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DETECTION OF CYCLOHEXANONE IN THE ATMOSPHERE

ABOVE EMPLAOED ANTITANK MINES

by

TA?. Jenkins, W.F. O'Reilly, R.P. Murrmann and 0.1. CollIns

N INTRODUCTION

Research to determine 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.* Vola-
tile trace impurities, which account for only a small part �f the solid but which are prominent in
the vapor, have been studied as well.2 ' 12 13 17 Other investigations have focused on evaluating
the current detect4on technology available for these various classes of components.'4 

13 While
studies like these are both important and bghly 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 study17 has demonstrated that cyclohexanone is an important trace componcut in vapor
emitted by military grade Composition-B. It has also been shown' that cyclohexanone is detectable
outside of intact metallic and nonmetallic antitank mines charged with Composition-B which have
been enclosed in a restrIcted vulume. It is significant that while cyclohexanone Is a common com-
ponent of vapor from Composition-B, it Is not a normal component oC the atmosphere. � If cyclo-
hexanone is not a suitable signature chemical on which to base the development of a field-operational
mine detection cystern, it would be significant to determine ii 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 onder differing environmental conditions would give credence to the
concept of mine detection by trace gas analysis.

EXP�RWENTAL

Dewlptlai o� mine field
In oonductit� these experiments, a wine field was p�'apared at 1'ort Belvoir, Virginia, in the

fall of 19� (Fig. 1). Two types of antitank wines u�U�ing Cowpotiition*fl as the ox�Žlosive mate-

rial were chosct� for study: the M-151 a metallIc mine (Fig. 2a), and tho M19, a plastic wino (Fig.
lIb). The winos wt�re (�mpIaced by experienced personnel from USA NI�:RDC wid rhe field was
seinited by iutr�wion detection dovicos to ensure that no tampering with the wines or soils was pep-

sible. The wines used in the study were standard military mines w$.�h the detonators �ewuved. Per-

tinner laforanMiun regarding those wines is �Ivon In Table I.

'1t4tt, 1,S,&.8. 7,5, hand ta.
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I a

Figure 1. Mine field at Fort Belvoir, Virginia.

Table L Descuiptiom of mines.

S-iS M_-19

Total weight (Ib) 30 26

Weight of explosive (1b) 22 21
Type of siplosive Composition-B' Composition-B*

Booster None Tetryl
Casing Steel Plastic

Lot numLer LOP 14-14 LOD 500-1
Date of manutacture 1953 1967

Shape Round Box

Dimensions (in.) 4%, x 13%/. d iam 2.95 x 13.09 Y 13.09

* OOwnmitioa-B is compoeed of 40% TNT, 59% RDX and 1% wax."

The initial conifiguration of the mine field as prepared in October 1972 is snown in Figure 3.
In addition to the two typos of mines, the following materials were also buried: Composition-B it-
self. sponges to which 20 • i of cyclohexanone had been added, inert wines (casing with no explo-
sive). and mines in which oyolohexwnone was added to the fuse well. The sauples w•re owmplaood
with their top surfaces at depths of both N - Zd 2 to. (2 and 5 em), The mine casing samples and
empty holes, where soil was disturbod to , w: ýv doepths. were inolwled to cnable evaluation
of natural baokgroiund aid cowtaioiation eaused by handling or ( orageo of sa•Plos. Cyvloioxanowr
spiked sponges were inoludod as a high levOl sou8ce so that hiorMarioe regarding ate pol.wability
of the soil ha1mir to cytfltrexanone valpo coUld be acquired quiukly. tIn this iital coftiguration
of t|w mine field, tho soil used was that. native to the site, Fort Bolvoir clay.

lit the final phase of the study, the odne filkle waas recntf igured (Fig. 4). The sptw•tpos and
mines with added •volohlexaotze were olimiriated fi this sewood woufigtwraltht. int ddition to the
Fmirr Univolt clay, a second soil. 4 naturally occurriti Windsor sand obtlined near ftanovor, N.H.,
was included. The phNiual and ohemilaw yopertios of Iho two soils oe wuttmnlzed in Tables It
and ill. te soils trejee.n the 1 xtremes U soil contditiois normally etnmultered f tlie field. All
the mines were roemplaced at a dbpt of I i%.. which wa s oaaedomud tho wintinum ucoepai to depth
tot a rkeawstic ovalua.o•a.
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Gate

