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PREFACE
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THE DETEERMINATION OF TRACE QUANTITIES OF BZ
(3-QUINUCLIDINYL BENZILATE) IN AIR AND WATER

5L INTRODUCTION

BZ (3-quinuclidinyl benzilate) was introduced into the United
States chemical agent munitions inventory in the early 1960's. In late
1976, a program was initiated by the US Army Toxic and Hazardous Mater-
ials Agency for the demilitarization of the remaining stores of bulk
agent, the M43 and M44 munitions, contaminated residues, and scrap.

The most promising disposal methods outlined in the Concept
Planl, prepared for the demilitarization action, were incineration and
chemical neutralization (hydrolysis or transesterification). Since the
ultimate disposal method was not specified, a sensitive and specific
analvtical method was needed that ¢could analyze for BZ in the emissions
and waste materials produced by either disposal method.

Based on earlier work on the analysis of BZ, the most promi-
sing methods appeared to be gas chromatography (GC) or spectroscopy.
GC had been investigated by both Sass? and E11in3., Sass demonstrated
that GC could be used to separate and guantitate BZ in the presence of
known process intermediates. Ellin was able to detect BZ in such com-
plex media as blood and urine by a simple extraction and concentration
technique. However, the levels analyzed in both studies were at least
1000 times greater than the levels required by current emission stand-
ards. Spectroscopic methods such as Tropaeolin 00% and iodine complex-
ation” were shown to have sufficient sensitivity, but suffered from in-
terference from the products of hydrolysis (e.g., 3-gquinuclidinol).

To determine which of the available methods should be devel-
oped further, an evaluation was performed by Battelle Columbus Labora-
tories (BCL) under contract number DAAK40-73-C-0142%. This evaluation
concluded that the best choices would be GC or gas chromatography/mass
spectrometry (GC/MS). It was found that GC, equipped with a flame
ionization, nitrogen/phosphorus, or electron capture detector had suf-
ficient sensitivity for the analysis of BZ at the emission levels., At
the time, it was anticipated that GC could be used for stack, waste
stream, and wash-down samples after a simple extraction., It was also
felt that a simple cleanup procedure would be required for more complex
samples such as hydrolysis brines. It was postulated that GC/MS, being
more specifiec, could be used to detect BZ even in complex brine samples
after a simple extraction into an organic solvent.

From the BCL study, GC was chosen over the spectroscopic
techniques as the method to be developed for most of the routine anal-
vses needed in the BZ demilitarization program. The nitrogen-phos-
phorus detector (NPD) pffered the most selectivity of the detZctors
evaluated by BCL for routine analyses. Detector selectivity was de-
sirable in that it might eliminate the need for any complex cleanup
methods. The GC/MS was to be used only for very complex samples that
could not be analyvzed by simpler GC detectors and as a referee method
for more specific analysis of BZ in any guestionable samples.



As part of the BCL evaluation, the question arose as to
whether BZ would be lost from aerosol filters during sampling. In one
test, less than 10 percent of 1 pg of a BZ spike applied to a filter
was recovered after aerating with 500 liters of air. Losses of this
magnitude would have seriously hampered the development of analytical
methods for BZ particulates.

Initiated shortly after contract DAAK40-73-C-0142 was com-
pleted, a study at Chemical Systems Laboratory (CSL) first locked at
aeration losses from filters. Based on the BCL methods evaluated, GC
with an NPD was chosen as the analvtical methed for this work. The BZ
levels and aeration times used in the CSL work? were based on the then
existing chronic exposure monitoring requirements, 4 mg-min/m3.
Assuming an 8-hour workday, the nermlsslble chronic exposure concen-—
tration would be 8.3 x 107 -3 mgfm IT a real-time monitor (RTM) were
assumed to operate at 10 1/min fnr 10 minutes, the amount of BZ on the
filter at the maximum permissible concentration would be 0.8 ng.

