 3  of  apl as t ic anemia ;  one part ia l ly recovered from 
hepa t i t is and later d ied o f  aplas tic  anemia or a comb inat ion o f  the two 
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cond i t ions .  Only one-th ird o f  the 2 2  were exposed to TNT a t  average 
c onc entrat ions over 1 . 5  mg/m3 . In th is series , hepa t i t i s  occurred 
more frequent ly among the younger persons ( average age , 30 yr) and 
apl as t ic anemia among the older ( average age , 45 yr ) .  The pathologic 
f ind ings in the c l inical  hepat i t is cases invariab ly inc luded 
degenera t ive damage to the l iver , usua l ly with grea t  reduc t ion in  s ize 
and weigh t . 

Airborne concentrat ions o f  TNT required to  cause dea th were reported 
to  b e  cons iderab ly h igher than 1 . 5  mg/m3 , the curren t workp lace 
s tandard ( OSHA , 198 1 ) . With respec t to concen tra t ions near the OSHA 
s tandard , e f fects  have varied . Cone ( 1944 ) repor ted that a t  0 . 5-2 . 0  
mg/m3 no hema tologic  abnorma l i t ies occurred , but l iver func t ion was 
not evaluated . However ,  a case of aplas t i c  anemia has been reported in 
c onnec t ion with exposure to TNT at much less than 1 . 5  mg/m3 ( Eddy , 
1 944 ) . 

Ol der reports  of  adverse hea l th e ffec ts  genera l ly d id no t inc lude 
informa t ion on workplace concentra t ions of TNT , part icularly for 
nonfatal  effec t s .  I n  a n  uncon trol led s tudy ( E rmakov e t  a l . , 1969) , i t 
was reported tha t  122 o f  5 74 employees had chronic TNy-pOisoning wi th an 
average TNT concentrat ion of 1 mg/m3 ; work exposures ranged from 6 to 
25 y r .  Mos t  of  the affec ted workers had func t iona l d isorders of  the 
CNS , 22% ( 2 7 ) had chronic anemia and leukopenia , 20% ( 24)  h ad ca tarac t s ,  
and 12% ( 15 )  h ad symptoms o f  hepa t i t i s . There were n o  comparisons with  
unexposed contro l populat ions or breakdowns of ind ividua l TNT exposure . 

A number of case reports o f  ap l as t i c  anemia from various sources 
h ave inc luded the extent of  exposure and are shown in Tab le 1 1 .  

Severa l reports o f  control led s tud ies have provided informat ion on 
e ar ly and subc l inical effec ts  of TNT exposure ( S tewart et a l . , 1 945 ; E l  
Ghawab i e t  a l . , 1974 ; Fried lander e t  a l . , 1974 ; HathawaY: 19 74 ; Morton 
e t  a l . ,  1976 ; Buck and Wil son ,  1 9 75>.--The mos t s tr iking f ind ing in 
these epidemiologic s tudies i s  the occurrence o f  hema tologic and hepa t i c  
abnorma l i t ies a t  TNT concentr a t ions we l l  below 1 . 5  mg/m3 . The mos t 
pers is tent f ind ings are mi ld  reduc t ions in the hemog lob in and hematocr i t 
c onc entrations and red-b lood-c e l l  counts of  exposed people--the findings 
are a t tributed mos t ly to the des truc t ion o f  red ce l l s  by  hemolys is  
( Cone , 1 944 ; Voegt l in e t  a l . ,  1922 ) and are d irec t toxic e f fec t s  o f  TNT 
or i t s  me tabol i tes (Hathaway , 197 7 ) . 

In one s tudy , s tatis t ical ly s ign if ican t  increases in s erum g lutamic 
oxaloace t i c  transaminase and lac t ic dehydrogenas e occurred after 
exposure to TNT at 0 . 8  mg/ml and per s is ted a t  0 . 6  mg/m3 ( Mor ton e t  
a l . , 1976 ) . A s tudy to determine a threshold for effec t s  invo lved 533 
employees exposed to  TNT and 865 employees not exposed to  explos ives 
( Buck and Wi lson , 19 75 ) . O f  the 53 3  exposed workers , 58 were exposed t o  
both TNT and RDX . Concomi tant  exposure to RDX was not though t to 
influence the e f fec t of  TNT exposure on hematologic or hepa t i c  func tion 
(Hath away and Buck , 19 76) . Mi ld b iologic e f fec t s , part icu l arly 
reduc t ion in hemog lob in concen trat ion or red-b lood-cel l count , were 
noted a t  exposure s as low as 0 . 2  mg/m3 . Tab le 12 i l lus trates the 
re lat ionsh ip between hemog lob in and TNT exposure for a l l  partic ipants . 
Re ticulocyte counts  varied grea t ly in both exposed and nonexposed 
worker s .  Many workers had low ret icu locyte counts  ( b e low 0 . 5% ) , and 
many h ad h igh counts  ( above 1 . 5% ) . Bo th low and h igh counts  tended t o  

