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Disclaimer

The firdings in this report are not to ke construed as an official Department
of the Army position unless so designated by other authorizing documents.

Destruction Notice

For classified documents, follow the prececures in DoD S200,27-M, Industrial’
Security Manuai, Section Il-19, or DcD 5200,1-R, Information Security Program
Requlation, Chapter IX. ‘for unclessified/limited distribution documents, use
the same standard as "For Official Use Qnly" material, and destroy by any
method that will prevent disclosure of contents or reconstruction of the
document., When Jocal circumstances or experience indicates that this destruc-
tion Tetnod is not sufficiently protective of unclassified limited information,
Toca’ authorities mey prescribe other methods but must give due consideration
to the additiornal expente balanced against the degree of sensitivity.

Bistributian Statement

Distribution authorized to U.S5. Goversment agencies only because of test and
evaluatian; February 1590. Other recuests far this document shall be referred
to Commander, L.5. Army Chemical Research, Development and Engineering Center,
ATTN: SMCCR-SPS-7, therdesr Proving Ground, Maryland 21010-5423. .
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SUPERCRITICAL F_UID AFPLICATION FOR THE ANALYSIS
OF LEWISEITE (-} ANC 2-QUINUCLIDIWYL BERZILATE (82)

1, CNTACDJZTEON

The analysis of lewisite tdichlcro (2-chlorevinyi) arsina] (L) and
3-quinuclidiny) benzilaze (BZ) has been invesiigated by several researchers. 1»Z
Whzt s new, and until now has not been investigated, is the use of supercritical
carben dicxide {CO»] to exiract and chromatograph tnese two compounds,

Curréntly, these twa compounds Cannot be chromatagrzphed by gas
chromatography (GC) even with the advert of new fused si7{ica column technn]ﬂgy.3!4
Gur method provides a nmears of extracting these compounds from complex matrices
[i.e., soiis} and chrometographing them by a supercrizical fluid chromatsgraph
[SFC).

2. cAFERIMENTATICH

With a SUPREX Jcrporation (Pittsburgn, PA) SFC/200A fiuid crromatogranh
equippad w'Th a flame jonizatizn detector (FID), a 1-pL injection loop, an
extriztor un't azle to neid a gram of soil, and a $XRATIS Divisign [Newark, New
werseyl SnectroTlow 757 UV detsczor, BI was chromatographed using the instrumen®
raramzters gutiired in Figure 1. Lewisite was chromatccraphad using the pressure
srogram autlirec in Figare 2, The fused silics restrictor attaszhed te *he end or
exit 17re of the azsorbance cezector provided 8 CC» flow measured at the restrictor
07 30 rLlfmen. A11 seperaticrs were performed an a Keystane Scientific {State
(ollage, PAY l1emm by 10-cwm packed C1E8 column, Cata was collected on 3 Hewlett
facka~z ([Rzzkwille, M3 3290 integrator, Standarcs ware prepzred between
1 ug/mL anc E300 po/ml wsing ulsravizles {(JVY) grace methanol or hexane
ootained from Fisher Scientiic {Springfield, Mild. Etay]l ethylcarbonate (CEC)
and ethyl r-ethylcirbanilate (ENIC) were cotzined from Aldrich Chemical Company,
Incordorated [Milwagkae, WI,. The BZ and - were gbtained from the U.5. Army
Chemical Resezrch, Development ani Ergineering Center {CROEC) Chemical Transfer
Fecility. The JHP Cdo a=d bone dry C3» were purchasec Trom the Mathesan Gas
Procucts Cospzny (Last Zutherford, Md).

3 RESULTE

itial SFC resualts obtzined wish the UV detector resulted in a
mininum detecticr Jevel oF 10 2a/nb when monitorfng az the 225-nm wavelangth
Lsing 4 l=rl ‘njsction T20p. The minimum detection limit wes established as
250 pg/mL whan FIU was emplecyed. The identity of the pesk [Figure T, bottom)
for BZ was estaniished using mass spectrographic analysis of the standard
solutiors running a calibration curve and analyzing the 87 with the use of tuwo
interna’ standards, FSigure 3 shows a 3-comporent wixture of EEC, ENEC, and BZ,
The lower portion of Figure 3 shows a chromatogram of the 2-component mixture
and an attensated i-component mix:ure of the top chromataogram. Methyl benzilate

was chromataqraphed and coeluted with the BZ component under our chromategraphic
conditianz,
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Typical chrcmatogrzphy resulfing from L anzlysis is presented in the
lower povwtiorn of Figure 2. The L peak in hexane is detectec first using the FI
and UV detectors. ldezntificaticgn of the L wes accomplished by UV detector at
222 nm, .t was necessavy to discoennect the UV due to the pressure limitation