M-;9 M-19 M-15
Empty Hole Inert Inert Inert

M•19 M-I 3/4 2" 3/4" Z'

M-15 M-19 M-15
Sponge Inert Empty Hole Inert Inert

3AI' 2" 3/4 2" 3/ 2"

100'

Sponge M-19 M-15 Comp'B M-15 M-19 Comp.B2" •/'2" -4. 2" 3/" 2" 3/4"
* S • * 0 0 0

Comp-B M-15 M-l9 Comp-B M-19 M-15
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B

Cyclohexonone Spiked
Somples

Figure 3. Preliminary mIine field layout.
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Table U. Particle size analysis.

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

Ft. Belvoir clay Windsor sand
Effective Percent finer Effective Percent finer

diam fraction diam fraction
(mM) (by weight) (mm) (by weight)

25.4 100.0 2634 100.0
9.52 89.2 0.84 86,7
2.00 83.6 0.42 62.3
0.84 80.8 0.210 33.6
0.42 76.5 0.149 29.
0.210 87.2 0.074 18.0
0.149 66.1 0.0430 9.9
0.074 59.8 0.0321 6,9
0.0365 58.0 0,0230 4.6
C.0266 50.0 0.0170 3.2
0.0197 44.0 0.0128 2.3
0.0145 38.0 0.0090 1.9
0.0109 34.0 0.0004 1.3
0.0080 28.0 0.0048 0.76
0.0058 24.0 0.0032 0.38
0.0041 21.0 0.0025 0.38
0.0030 18.0 0.0013 0.38
0.0023 16.0
0.0012 13.0

Table iUL Chemical propeztues of study soils.

Foil Belvoir Windsor
Parameter clay sand

Total carbon (%) 0.30 0.62
Total phosphowui (ppm) i18.8 164. 1
ihitatble phosphotus (ppm) 7.0 35.6
Total nitrogen (I) 0.031 0.051
Free Trev (ppm) 2.69 1.5
pit 5.2 6.-
Soluble sltr, (mn3s/cu/m) 0.10 0035
C4IP1n zohbAt, c4apacity (f*q/ 1o0 g) 7.7 3.1
£aohlocablv cations (ppo)

a 1O2.0 J306.0

S1040 It"
Na 16 1110

Samplw 0o1ollloU

to Wtwk to oolelec and ot~wweilrttt vqKN5 from tho-empwlaed~ trAlixs and oxinthwios a the
Attntj~aflwtg/nn IItawdaoo. a (wuwl4shapcd aamptr *:"s p~opatd (Fig. $.). Thtis de~vftt Was 4.4 etmn
(16 In,) in dl•neýn itM the bane by 20 ci (8 M6W.) high, and wAs Mwad t••o 2'-gae sutinl0ass sel.
it Was nquippt~d w~lih a 0.32-cm t¶.n)swncnlouk ctwnftcwto at the top. Thes devfroi whas pliaweO om
the Soil siufuae over all enwlrked ia., thus twitrich•u the *osp•hio dspejtsitn of intwe vaporas

wh~ch ha diffusmd throtuoh rtXo soil hbaier to the wurkfo dutiriw the sitabplo rollhatiton ptiod.

Saniles collected duttug p.ltinauY."wik Ia4ioasd that oottIb l (W Vt4Is (to te Smoot

itself was negligible.
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Figure S5. funnel sam pler with adwoption tube in place (scale i. inches).

The acotual. collection and concentration of rring vapors was aecmnplished 5y drai~wng sample
air at a pcoedtermined rate through Chrornosorb 102 adIsorption tumbes.'. ' " Those tubes concen-
trato low-level otrgaie components f rorn large~ volumes of atmospheric air at ambient temaporattru
without collecting substvntial amounts of water. These sacti adserj~tou tubos were used success-
fully in a proviomi %itudy' to prepare s Panpos of cuinte vap-ots for gas chromtogtapThiv Analysis.
Dourin the axploratory phasetq of this Investigation. aeveral sample ooel tot n pronetluros, whie.h
dirfered in eqvlllbtatv .. timo, pumping rate and sampling tiow, weta tmed. fly trial aud i mof the
rollowitng optimamset poxAedute evolved. Ewd was USd WoE the tit W- set of Wt ptgs.

