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Introduction

For many years obsolete munitions have been
disposed of by dumping in deep water. In 1963, the
United States Navy initiated a program in which
obsolete Maritime Administration hulks were used.
These o0ld liberty ships were loaded with munitions
and gcuttled at sea (1). Because of the possibility
of pollution of sea water near these areas, sites
were selected and sea water samples near these sites
were analyzed for the presence of explosive con-
taminants.

Since TNT (2,4,6-trinitrotoluene), RDX (1,3,5-
trinitro-1,3,5-triazacyclohexane) and tetryl (methyl-
2,4,6-trinitrophenylnitramine) were the most common
and abundant types of explosives dumped, methods
were developed using these compounds as standards.
This report describes the methods employed for the
analyses of TNT, RDX, and tetryl in the part per
billion to part per trillion range (1 X 107° to
1 X 1072 g/ml), and the results obtained.

Samples

Sea water samples were collected from two loca-
tions: 1. one area in the Atlantic Ocean, approxi-
mately 200 miles off the coast of Florida, and
2. another area in the Pacific Ocean, approximately
45 miles west of San Francisco. Sea water samples
were collected in both Niskin and Nansen bottles and
stored in 1.5 pint Mason jars for the first area and
in 200 ml all-glass pyrex bottles for the second
area. Analyses were performed within two weeks after
the samples were taken.
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Procedure

Approximately 100 ml of the sea water sample was
poured into a clean, dry 200 ml separatory flask, and
5,00 microliters (ul) of an internal standard (8.12
X 10~'°g/ul of 1,2-dinitrobenzene in acetone) was
added by means of a 4701, 10 nl Hamilton syringe.
Forty to fifty ml of benzene (MCB, specially purified
for work with electron capture detectors) was then
added to the separatory flask, the flask stoppered,
and the contents shaken vigorously for 2 to 3 min,
and allowed to stand 5 to 10 min, for layer separation,
The bottom extracted sea water layer was discarded
while the benzene extract was poured through the top
of the separatory flask into a clean, dry, 100 ml,
round-bottom, flask contalining a small, clean boiling
chip. The benzene was then completely removed under
reduced pressure with a water asplirator and a flask
temperature maintained between 30 and 35°C. To the
dry flask was added 0.20 to 0.25 ml of pure benzene.
The benzene was swirled lightly on the sldes of the
flask and allowed to drain into a small pool on the
bottom,

Vapor Phase Chromatographic Analysils

In all work connected with the nickel-63 electron
capture detector, extreme caution must be exercised
to avoid contamination (2) and overloading of this
very sensitive detector, As little as one microgram
of TNT will desensitize the detector.

An 8.0 to 9.0 pl portion of this benzene solu-
tion contalning the extract was injected into an
F & M model 5754A research gas chromatograph, equipped
with a model 5763A electron capture nickel-63 detector
and pulser kit together with a model 7128A Mosely dual
channel recorder. One to two pl of pure benzene
solvent was used as a "back flush" for all samples and
standards injected. "Back flush" was accomplished
by drawing approximately 2 pl of pure benzene into a
10 ul syr e, followed by about 0.2 pl air, and
finally by 3.0 to 9.0 pul of benzene extract,

Samples were chromatographed on a 4' X 1/4" glass
column packed with 2,92% Dexsil 300 GC (polycarbor-
anesiloxane stationary phase wlth an average molecular
weight of 16,000 to 20,000) on Chromosorb WAWDMCS
80/100 mesh; isothermally, 165°C; injection port tem-
perature, 200°C; nickel-63 detector temperature,
295°C; carrier gas, Ar/CH,: 95/5, v/v; flow rate, 217
ml/min; pulse interval, 150 psec,; chart speed, 1"/min;
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attenuation, 40. Chromatograms of the benzene sea
water samples were compared with standard chromato-
grams contalning known concentrations of TNT, RDX and
tetryl with 1,2-dinitrobenzene as internal standard,

