
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Energetic Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713770432

Detection of TNT and its metabolites in body fluids of laboratory animals
and in occupational exposed humans
Jehuda Yinona; Dau-Gwei Hwanga

a Department of Isotope Research, Weizmann Institute of Science, Israel

To cite this Article Yinon, Jehuda and Hwang, Dau-Gwei(1986) 'Detection of TNT and its metabolites in body fluids of
laboratory animals and in occupational exposed humans', Journal of Energetic Materials, 4: 1, 305 — 313
To link to this Article: DOI: 10.1080/07370658608011346
URL: http://dx.doi.org/10.1080/07370658608011346

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713770432
http://dx.doi.org/10.1080/07370658608011346
http://www.informaworld.com/terms-and-conditions-of-access.pdf


DETECTION OF T" AND ITS MGTABOLITES IN BODY FLUI.DS OF 

LABoRAToKy ANlMALs AND IN OC(XIPATIONAL =ED tRMANs 

Jehuda Yiruxl* and Dau-i Hwang 

DeLp3.rtm& of Isotope Research 

hIeipMnn Institute of science 

76100 R e b v ~ t ,  1 s - l  

ABSTRACP 

Metabolites of 2,4,6-.tZiniMlu- (T") wlere folnd in the 

urine of rats and in the blood of rabbits fed w i t h  "I?, in the 

urine of rats exposed to TNT by skin absorptim, and in the urine 

of TNT nnaniticn wxkers. urine and blood extcactS were analyzed 

by liquid---/- spectromztry (LC/MS). The metabo- 

lit= faLlnd included mk-formed "l?, 2--4,6-dinitrotol~en~ 

( 2-A), 4--2,6-dinit~otOl~ene (4-A), 2,4-diamino-6-nitro- 

t o l u e n ~  ( 2  4-DA) and 2,6-diamino-4-ni.trotoluens (2,6-DA). 

* A u t b r  to whan should be addressed. 
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l?axumIm 

The metabolisn of explosives in the hman body and the analy- 

sis of explcsiTles and their metabolites in body fluids are of 

great impcntance in several agqlications: 

1. In the bianedid field, rmmitim wdcez-s are exposed to 

explosives in various ways, such as ixntact and inhalaticn 

of dust and vapor. Part of the inhalated explosive finds 

its way into the gastro-irrtestindl tract.1 

2,4,6-'IYInit~&01~ (T") has W the nDst cormrrily 

used acplcsiw since World W a r  I. The tnxic acticn of TNT 

in lnmans may lead to toxic hepatitis and aplastic anemia, 

and to less SeriaJS medica.l problerrs such as gastritis, 

dermatitis and anemia.2.3 analysis of the b ~ d y  

fluids of -1 Klaking in expmves lnanuf- 

plants could reveal traces of explosives and their metabo- 

lites. 

2. In the enkcmental  field, rlisposdL of obsolete 

cause setio~ls --tim ~ 1 - . 4  T- 

detecticll of explosives and their metabolites in blood & 

u r h  of animals and l-nmans in ths (.€ispa area may reveal 

the extent of its ccntaninaticn. 

3. In the foxxndc field, d u r i q  the hab-making process 

tracss of acplcsives lnay p2netrab into the body t?ircqh 

the pares of the hands CA byvapor inhalaticn, and be de- 

tected as metabolites in the blood or lnine of the SuSpBct. 
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we have focused out interest cn the metabolites of TNT, be- 

- 
1. -Tim 

The LCW system cor\sisted of an Hrm: interfaced to a-t- 

ic sector mass spectranetet.5 nm HPLC systems and Lc/m interfac- 

es rn used: 

a) A n  Eldex A-30-S Pmp, a Rheodyne 7125 Sa@e Injector and a 

Waters 441 W detector, cprated at 214 nu. The oolum was 

a Brcwnlee revered-- RP-8 (Q) oolum, 10 an x 4.6 mn 

I.D. Mobile phases rn acetcnitrlle:watex a t  various can- 

centratiozs at a flow rate of 1 ml/min. The L C B  interfaca 

was a Wlett-Packard variable split type D i r e c t  Liquid In- 

iz0dwtia-i (DLI) p c h .  

b) A G i l s o n  302 Rnnp (with 5s Head), a Rheodyne 7520 Micro Sam- 

ple Injector and a Waters 441 W detecbr wi- Microbare 

Cell, operated a t  214 nn. The calm was a Bruwnlee re- 

--* RP-8 (%) mi-lm, 10 an x 2.1 mn I.D. 