No firm requirements were available at the time for a per-
sonnel monitor. It was assumed that a level of one-tenth the require-
ment for a RTM would approximate the level for this purpose. The
levels used in the filter study were set at the maximum levels for the
RETM and the perscnnel monitor. The aeration volumes were set at the
assumed total volumes for the RTM and the personnel monitor.

In 1978, BCL was awarded a second contract (DAAK11-78-C-0096)
for conducting the laboratory phase studies required for the design of
the BZ munitions demilitarization facility. Part of this work involved
the development and verificaticon of analytical methods to support EZ
agent incineration and neutralization tests. BCL was also tasked to
prepare analytical methods manuals for eventual plant operation. Early
in this work, incineration became the preferred agent destruction pro-
cess, Analvtical tasks were guickly shifted to support an operating
plant utilizing incineration eguipment. Key analytical methods involved
determinations of BZ in furnace effluent gases, as an aeroscl particu-
late in the workplace and in plant washdown/scrubber ligquids.

Work was performed at CSL to supplement BCL's analyticgl
methods development., CSL's efforts were directed toward dgvelmplng
an analysis for EZ in water.

Problems with the NPD during the filter study at CSL and
later work at BCL during a detector evaluation® led to the determina-
tion that the NPD was too unstable and fragile for routine use. As a
result, GC with a flame ionization detector (FID) was chosen for sub-
sequent methods development. The FID was chosen because of its m»ugged-
ness, reliability, ease of operation, and wide linear dynamic range.

The BZ levels used in this part of the study were set at one-
quarter the maximum permissible BZ concentration (1 ppb), the maximum
concentration (4 ppb), and 10 times the maximum concentration (40 ppb)7



in water.

At the time, it was believed that the aqueous analysis

would be a minor part of the analyticil program. As the BCL study
progressed, however, it became apparent that the methods for air and
water would merge into a singularity, namely, extraction from an

aqueous matrix into an organic solvent with final gquantification of
the BZ by GC or by GC/MS.

The final results of the methods development for air samples
using the NPD and for water samples using the FID are documented here-

inl

2, MATERIALS AND METHODS
2.1 Aerosel Studies.
2.1.1 Equipment:

e  Gas chromatograph - Hewlett-Packard Model 58404 with a
Hewlett-Packard Model 18847A/8A nitrogen-phosphorus therm-
ionic flame ionization and a ¢ ft x 1/8-inch ID glass
cal%mn packed with 2 percent OV10l1 on 100/120 Chromsorb
WHPF . (The 2 percent OV101 column was used because the
NPD needed a low bleed column.)

. Reflux timer - Maximum setting 120 seconds (Eagle Signal

& Company, Davenport, Iowa).

. Solenoid - Valve number V52DB2052, 10 watts, 50 psi,
3/16-inch orifice (Skinner Electric Valves Division, New
Britain, Connecticut).

. Filters - Gelman Type A/E glass fiber.

. Filter holders — Gelman product no. 1220 or the equiva-
lent.

. Svringes - (10 nl, 25 nl, 50 pl, 100 pl) Hamilton Models
701N, 702LT, 705LT, and 710LT.

. Volumetric glassware to conform to NBS Class A specifi-
cations.

2.1.2 Gas Chromatographic Conditions:

Temperatures — Oven - 230°C

Detector and injection port - 260°C
Helium - 30 £+ 1 ml/min
Air - 50 ml/min

Hydrogen = 3 ml/min




2.1.3 Reagents:

. BZ - Obtained from Analytical Branch, Research Division.

Analysis by a standard titrimetric method gave a purity of
99+ percent.

- l,4-dioxane - Distilled-in-glass (Burdick and Jackson
Laboratories, Muskegon, Michigan) or freshly purified
and distilled ACS reagent grade.

. Methancl - ACS reagent grade.

. Isopropanol - ACS reagent grade.

. Sodium hvdroxide - ACS reagent grade,
. Toluene - ACS reagent grade,

All other reagents were ACS or CP in quality.

