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Abstract

A non-destructive assay method to identify chemical
warfare (CW) agents and high explosive (HE) munitions was
tested with actual chemical agents and explosives at the
Tooele Army Depot, Tooele, Utah, from 22 April 1991
through 3 May 1991. The assay method exploits the gamma
radiation produced by neutron interactions inside a container
or munition to identify the elemental composition of its
contents.

The characteristic gamma-ray signatures of the chemical
elements chlorine, phosphorus, and sulfur were observed from
the CW agent containers and munitions, in sufficient detail to
enable us to reliably discern agents GB [sarin], HD [mustard
gas], and VX from one another, and from HE-filled
munitions. By detecting of the presence of nitrogen, the key
indicator of explosive compounds, and the absence of
elements Cl, P, and S, HE shells were also clearly identified.

1. INTRODUCTION

Presently, CW munitions and storage containers are inspected
and identified by direct sampling: in the case of CW
armaments, a hole is drilled in the projectile and a small
sample of the contents withdrawn for chemical analysis. Since
the median fatal dose of nerve agents to adult humans is about
one milligram[1], direct sampling of chemical weapons is

Table 1. Elemental composition, in weight%, of CW agents*
and a high explosive**

TNT Sarin VX Mustard Lewisite

[GB] [HD] [L]

H 2.2 71 9.7 5.0 1.0

C 37.0 343 494 30.2 11.4

(0] 423 22.9 12.0

N 18.5 5.2

F 13.6

Al

P 22.1 11.6

S 12.0 20.1

Cl 447 51.3

As 36.1

*S. Budavari, ed., The Merck Index[1].
**R. Meyer, Explosives{2].

potentially lethal if attempted in other than a controlled
environment. Thus, the development of reliable non-
destructive assay methods for CW agents in situ would greatly
simplify the inspection and verification of CW inventories.
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Non-destructive evaluation (NDE) of materials has been
performed using various forms of penetrating radiation since
the discovery of the x-ray at the turn of this century. In
general, radiation assay methods are sensitive to the presence
of individual chemical elements in an object, not their
molecular combination. Both the CW agents[2] and the high
explosives[3] used in munitions are organic chemicals, rich in
carbon, hydrogen, and oxygen. However, each CW agent
contains one or more of the elements chlorine, fluorine, sulfur,
or phosphorus, in unique combinations, as listed in table 1.
The latter chemical elements are absent in conventional high
explosive munitions, as can be seen by comparison with the
elemental composition of a typical military high explosive,
also in table 1. Hence, an elemental signature will permit the
detection and identification of CW agents or munitions with a
high level of confidence.






