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tities of BZ in environmental samples were also developed. It appears that

the latter GC techniques will be of value when the medium to be analyzed is
simple, e.g., washings from metal parts, effluents, and stack samples., However,
additional work needs to be performed wicth actual samples to canfirm this.
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EVALUATION OF ANALYTICAL METHODS FOR
THE DETERMINATION OF B2

by

B. A. Petersen, R. M. Riggin, ¥. H. Shafer,’
B. E. Wyant, and A. P. Graffeo

INTRODUCTION

The Chemical Systems Laboratory {CSL) has been investigating tech-
niques for the detection/analysis and neutralization of BZ {an incapacitating
agent) for the Program Mapager, Chemical Demilitarization and Imstallatien
Restoration. Regardless of the dizposal grocess used for the demilitarization
process, analytical methods for the detection of low levels of BZ must be devel-
oped in order to comply with laws regulating cccupational safety aznd health
and environmental pollurion. CS5L requested Battelle's Columbus Laboratories
to conduct a study to Evalﬁﬁ%é analytical techniques for BZ detection tn assist
them in this program.

We have evaluzted a number cof analytical methods that might even-
tually be uzed to moniror the presence of BZ in the enviropment. For the
sake of completeness, we Included spectroscepic, chromatographic, and mass
spectremetric techniques. The major thrust was in pas chromatography (GC)
and gas chromatography-mass spectrometry {GC-MS5) technigues, but the feasibhility
of the others was also examined. These included colorimetric and fluorometric
analvsis, It was also possible, within the time constraints of the study, to

conduct investigations of brine extracts and recoveries from gplass-fiber filrers.

QRIJECTIVIS

The objectives of this research program were Lo survey Currtent
analytical technigues and develop two methods for the analysis of BZ, 2

hiphly-sensitive and specific method capable of detecting low levels, and




a Bimplef. less-sensitive method which could be used {preferably by leass
experlenced personnel} to screen BZ ar higher levels. 1In this way, when
demllitarizing BZ, the fast sereening method could be used to quickly
measure high levels of BZ from srack samples, brine, effluents, and
washings from metz]l parts. When very low levels of BZ need to be analyzed
(1.e., for environmental assessment}, the highly-sensitive procedure could

be used. Both of these cbjectives have been accomplished.

& A GC-MS method has been developed which is capable of defini-
tively identifying sub-nanogram quantities of BZ in envirotmental medis,
This technique has been evaluated on extracts from brine samples.

®# GC techniques have been developed which ran easily datect
nanogram quantitieg of BZ in environmental éamples* These techniques will
be valuable when the medium to be analyzed iz simple such as washings from
metal parts, and possibly stack samples and effluents. The validity of this
statement needs to be checked on real samples. However, when the sample
matrix becomes too complex (l.e., extracts of brine)}, cleanup techniques
will have to be developad ng this technique or the G0-MS procedure used
for analysis,

DISCUSSION

UltiﬁatEIF, the analysis of BZ will require three separate
steps: (1) sample collection, (2) sample preparation, and (3) sample
analysis. The sample analysis procedurs must be developed first since the
collection and preparatien of the sample will ultimately depend on the
method selected. The goal of the present study was to evaluate current
analytical metheds for the analysis step, recognizing that the complexity
of environmental samples oftentimes dictates the ultimate analysis method
and possible cleanup technigues to be used.

The principal effort of the study was directed to the evaluation
of GC and GC-MS techniques, however colorimerric and fluorimetric technigques
Were also Invesrigared. A1l of the techniques were judped on the basis of

three criteria: (1) sensitivity, (2) selectivity, and (3} simplicity.




A discussion of three GC techniques [flame lonization detecrion
(FID}, alkali flame detection {AFD}, and elecrrom capture detection (ECD)]
is presented first. The GC technigues chesen as the simpler, less-sensitive
method of cholice are discussed next under Quantitative Methods. The chemical
fonfzation (CI) and electron impact {EI) mass spectrometric properties of BZ
a;e then discussed followed by the development of a highly-sensitive and
specific quantitative method using GC/CI-MS5. Procedures and results are given
ef the ecolorimetric and fluorimetric analvses next, and finally, an evaluation

of simulated "real" systems is presented,

TECHNICAL PROGRAM

Gas Chromatagraphic Methods Development

Three GC techniques are deseribed in this section: FID, AFD,
and ECD. Lahnraturﬁ studies indicate that both GC-ATD and GC-ECD can be
used to detect nanopram and greater quantities of BZ in envirommental
samples. These analysis methods appear to be valuable when the medium
to be analyzed is simple; e.g., washings from metal parts, effluents,
and stack samples; however, studies of aetual samples need to be undertaken
to confirm this. When the sample matrix is tmé complex {(e.g., extracts
of brine), cleanup techniques must be developed prier to the analysis
s5ilep.

Using GC technigues, results can be quickly obtained, and rhey

are simple enough rto be used by less—experienced persomnel.

Flame Tonization Detection (FID)

This mode of detection Is most commonly used because of the
‘relative simplicity and general applicability. A detection limit of 5-10
ng was obtained for BZ ysing FID. However, because of the lack of specifi-
city of FID, 1ts successful use in the analysis of BZ in complex mixtrures
is doubrful.