(350 atm) of that detector. Lewisite oxide requires a prassure of 400 atm
pefore it hegins to eluie from the column.

lewinite is hydralyred rapidly and quantitatively in moisture to
stable, water-scluble, and highly toxic, 2-chlorovinylarsenious acid (ﬁvhﬁ}1 as
showr below, The CYAR is ths hydrated form of Z-chiorovinylarsenipus oxide
(Mewisite oxide) and can exist only in aqueous solution, During gur attempts
to chromatograph L, the 0.Cl% moistura caantent of the GOz resulted in the
formation of L oxide. To gprevent this fcrmation we switched to bone dry COs.

2F 50 ~Ha0

€1 - CF = CH - 8s{[2)y; —eue | C1 CH Cd As{OH}p | === C1 - CH = CH - A5 = O

Ha 0
LEWISITE CVAA LEWISITE 0XID2

In pur idsntification technigue, we converted the L to chlerovinyl-
arseninus acid and rtade water injections directly into the 5°C (Figure 2, bottom).
The hycrolyzecd L was 8lso anzlyzed using the hign-perfarmance liguid chromatog-
raghy {RFLD] method davelopad in August 1588, This process allowed us to
compare cverall concentration respanses far the L and CVAR., I we hydrolyzed L

(C¥8AY, thz chromatsgran would ook similar fo that of chromatcgraph labeled CVAA
in weter (Ficurs 2),

in additien, the cverall mcia= response for L would not equate to the

molar response obtained when analyzing for a standard that has been corverted
to CVRA.

g Fave esteSlished @ minimum detection 1imit of 0.3 mg/mL using an
FIJ. The UV cetection for L has been established as 0.03 mg/ml. The CYAA or
its sgld analeg, L oxide, i$ more likely to be encountered in the natural
ervironmant tnarm L itself. Conseguently, the amount of pre-existing L that was
present in an zqdecus matrix cav be determined by analyzing for CVAA.  The CVYAA
gnd L ogxide are also potent alistering agentz;2 therefore it is necessary to
include the twn a3 zart of any detection protocal for L. Lewisite treated with
water results ir conversion of both L and L oxide to CVAA. The molar response
of C¥AA 2]1%ows gre to ceterming the amount of L present in the standard soiution.
From this, we have established 2 minimum detection 1imit of G.3 mg/mL using an
FIO, The Yy detection for L has teen established as 0.03 mg/mi.

£ 1-3 scil sample was extracted before spiking with BZ, EEC, and
CNEC to ‘dentify any components ir the soil, Out of five spike triais per
concertrazion recovery, 5 components did not deviate more than t 0.0%% of the
expactes concamtration value, This value showed good agreement based on the

11
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SUPERCRITICAY. FLULID APPLICATION FOR THE ARALYSIS
QF LEWISITE (L} AND 3-QUINUCLIDINYL BENZILATE (BZ)

M.W. ELLZY, F.E. FERGUSON, ARD P.C. POSSLE

Abstr=ct:

The maln thrust of the rasearch was the study of supercritical fluids
as applied teo chromatcgraphing of L 2nd BZ. The mast important
results ¢btazined were: (13 Farts-par-killien/pares-per-millian
detection limirs for BZ and L ueing flame icnizetion and ultraviglac
detectors; (Z) Cempound separation on reverse phase 1 um packed
ecolumns oxr dzlta bonded 1 pm packed columes. Mast importantly the
extraction of BZ from scil using this azproach aprears to he frasible
and easily accomplished, '

Introdurtion:

Tha analysis of lewisite [dichlore (2-chlorevinyl) arsine] (L) ard
E*quinualidinﬂ'l benzilata (BZ) has been investigsated by sevaral
researchzrsl-2, Wnat {s new and until now has not been Investigated
s the use ol supercritical carton diexide to extrac> and
chremztogranh these $wo compounds,

Currently, these two compounds cannst be chromategrashad by gas
chromatography even with the adveut ¢f new fused zilica coslumn
technology3-%. Our method pravides a means of extracting rhese
conpounds from complex matrices (l.e., soils) and chromatographirg
them by 2 supercritical fluid chromatograph (SFC).