The' sampler was Isitiotid Otu the surface al~uve the mune ot oxpla~sive aind vapors wore aIC
lotdto oquilibrate tot opproxitimtely 1? houls. ono 0114 of a chwtsort402k ý,lsltoioll whab WA

(4wao'o to~ sw mep~ocIt fitting w the tbrumol anti tko otimar mid to a vacuum am-p. IPrimrtorthe
artatw*mnln of the vapor Adsowtlon tuhe to the, wu~onl s,=Pnler. the QJ ftwo Or the aLit 11tirnugi lin
tuhe was Iet~4leat I litor/aimitSig 4ýauz ttttiaitI1o. The a4hOep&ow ct*h wss thon axittnh- to the,
4ainwtoet. Anti Its air qwvov thco mie Wa4" twilpimi foe 4 ~~l aee htnlfw. The gzplm
W-3i awtn rwmtwe'd. sliowed to "Wat Out" Ior 3i0 Wbailea W W~ oftti io~l d 4N." m~rwit runs, eveor'
onht to &HO teu V1w vpfors to equilihatintu olo Ut. 1P' practoo (outr Arnpler W"o~ rAwedw &muai-
tanvously, A tm% o i sawmpls Weom tak" thtourzth OWt "=plot ý0110%kag rOu1tie sampld 001-
lIfto10 to d..ewudzo If "ny tesidtual oyceiaho10anw u saindd Wi tbs. funnel. Nwo# ýiaa (Guad.
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Gas
chwmotlogroph

Two-way

F1o 'iUpttn QOpen Closed

flton Oven

jfrium

a. Flushing sample b. Sample alutionl c. Sample analysis

Figure 6. Inlet system for transfer of explosive vapors to gas chromato graph/mass spectrometer.

Flameora

Sample Ga
Intel Chaaorph

I >cai~uter Masl S peat r

Figure t. Experimental arrangement of g~as cbwinatogmapb/mwass spectrometer.

Aaakpla pmocedure

Analyses were porfrmed on a Perkin-Elmer 27thB gas chroinatograph/mass spectrometer
(GC/MS). This instrument had bWen modified to, inooworate a flame ionization detector a'ý wvas
copnected on-line. to a Digital Equipalent Corporation PDP-12 fi7.atpotor foe mass speccumz data ac-
qulsitlon and analysts. Samples were analyzed using a 2.7 mn x 3.2 mm (9 ft x %4 in4 OD Durapk'
columan (Carhowax 400 chemnically bound to Ptotas C). The (ollowiec aM410M3- plooedivo was

A Chrontosorh-102 adsorption tube was attached to the injction pgfl of the MC/MS. The Port
had bWon pcoviously modified as. &iagamnied In riguic & to allow for direct transfer- of the vapors

(ran headorpio tba. A blotk diogmaio i OM analytical system is showa in Figure 7.

1110 tubc was !irat flushed Ill die dittction of tsniple 0QUeotf~wtb WWIrogrow& e botto (&4) Wmt/i
tot tI hou) to renive mo-st of th eida atrC it (Flig. Oat. Th untaotwdci)e h

t~w~t~o tue wastje ewmtjotod with Tet'otw tuhi%~ tot% t'witwayv vaalvel the tplhim sluftly

With tthe valve configwrd for Iliwnlu flow to lwpass ith adwtCoeuto tdbe and enter dtrowtly. into the

GC/*S,L tho votumnu was voctsr'dlioad at tS04C rot $ to 10l~i'twets- T11W oven Was twho coolead
to - W iCad the- rwow&v valve cwtwattro4 to put flow ($0 We ntz$ tluwb~ the MSwtCwn tube and

001 hemd W1 t0sWW (VW*. 6b). The A.43f(004 x-4ze WAt th#n boAtod to I WO for 2 hours 'with
a nWIoficnd tuhular (Wmflt. dutingti;Wicha tim lap cvp~Q tL .ttho tube wVMte *iufett~o to

the hold of th'* (Xc u*uan. After Iibe 2.tUr foa~r jeot 10 1w rttrzae s eoedadtei

tedneed to 2$ 4tnlfuil. The twqrwayý valvt W"s repoai11uned to again put flow duIray into the GO

Cow=n (fig. C*i) an0 11w ooAu= tetaz uts 0a oraa. oIcese(oi- to ISIOa
a rat ot 1&4/oln.