- 38 -

Copyright © National Academy of Sciences. All rights reserved.

Evaluation of the Health Risk of Ordnance Disposal Waste in Drinking Water
http://www.nap.edu/catalog.php?record_id=19607

http://www.nap.edu/catalog.php?record_id=19607


be more frequent in exposed workers , and mean counts  were h igher after 
greater TNT exposures . 

Toxicokinetics  

The main route o f  ab sorp t ion o f  TNT into  the  human body i s  the  skin ,  but  
inge s t ion and absorpt ion through the  res piratory trac t mus t also  be 
c ons idered ( Goodwin , 1 9 7 2 ) . The re lative importance of  routes of 
exposure appears to be  variab le  and probab ly depend s on th e nature of 
the work operat ion , the phys ical s tate o f  TNT , and the personal hyg iene 
and work prac t ices of individua l employees ( Ha thaway , 19 7 7 ) . Because 
skin absorpt ion and acc idental  inge s t ion of  TNT occurs , it is 
acknowledged to  be extreme ly di fficu l t  to  formulate dos e-respons e 
re lat ionsh ips for TNT and observe toxic e ffec t s  in man (Ha th away , 19 7 7 ) . 

E ther-extrac tab le pigments  in ur ine from mun i t ion workers exposed to 
TNT c ons is ted of  60-75%  d initrotoluid ines , 10-2 5% n i trotoluyl ene­
d iamines , and 10- 15% aminoni trocreso l s .  The d ini trotoluid ine frac t ion 
c ons is ted mainly of 4-amino-2 , 6-d initroto luene , with sma l ler amounts  of 
2-amino-4 , 6-d ini trotoluene . Trace amounts  of 4-hydroxy lamino-2 , 6-
d in i tro toluene were de tec ted , but no azoxy compounds were found ( Lemberg 
and Cal laghan , 1944) . 

EFFECT ON ANIMALS 

Acute Exposure 

The fol lowing are some data on l e thal  doses of TNT : 

Or a l ,  r abb i t  LDto 500 mg/kg Wyon , 1 9 2 1  
Ora l ,  rat  LDto 700 mg/kg II  II  

Oral , c a t  LDto 1 , 850 mg/kg I I  I I  

Subcutaneous , cat  LDto 200 mg/kg I I  I I  

Subcu taneous , rabb i t  LDto 500 mg/kg I I  I I  

Acu te-toxic i ty s tud ies of  TNT was tewater were repor ted by Sasmore e t  
a l .  ( 19 76 ) . Synthetic  and authent ic TNT was tewater res idues were 

--

irrad iated to 50 and 100% TNT degradat ion leve l s  a t  pH va lues o f  5 ,  7 ,  
and 9 . 4 ,  lyoph i l ized to s o l id res idues , and admin is tered ora l ly as  a 
suspension in corn o i l  to male  and female  Swis s  Web s ter mice to 
de termine acute ora l LD5o va lues . An LD50 of  1 . 3  g/kg was found for 
nonirrad iated material  contain ing 9% TNT . On irrad iat ion a t  pH 5 ,  i t  
was 2 . 2  g/kg a t  50% TNT degradat ion and 4 . 9  g/kg at  100% TNT 
degrada t ion. The toxicity of the d i s charges decreased as a func t ion of  
irradiat ion t ime . 