Experimental:

Jeing & SUPREX SFC/200A fluid chrematograph equipped with a2 flama
lonizatisn detector (FID), 1 ul injection loop, extractor unit able to
nold a gram of 5911, and a KRATOS Division Spectroflow 737 UV
dectector, IZ was ¢hromatographed using the inssrument paramecers
cutinad in figure 1. Lewisite was chromatographed using the pressure
program eutlined in figure 2. The fused silica restrictor attached ro
the 2nd or exit line of the absorbance detector provided a CO; flow
medsured at the regtrictor of 30 ml/min, All separations were
pevieormed on & Kevystone Scientific 1 om x 10cm packed Cl8 columr:
Data was collected on a Hewlett Packard 3390 inrtegrater. Standards
ware prepared hetween 1 uz/ml and 1000 ug/ml using UV grade methanol
°r hexal¢e obtained from Fischer Scientific. Ethyl ethylecarbanate
(EEC) and ethyl n-ethylcarbanilate (ENEG) were sbtained from Aldrich.
BZ and L was obtainzd from CRDEC Chemical Transfer Facility. UHP
CU» and tone dry G0» was purchased from Matheson Company.
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desults:

Inizial SFC resulte obtaired with the UV deraccor rasul-sd in a
minimum detection lewvel ¢f 10 ugs/rl, wharn ronizoring at ethe 225
~ancnzter wavelangth asing a 1 ul injecczieqn loos. Minigum decectios
limic was established 25 2I0 ug/ml. The Zdsucity of he peak (figura
1, totrom) for BZ was established uvsing aass spactTographic analvsis
of the standzrd sclutions running a calibratien curve and aralyrirg
che BZ with the use of two internal standards. Flgure 3 shows a 3
corponent mixture of EZC ENEC and BZ. Tre lower portiern ef figura
3 shows 4 cnromatogzam of che 2 corponsn:s mixturs srd 2n actemuated 3
component mixturs of the top chrometegram. methyl banzilate was
chromatographed and found Tae coslute wity the BZ cemponent under aur
shromatogravhic conditicne.

ITypical chromatogravhy resulting frem Lewisirs znalysis ‘s prasanced
in the lower portlon of figure 2. The lewisite peak in hexane is
fetected fivsi usizg the FI and UV detecrtars. Identifics-ism o rhe
LewislCe was gccomplished By UV detacter as 225 narama=ers. It was
necessary To dlssannect the UV due to the prassurs limicarion (350
ati} of that detcectsr. leawisite gxice requires a pressure of 400 atm.
sefars It begins to elite from the columm,

Lewisite is hydrolyzsd repidly and guantitacively ia meisturs £o
sTable, warsr-soliubla, znd highly toxic, 2-chisvovinylarseriouvs zcid-
as ghowr belew, CVAA Is tha hydrated Sorm ¢f 2-¢hlezovinylarsenious
axide (lawilsite oxide) znd can exist saly in ajusaus soluticn, During
MT attempts to cnromatograph Lawisite the ore hundredth of a percenz
nolsture coatent cf the €0, resulcad in the foznztien of Lewisise

axlde. Ta prevent this foymation we szwitchsad to bome dry C0,.
| 2HeD -HoG
Ci*EH=CH—Ale:!2 — = | Cl—CH=CH—a0F]; | —= Q= CH=CH—-As =0
Mo O
LEWISITE © C¥AaA LEWISITE QXIDE