Detection timit - 3 ng

Linear Range - 5 ng - 20 ug

Precision - 2 percent at 100 ng level )

Interferences =~ Quinuelidinel, benzilie arid, and benzo-
phenone all elute much earlier than BZ,
thus, BZ can be monitored in larpe excesses
of these components by using temperature
propramming, however, FID is a universal
carben detector and probably will not ba
pacific enough for BZ detection in complex

mixtures.

Alkall Flame Detection (AFD)

This detection system was :husén for evaluarion because of its
high selectivity and sensitivity for nitrogen containing compounds, such
rg BZ. Evaluation was dnngrusing a4 Hewlett-Packard Model 57404 equipped
with dual AFD/FID detectors., Since temperature programming affects the
response of the AFD, all GC separations were done isethermally. Figure
1 shows the response for .5 nanegrams of BZ using the AFD, The detection
limit for BZ uSing.the AFD was ~.] nanograms injected. The AFD seleoctivity
was found to be quite pgood since such expected hydrolysis/pyrolvsis products
as benzophencne, benziliec acid, and benzohydrol were not detected at the
1 microgram level. However, quinuclidinol {(Q¥) did give a Tesponse equal
to’BZ and this may cause interference problems when ptﬁsent at high levels.

Figure 2 shows the response due to QN and BZ in a 20:1 ratio. Tailing of

the QN is substantial and, unfortunately, temperature programming, which
would aid the QN-BZ separarion, cannot be used with AFD (when detecting
low levels of material). Despite this drawback, AFD is highlv-sensftive
to BZ (see below), and, therefore, can be uscd effectively to monitor
nanggram levels of BZ with little difficulry.

| Due to varlations in the AFD Tesponse, It was necessary to use
an Internal standard in order to quantitate BZ. The internal standard

chosen was n—-allyl piperidyl benzilate,_whi;h 1s structurally very similar




BZ

I_TSRE 1. RESPONSE FOR BZ ON AFD
P Conditions - 3 percent OV-17 on 100/120
...'-'d'-.-.:--. ) Gas Eh'fl::lm q 5' * 2 mm
. 30 ml/fmin He
: Isothermal 240°
Atto x 2.

BZ Retentlon time l6.2 min
- Amt BZ ini - .5 ng
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FIGURE 2.

QN

BZ

RESPONSE FOR 3-QUINUCLIDIKOL AND BZ OR AFD

Conditions - see Flgure 1 ,
Quantity BZ = 10 ng, QN - 200 ng




to BZ. Using the internal standard {its separation is shown in Flgure 3},
the AFD precision was found to be 5-10 percent. The response was approxi-
m&tely linear from 1-25 ppm (.2-5 nanograms) as shnwn-in Figure 4, -
Detection Limit - .1 ng
Linear Range - .l'ng - 10 ng
Precision - 5.4 percent at 20 ng level
10 - 15 percent at .5 ng level
Interferences - Quinuclidinol {((%) responds equally well
as BZ but elures more quickly. Unfortun-—
ately, temperature programming cannot be
used very effectively with AFD, so QN
tajling will limir the detectien of BZ
wvhen present in large excess, However,
the high sensitivity of AFD for BZ will
easily allow 1its detection at nanopram

-.Jevels or greater.

Electron Capture Detection (ECD)

The electron capture detector ig a relarively specific and
sensitive detector which is very useful for analyzing compounds which
contain electron withdrawing groups (e.g., halegen, nitro, etc.). BZ is
somewhat responsive to the EC detector and, thus, rhe properties of this
detector towards B2 werelevaluated.

Figure 5 shows the response for 50 nancprams of BZ using a
Hewlett-Packard 5730 equipped with a 63Hi electron capture detector.

The detection limit for BZ was found to be 2-5 ng. ‘Benzilic acid gives

8 response but benzophenone and QN do not. The benzilic acid has been

shown to decarboxylate to benzophenone in the G sp its response is rather
puzzling {(perhaps it is due to a product arising from an alternate pyrolytic
path).

In order to enhance the responsiveness of BZ using the ECD, a

fluorinated derivative was prepared. Twe hundred ug of BZ dissolved in




BZ

FIGURE 3. RESPONSE FOR BZ PLUS INTERNAL STANDARD USING AFD

(R-allyl-3-piperidyl benzilate)
Conditions - see Figure 1
Quantity - BZ - 5 ng, 1.5, - 5 g
Retention times - BZ = 16.2 min
I.5. - 11.7 min
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2 min

FIGURE 5. RESPONSE FOR BZ AND I.S. ON GC/ECD

Conditlons - 3 percent OV-1 6" x 2 mm
I.,D,, 30 ml/min He

Amounts - BZ - 50 ng, I.8. = 50 ng
Attn: x32

Isothermal - 250°
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300 ul of benzene was placed in a 12 m] ecentrifuge tube, Ten pl of penta-
fluoroproprionic anhydride and 20 pl of 5 percent triethylamine in benzene

was added and the mixture heated at 50 C for 15 min. The benzene was
extracted with 2 ml of water and then Z ml of 5 percent ammonia. The
benzene laver was placed in a septum capped vial for analysis,

o The separaticn of the BZ-PFPA derivative from BZ is shown in
1Figure 6. The BZ-PFPA derivative was found to give a Tesppnse fifty times
that of the underivatized Eﬁ. The réﬁultsluf'tﬁis experiment indicate that

this particular derivatrization procedure iz effective in providing enhanced

sensitiviry fer BZ. Therefore, ECD is a highly-selective and quite sensitive

- technique which can be used effectively for BZ analysis.