Subchron ic Exposure 

In one s tudy , dogs were g iven TNT daily by capsule for 90 d at 0 ,  0 . 2 ,  
2 . 0 ,  or 20 mg/kg body weigh t ;  rat s  rece ived TNT in the ir diet  dai ly for 
90 d at 0 ,  0 . 002 , 0 . 0 1 , 0 . 0 5 , or 0 . 2 5% ( 0 , 1 . 42 , 7 . 18 ,  3 5 . 5 6 ,  and 162 . 18 
mg/kg body weigh t , respec t ive ly ) ; and mice rece ived TNT in the ir d ie t  
daily  for 9 0  d a t  0 ,  0 . 00 1 , 0 . 005 , 0 . 025 , or 0 . 12 5% ( 0 ,  1 . 5 6 ,  7 . 7 6 ,  
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3 6 . 7 7 ,  and 188 . 6 1 mg/kg body we igh t ,  respec t ive ly) ( Di l ley e t  a l . , 19 7 7 ;  
D i l ley e t  a l . , 1978a) . Al l three spec ies rece iving the hig�dose had 
anemia ,-wi th reduced numbers of  red c e l l s , reduced hemog lobin , and 
reduc tion in spleen s ize . A marked reduc t ion in th e s iz e  of the testes 
was ob served in th e rats  and mice rece iving the h igh dose and to a 
lesser exten t in thos e receiving the second h i ghes t dose . Th e primary 
t oxic i ty of TNT appeared to be  toward the erythroid c e l l s  and the 
deve lop ing germinal cel ls  o f  ma les . 

Di l ley e t  a l .  ( 1 9 78a , 1978b )  fed rats , mice , and dogs TNT or 1 . 6 : 1  
TNT-RDX mixtures in the ir  d ie t  for 90 d .  The mixture was representat ive 
o f  untreated was tewater from Army ammuni t ion plants  conduct ing load and 
assemb le-and-pack operat ions . During the treatment ,  the h i ghes t-dose 
rats and mice (0 . 25 and 0 . 125% TNT , respec t ive ly ,  and 0 . 5% TNT-RDX for 
b o th spe c ie s )  had we igh t  los s , reduced food in take , and red ur ine . Dogs 
on th e h ighest  dose ( by capsu le--TNT at 20 mg/kg per day or the mixture 
a t  50 mg/ kg per day )  had we igh t  los s , ataxia , nys tagmus , and other 
neuro logic  s igns , as we l l  as  orange urine . Hematologic  changes  in a l l  
th ree spec ies ( h igh dose only ) inc luded a reduced red b l ood cel l count , 
hemog lob in ,  and hematocr i t  and increased red-c e l l  vo lume with increased 
re t iculocyte count . C l inica l-chemis try changes inc luded increased 
ch oles tero l and decreased s erum g lutamate pyruvate transaminase ac t ivity 
in ra ts  and dog s .  His topa tho log i c  f ind ings inc luded increased 
hemos idero s i s  of  the spleen and somet imes the l iver in a l l  three species  
rece iving the  h i ghes t dose . Tes t icular a trophy with foc a l  inters t i t ia l  
c e l l  hyperp las ia was found in the rats receiving 0 . 25% TNT i n  the ir 
d ie t s , ra ts  rece iving 0 . 5% TNT-RDX , and dogs rece iving TNT-RDX a t  50 
mg/kg per d ay .  Female rats g iven 0 . 5% TNT-RDX had a hypoplas ia of  th e 
uteru s . The no-ob served-adverse-e ffec t leve l s  o f  TNT in the d ie t s  of 
rats  and mice were 0 . 002% ( 1 .42  mg/kg body we igh t )  and 0 . 005% ( 7 . 7 6  
mg/kg body we igh t ) ;  for TNT-RDX the no-observed-adverse-effec t leve l wa s 
0 . 005% for both rats and mice ( 3 . 5 7  and 8 . 28 mg/kg body we igh t  for rat s  
and mice , respec t ive l y ) . In dog s , the no-observe d-adverse-e f fec t leve l 
was 0 . 2  mg/ kg per day for TNT and 0 . 5  mg/kg per day for TNT-RDX . In 
genera l , the TNT content of the TNT-RDX mixture was dominan t in 
produc ing toxic ity .  

Dogs g iven dai ly doses o f  TNT a t  0 . 0 2 ,  0 . 1 ,  or 1 mg/kg for 9 0  d 
deve loped no s igns o f  toxicity  other than temporary episodes o f  emes is , 
to  wh ich tolerance apparen tly deve loped (Hart , 19 74) . Laboratory 
d iagnos t ic procedures and both gros s and mi croscopic  pos tmortem 
examinat ions revea led no important d i f ferences from contro l s . Dogs 
treated wi th TNT admin is tered subcu taneously  at 7 mg/kg twice a week for 
9 mo h ad renal pathologic changes , part icular ly damage of the tubu lar 
port ion o f  the nephrons ( Dynnik e t  a l . , 19 7 7 ) . 

