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PREFACE

This report was prepared by T.F. Jenkins, Research Chemist, and First
Lieutenant W.F. O'Reilly, Chemist, under the supervision of Dr. R.P. Murrmann,
Research Chemist, Earth Sciences Branch, Research Divisios, U.S. Army Cold
Regions Research and Engineering Laboratory (USA CRREL) in association
with C.I. Collins, Research Chemist, of the Mine Detection Division, U.S. Army
Mobility Equipment Research and Development Center (IJSA MERDC). The work
was supported by USA MERDC under DA Project 1G672712A322. The report
was technically reviewed by T.D. Buzzell and D.C. Leggett, USA CEREL, and
Dr. J.R. Gonano, USA MERDC.

The contents of this report are not tn be used for advertising, publication, or
promoticnal purposes. Citation of trade names does not constituie an n_fﬁcial.
eudorsemens of approval of the use of such comuercial peoducts.
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DETECTION OF CYCL.OHEXANONE IN THE ATMOSPHERE
ABOVE EMPLACED ANTITANK MINES

by
T.F. Jenkins, W.F. O’Reilly, R.P. Murrmann aad C.I. Collins

O INTRODUCTION

Research to Jdetermine the feasibility of using trace gas detection to locate emplaced military
mines has been underway for come time. A substantial portion of this effort has been directed to-
ward determining the signature characteristics of the major components of solid explosives.* Voia-
tile trace impurities, which account for only a small part of the solid but which are prominent in
the vapor, have been studied as well.?® '2 % ¥ Qther investigations have focused on evaluating
the current detection technology available for these various classes of components.'* * !* While
studies like these are both important and tighly relevant to the development of trace gas detection
systems, there is a conspicuous absence of information regarding the demonstrated ability to detect
any vapor associated with an explosive in the atmosphere above an emplaced mine.

A recent study'” has demonstrated that cyclohexanone is an important trace componcnt in vapor
emitted by military grade Composition-B. It has also been shown® tiat cyclohexanone is detectable
outside of intact metallic and nonmetallic antitank mines charged with Compocsition-B which have
been enclosed in a restricted velume. It is significant that while cyclohexanone is a common com-
ponent of vapor from Composition-B, it is not a hormal component o¢ the atmosphere. fvsn if eyclo-
hexanone is not a suitable signature chemical on which to base the development of a field-operational
mine detection systemw, it would be siguificant to determine if cyclohexanone vapors, genarated with-
in the mine casing itself, can be detected at the soil surface above emplaced military mines. The
ability to detect these vapors under differing environmental conditions would give credence to the
ooncept of mine detection by trace gas analysis.

EXPERIMENTAL

Description of mine {teld

In conductipg these experiments, a mine field was prapared at Fort Belvoir, Virginiz, in the
fall of 1972 (Fig. 1). Two types of antitank wmines wilizing Composition-D as the oxplosive maty-
vial were chosen for study: the M-15, a metallic mine (Fig. 2a), and the M-19, a plastic mine (Fig.
). The wines were omplaced by expericncad porsonnel from USA MERDC and the fleld was
grouted by intrusion derection dovicos to ensiwwe that no tampeting with the mines or soils wis pos-
gible. The wites used i the study were staudoed ndlitary mines with tho detoastors semoved. Popr
tinent information regarding those mines is given i Table 1.

¢ Hofs, 1,3,5,0, 7,9, 1land 13,
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AR
Figure 1.

Table 1. Description of mines.

M-15 N-19
Total welght (iby) 30 26
Weight of explosive (1b) 22 21
Type of sxplosive Composition.-Be Composition-B*
Booster None Totryl
Casing Steel Plastic
Lot number LOP H4-14 LOD 500-1
Date of manufacture 18563 1067
Shape Round Box
Dimensieas (in.) 4%, x 18Y, diam 2,95 X 13,09 x 13.00

¢ Cowmnosition:B is composed of 40% TNT, 59% RDX and 1% wasx."”