Free BZ

Detection Limit - 2 - 5 ng

iinear Range - 10 ng - 250 ng {at leasct) ’

Frecision - 3 perceﬂt at 50 ng level
E Ln%erféreuces ~ Benzilic acid responds but benzophenons

and J—quinuclidinecl do not. Since temper-

. ature programming can be used with the Ecﬁ‘
; L E : {(with some loss in sensitivity), separation
. of benzilic acid from BZI is no problem even

when the benzilic acid is in large excess.

PFPA Derivatized BZ

Detection Limit - ,1 ng

Other parameters not investizated.
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BZ-PFPA

BZ

FIGURE 6. BEFARATION OF BZ-PFPA AWD BZ USING THE ECD

: Conditions:

Column - 5 percent OV-101 en Gas Chrom 0
B0O-100 mesh, 4 ft x 2 mm I.D.

Flow - 20 ml/min 10 percent CH, /AT

Col. Temp - 280 ¢ Attn - X1024

Inj. Temp -~ 280 ¢ Amt, Injected - 2 ng each
Det. Temp - 300 ¢
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Quantitative Analysis of BZ
by Gas Chromatography

As mentlioned earlier, quantiffcation of B2 is strongly dependent
on the matrix in which it is contained. . Therefore, our evaluation of GC
tEthniques;fu; analysis is only one step in the method development process.
There remaiﬂs two important experiments to be-dbne, the ;valuatiﬂn of
_pqssihle inrerferences in the analysis method from a wide variery of real
gsamples, and the development of cleanup procedures which can effectively
remove these interferences without jeapardizing the quantification of BZ.

Based on our laboratory studies, borh GC-AFD and GC-ECD can be
effectively used to mnhitnrﬂlaw levels of BZ. The advantages of GC-AFD
are two: (1) a lower limit of detecrion than GC-ECD, and (2) selectivity
for nitrogen cbmpuun&s only. Two main disadvantages are: (1) the unability
of tempefaéﬁre program, and {2) the unstability of AFD as cowpared toe ECD
detection. The advantages.u¥ GC-ECD are: (1) selectivity to elerctron '
captgfing;cnmpﬁunds only, {2} the stability and ruggedness of ECD detec-
tion, and (3} the familiariey of GC-ECD in most analytical laboratories.

iﬁgk&y alament in choosing one of these two methads will be their
selectivit;?tn the real samples analyzed. GU-AFD was used to look at.
an extract of brine sample and significant interferences frem nitregen
containing compounds were present (sec Evaluation of Simulated "Real e
Systems section). Due to the time limirations of the study, we were
unable to run the extract by GC-ECD,

Although both of these methods can be effectively used feor
guantifying BZ, a few additional experiments aleng with the needs of the
Chemical Systems Laboratory will ultimately decide the choice.

F
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GC-MES Methodzs Development

Gas chromatographic-mass spectrometric (GC-MS) enal§sis has
been performed on EZ and its possible degradation produets: benzilic

dcld, benzophenmone, benzhydrel and 3-gquinuelidinsl. The cbjective of

this study was to: g

o cexamine the GC-M5 characteristics of BZ >
and its degradetien preduets, -

® develop a sensitive and specific analysis
for BZ, using GC/CIMS, and

- &etermine the lower limit of detection of BT,

As a result of these Studies, s highly-sensitive and specific
analysls methed has been deﬁeleped using GC/CIMS with =elected ion moni-
toring. Eeieg this methed, definitive Identificarion of BZ ran be

accomplished on every sample dt the ppb and lower levels.+ Also, little

%
interferences are expected from even complex environmental matrices {see

the Evaiﬁaeiﬁn of Simulated "Real" Systems section). Although experienced
personnel are needed for the required analwvsis, this methed unquestinneblv

represents the best method available for BZ analysis of complex samples.

- - .F
s .
oa
-
S

Electron Tmpact Studies

-- ’
ey

The electron iﬁpeet (EI} mass spectra of BZ, shown in Figure ?,'
exhibited an easily recognizable molecular ion peak {mfe 337, [Hfl} of
very low relative intensiry. Fragment ioms are formed by retention of
the charge with either the benzilic or quinuclidinyl meieties. The
preeenEe of the benzilate function can -be determined by Lhe characteristie
series of ions at mass-to-charge ratios {(mfe} 183, 165, 105, 77. Prelimi-
nary screening for the benzilate system can be hest accomplished by =selec-
tively monitoring the m/e 183 ion in this mode, In view of its high relative
intensity, anerfunately, this icn appears in the EI mass spectra of

various degradation products of BZ, such as benzophenone. Cleavage of the
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quinuclidinyl ester oxygen bond and retention of the charge with the qui-
miclidinyl function results in the formation of a relatively abundant ion
appearing at wm/e 111. GC-M5 using electron impact fonization is not
suitable for trace analysis of BZ due to the low molecular imm intensity.
In addition, monitoring the prominent m/e 183 ion peak is not suirable for

BZ analysis since this lon is present in pyrolysis/hydrolysis products of

BZ.

n"
L, ]