Rhesus monkeys ( 3  an ima l s  of-each sex in each dosage group ) were 
treated ora l ly , once dai ly , 7 d/wk for 90 d with TNT at 1 ,  0 . 1 ,  and 0 . 0 2  
mg/kg ( Mart in and Hart , 1 9 74) . Th e h igh dosage group h ad increases in 
number of degenerate or necro t i c  megakaryocyte& in bone marrow sec t ion s  
and increased iron-pos i t ive material  i n  l iver cord cy top lasm.  The 
toxicologic  importance o f  these two f ind ing s i s  uncerta in . 

In format ion avai lab le on the toxic i ty of  TNT in mamma ls  was 
ex tens ive l y  reviewed by Dacre and Rosenb l a t t  ( 19 7 4 )  and summarized by 
Ha th away ( 1 9 7 7 ) . The toxic e f fects  in experimenta l an ima l s  inc luded 
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hemolys is o f  red b lood c e l l s , deve lopment o f  anemia , central and 
peripheral  nervous sys tem impa irment ( inc lud ing periphera l neuropa thy) , 
gastri t i s , d i s turbances in  pancreatic  func t ion , fatty degenerat ion o f  
the l iver , hemos ideros is o f  the spleen , inh ib i t ion o f  phagocytos is , and 
increased choles tero l concentrat ion in b i le . There was wide species 
variab i l i ty , but  cats  and dogs appeared to be  more suscep t i b l e  to TNT 
th an rabb its  and rats . Hemato log ic and l iver func t ion abnorma l i t ies 
have occurred in a l l  spec ies . 

Ch ronic Exposure 

There are no pub l ished report s  of the e f fec ts  o f  chronic  exposure of TNT. 

Carc inogenic i ty 

Th ere are 
anima l s .  
Jorgenson 
evaluated 

no pub l ished report s  o f  the c arc inogen ic potent ial o f  TNT in 
Long-term s tud ies are curren t ly underway ( Jones , 198 1 ; 
and Spanggord , 198 1 ; Lee , 1980 ; Li sh ,  198 1 ) , wh ich should be  
by the Navy as soon as the  resu l t s  become ava i l ab l e .  

Teratogen ic i ty and Reproduc t ive E f fects  

Tera togen ic and reproduc t ive effec t s  of TNT have no t been reported in  
th e l i terature . 

Mutageni c i ty 

TNT was de tec ted as a framesh i f t  mu tagen that s ign i f icant ly acce lerated 
the revers ion ra te of Salmone l la typh imurium s tra in TA 98 . In con tras t ,  
th e maj or microb ial  me tabol 1 tes of  TNT ( e . g . , 2 , 6-d ini tro-4-
hydroxyamino to luene , 2 , 6-d in i tro-4-amino to luene , 
2-n i tro-4 , 6-d i aminotoluene , 2 , 4-d in i tro-6-hydroxy-aminotoluene , 
2 , 4-d in i tro-6-amino toluene , 2 , 2 ' , 4 , 4 ' -te trani tro-6 , 6 ' -azoxytoluene , and 
2 , 2 '  , 6 , 6 ' - tetran i tro-4 , 4 1 -a zoxytoluene) appeared to be nontox ic and 
nonmu tagenic  (Won et a l . , 197 6 ) . When TNT was ac t iva ted with microsoma l 
enzymes , the mu tagen ic-e f fec t on s train TA 98 was not  increased . Th is  
sugges ted tha t  enzymatic  oxida t ion of TNT in  vi tro yields  nonreac t ive , 
nonmu tagen ic intermed iates . 

--

No cy togen ic aberra t ions were found in bone-marrow ce l l s from rats  
tha t  were treated for 28 d with  0 . 25%  and 0 . 002% TNT in the d ie t  ( D i l ley 
et a l . , 19 78a , 19 78b ) . 