2.1.4 Purification Procedures,

I'f distilled-in-glass, 1,4-dioxane is not available, ACS
reagent grade l1,4-dioxane may be purified and distilled by the follow-
ing procedures developed during the course of this study: this proced-
ure will produce dioxane that is suitable as a chromatographic solvent.

Three liters of 1,4-dioxane were gently refluxed for 6 to 8

hours with 50g of sodium hydroxide pellets, stoppered, and zllowed to
cool overnight.

The next morning, the material was placed into a distillation
apparatus having an 18-inch insulated Vigreaux column. The material
was . brought to boiling and allowed to reflux for 1 hour. Distillation
was then started.

All material boiling below 100°C was discarded (approximate-
ly 400 ml). The fraction boiling between 100°C and 102°C was collected

(approximately 2 liters). The remaining material in the still was dis-
carded, '

The collected fraction was placed into pint size, narrow
neck, brown glass bottles which were tightly sealed, and frozen in a
refrigerator until use.

o Water Studies. -
2.2,1 Eguipment:
» Gas chromatograph - Hewlett-Packard Model 5840A with a

Hewlett-Packard Model 18812B FID and a 4 ft x 1/8-inch
ID glass column packed with 3 percent 0V17 on 80/100
Chromsorb WHP®. (The 3 percent 0V17 column gave better
chromatographic separation than the 2 percent 0OV101 column.
The higher bleed column was not a problem with the FID),

10



Reflux timer — Maximum setting 120 seconds (Eagle
Signal Company, Davenport, Iowa).

Solenoid - Valve number V52DB2052, 10 watts, 50 psi,
3/16-inch orifice (Skinner Electric Valves Division, New
Britain, Connecticut).

pH Meter - Beckman Model 43500.

Chlorine Test Kit - LaMotte Chemical Products Company,
Model P-30 (Code 44370).

Balance - Mettler Instrument Corp., Model BS.

Volumetric glassware to conform to NBS Class A specifi-
cations,

Eppendorf Microliter Pipette - Brinkman Instruments,
Model 2235 080-3.

Adjustable Pipette - Oxford Model 8300,

Svringe - (10 pl) Hamilton Model 701N.

Gas Chromatographic Conditions:

Temperatures - Oven - 260°C
Detector and injeetion port - 300°C

Helium = 40 ml/min.

Air - 240 ml/min.

Hvdrogen - 30 ml/min.

Reapents:

L

BZ - Obtained from Analytical Branch, Research Division.
Analysis by a standard titrimetric method gave 99+ percent
purity.

Chloroform — ACS reagent grade, washed to remove ethanol
and acids as described in section 2.2.4

Sodium carbonate — ACS reagent grade.

Sodium hvdroxide - ACS reagent grade.

Sulfuric acid - ACS reagent grade.

9-Butanone (methvl ethyvl ketone) - ACS reagent grade.

11



. Toluene - ACS reagent g}ade.

. Cvclohexane - ACS reagent grade.,

. Sodium sulfate - ACS reagent grade.

- Sodium metabisulfite (NagS90s5) - ACS reagent grade.

. Water (double distilled) - distilled Ho0O was redistilled
from a well-leached, all-glass distillation apparatus.

. 4,4-bis {(dimethvlamino) benzophenone [Michler's Ketone] -
purified and recrystallized as described in 2.2.4.

All other reagents were ACS or CP in quality.

2.2.4 Purification Procedures,

Chloroferm - The ethancl which is used as a preservative in
chloroform could destroy the BZ by causing it to transesterify. Acids
which form as chloroform ages can also react with the BZ. To remove
the ethanol and acids, the chloroform was washed with a sodium carbon-
ate solution, then with double=distilled water as follows:

® Approximately 1500 ml of chloroform was washed by

vigorously stirring for at Ieast 1 hour with 200 ml
of 0.5 M aguecus sodium carbonate. The chloroform
was then separated and vigorously stirred three
times for 10 minutes each with double-distilled
water. The fourth and final double-distilled wa-
ter wash was performed by shaking for 5 minutes

in a 2-liter separatory funnel. After the agueous
and chloroform layers separated, the chlorcform
was drawn off into a brown-glass bottle.