A5 aur identificaticon technique we gonverted the Lawisite £o
chlorevinylarsanious acid and made watar injections diresctly inte the
SFC (figure 2, bortom). This hydrolysized Lewisice was zlsa znalyzad
using HPLC method developsd in Augus= 19884 This process allewsd
Uze to conpare overall concenirztisa vesponses for bo-h the Lewisice
202 CVAA. If we hydrolyzed Lewisice {CVAA) the chromatogram would
logk similar to that of chromatagvaph latel CVAL in water Eigews 2D,
Firthermore tha s¥srall molar respanse for Lewlsits would not eguzte
te the molar response ebrained when analyzing for a standari whizh
his besn converted te CVAA.
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We have estabiished a minimunm detection lirie of 0.3 mg/ol using an
FID, UV detesctlen for Lewisite has been mstablished as €©.03 mg/ml.
ClaA e~ 1ts solid analog, lLewilisite oxide, are more likely £ b
encountared in the natural eavirenment thac Lewisite inself,
Congsequently, The amount of pre-existing lLewisite chat wss present in
an zqueaus matrix can be determined by analyzing for CVas, CVAL and
Llewisita axide are also potent blistering agentsz and should of
ascessity be part of sny detection protecol for Lewisire. Lewisite
rreatad with water results in converslon of both Lewisite and Lewisite
gxida to CVAA. The molar resgonse of CVa4 allows cne to deteymine
rhe amournt of Lewisite present in the standard selutlion. Fron this wa
have estrablished a minimum detection limitc ¢f 0.3 mg/ml using =&xn
TID. UV detection for Lewisite has baen establishad as .03 mg/ml.

A cne gram scil sampls wasz exivasted before spiking wich BZ, EEC, and
ENEC to identiiy any components in the soil. VUsing 5 trials per
concencration recovery of all 3 comporents did not deviate mere than
+ gr - $.05%. This value based or the expected when the spike
concencraticn was injected direetly in the SFC unit. This datas was
gemerated vsing the FID and a concentration range of 3 mg/ml te .3
mg/ml. Srcandard deviations wers cempubed using area count davlablons.

Conclusicons:

Lewizi=e and RZ havz been chromatcgraphed using Supercritical Fluid
Zarben Diexide. Bone dry carben dioxide was required to chromztograph
lawisite. The hydreolysis zate of Lewisite Is so rapid that the hexans
solvankt ussd to prepare standard solutions had toe ha dried for 3G days
before linear dilurian could bes accomplished, Following the parameter
provided in figures 2 and 3 3Z and Lewiszite have racpective ratanticn
timas of 17.08 and 0.5 with zetual retanticrn deviation being effectad

by manual injection. All separatiens were acconplished using a L mm x
10 em packed ClE column.

Mirnimum detecticny have bhesn established as 0.025 mg/ml and 0.3 mg/al
using FI detectlon for BZ and Lewisize zespectively. While iz was
possible to extract Lewisite from soil the scil had ce be moiscure
free and exsraction efficlency was at best 75%. BZ on tha othear hand
was ln most cases gquantititave recovered from soil wich the wozrsc
recovery of 7% based on amount used te spike. This study indicates
rhe feasibility of repraoducible recovering BZ from s¢0il anc
chromatographing the extracted compound. Chromategraphing Lewisizte
can be successful uslng this methed, althougn due Co the rapid eluzien
of Lewisite we believe a slower £flow tate should be empleoyed ca
increase separafien. One mustT remember at 30 atms and 70 degrees C
Lewisite L5 chromacograshed in the sub-supesrecrltical Cly; range. ¥
Decreasing the floewrate by decreasing restrictor inner diameter will
result in frequent plugging If SFC system to incluede standards sre not
extremely water free. Finally, though iz is nec advisable to inject
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b
water into the S5FC unic, CVAA ing water does chromatograph using che
Pressure program outlined in figure 2.
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S COMPORZNT MIXTURE
DETECICR 410 DEGHEZIS C
PEESSURE PROGEAM

TSCTHERMAL OVEN TEMPERATURL 7O DEGREES C

PAESSURE TIME EATE TOTAL
STACE ATH MIN ATM/MHTN WMTHN
1 130
2 100 g .00 0.0 8,00
3 155 5.040 10.0 13.00
t 200 10.00 5.4 23.00
- 5 200 2.00 0,0 25 . G0
& 300 5.00 132.0 30 .04
AL
= 1 97
3.15

BZ in Methanol [Smeg/ml]

FIGURE 1

167




r
]

DETIECTOR 410 DEGRZES ¢
FEESSURE PROGRAM

=SQUHERMAL OQVEN TEMPEIATURE 70 DEGREES ¢

PRESSURE TIMZ RATE TOTaL
ST2GE ATHM MIN ATM/MIN _MIE
1 50
2 50 g.00 0.0 g.00
3 150 15.00 2.5 23,00
t 200 | 12,C0 5,0 53 .00
5 200 2.0Q a.o 45.00
=
<

S:aP

LEWISITE CURA LRTER
(IN HEXABNE) (IN WATER) (BLANK)
Figure 2
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