Chemical Tonizaticn Studies

Chemical iﬂﬁizatiun (CT) mass spectrometry is a technique i

which a sample iz introduced intﬂ the fen source with an excess of reagent

gas {i e., lﬂ 11) at 2z pressure of n1 torr. High energy electron bombardmsnt
“of the mixtufe results In initial iomization of the reagent gas molecules

foilowed by a serles of iun—mdlacule reactiong to produce a watiety of )

reagent ‘gas ions. Ionization uf the sample molecules is usually accomplished
by pra%un Efansfer upon reaction with the reagent gas ions. As the method
of ion formation in CI differs from that of other mass spectromettric tech-
ﬂlquEE, the; reaultant Spectra are unigue ro CI and provide additrional infar—
matioqn CDHEEfnlﬂg the compounds in question., €I mass spectra of many organie

compounds are almmst excluslvely dominated by formation of a molecular
adduct ion {I"H-H}

Chemical lonization mass spectra of EZ have been obtained using
methane, iscburane, and ammonia as tﬂe reagent gas. We have found that a
methane/amrmonia {CHQIHHE} reagent gas mixture prnﬁuces a CI-TEEE spectrum
¢f BZ with the highest molecular adduct lon intensity {[(M+H) , m/e 338].
The CI mass spectra of BZ using this reagent gas mixture ig shown in Figure
8. In this spectrum, the molecular iaﬁ species 1s the predominant ion peak
representing about 25 percent of the tora} ipnization of the sample. The
electron Impact mass spectrum of BZ (Figure 7) yielded a molecular ion peak
much less than 1 percent of total ionizatrien. The specliicity and sensitivity

of GC-MS ueing chemical ionization can be used to Identify and quantify BZ
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by monlroring the mf/e 338 ion. This technique 1s known as selective ion
monitoring (SIM) and should allow trace analysis.uf BZ without interferences
from pyfalysia!hyﬂrﬂlysis prnducﬁs a8 these compounds give inﬂ peaks at m/fe
values below 200. |

The GCJ/CI-M5 prupertiés of the possible degradation products were
éthined in order to determine if the presgnce of thege compounds would
interfer with the analysis of BZ. A& mixture containing 3fquinucliq;nﬂ1,
benzhydrol, beﬁznphennne, and BZ (100 ppm each)-was inject;d into the GC-MS.
#s ﬁgmﬂnstrated in Figure 9, BZ is well separated from the other compounds -
in the mixture. The CI mass spectra of the three possible degradation prod-

. ucts are almost dominated exclusively by 2 single fon. Quinuelidinol (MW

127} and benzophenone (MW 182) yield molecular adduect ion peaks at mfe 128

and 183, respectively, and their spectra are shown in Figurea 14 and 11.
Benzhydrol (MW 184) does not give a molecular adduct ion peak ar mfe 185

cbut an ion peak corresponding to the dehydrated adduct iom (M+H - H ﬂ}

to give the ion at mfe 167 [FIFUIE 12}. Although benzhydral and benzﬂphenﬂne
coelute under thE EGHditlDﬂE used in Figure 3, the compounds can be separitad
using their inn current profiles. Benzilic acid (MW 22B) iz not expected

to elute frum the GC column as the free acid, and decomposes to benzophensne
in the GC 1njecter. Since EE can be separated from these possible £ﬁpurities,
and its mﬂlEdular adduct ion appears at a high m/e value (m/e 33B), inter-

ference in elther detection or quantificarion is net expected.

Quantitative Analysis - :
of BZ by GC/CIMS

Quantitative ﬂnﬂlfsis of BZ can best be performed by introducing
an internal standard te the sample bafore any pretreatment or cleanup. For

| kigh accuracy and precision, the internal standard for BZ should possess
simflar: . - ok

(1) chemical and physical properties,

{2) gas chromatographiec retention, and

(3) mass spectremetric properties.

A stable isotope derivative of BZ, such as a deuterium labeled

analog would fulfill all of these tequirements. Furthermore, a labeled
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internal standard would coslute with BZ and act as a carrier. This carrier
effect would also minimize loss of BZ due to adsorption. Unfortumately,

we have experienced difficulty in cbtaining commercially available deuterium
labeled compounds for the purpose of synthesizing labeled BZ, and as a2 resulr,
we have had to use another type .of Internal standard.

- ThE chromatographic and mass spectrmmetrlc properties of BZ are
Very similar to a related class of compounds; piperidyl benzilates. Shown
in Figure 13 is a GC/CI-MS chromatogram of a ﬁi%éure containing 100 ng each
c0f BZ and two piperidyl benzilates, namely H-ethyl-3-piperidyl diphenyl
zeetate {(JB-305), and N-allyl-3-piperidyl benzilate (JF-18). In order to

determine if JF-18 can be used as an internal standard, a series of 1 mi

bhenzene solutiong containing I, 5, 10, Eq, 50, and 100 ng af BZ and 20 ng
of JF-18 were prepared." Thasé_solutiDnS'were evaporated to-approximately
100 pl under a stream.of HE at 50 C, 5 pl of each injected into the GC-MS,
* and rhe molecular dion adduct peaks of JF-18 {m/e 352) and BZ (mfe 338) were
simsltanecusly monitored, Fﬂf this analvsis, these samplés were injected,
into . the GC-M5 at 250 C and the remperature increased ro 280 € at 10 C/min.
The analysis time for BZ using this method Is 3 min. &4 standard curve for
these data was obtained and .is shown in Figure 14, Although the linear
dynamic range for this merhod was cnly 102, there should not be any dif-
ficult% in-éétending the range to 1ﬂ3 or lﬂ&, if needed. The correlation
coefficient for these data was 0.95 indicating that JF-18 can be used as

an internmal standard. However, higher precision and accuracy can be ob-

. "
Y

tained using a deuterium labeled analog of BZ as an internal standard.
Using thizs method, the minimum detectable quantity of BZ was 1 part per
billion (ppb)} at a signal-to-noise ratio of 410:1, and this selective
ion monitoering analysis is ghowm in Figure 15.