The Michler's Ketone was dissolved in acetone, treated with
decolorizing charcoal, and gently boiled for 5 minutes. The solution
was filtered while hot to remove the charcoal. The filtrate was heated
to boiling and distilled water was added dropwise to the point just be-
fore crystallization occurred. The filtrate was then allowed to cool
undisturbed. The resulting crystals were vacuum filtered. The recrys-
tallization from acetone and water was repeated once again. The product
was vacuum filtered and dried in a wvacuum dessicator set at 40°C for 48
hours. The resulting product was pure white leaflets with a melting
point of 172°C. Merck Index cites 172°C.Y

12



3. INVESTIGATIONAL PROCEDURES

3.1 Aerosol Studies.
3.1.1 Preparation of BZ Standards,

BZ stock solution was prepared by dissolving BZ in toluene.
The solution was sealed in serum vials with Teflon® lined septa and
stored under refrigeration.

The BZ standards used for the analysis by GC were prepared
by dilution of the stock solution with dioxane. Dioxane was chosen
because BZ was soluble in it, and the dioxane gave a low background
on the NPD, The standards were sealed in serum vials with Teflon®
lined septa. The standards were prepared fresh daily for the low con-
centration, and every other day for the high concentration.

3.1.2 Internal Standard Interferences.

A problem was encountered with the internal standard chosen
(1-(N-piperidyl) isopropyl benzilate). An impurity in the concentrated
extracts had the same retention time as the internal standard on the
column used, This made quantification of the BZ using the internal
standard impossible. Time limitations precluded a search for another
standard, so efforts were made at eliminating the interference.

The Gelman glass fiber type A/E filters were extracted with
dioxane for 8 hours in a2 Soxhlet extractor. The dioxane was discarded
and the filters were extracted for 8 hours with isopropanol. The
filters were then dried for 16 hours in a heated vacuum desiccator.
This extraction eliminated some of the contamination observed in the
chromatogram and greatly improved the baseline stability but did not
completely remove the impurity interferring with the internal standard.

Both the distilled-in-glass and freshly-purified and distilled
dioxane were concentrated in the same manner as the filter extracts to
determine if the impurity was in the dioxane. The results did not con-
clusively point to the dioxane as the source of contamination.

An effort was made to identify the interferring gas chroma-
tographic peak. A concentrated filter extract sample containing this
interference was submitted to BCL for gas chromatographic and mass
spectrophotometric analysis under contract DAAK11-78-C-00961C, Com-
puter identification of the separated interference pointed to a struc-
ture similar to trioctylphosphate. Compounds of this type are widely
used as plasticizers in spinning fibers and are common pollutants.

The source of contamination was not determined. =

3.1.3 Extraction of BZ from Filters.

The first part of the study determined the efficiency of the
procedure used for extracting BZ from glass-fiber filters.

13



_ For this study, the filters were impregnated with BZ by
administering BZ solutions dropwise with a syringe and air drying for
15 minutes. The filters were transferred to a centrifuge tube and
then macerated with about 5 ml of dioxane, The sSuspension was centri-
fuged for 3 minutes. The supernatent liquid was decanted into a con-
centration tube. This extraction, maceration, and centrifugation
procedure was repeated twice more., The dioxane extracts were combined
and concentrated to about 0.5 ml by heating in a constant-temperature
water bath set at B0°C while purging with nitrogen. The nitrogen flow
was controlled by a reflux timer connected to a solencoid. This alter-
nately started and stopped the nitrogen at 30-second intervals. The
purpose 0f the interrupted flow was to set up a reflux to help wash
down the walls of the concentration tube. When the concentrates
reached a level between 0.2 ml and 0.5 ml, they were removed from the
bath and diluted to a total volume of exactly 0.5 ml with dioxane. .
The concentrates were stirred on a Vortex mixer before analyzing by GC.