Mobile phases were acetmitri1e:wa- and metha- 

n0l:acetmitcile:water a t  various cmcentmm a t  f l o w  
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2. 

rates of 120-130 ul/min. The LcW interface was a hane- 

built Henicn-tyPe6 Direct Liquid Intmduct~ 'on pirobe. 

The difference betwleen the .two systems is that in the 

fFrst a-m aily 1-2% of the HPLc effluent enters into the 

mass spectraneter icn scurce, while in the second system the 

total effluent enters into the icm source. 

Rats were fed with doses of 20 mg m dissolved in 1 ml corn 

oi1,usingastaMchtube. EachratwasthenInusedina 

metabolic cage for urine collecticm. Urine extracts were 

analyzed by L C m 7  

Ramits were fed w i t h  doses of 100 mg m dissolved in 3.5 

m l  corn oil. Blood samples (3 m l )  were taken f m  the rab- 

bits' ears 1, 3, 6 and 12 h after feeding. Senm extracts 

were analyzed by Lcm.8 

Patches ccmtahing a mixture of 20 mg TNT w i t h  5 drops of 

glycerol were applied on a surface of 4 cm2 of the skin of 

rats for 2 hours. The patches were then renrxred and rats 

were housed in metatolic cages for urine collecticn. Urine 

extracts were analyzed by mic=co-LcF1s. 
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3. AMILYSIS OF URINE OF M.MW 

The extracts of seven urine samples fran TNT workers were an- 

alyzed by rni~ro-LC/MS.~ No information was available regarding the 

exact closeness of these workers with TNT. Therefore T" could 

have been absorbed by inhalation, digestion and skin absorption. 

TABLE 1 

Metabolites found in the urine of rats fed w i t h  m . 7  
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TABLE 2 

Metabolites found i n  the blood of rabbits fed w i t h  TNT.8 

0 - 12 

13 - 34 
4 - 24 

ktabolite 

- 
0 - 12 

0 - 16 

After 12 h. 

4 - 15 

2 - 7  

1 - 8  

TAELE 3 

IWT 

2-A 

4-A 

310 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TABLE 4 

Metabolite 

Metabolites follnd i n  the urine of seven TNT workers' 

Ammt of metabolite 
found in urine 
c n g m  urine1 

CCWLLSIoNs 

1. The results of laboratmy animal expelhmts indicate that 

TNT absorbed by ingesticm and skin penekation - as re- 
flect& in mine, and by ingesticn - as reflected in blood 
- is transfarmed into metabolites formed by reduction pro- 

cesses. 

2. Similar realctim metabolites are ahsorbed in the urine of 

TNT munition mrkers, where T M ~  a d  have been absorbed 

through inhalation, digestion and skin abrpt ion.  

3. we recQRnend the use of Lc/m for the early detetzticm of 

m metabolites in urine as an analytical c 4 c m e d q  method 
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4. 

5. 

for the asses9nent of OccupatiOndl absorptim of m in m- 

niticm mrkers. 

M3I-e experimentdl K d c  has to be &xla cm skin ahwrptian of 

TNT before culling to any operative conclusicpls i n  forensic 

applications. 

The sensitivity of detectim of metabolites of TNT could be 

imprarea by ale to two orders of magnitude by upgracliq the 

Lcm SySten to thermospray - x&m.lo - 
We would like to thank prof. D. Sarmel far helpful advice. 
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