The initial configuration of the mine field as prepared in Octobar 1972 is saown in Figure 3.
In addition Lo the two typos of nines, the tollowing materials were also buried: Composition-B it~
self, spouges to which 20 ml of cyclohexanone had heen added, inert mines (casing with no explo-
sive), and mines in wiich oyclohexanone was added to the fuse well. The samples were omplaced
with thair top surfaces at depths of both % arg 2 fo. (2 and 5 em). The mine castng sampies and
ampty holes, whate soil was disturhed to v - w2 on depihs, were included to onable evaluation
of natural background aud contamination caused by handling o¢ storage of samples. Cyolohoxanonas
spiked sponges wote inclwled as a high level souree S0 that information ragarding the pesmeability
of the seil hasvior to ayolchoxanone vapor could be acyuited quiokly. In this hitial sonfiguration
of the mine rield, the soil used was that native to the site, Foet Belvoir clay.

In the final phase of the study, the mine fiel! was reconfiguted (Fig. 4). The sponges and
mings with addad gvelohoxanone were oliminated in this second confipuwratica. n addition t the
Mot Bolvolr olay, a seaond soil, a navually oceweing Windsor sand obtained near Hanover, N.H.,
was inoluded. Tho physical and ohemion) propertios of the two soils are summarized in Tables I
and 1. The soils repcesent the exemes o soil coaditions noimally encountocad fu the field, All
the mines were reempiaced at a depih of 1 1., whbich was cousidered the wminitiwm acceptable dopth
for a reahistic ovaluatioa.
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Tabie I1. Particle size analysis.

Diameter 0,074 mm or larger detarmined by sieve analysis; diameter less
than 0.074 mm determined by hydrometer method.

F£t, Belvoir clay Windsor sand
Ettective Percent finer Eftective Percent finer
diam fraction diam fraction
(am) (by weight) (mm) (by weight)
254 100.0 20.4 100,0
9,62 88.2 0.84 86,7
2.00 83.6 0.42 82.3
0.84 80.8 0,210 33.6
0.42 76.5 0.149 281
0.219 67.2 0.074 18,0
0.149 86.1 0.0430 9,9
0.074 59.8 0.0321 8.9
0.0365 53.0 0.0236 4,08
C.0268 50.0 0170 3.2
0.0197 44,0 0.0128 2.3
0.0145 38.0 0.0090 1.9
0.0109 34.0 0,004 1.3
0,0080 28.0 0,040 0.76
0.0058 24,0 0.0032 0.38
0.0041 21.0 0.0026 0.38
0.0080 18.0 0.0013 0.38
0.0023 18.0
0,0012 13.0

Table 1. Chemical propesties of study soils.

Fort Belvoir Windsor
Parageter clay saad
Total carbon (%) 0.30 0.62
Total phesphotus (ppm) 118.8 164, 1
Eutractable phosphoeus (ppin) 7.0 3.6
Total nitregen (%) 0.031 0.061
Frea Fe,0, (ppm) 2.88 1.1h
pH 5.2 8.2
Soluble salts (mnwhos/om) 0.20 0.35
Catlan excharge capacity (mog’ 100 5) 7.7 8.}
Bxchangeable vatlons (ppa)
Cs 1020 $05,0
Mg 9t.0 1.0
K 10.0 120
Na 1608 1.0
Sample calleotion
In tedee to eotlect and cuncentrate vapors from the emplaced mings and asplogives at te
atmosphere/sodl futerfave, a (unnshshaped sampler was propared (Fig. 5. This deviee was ¢6 e 3
(15 in.) in diamet 2e a¢ the base by 20 vw {8 in.) bigh, and was wade from S2-paugo stainlass stoel. g
Jt was equipped with a Q.33-am {3edn.) swagatook connsotor 3t the top. Tho device was piaced oo
the soil sirface over 30 etplenwd wing, thus restricting the atmosphesie dispotaion of wine vapors
which had diffuyed through diie soil baseior to the swfaie during the sauple colloetioh period. z
Samples collected duting peeliminary wok indicated that coattiburiocn of vipors (rom the samples 3
itsell was negligidle. P
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:,l_ i l[J t t..i a L )

Figure 5. Funnel sampler with adsorption tube in place (scale in inches).