It was found that the syringe used for injecting samples
into the GC had to be thoroughly rinsed with methanol between inject-
ions to remove the BZ. It was found that injections had to be made
immediately after taking a sample to prevent adsorption of the B%Z onto
the walls of the syringe barrel. It was alsco found that BZ could be
chromatographed without apparent breakdown at temperatures above its
decomposition point if the BEZ was injected directly onto the column
packing and not onto the glass wool or the dead space above the glass
wool.,

The interference problem precluded quantification of BZ using
an internal standard, so the amount of BZ in the concentrates was de-
termined by direct comparison of concentrate peak heights and areas to
standard peak heights and areas.

The extraction efficiency was caleculated by dividing the
amount of BZ recovered by the amount deposited on the filter.

3.1.4 Aeration Studv.

The second part ¢f the study compared the recovery of BZ
from aerated filters to the recovery from unaerated filters. Two
aeration volumes were studied. The low wvolume (100 liters) represented
sampling at a low rate for a long period such as in the case of a
personnel monitor. The high volume (1000 liters) represented sampling
at a very high rate such as would be done in stack sampling or area
monitoring. The low volume filters were aerated at 4.4 1/min for 25
minutes. The high volume filters were aerated at 13.5 1/min for 75
minutes.

For the aeration study, the filters were spiked with BZ and
air dried for 15 minutes. The filters were then aerated by pulling
room air through them with a vacuum pump. After aeration, the filters
were extracted, and the extracts were concentrated and analyzed in the
same manner as in the extraction study.

The recovery from the aerated filters was compared to the

recovery for the unaerated filters to determine if any loss of BE
occurred during aeration.

14



J3.1.5 Concentration Study.

E7Z solutions were concentrated in the same manner as the
filter extracts to determine if any BZ was lost during the concentra-
tion step. The two levels of BZ studied (0.1 ug and 1.4 pg) were the
same as in the extraction and aeration studies.

The BZ solutions were prepared by adding 5 ml of dicxane
and a known amount of BEZ stock solution to a concentration tuhe., Ad-
ditional dioxane was then added to bring the final volume to 12 ml.
This was done to approximate the final volume of the filter extracts.
The solutions were stirred on a Vortex mixer before they were concen-
trated. The recoveries were calculated by direct comparison ¢f the
concentrate peak heights.

3.2 Water Studies.
3.2.1 Preparation of BY Standards.
. B7Z (base) - BZ stock solutions were prepared by dis-

solving BZ in toluene. The solutions were sealed in serum vials using
Teflon® lined septa and stored under refrigeration. The BZ standards
used for the analysis by GC were prepared by dilution of the s=tock
solution with methyl ethyl ketone. The standards were dissolved in
methyl ethyl ketone because it was a readily available solvent in which
both the BZ and the Michler's ketone were scluble and stable. The
standards were sealed in serum wvials using Teflon® lined septa.

. BZ+-HC1l - A stoichiometric amount of 0.1N HC1l was added
dropwise with swirling and gentle heating to dissolve the BZ (base).
The solution was diluted to volume with double-distilled water, sealed
in a serum vial, and stored under refrigeration. The BZ+HC1l standards
used for spiking the tap water were prepared by diluting the stock
solution with double-distilled water.

3.2.2 Preparation of Michler's Ketone Standards.

The stock soclutions were prepared by dissolving Michler's
Ketone in methyl ethyl ketone and sealing in serum vials using Teflon®
lined septa. The vials were made opaque by wrapping in aluminum foil,
The stock sclutions were stored under refrigeration.

The Michler's Ketone standards that were used for the analy-
sis by GC were prepared by dilution of the stock solution with methyl
ethyl ketone., The standards were sealed in serum vials using Teflon®
lined septa.