Toxicok ine t i c s  

Wh en r a t s  were treated oral ly with TNT a t  5-40 mg , 15-20% o f  t h e  TNT was 
excreted unchanged in the urine in the f irs t 24 h .  Repeated dos ing d id 
not a l ter th e excre t ion pa t tern;  th at sugges ted that th ere was no 
s torage o f  TNT or me tabol i te s .  In ra t urine , the d iazo t izab le  compounds 
were predominant ly n i troto luylened iamines ( 5 0-60% ) , with 2 5% 
d in i troto luid ines and abou t 18% aminon i trocreso l s .  The lat ter frac tions 
y ielded 4-amino-2 , 6-d ini trotoluene and 5-n i tro-m-pheny lened iamine . No 
hydroxyl amino or azoxy compounds were found ( Lemberg and Cal l aghan , 
1944) . 
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2 , 6-D in itro-4-aminotoluene and 2 , 6-d initro-4-aminoto luene ( 15-20% ) 
were found in the urine of  dogs receiving TNT ora l ly a t  50 mg/kg per 
d ay .  No evidence of 2 , 4-d iamino-6-n itroto luene , 2 , 4 , 6- triaminoto luene , 
2 , 4 , 6-trini troto luene , 2 , 4 , 6-trini trobenzylalcoho l ,  
2 , 4 , 6-trini trobenzaldehyde , or 2 , 4 , 6-trini trobenzoic acid was found 
( Snyder ,  1946 ) .  

In the rabb i t ,  4 7% o f  ora l ly adminis tered TNT was excreted in the 
urine as g lucuronide& and 30% as aromatic  amino compounds ,  the lat ter 
e s t imated by measuring 4-amino-2 , 6-d in i tro toluene . The aroma t i c  amino 
compounds inc luded no t only d ini troaminotoluenes , but poss ibly 
d in i troaminobenzy l a lcoho l conjugated with g lucuron ic ac id , and as  
trin i trobenzy lg lucuron ide . Doses of  TNT up to 150 mg/kg were el iminated 
in 24 h; l arger doses required up to 48 h .  The isolat ion of  
2 , 6-d ini tro-4-hydroxy laminoto luene and 4-amino-2 , 6-d ini troto luene showed 
th e exis tence of a reduc t ion mech anism. The forma tion of  
d ini trohydroxylaminotoluene was sugges ted by  Channon e t  a l . ( 1944 ) to 
expl ain part ia l ly the toxic ac t ion of TNT after oral ,-cutineous , and 
in tratracheal adminis trat ion to rabb its . 

Af ter adminis trat ion of  [ 14c ] TNT (50  mg/kg) , ma le rats excre ted 
5 9 . 5% of  the ora l dose in urine and 10 . 8% in feces  af ter 24 h ;  2 1 . 0% 
rema ined in the gas trointe s t inal trac t .  Female  rats excre ted 42 . 5% in 
urine and 2 . 2% in feces ;  3 5 . 5% rema ined in the gas trointes t ina l trac t . 
TNT was s lowly absorbed after cutaneous appl icat ion ; e . g . , male rats 
el iminated 1 7 . 4% in urine and 1 . 3% in feces after 24 h and 3 . 1% was 
re covered in th e gas trointes t inal trac t .  Ab sorp t ion and e l iminat ion 
were fas ter af ter in tra tracheal admin is tra t ion. In 4 h ,  1 7 . 5% was 
excre ted in urine and 19 . 8% in b i l e .  Af ter ora l admin is trat ion , these 
va lues were 12 . 7% and 14 . 5% ,  respec tive ly . Rats  wi thou t b i l e  cannu las 
excre ted mos t of the dose in urine--an indication of  cons iderab le 
enterohepa t ic c irculation . The urine and bile contained l arge amount s  
o f g lucuron ide & ,  but n o  sulfate conjuga tes were detec ted . The urine o f  
rats conta ined d iaminomononi trotoluenes and smal ler amounts  o f  TNT and 
d in i tromonoamino to luenes , with no d ihydroxy lamines or azoxytoluenes . 
Qua l i ta t ive d i fferences in me tabolic  produc ts  after oral , cutaneous , and 
i ntratrachea l admin is tra t ion to rats  were not apparent ( E l-hawari e t  
a l . , 1978 ) . 
-- Hodgs on e t  a l .  ( 1 9 7 7 )  s tud ied the comparat ive absorp t ion , 
d i s t ribut ion:-excre t ion , and me tabol ism o f  labe led TNT and isomers  of 
d in i tro to luene ( DNT) in rats . The nitroto luenes were we l l  absorbed 
a fter ora l  adminis trat ion in the rat . The absorpt ion was essen t ia l l y  
c omplete  i n  24 h (60-90% ) . The extent of  absorp t ion was i n  the 
fo l lowing order : 2 , 4-DNT , 3 , 4-DNT > 3 , 5-DNT , TNT , 2 , 5-DNT > 2 , 3-DNT , 
2 , 6-DNT . Mo s t  of  th e ab sorbed rad ioac t iv i ty was e l iminated in the 
urine , and the l iver ,  kidneys , and b l ood contained sma l l  amount s  o f  
rad ioac t ivi ty .  Ne gl igib le amounts  of  carbon- 14 were recovered i n  the 
exp ired a i r ;  that  ind icated that  the aromatic  r ing was not extens ively  
me tabol ized . Wh en 14c- l abeled n i troto luenes were adminis tered to 
b i l e-duc t-cannulated rats , 10 . 3-2 7 . 3% of  the carbon- 14 was recovered in 
th e b i l e--a sugge s t ion that  b i l iary excre t ion is a l so an important  
e l iminat ion pathway . 