* W.ts.Assolat. Imaiaba.M~haS~a4Ab
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The effluent from the colnimn was split 50% to the flame ionization detector and 50% to the

mass spectrometer. As peaks were observed on the flame ionization detector, mass sp crtra were
obtained znd stored on magnetic tape by the PDP-12 computer. Identification of mass spectra
waa made by comparison of the data obtained with catalogues of mass -pejctral data.

The column was baked out at 1500 for 12 hours between samples, and blank runs were -
prior to each analysis.

RESULTS AND DISCUSSION

Samples were taken at the mine field in its preliminary configuration (Fig. 3) and ._6d in
December 1972. These samples included vapors collected for only 1 hour over the er. &,.ed M-15.
and M-19 antitank mines, Composition-B, inert mines, cyclohexanone-spiked spor "7s, cyciohexa-
none-spiked mines, and disturbed soil. From the results it was positively detern, -. d from mass
spectra that cyclohexanone could be detected above the emplaced sponges and miies spiked with
cyclohexanone; however, no positive mass specteal confirmation was obtaine& fur the othec samples.
Chromatographic peaks were observed in the flame ionization detector tekce at the correct retention
time for nyclohexanone for all samples from both Cow.position-B3 and the two types of mines, but in-
sufficient amounts were piesent to obtain mass spectra. It seems worthwhile mentioning that the

odor of cyclohexanone could readily be sensed above the cyclohexanone spoeges only several hours
after they were emplaced. Although there was no odor, detectable cyclohexanone still evolved front
the soil several months later. After sampling, soil was removed from around the sponges and it was
determined that the largest amount of cyclohexanone wss located in die soil zone directly below the
sponge. This suggested that the cyclohexanono moved downward in the soil, probably reflecting its
solubility in infiltrating water. The air temperature was cool during the period ot sampling, with
temperatlwmes below freezing at uight. In the moruiags. the soil surface was froeu al tile bwghiing

of -ampling potiods.

It was devided after this initial study to test and ont~mize the sampiing proceaure fto cyclo-
hexanoua detection. CAn experiment involved samplign directly over non-etoplaced mnnes awid
Composition-B with the sampler and adsorption tubes to determnine if the omiqimot of oyilobtoxanone
could he detctetd without the soil barrier. In this vase. 0yelohexanone wAs identified in the vaporsi
from the M-1.4 mine- and 'm.posititm-Il. This expirimant varified that cyclohexatonet frout intact
uinoe civid bkt doteceted using tho wtoplo lollw!oion apparatus. Wn %hQ cas of a buried mitre, it
was reasoned that drction o!" hoxmianiou!d bo moxo difficult duoe to tho soil har•er, Con-
sequo•tly, tho following eot•i.-Mnt WS, Mun to dtWl(tWih the OV-WunI SOApling UproedU for t01
etecti( of eyaloixaxnwi 4t low levls.

Vmpor samp s wre coll~e.ted -above1 bettid C1i *~ yo.d e e . -sikd

:4'16 tastw•. with vatying flow t•ltu ().0 41d *- lite",•aia), equilihbsion timiCs wforý ,tIpliog ber

(0 an- 17 houais). 4t11 0rlpto .ollvict t o il*s• (I wid 7 hcuog). tt wis gonotally otabtidhem
tht the famtt'r rhiw rtae otmblO W•-ih Ictig euiwiatll tl atw .Ad uinAg Lttn4 vt5,ltd in" JA thy b1
Clii amnu*lf of qlosaroaio obseri.ed

W16 4ud w-l owi, a- . C04witiW4l 4htss wier tbhen -• ith , auo (10d in tft
se cwn ~e guraiton as QW.Veribed i wvioraody. 1-wo trnxttbs lawr in J1144i W13. fth fimat "et of

SU~lt W440 Pan cllecrod awove tLira eomplced Mintn-4 and fst~ l ~ es.lt's of h
stu-y reflt the lT*n-0fi*4 sxiwng p adutre. AAo4kMr (actot tmsv have ber.o e o raootstb

mqiomtl( C-Mftt!ý, ut ttAt ft*. lwlhlit wltr;OaW5r0 was wamwr tham d•aiur te, ihiltial 'samplit

Pe~iod anid 'them was% noe ratifall rdt at Itaut 4 wotk ptior to 1,)iTr lyIral vrwes. the
ut-m~aV, A= ublaind amshwr Mi F'ig~ure 811-. whber 0oak 4=abetss tnela to the Oompponndst
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Figute 8. Chwzuiiogtams of samples tak-an over emplaced M45 miwnes'.
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Hydrocarbons 52
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Table IV. Compounds Identified with the mass spectrometer
for the clumnatograms shown in Tiprto 8-11.