The actual collection and concentration of m:ing vapors was accomplished by drawing sample
ajr at a prodetermined rate through Chromosoch 102 adsorption tubes.! * ¥ These tubes concens
teate low+level organic components {rom large volumes of atmospheric air at ambiont temperature
without collecting substantial amounts of water, Those sama adserption tubos were used succass-
fully in a peovieus study® to prepare samplos of mine vapoes for gas chromatogiaphic analysis.
During the explovatory phases of this investigation. several sample gollaction woeedurgs, which
diffoted in equilibsatiia time, pumping rate and samphiug time, weie used. By trial and arsor the
following optimized precedure evolved snd was used foc the dual sot of samples.

The sampler was positionad on the surfago 2hove the ming o explasive and vapors were ab
lowed to equilibeate for approximately 17 hours. One ond of a Chromusoed-302 colloation tuba was
gonnooted to the swageloek fitting oa the tunnel and tho othee ond 10 a vacoum | emp. Pries to the
antachimant of the vapor adsorstion tuae to the funiel sampler, the Aok sate af the ate thiough the
ke was presot at 1 Mtee/min waing a totameater. The adsoeption tube was thos aitaehed W the
samplor, and tho air ahove the nine was sampled for appeosinately sovea hows. The ssmapley
was then temoved, allowed to “'atr out”’ Tor 50 minates, nd positioned over anethes mins ovap
night to allow the vapis to equiliteate the volume. To priotice fodr samplors were opotated siut
rateously. Atimospheric air sanples woro taken through the sanpler Zailovwing coutine sample ool-
leotion to dotersaioe f any tesidual oyolobexinoue remained oa the fuabel. Noaw was found.

Y
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Figure 6. Inlet system for transfer of explosive vapors to gas chromatograph/mass specttometer.
N Dil!‘:rr?:r v{ Chramatogrom l
- Spen:?;:\emr —-—.{COMDU’GMOS! Spectro}

Figure Z. Experimental arrangement of gas chromatograph/mass spectrometer.

Sample Gas
Intet Chromaotograph

Analysis procedure

Analyses were patformed oa a Perkin-Elmer 270:B gas chromatograph/mass spectrometer.
(GC/MS). This instrument had heen modified o inoorporate 2 flame fonizetion detectot ane was
connected oa-line to a Digital Squipment Corpocation PDP-12 ocaputer for mass spectras data ac-
quisition and analysis. Samples were analyzed using a 27 m » 3.2 mm (3 ft » % in,) OD Durapak®
columa (Carbowax 400 chemically bound to Porastl C). The followirg analytiocal pocedire was
usad. :

A Chronosorh-102 sdsoeption tube was attached to the injection pust of the ﬂﬁ!us The port
Liad been praviously wodified as diagearmed in Figwe 6 to allow for direct translor of the vapas

feam the ddsocption tubes, A block diagram of the (J(‘/Hh analytioal systom is shows ta Figure 7.
Tho tube was first Hushed in the direction of sample collocting with zovosgrade holiwa (60 mi/min -

fo 1 howr) to remave tost of the residual wates from it (Fig, 62). The unattached end of the ad-

‘Gorption tube was thon goanseted with Tefiua wbing to & bwo-way valve on the helivm supoly.

With the valve configused o hotium fow to Dypass ihe adsorieion tuhe and enter diractly into the
GOAMS, the column was praconditioned st (5050 for 5 w 10 Vinutey. The oven was thon codled

to ~25°C and the rwo-way valve cuafigured 1o put flow (50 mis aln) shrough the adsorptio tebe and
fnto tho sald GO columb (Flg. Bb). The adsoeprion tebe wax thes beated to 130°C for 2 hours with
= modified tubutac Ruatse, during which time tapped cenpangal” W tho tubie wue tansfenind to
thi haad of the GO eoluma. After tho 2-hour dransfar pertod, tUS (uaaly W% Bmovst and the flow
reduced 1o 26 mlZuin. ‘The two-way valve was cepaaitionsd o dgata put flow disectly into the GG
colume (Fig. Go) and the colums temperaiure was pm.,:ammai to niresse feﬁm <75%C 1 150°C at
a rate of 16%/mia.

* Waters Ansocisies, Frauinghots, Kessachuselin,

e . .-
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The effluent from the column was split 50% to the flame ionization detector and 50% to the
mass spectrometsr. As peaks were observed on the flame ionization detector, mass spertra were
obtained end stored on magneiic tape by the PDP-12 computer. Identification of mass spsctra
was made by comparison of the data obtained with catalogues of masg zpactral data,

The colunmn was baked out at 150° for 12 hours between samples, and blank runs were rmad=
prior to each analysis.