For the highly-sensitive, rapid, and specific analysis of BZ

in environmental samples, GC-MS Is thé best cholee of the analytical
methods.
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FIGURE 15. ANALYSIS OF 1 FPBE OF BZ BY GC/CIMS
By selectively monitoring mfe 352
- GJF+~18) and 338 (BZ)
Temperature 250 - 280 C at 10 c/wmin
GC-M3 conditilons same as Figure 9
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Ancillary Methods Development

At the reqguest of the Project 0fficer, we inveatigated addirional
methods for the analysis of BZ: spectroscopic analysis after complexation
with Tropaeolin co; spectroscopic analysis after complexation with iodine;
and fluorimetric analysis after Eﬂmplexatign with indandione. The resulrs
of these Investigations indicate that although in certain cases (spectro-
scoplc analysiﬁ} the sensitivity is sufficient-Ebr the an;lysis of BZ, the
Belectivity of these methods were poor, and interferences would most likely
Eause erratic results in quantification. In the case of BZ-indandione, we

showed evidence of the instabiliry of the complex under TLC elution conditions,

Tropaeclin 00 Eumplﬁxatiﬂﬁ

Tr~is reported In the literature that the BEZ-Tropaeolin 00 ion
palr complex is completely EKéTEEtEﬂ from water ar a pH near 4 via certain
halogenated solvents and can be used to detect BZ at a level of (.01 ug/ml-
by reéﬁing} the absorbance of the extract at 420 mu. We have determined
that BZ c¢an probably be measured at the lesvel quntéd but that detection at
levels lower. than this probably can not be easily achieved. Confirmation
of the‘repn;é;d seneiciviry is based on a single euxperiment run in our

laberatory.

To confirm the reperted sensitivity data, a standard curve was
prepared according to a published procedure and the data obtained plnttgh
to determine whether the system involved obeved the Beer-Lambert law, The
procedure used was as follows: to 250 ml of distilled warer im a 300 mi
gseparatory funnel (teflon stopcock) was added 5 ml of pH 4.5 0.1 M citrate-
phosphate buffer and after mixing well, the buffered solution was spiked
with an accurately measured volume of a standard 30 ppm [i pgful) solution
gf BZ in acetone. Afrer mixing well, 5 ml of a soletion of Tropaeolin OO
in 1,1,2,2-tetrachloroethane {washed with dilute sodium hydroxide, dis-
tilled and stored over silica gel) was added and the mixture shaken well
and separated. It should be pointed out that the concentration of Tropaeclin

00 should Be 0.375 ¢f1 but this level could not be achieved even though



" | : o

several batehes of the dye were examined. After separation of the lavers,

the absorbance (eptical density} of the 1,1,2,2-tetrachloroethane layer

was measured at 420 mu Uning a Beckman Mprdel DU with a Guilféfd attachment.

s-Tetrachlororthane was ged as the reference., The data ebtained from this

--experiment are collectod 4g Table 1.

Theu: data aru plntted in Figuce 16. It can be seen that the Beer-

fambert Law i# valid belyeen the concentrations of 0.01 yg/ml (2.5 g total
RZ added) and .08 wg/ml (20 g roral BZ added).

were examined., From thiy

No higher levels of B2

plet it does appear that levels of BZ as low as
2,01 pg/fml can be detectid via this procedure.

Since inm the hydrolysis of BE the hydrolysis products are

rikely to be proesent in_much larper guantities than the Tesidual unhydrolvzed
T2, it is very I-mF'*?”-'tﬂ“fl't'I:hal: any B2 detection selected be .effective in the

presence of these massive amﬂunts of BZ hydrolysis products. It is reported

=at the Trgpa+ullﬂ DD Procedure is effective even in the presetice of lﬂﬁ-fold

excess of 3-—qulnuelidine], Thls did not prove to be the ‘case in our experi-

wants. To del'lmlnE the nffect of large amounts of J=-gquinuclidinel on this

;e*EEtlﬂﬂ_EFEE'm! the 245 @1 water-5 ml citrate phosphate buffer selution
vis spiked with 66 mg any 164 mg of 3-quinuclidinel and the extraction car-

vied out with 1lﬂﬂaﬂﬂlln ") solution as described above in the preparation

~f thé standaxd cutve. Thege quantities of J=-quinuclidinel are approximacely

A
N3 X 10" and 1.8 x 10 ~fold excess of the highest level of BZ examined.