1. Benzene 8. Xylene
2. Trichloroethylen6 9. Styrene

3. Tetrachloroethylene 10. C, Aromatics
4. Acetone 11. C, Aromatics
5. Toluene 12. Cyclohexanone

6. Ethylbenzene 13. Unkinwn (large peak at W/e = 281)
7. Xylene

Table V. Cyclobexarnme evolved from emplaced Composition-B

charged mines and buried Composition-B.

Equilibration Samplitig Cyclohexanone Appearance
Sample Sample Soil period period found rate Flux

DO. type type (hr) (hr) (S x 10s) (g/sec,1(9 ) (glcmt sec x 1013)

1 M.15 Ft. Belvoir clay 17.0 6.5 4.8 5.7 6.5
2 M-15 Ft. Belvoir clay 16.5 7.0 2.8 3.3 3.8

3 M-19 Ft. Belvoir clay 17.0 6.5 11.8 14.0 13.0
4 M.19 Ft. Belvoir clay 18.5 7.0 14.0 16.5 15.4
5 Comp-B Ft. Belvoir clay 16.0 7.5 14.2 16.6 l5.0t

6 M- 15 Windsor sand 17.0 6.5 * * *

7 M-15 Windsor sand 16.5 7.0 2.8 3.3 3.8

8 -.19 Windsor sand 17.0 6.b 0.98 1.2 1.1
9 M-19 Windsor sand 16.5 7.0 8.8 10.4 9.4

10 Conip-B Windsor sand 16.0 7.5 92.0 108.7 98 .0t

11 Comp-B Windsor sand 16.5 7.C 42.0 49.6 45.ot

12 Couip-B Windsor sand 16.5 7.0 40.0 47.3 43.flt

Positive MS was not obtained although a small CC peak did appear at the cortect retention time for
o yloahexa none.

t A surface area equivalent to that for the M-19 mine was assumed to unke this calolatioa.

listed in'Table IV. The results of oyclottexano•e detetion are riven in Table V. Cyolohexanone
wtaýs uequivocably detected in 11 of the 12 samples takeo troto above the emplaced wines and
Compousition-B. In the one case wlwre the presence of cyclolooxman•ould not be confirmed by
wmass so-Atra, a peak was obsovved on thl flame ionization (hro toiltam with the ooreoct reten-
tion Wiao, but the oonontratimlu was below tile datemiool iult of the imss Spectrometer.

If an asaunmptiin is uWae that eyolohexanone appeared and %jab trapped at a etonstant rate diu-
i!4u the time 1h1 soil was coveted with the sampler, an appearalue rati in g/aoe can be caloulited
f( each sample. 'hIle values (Table V) Indicate that It should be possible to cullect vapot fom
as little u a few seconda atd have a ufticiout, amouit of cycyoioxabouo for detection us1U a

UlrouatZopr•hi tchinuique With a flae ionizatiou deteteor.

It i8 3S yet 1tClo03 W1itIUot 0yttdolextolww Ii emitted froam thoe mtaie W a susll leak ot over an
extensive portion of the whit, suffac•. If it its assumed, howevr,, thatylexano is evolvialp,

( from tho •oil uver au awe rouldy oequivalout to the top swtuo • a• e Of tiw adm , a flux raw of

k*



14 DETECTION OF CYCLOHEXANONE IN THE ATMOSPHERE ABOVE ANTITANK MINES

cyclohexanone in g/cmt sec can be cvlculated. 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 cycloheya-
none were also identified in these samples. From Figure 11, the samples taken over disturbed
soils, it can be seen that the natural background, combined with a small number of peaks due to
contamination of the adsorption tube collector, account for the majority of the other peaks shonwn
in the chromatograms. None of the peaks, other than cyclohexanone, may be attributed to tlhe mines
or to Composition-B. The sampling and analysis procedures, however, were optimized for cyclo-
hexanone detection, and as" a result there was discrimination against many other types of compounds.
In particular, if vapors of TNT or DNT1 5 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 thfit time; nevertheless, it is felt
that this study has confirmed the feasibility of the concept of mine detection by trace gas analysis.