RESULTS AND DISCUSSION

Samples were taken at the mine field in its preliminary configuration (Fig. 3) and = _s.d in
December 1972. These samples inicluded vapors collected tor only 1 hour over the e ¢ .ced M-15
and M-19 antitank mines, Composition-B, inert mines, cyclohexancne-spiked spor— s, cyciohexa-
none-spiked mines, and disturbed soil. From the results it was Lositively detern. ~ad from mass
spactra that cyclohexanone could be detected above the emplaced sponges and miues spiked with
cyclohexanone; however, no positive mass spectral confirmation was obtained {ur the other samples,
Chromatographic peaks were observed in the flame ionization detector trice at the correct retention
time for nyclohexanone for all samples from both Composition-8 and the two types of mines, but in-
sufficient amounts were present to obtain mass spectra. It seems worthwhile mentioning that the
odar of cyclohexanone could readily be sensed abeve the cycloliexanone sporges only several hours
after they were emplaced. Although there was no odor, detectable cyclohoxanone still evolved from
the soil several mouths later. After sampling, soil was removed from around the sponges-and it was
determined that the largest amount of cyclohexanone was located in ihe soil zone ditectly below the
sponge. This suggested that the cyelohexanone moved downward in the soil, probably reflecting its
solubility in infiltrating water. The air temperature was cool during the period of sampling, with
tomperatiwzes below freezing at uight. In the mornings, the soil surface was froveu at the heginning
of sampling patiods,

t was decided atter this inftial study to test and optimize the sampiing procedure for cyrle
haxavone dotection. Qne experiment iuvolved sampling diveotly aver non-empluced minas and
Compogition-D with the sampler and adsocption tubes te detennine if the emission of cyclohexanone
could ke detegtad without the soil barder. In thie case, ovelohexanone was identified in the vapas
from the M-15 mines end Composition-B. This exporiment verified that eyolohexanone {rowm intaat
wines conld be dotested using the sample aollevtion apparatug. o the case of a burled mine, it
was reasoned that detaction of eyelohoszanone would ba more difficult dug 1o the soll barrier, Cone
soguantly, the following exporiment was vun (o detoneing the oftinum samplmg procedwe for the
detection of eyoloiexanonn at low levels,

Vaper samplos were eollected abovo burled Composition-B a0d emplaced eyolonaxanon--spiked
15 miges, with vatying flow rates (0.1 and 1 Liter min), equilibsation timss betoce wampliog bo
gan (U and 17 hours), and saple collection shses (1 and 7 hows). & way goneally established
that the (aster flaw rate gombined with 1cag oquilitvation and samplity tows testlted In the bigh-
et amoust of cyolohesanuie ohaetved.

Wets and K% mises and Cowpokition-B ships weore thon emplaced o the Sithe Held @ i
socoun] confizurativn as desaribad previously, Two maaihs later, {6 Juae 1973, the final wet of
vapot samplos wan colleotad above the eaplaced invnes and Compositton % The tesults of iy
study tofloet the uapeoved sampling procedutes. Anciher factee mav have bron twoke favorahls
elimatic conditions, in that the achisn? WREeEaun was warmer than dating the inital saepling
pesiod and thore was 6o rainfall (ée at 19ast 2 webk prioe 1o xanpling. Typical examplas o the
chronaatograts oblaiued are shows is Figwes 8-11, where peak numbers refet to the compoinds
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Table IV. Compounds identified with the mass spectrometer
for the chromatograms shown in 7igures 8-11.

1. Benzene 8, Xylene

2. Trichloroethylens 9. Styrene

3. Tetrachloroethyiene 10, C; Aromatics

4, Acetone 11, C, Aromatics

&, Toluene 12, Cyclohexanone

6. Ethylbenzene 18, Unkaown (large peak at M/e = 281)
7. Xylens

Talile V. Cyclohexanone evolved from emplaced Composition-B
charged mines and buried Composition-B.