—a ahsnrhancv of the Tropaeglin 00 complex of these extracts were 0.063 and

2073, respectivelY. Thu, it can be readily seen from Table 1 and F1gure

1>, that massive 830unts of J—quinuclidinol are likely to interfere with

“he measurement OF small umounts of BZ via this procedure.
zz3ller amount:

The effect of
of 3-quinuclidinol on the procedure were not investigated.

oidine Cﬂmpjprtiﬂn v

When B2 In aquecus acdd is mixed with & ehloroform solution of

-itine, a complex IS formed which is extracted into the chloraform layer.

722 visible ivdine absorption is diminished and new peaks are formed in

1n2 ultravislcet teglon at 288 mv and 273 mv, the latter belug the largest

:22k. These vePIeSent a 1:] complex. The extraction of rhis iodine
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complex has beon

APl g tg the automated analysis of field samples for
BZ, the sensitlviry Vg to be 1n

the order of 1 ug/ml. It has been
determined thar eh|.

" Wuthod does have the sensitivity queted-ebeve and
that BZ ecan readily g,

letected at the 1 ug/ml level. Actually, under
the eondictdions ofF (LITY)

twperiment, this method appears to have greater

; gensitivity than TCP g og,

Te co
MIIUW )l gengitiviry data queted, a standard curve.was
prepared aﬂﬂﬂrding |

“ lyections obtained from: personnel at Edgewcod
Arsenal. The proce

o used was ag fellows: a 30 ml separatory funnel
(tetlon STOPCOCK) w.s » harged with 5

mi {.IN sulfuric acid and then
epi‘::Ed with ACCUrgL.

'Y measured quantities of a 50 ppm (1 ug/ml) solutrion
of 32 imn acetens, 1,

, 'his was then added 5 ml of a tris buffer {prepared
s mivd 50 = X : :

by BiNIng 'L O.UM 4 i s-hydroxymerhylaminomethane, 287.5 ml 0. 1N
hydvochlerie arid

* tIHHLing to 1 liter and adding 4.0 g sodium hydroxide)
followed BY 5 ul of

‘DM jodine in chloroform. After mixing well, the
;h*:referm fayer was o

hareteﬁ and the absorbance {(optical density}

messud

ared at 273
~ha :eferenee wWas bl

“wrract from the experiment in which BZ was aot
.:l.-u-l—E-"\- -

The ‘dat
L2 ObL.yyy,g from these experiments are collected in Table 2.
The standa,,

wurve for the BZ-icdine complex is presented in

o odan
s ol “men that Beer -Lambert law is wvzlid for the levels
af I examitied,  HNa Lty

) er levels of BZ were examined. From this plot,
it flﬂl-31? "FPEATL {14t levels of BZ in the order of 1 ug/ml and probably
ever L@weT CAL he ruml”_? detected. v

A8 =entionn Above under Tropaeolin 00 discussion, it 1s very
imperzans that any hy “dnalytical method sclected be uneffected by the
hizh -evels of 3- ~H i 13dinol thatr are likely to cccur during the EBZ
h%iffiFj-f'x “::nrjl“h‘v Baquinuelidinel in the amounts of 10, 30, and
1Az {7 ox L

A 10 10.7 x lE -fold over the hlgheet level of BZ

=20 geTe oA
td to thy 0.1N sulfuric acid and the iodine complexation and

-
_—ne

as des¢ribed above in the standard curve preparation.
Alt=ouzh thets wasg g,

vonsistency In the 273 mu absorbance readings of the

all
YT IN the 1.5 - 3.0+ range, Thus it definitely appears that

FxiTaots,
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massive amounts of 3-quinuclidinol are likely te interfere with the measure-
ment of low levels of BZ via the lodine complexation method.

Although ceolorimetric methods do allow cne to rapidiy meagsure
levels of BZ, the presence of interferences leading to high results

- seriously Impair the abllicy c¢f this technique in envireonmental analysis.
£

Fluurﬂmetric:ﬂﬁalysis with Indandione _ _ . -

The complex formation of 3-quinuclidinyl benzilare (BZ) with
modified indandicne was investigated with respect to its fluorescence on
thin-layer chromatography (TLC)} plates. 1t was hoped that if a stable
BZ-indandione complex could be formed and chromatographed, then HPLC using
fluorescence detection ﬁigh% be nused as a simple and sensitive analvsis
method. The degree of binding.hetweEn BZ anud the flusrezcent reagent, in-

dandione, was examined briefly, and shown to be unstable under TLC eluticon

i
conditions. g *

L]

_ First, a number of solvents were evaluated for the elution of BZ
by TLC. Silanized silica and silica g2l-60 were used with methanol-chloro-
form, —tetrahydrefuran, -water, and -5 percent acetic acid mixtures_as
eluting sn%v;q;ﬁ. The resulrs are shown in Table 3. Tedine vapor provided
& mEans nf‘;i;ﬁalizing the developed B2 spots of 8 ug quantities. As
expected, thﬁ silica gel stationary phase exhibits a stronger affinity for
BZ {;hurter Ef values) than does the silanized stationary phase. BZ has
the most retention using the HEGHIHEG solvent mixture and the least reténtion
using the HeﬂHfEHElj splvent system.