LITERATURE CITED

1. Anderson, D.M., F.B. Kistner and M.J. Schwartz (1969) The mass spectra of vola-
tile constituents in military explosives. U.S. Army Cold Regions Research and
Engineering Laboratory (USA CRREL) Special Report 105. AD 699325.

2. Chang. T. (1971) Identification of impurities in crude TNT by tandem GC-MS tech-
nique. Anal. Chim. Acta, vol. 53. p. 445.

3. Coates, A.D., E. Freedman and L.P. Kuhn (1970) Characteiristics of certain mili-
tary explosives. Ballistic Research Laboratory Report 15017.

t. Dravuicks, A., BK. Krotoszynski, a. Burton, A. O'Donnell and T. Burgwald (1970)
High speed collection of organic vapors from the atmosphere. Presented at
11th Conference on Methods in Air Pollution and Industrial Hygiene &udies,
Borhnley, California, 1 April.

5. Edwards, G. (1950) The vapor pressure of 2:4:6 trinitrotolueone. Transaccjons of
the Faraday Society, p. 423-427,

6, Edwards, G. (1973) The vapor vtossUre of oyvlotrimothylofo-trlnitramine (cyclwit)
and pontacry i-totraltraiu. Thnru.'ctioas of the Faraday Society, p. 1521-
154.

7, G•lhiog, D.C. and J.E. Shirk ('-%7) Soparation uiad doterminat(oie of tr1i1troto1uL.. :4
isoamrs by Vas chtotlnatography. Aaalythca Chemistry. vol. 39. p. 1315-1318,

S. Jenkins, T.P'., R.P. Morrtoait and D.C. Leggett (1973) Mass sphctra of the NO-
mots or trilittotoluune. Joarao of Chtmicud and LIoginoetin Data, vol. 18,
p. 43S.4,9.

9. Jiikias. T.F., W.T'. O'Reilty, RA,P. Murrntian. D.C. Loggett uad C.I. Collitn (1973)
Auatvsin. of vapos omit frtow- alitary mines. USA CRMEL Special Ropott
193. AD) 768709.



DETECTION OF CYCLOHEXANONE IN THE ATMOSPHERE ABOVE ANTITANK MINES 15

10. Leggett, D.C., R.P. Murrmann, T.F. Jenkins and R. Barriera (1972) A method for
concentrating and determining trace organic compounds in the atmosphere.
USA CRREL Special Report 176. AD 745125.

11. Lenchis, C. and R.E. Velicky (1970) Vapor pressures and hoat of subl~mation of
throe nitrotoluenes. Journal of Chemical and Engineering Data, vol. 15, p.
401-403.

12. Malmberg, E.W., K.N. Trueblood and T.D. Waugh (1953) Detection and estimation
of impurities in hexogen. Analytical Chemistry, vol. 25, p. 901-907.

13. Menzces, W.C. (1920) A method of measuring low vapor pressures, with its appli-
cation to the case of trinitrotoluene. Journal )f the American Chemical
Society, vol. 42, p. 2218.

14. McKee, 14 C. and H.P. Burchfield (1961) Task report on clathrate sniffer evalua-
tion. U.S. Army Engineer Research and Development Laboratory (USA ERDL),
Fort Belvoir, Virginia.

15, Murrmann, R.P., T.F. Jenkins and D.C. Leggett (1971) Composition and mass

spectra of impurities in military grade TNT vapcr. USA CRREL Special Re-
port 158. AD 725474.

16. Nicholson, B.J. and T.S. Shilliday (1967) Brief review on vapors :.•. explosives
and their detection. 1967 RACIC, Battelle Memorial Institute, Columbus, Ohio.

17. O'Reilly, W.F., T.F. Jenkins, R.P. Murrmann, D.C. Leggett and R. Barriera (1973)
Exploratory analysis of vapor impurities from TNT, RDX, and Comp-B. USA
CRREL Special Report 194. AD 769731.

TI