- 42 -

Copyright © National Academy of Sciences. All rights reserved.

Evaluation of the Health Risk of Ordnance Disposal Waste in Drinking Water
http://www.nap.edu/catalog.php?record_id=19607

http://www.nap.edu/catalog.php?record_id=19607


EXPOSURE LIMITS 

Th e  following workroom s tandards h ave been adopted by various countries 
for TNT : Un i ted S tates , 0 . 15 ppm or 1 . 5  mg/ml ; Cz echos lovakia,  0 . 1 ppm 
or 1 mg/m3 ; Wes t Germany , 0 . 15 ppm or 1 . 5  mg/m3 ; E a s t  Germany , 0 . 15 
ppm or 1 . 5  mg/ml ;  and U . S . S . R . , 0 . 1 ppm or l mg/m3 ( Verschueren,  
19 7 7 ) . The ACGIH ( 198 1 )  has proposed a threshold  l imi t va lue- t ime 
we igh t ed average ( TLV-TWA) for TNT of 0 . 5  mg/m3 and a 15-min 
short-term exposure l imi t ( STEL) of  3 mg/m3 . 

BUMED ( 1980) has es tab l ished a TIMCL for TNT in dr inking water of  
0 . 0 5  mg/L ( 0 . 05 ppm) . The l imi t for TNT in dr inking water recommended 
by the u.s . Army ( USAMBRDL , 1978 ) is 0 . 03 mg/L .  Ear l ier , th e u.s . Army 
h ad e s tab l ished l imi ts  o f  l mg/L in dr inking water and 5 mg/L in wa ter 
used by fish  and wi ld l i fe ( Smock et a l . , 197 6 ) . USAMBRDL ( 1980) has 
re commended a TNT l imi t o f  0 . 0 1  m87L-rn was tewater , and the USSR has set  
l mg/L as the maxima l permis s ib l e  concen trat ion in surface wa ter ( McKee 
and Wo lf , 1963) . 

Di l ley e t  a l . ( l 9 78a) e s t imated maximum concentrat ions o f  TNT in 
drinking water-on the bas i s  of 90-d toxic i ty s tud ie s .  The 
no-observed-adverse-e f fec t concentrat ions were 0 . 2 ,  1 . 42 , and 7 . 7 6 mg/kg 
per day for dogs , rat s , and mice , respec t ive ly .  As suming a 70-kg man 
drinks 2 L of water per day and consumes 0 . 0 18 7  kg of f i sh per day and 
us ing an uncertainty o f  1 , 000 in ex trapo lat ing from anima l s  to human s , 
Di l ley e t  a l .  ( l 9 78a ) calculated the TNT concen tra t ions in water for 
human consumpt ion to be 0 . 0063 , 0 . 044 7 ,  and 0 . 245 mg/ L ,  from dog , rat , 
and mouse  data , respec t ive ly .  

Studies of  the  toxic e f fec ts  of  TNT and i t s  pr imary degradat ion 
produc t ( p ink water)  on two species  o f  algae and the fa thead minnow 
ind ic a ted th at  there was no re sponse to TNT a t  0 . 05 mg/L or pink water 
at 0 . 07  mg/L ( Smock et a l . , 197 6 ) . The authors sugges ted tha t  these  
c oncentrat ions may be-appropr iate as  necessary s tream s tandard s (with 
the cavea t tha t  tha t  shou l d  be veri fied by long-term chroni c-toxicity  
t e s t s ) . 