Next, the amcunt of fluorescence produced by the indandione-EBEZ
complex was examined. A TLC plate of silanized s5ilica gel-60 was spotted
with 15 to 150 pg quantities of BZ in 15 ¥g increments. 4 0.125 g/100 ml
solution of indandione in chloroform was sprayed onto thﬁ‘spntted TLC
plate which was then illuminated with long and short wavelength UV radiation.
A stronger fluorescence was observed at the longer wavelength porticon of
the UV scurce setting. An increase in fluorescence starting with the 30 pg
spot and proceeding to the 150 pg spot was observed. MHowever, no notlceable

flucrescence was seen for the 15 ug spoet and the 30 ug spot exhibited
slight fluorescence,




33

-

TABLE 3. THIN LAYER CHROMATOGRAPHIC RETENTIO

DATA FOR BZ . L )
Number e Stationary Phase Rf Solvent Mixture
1 5 0.143 90% MeOH/H,0
2 SR 0.150 0% MeOH/H,0
3 5 0.259 907 MeOH/CHCL,
& S 0.309 50% MeGH/THF
5 5 s 0.400 507 MeOR/CHCI
5 s . 0.456 10% MeOH/CHC1,
ST R 0.570 10% MEOH/THF
8 R 0.599 303 HeDHICHc13
9 3 0.632 90% MeOHR/5% Acetic
e Acid
10 © R 0. 644 50% MeOH/THF
11 R 0.747 90% MeOH/ 5% Acetie
Acid
17 | R 0.839 50% HEGHICHClS
13 R 0.892 10% MeOR/CHCL,

R = 5ilanized
S m 8{ldecn
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The stability of a complex between BZ and the fluctescent compound
indandione was then ftudied. Silica gel-60 was used with an eluent of
nethanol-tetrahydrofuran (1:1). This solvent system was chnseg because an
intermediate Rf value is obtained for BZ compared. te cther solvent mixtures
tested. A silanlzed TLC plate was spotted with 60 pg of BZ in three locations,
afferwhich 12.5 ug of indandione was added. to two of the BZ spots (BZ-1, see
Figure 18). Two spots of 12.5 ug each of indandione were alsn spotted.

Figure 18 shows that the BZ indandione complex dfsacociates upon elution with
THF/H,0.

Low microgram guantities of BZ appear to be detectable by ob-

" gerving the fluorescence of the E2-indandione complex on the TLC plates.
The complex once formed is wery weakly bound and ‘is evidently easily sepa-
ated inte indandione and BZ by simple eluticon of the complex with methancl/
THF on silica gel-f0. _HPLEC ;eﬁaratinn of the EZ-indandicne complex iz un-
v1ikely and. ipdications are that the sensitivity needed to monitor nanogram
quantities of BZ are not met.ﬁith this procedure, ?

Y

7 . Evaluation of Simulated "Real" Systems

Brine Analysis
.‘. ;' .

A'Efine containing a hydrolyzed BZ mix was received from Pipe
Bluff Arsenal and was used for the assessment of types of interferences
(and their levels) likely to be encountered during analysis., The brine’
(100 ml) was adjusted to pH 8.5 and extracted with 3 x 30 ml of diethyl
ether. The diethyl ether was washed with 2 x 25 nl of distilled water,
dried with Nazsﬂﬁ, and concentrated to 1 ml for analysis. This procedure
was repeated with 1 ug (10 ppb) of BZ {dissolved in benzene) added to the
brine after pH adjustment. Chloroform and methylene chloride were evaluated
85 extractling solwvents, but were abandoned due to the precipitation of large
amounts of seolid material during the concentration Step.

The brine extract was injected onro a GC/CIMS system and spectra

were collected during a temperature program run. The resulting reconstructed
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The atability of a complex between BZ and the fluoresc

indandione was then studied. Silica gel-60 was used with an elr ‘

methanel-tetrahydrofuran {(1:1)., This solvent system was chuse; . h**‘h‘“ﬁﬁa_qﬂ

intermediate R, value i1z obtained for BZ compared to other sol- -”ﬁn

tested. A sllanized TLC plare was spotted with 60 ug af BZ ir

aftervhich 12.5 ug of indandione was added to two of the BI s

Figure 18). Two spots of 12.5 pg each of indandione were ?l!

Figure 18 shows that the BZ indandione complex disacociates
THF!HEG.

Low microgram gquantities of BZ appear to be dete
" serving the fluorescence of the BZ-indandione complex on ¢
The complex once formed is very weakly bound and is evide

ated into indandione and BZ by simple elution of the com ¢

THF on silica gel-60. HPLC separation of the BZ-indand{ Coe
«likely and, igdications are that the sensitiviry needed (:::)

quantities of BZ are not mﬂt-ﬁith this procedure.

Evaluation of Simulated "Real" System 5

Brine Analvsis

L .
LA B

-

A*Erine containing a hydrolvzed BZ mix we
Bluff Arsenal and was used for the assessment of t
{and their levels) likely to be encountered during é:a
(100 ml} was adjusted to pH 8.5 and extracted wit BZ
ether. The diethyl ether was washed with 2 x 25
dried with Nazﬂﬂa, and concentrated to 1 ml for
was repeated with 1 ug (10 ppb) of BZ {dissoclve
Brine after pH adjustment. Chlorecform and mett ...
as extracting solvencts, but were abandoned due
amounts of sclid marerial during the concentr : FIEHHE )

The brine extract was injected onrc

weTe collected during a temparature propram
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FIGURE 18,

TLC OF BZ - INDANDIONE COMPLEX
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gas chromatogram is shown in Figure 1%. Only QN (Figure 20) and benzophenone
(Figure 21) were detected. As discussed earlier, benzilic acid decomposes
to benzophenone on column so that the detection of benznphennné implies the
presence of benzilic acdd in the extract.