Results and Discussion

Table I shows typlcal retention times and peak
height responses for the vapor phase chromatographic
separation of a standard mixture of TNT, RDX and
tetryl with 1,2-dinitrobenzene as internal standard.
Calculation of the concentrations for TNT,

TABLE I
Retention Times and Peak Hegﬁht Resgonses for a Mixture
of TNT, RDX, Tetryl and 1l,2-Dinitrobenzene
Peak

Component Helght Retention

of Concentration, Response Time,
Mixture 10-*%g/ul mm (a) min, (b)
1,2-dinitro- 4,06 24,8 1,10
benzene (c)
TNT 10.3 27.5 2.55
RDX 31.9 18.5 6.70
Tetryl 140 24,5 15.9

b) Measured from solvent pressure peak.

a) 8 to 9 pl injection at attenuation, 40,
¢} Internal standard,

RDX, and tetryl that may be present in the concentrated
benzene extract of the sea-water sample may be made by
normalizing standard and sample peak helghts for TNT,
RDX and tetryl with internal standard peak helghts.
Since the same aliquot of internal standard is put into
both the standard mixture and the sea-water sample, an
expression for the concentration of TNT in sea-water is
given by,
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EoNt/m1 = (V

(vstd) X (hg)geq X (hpyn)y

sea sample) (HIS)x (hTNT’std

X (Coyp)sta,

where V represents the volume for the vapor phase
chromatographic standard (1.00 ml benzene), and the
sea sample (100 ml); h, the chromatographic peak height
maximum for the internal standard (IS), in both stand-
ard (std) and benzene extract (x), and also the peak
heights of TNT in standard and sample extract; and C,
the concentration of TNT in the chromatographic stand-
ard, expressed in grams per milllliter, Similar ex-
pressions involving (CRDX)std or (ctetryl)std may be

used to calculate the concentrations of RDX and tetryl
in sea water,

This procedure works well only in those cases
where there are no interfering peaks with the 1,2-
dinitrobenzene, internal standard. Sea samples stored
in all-glass bottles with glass stoppers gave relative-
ly clean vapor phase chromatograms with 4 to 5 peaks
on the average. None of these peaks interfered with
the peak for 1,2-dinitrobenzene, or peaks that would
correspond to TNT, RDX or tetryl. On the other hand,
the benzene extracts of sea water samples stored in
glass Mason Jars with screw caps contalining rubber
seals and plastlic liners gave chromatograms containing
anywhere from 10 to 15 peaks, some of which interfered
with 1,2-dinitrobenzene. Presumably, various plasti-
cizers from the rubber seals and plastic liners were
leached out by the sea water (3). All-glass containers
are obviously preferred,

The efficlency of the combined extractlion and
evaporation procedure for the determination of TNT,
RDX or tetryl in sea water at levels of 103, 320, and
1,400 parts per trillion (10-'2g/ml sea water) has
been found experimentally to be 70 * 10%. Similar
results were obtalned when the internal standard was
added after the extraction and concentration procedure,
The 1imIts of detection for TNT, RDX and tetryl by the
present method are estimated to be in the order of
2,5, and 20 parts per trillion, respectively.
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Water Analyses

We were not able to observe any peaks cor-

responding to TNT, RDX, or tetryl in either the
Pacific or Atlantic Ocean areas by our method.

By intentional, low-level introduction of TNT,
RDX, and tetryl into sea water samples followed
by vapor phase chromatographic analyses of these
samples, we estimate that these materials may be
detected at levels of 2, 5, and 20 parts per
trillion, respectively. 1In the future, we antici-
pate that this method will be useful for monitor-
ing these and other water areas for explosive con-
taminants.

The present method is being used to measure

the TNT concentrations in the range, 30 X 10~°
g/ml to 6.6 X 107'* g/ml in selected stream waters.

Summary

A rapid method for the analysis of the explo-

sives, TNT, RDX, and tetryl in sea water present

in the part per billion to part per trillion range
by vapor phase chromatography with the nickel-63
electron capture detector is described. Results of
the analyses of sea water samples near two munitions
dumping areas are given.
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