COMMITTEE RECOMMENDATIONS 

No long-term exposure s tudies o f  TNT are avai lab l e  for evalua t ion.  The 
mos t appropr iate data for der iva t ion o f  a drinking-wa ter cri ter ion were 
reported by Dil ley et a l . ( l978a , l9 78b) , from wh ich a concentrat ion of  
TNT in wa ter for huiin-consumpt ion was calculated to be  in the  range o f  
0 . 006-0 . 245 mg/L .  These data  suppor t the  current BUHED dr inking-wa ter 
cri ter ion of  0 . 0 5  mg/L , and the Commi t tee conc ludes that  there are 
insuffic ien t da ta to sugges t a mod i ficat ion of the BUMED recommendat ion 
now.  The Commi t tee is  concerned abou t some of the data that sugges t 
that  exposure to TNT may produce aplas t i c  anemia ( see Tab le  1 1 ) , 
espec ial ly in the absence o f  any l ong- term s tud ies o f  TNT . Us e o f  an 
uncertainty fac tor of 1 , 000 in deriving the curren t drink ing-water 
cri terion should provide a reasonab le  marg in of protect ion . 
Neverth e l es s , the Commi ttee encourage s the Navy to reas sess  the criteria 
for TNT as  soon as the re su l t s  of  the current long- term s tud ies are 
ava i l ab le for evaluat ion . 
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Tab l e  10 . Some Phys ical  and Chemical  Properties  of  TNT 

Mo lecular weigh t :  
Me l t ing point : 
Bo i l ing point : 

Solub i l i ty : 

Convers ion fac tors in a ir : 

- 44 -

2 2 7 . 13 
80 . 1  °C 
240 °C 
Very sparing ly soluble  in water 

( 10 . 0 1 3  g/ 100 g water at  2 0 ° C )  
Soluble  in acetone , benzene , e ther , 

alcoho l ,  and to luene 
l ppm • 10 mg/m3 
l mg/m3 • 0 . 1  ppm 
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Tab le 1 1 .  Case Report s  o f  Ap las t ic Anemia• 

No . Ca ses Exposure to Skin Other 
TNT , mg/ml Contac t Exposure 

13 b Ye s ? 
1 1 . 1-4 . 2  Ye s None 
1 2 . 1-3 . 4  Ye s None 
1 < 0 . 5  Yes ? benzene 
1 0 ? sulfan i l amide 
1 1 . 0-3 . 5  ? acetophene tidin 
1 1 . 0-3 . 5  ? None 
1 1 . 1-7 . 0  Yes None 
1 3 . 7- 10 . 7  Ye s None 
1 4 . 2  Yes None 
1 5 . 3- 7 . 0  Ye s None 

•Repr inted with permiss ion from Ha thaway , 19 7 7 .  bone-th ird o f  persons exposed t o  TNT a t  over 1 . 5  mg/m3 . 
two-th irds exposed to TNT a t  less than 1 . 5  mg/m3 . 
exposures were not reported . 
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Tab le 12 . Re lat ionsh ip b e tween Hemog lobin ( Hb )  and TNT Exposure 
in Worker s at Several Army Munition P l antsi 

TNT Exposure , No . No . 
mg/m3 Abnorma lb Normal 

None 78  785  
� 0 . 0 1 24 19 1 
0 . 0 2-0 . 0 9  10 63 
0 . 10-0 . 1 9 18 80 
0 . 2 o-0 . 2 9  4 20 
0 . 3 0-0 . 3 9  5 5 
0 . 4o-0 . 4 9  14 33 
0 . 50-0 . 9 9 1 1  2 1  
1 . 0o- l . 4 9  3 5 
� 1 . 50 1 l 

8Reprinted with permi s s ion from Ha thaway , 1 9 7 7 . 
bMa 1es : Hb a t  less  th an 14 g/ 100 ml of  b lood ; 

Females : Hb a t  less  than 12 g/ 100 ml o f  b l ood . 

Re lative 
OddsC 

1 . 0  
1 . 3  
1 . 6  
2 . 3  
2 . 0  

10 . 1  
4 . 3  
5 . 3  
6 . 1 

10 . 1  

CAn e s t imate o f  re l a t ive risk  of  abnorma l Hb with increas ing 
exposure to TNT .  In a l l  cas e s  the odds are re l a t ive to those 
not expos ed . Example  for TNT exposure of 0 . 10-0 . 19 mg/m3 : 

Re lat ive Odds • 18 x 78 5 • 2 . 3 
80 X 78 
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