. GC/CIMS/S5IM was used to specifically detect BZ in the spiked and
ungplked extracts. No BZ was found in thEiunspiked axtract, but the BZ
was readily derected in the spiked extract és shown in Figurs 22. By com—
parison wirh extermal stanﬁards, the BZ recovery. was fuundﬂtﬂ be >80 percent.
The extract was also Injected onte a GC/AFD system, and a large amount of
material was detected (as shown in Figure 23). The BZ was not detected
,using AFD due to the level of Interferences. The amount of BZ necessary to
give a detectable response {relarive to the other components) was estimated
to be .5 ppm. | |

This experiment étrﬂﬂgly points out the selectivity of GC-MS

Telative to other techniques and gives some imaipht ag to the actual de-
tection limit"of AF¥D ip brinme gamples. It is possible that an alternative
extraction procedure, or a culﬁmn chromatographic cleanup ;tep would remove
most uf”theéefinterferences, aliﬂwing 4FD or ECD to be used at lower levels.
We, unfﬁrtuéately,.were unable to chromatograph the brine extract using ECD

detection, due to time limitationc. i

- .. - "
Do
b

Alr Analysis :

In order to analyze low levels of BZ in air, it is desirable_% _
te sample as large a wvolume of alr as possible, The most convenient
merhod for sampling large wvolumes of air is to use a glass fiber filcer.
However, loss of sample from the filter during collectiom is a possible
preblem in using this approach.

In order to determine the degree of loss of BZ from a glass
fiber filter, the following experiment was performed. One ul of a 1000
ppm solution of BZ (1 pg) was deposited on each of 2 glass fiber filters
and allowed to 2ir dry. One filter was extracted Jmmediately with 10 ml

¢f benzene. TFive ml of the benzene was removed and concentrated to .2 ml.

This concentrate was then analyzed for BZ by GCFAFD, The second filter
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was placed in a filrer holder and .5 m3 of air was drawn through it at the
rate of {4 mjfmin. This filter was then extracted as described abovae,
Recovery of BZ from the first filter was 85 + 10 percent, whereas Tecovery
from the second filter fafter sampling .5 m3 of ailr) was <10 percent.

Thus, very substantiazl losses of BZ can ocecur using this method of sampling.
' This experiment is VETY preliminary and does not exclude the
possibillcy that BZ adsorbed to particulate matter in ait would be retained
on the filter. However, at rhis point it seems that an adsorbant trapping
method for the analysis of BZ ip air would be necessary in order to get

quantitative ‘recovery of EBZ.

CONCLUSIONS AND RECOMMENDATIONS

" The findings of the study provide a good base for planning
further 1nvestigat1ﬂns into the BZ neutralization/disposal problem. It is
obvious from this work that a number of analytical techniques are capahle
of analyzing BZ ar low levels and at least one technique (GC/CIMSY can
analyze fnr BZ at the ppb level in hydrolyzed brine samples with excellent
specificity. ] .

_ It would not be wise at this point to designate particular
analytical methnds 23 being "best", since little ig presently lknown con-—
cering the aectual complexity of the samples to be asgayed. However, one
cap make certain judgements as to the elrcumstances under which certaip
techniques are likely to be most useful and what studies need to be under—
taken to validate their utility. 1In general, consideration should not be
glven to the spectroscople and/or Fluorimetrie mathnds for trace analysis
of BZ due to their lack of specificity and sensitivity. However, in certaip
cases, rapid screening for BZ ar relatively high levels might be best
Becomplished uging these methods. '

For the trace analysis of BZ analyrical methods based on gas
chromatographic separation are most likely to be successful. ECD, AFD,
and GC/CIMS detecrion modes each show prowmise for BZ derection and £hould
be further evaluated using real samples. The oC/CIMS was =hown to be
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extremely sensitive and selectlve and should be given preference when
ulrimate sensitivicy and specificty are required. However, GE-@E is a
- very sophiaticated technique requiring highly-trained personnel and should
not ba employed when less sophisticated techniques are adequate. AFD is
also highly—sensitive towards BZ but the specificity is not nearly as good,
thué}ﬂrequiring more extensive saﬁple preparation to remove Interferences.
ECD is alsec highly sensirive towards EZ, especially when the FPFPA derivative
is prepared. The specificirty of ECD is reaénnablﬁ' good, and may not reguire
quite gg extensive sample purification as for AFD. Ceonsequently, both AFD
and ECD should ‘be considered for the routine analysis of low levels of EZ.
Our %ecnmmendatinns for future work in this are summarized below:
e Each of the proceduresz studied should be evaluated
ueing “real" samples such as pyrolysisfoxidation
effluents, ambient air, and hydrolyzed brine |
. . imixturas;
¢ Other derivatizatfion procedures should be s
evalﬁated in nrdér to further enharice ECD de-
K tection of BZ.
# Sample cleanup procedures {e.pg. liquid chrematography,
golvent extraction, ete.} should be evaluated for

giéﬁl samples using AFD and ECD detection modes.