Equilibration Samplisg Cyclohexanone Appearance

Sample Sample Soil period period found rate Flux
no. type iype (hr) (hr) (8% 10% (g/secx10®) (&/cm® sec % 10%)
1 M-16  Fti, Belvoir clay 17.0 6.6 4.8 5.7 8.5
2 M-16  Ft. Belvoir clay 16.5 7.0 2.8 3.3 3.8
3 M-19  Ft, Belvoir clay 17.0 8.5 i1.8 14.0 18.0
4 M-19  Fi, Belvoir clay 16.5 7.0 14.0 16,6 16.0
3 Comp-B Fi, Belvoir clay 6.0 7.5 14.2 18.6 16,01
6 M-16  Windsor sand 17.0 6.5 » * *
7 M-16  Windsor samd 18,5 7.0 2.8 3.3 3.8
8 M-19  Windsor sand 17.0 8.0 0.98 1.2 1.1
9 M-19  Windsor sand 16,5 7.0 8.8 10.4 9.4
10  Comp-B Windsor sand 16.0 75 92.0 108.7 98,0t
11 Comp-B Windsor sand 16.5 7.0 42.0 49,8 as.0t
12 Comp-B Windsor sand 18.5 7.0 40,0 47.3 430t

¢ Positive MS was uot obtained al*hough a small OC paak did appoeor at the correct retention time foe
oyclohexanone.
t A swlace area eguivalont to that for the M-15 mine was assumed to uake thia calowlation,

listed in Table IV. The resuits of eyclohaxanone detection ste given in Table V. Cyelohexanona
was unequivocably detected in 11 of the 12 samples taken trowm above the emplaced mines and
Cowmpositton-B. In the one pese where the gesence of eyelohexanone could not be confirmed by
mags sheatea, a peak was obseorved on the flame jonization chromatogea with the cotrect retens
tich 2ime, but the concentration was below the dotection liwmit of the mass specteaweter.

If 8o assumption is wade that oyelohexanone appearad and t2as trappad at & constant rate dur
iy the thne the soil was covered with the sawpler, an appearange rate in g/so¢ can be caloulated
fos aach sumple. These values (Table V) indieate that it should ba possiblo to cullect vapor foe
ag litle as a fow seconds and hoave a sulficiont amownt of oyclolisxahone fot dotection using a
viromatopraphic techonique with a flemp fonization deteoive.

It is as yat unclear whother oyolohwxanons 18 emitted from the wine i 2 small leak oc over an
oxtensive portion of the wine sudace. 16 it ts assumad, however, that ayclobexanoue is evolving
feam tho soil uvor an atea voughly equivalout to the top susfsoo area of the mine, o fux rate of

- e o

TGP

N v AL

By mt et




e ar et
R ) L . -
. ! .

-
-
|

14 DETECTION OF CYCLOHEXANONE IN THE ATMOSPHERE ABOVE ANTITANK MINES

cyclohexanone 1 g/cm’® sec can be calculated. These values are given in the last column of
Table V. A value for Composition-B is calculated using an area equivalent to the top surface area
of the M-19 mine.

From the chromatograms given in Figures 8-11 it is clear that compounds other than cyclohexa-
none were also identified in these samples. From Figure 11, the samples taken over disturbed
soils, it can be seen that the aatural background, combined with a small number of peaks due to
contamination of the adsorption tube collector, account for the majority of the other peaks shown
in the chromatograms. None of the peaks, other than cyclohexanone, may be attributed to the mines
or to Composition-B. The sampling and analysis procedures, however, were optimized for cyclo-
hexanone detection, and a¢* a result there was discrimination against many other types of compounds.
In particular, if vapors of TNT or DNT* evolved from the soil, these components would not elute as
a peak from the analytical gas chromatographic column under the experimental conditions used.
Modification of the collection and analysis procedure to determine the detectability of these vapors
is currently in progress.

It is hoped that the values given in Table V will be of use to those interested in the concen-
tration of vapors emitted from intact mines at the soil/atmosphere interface. Clearly the concen-
tration of cyclohexanone which might be expected in the atmosphere above an emplaced mine is
highly dependent on the meteorological conditions prevailing at that time; nevertheless, it is felt
that this study has confirmed the feasibility of the concept of mine detection by trace gas analysis.
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