3.2.3 Extraction of BZ from Tap Water. =

The first extraction study for tap water determined the
efficiency of the procedure for extracting BZ. One hundred grams of
sodium sulfate were added to 1 liter of tap water in a 2-liter separa-
tory funnel and dissclved by shaking for approximately 15 seconds. The
sodium sulfate was used to increase the ionic strength of the water
solution in an effort to '"salt out'" the BZ.



It was found that the amount gof active chlorine (1.0 - 1.5
ppm) in the tap water, when made alkaline to pH 10-11, was sufficient
to destroy BZ at the concentrations under study.

The active chlorine was removed by adjusting the pH of the
sample to 3.0 using 10 ml of 1N H2504 and followed by the addition of
1 ml of 0.2 percent sodium metabisulfite. The removal required less
than 30 seconds for complete reaction.

After the chlorine level was checked using the test kit. BZ
was added to the tap water in concentrations ranging froml ppb to 40 ppb.

To extract the BZ, the tap water was made basic (pH 10.5) by
adding 100 ml of a 0.5 M sodium carbonate/0.1 M sodium hydroxide solu-
tion. Fifty milliliters of chloroform were added, and the mixture was
shaken for 3 minutes. The layers were allowed to separate for 5 min-
utes before the chloroform layver was drawn off into a 250-ml separatory
funnel. Another 50 ml of chloroform was added to the water in the 2-
liter separatory funnel, and the mixture was again shaken for 3 minutes.
The layers were allowed to separate for 10 minutes before the chloroform
layer was drawn off and combined with the first chloroform extract.

Twenty-five milliliters of 0.001N H9S504 were added to the
CHCls solution in the 250-ml separatory funnel, and the mixture was
shakerr for 3 minutes. The layers were allowed to separate for 5 minutes.
The aqueous laver was transferred with a disposable Pasteur pilpette to
a 125-ml separatory funnel. Another 25 ml of O0.001N HoS504 were added
to the CHCljz, and the mixture was shaken for 3 minutes. The layers were
allowed to separate for 5 minutes before the CHClz layer was drawn off

and discarded. The aqueous layer was combined with the first agueous
extract.

The pH of the aqueous extract was adjusted to 11.0 using 1 ml
of 0.5 M sodium carbonate. Five milliliters of CHCljy were added, and the
mixture was shaken for 3 minutes. The layers were allowed to separate
for 5 minutes. The CHClz layer was drawn off into a conical centrifuge
tube. Another 5 ml of CHCls layers were allowed to separate for S min-
utes before the CHCly layer was combined with the first exiract.

The combined CHCls extracts were concentrated to approximately
0.1 ml in a constant-temperature water bath set at 80°C while purging
with nitrogen. The nitrogen flow was controlled by a reflux timer con-
nected to a solenoid. This alternatively started and stopped the nitro-
gen flow at 30-second intervals. The purpose of the interrupted flow
was to set up a reflux to help wash down the walls of the centrifuge
tube. When the concentrates reached a level of approximately 0.1 ml,
they were removed from the bath, the intermnal standard (Michler's -Ketone)
was added, and the solutions were diluted to 0.2 ml with CHCl3. The -
concentrates were stirred on a Vortex mixer before analyzing by GC.

16
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Tables 1 and 2 present the BZ recovery from unaerated and
aerated filters at the two BZ levels. The recovery shows the amount
of BZ extracted from the filter as a percentage of the amount deposited
on the filter. Both the peak height measurement and the area measure-
ment recoveries are shown for the unaerated and aerated filters. The
average recovery (X) and the standard deviation (S) are given for each
measurement method. All recoveries were calculated by comparison to
the peak height and areas of the external standard run before the sample,

Tables 3 and 4 present the recovery of the two levels of BZ
from solution after concentration. This was done to check for loss of

BZ during the concentration step. HRecoveries were calculated as for
tables 1 and 2.

4.2 Water Studies.

Table 5 is a step-by-step outline of the method for water
developed by CSL. An outline of the BCL method for air is also given
for comparison. As can be seen, both methods are very similar and are
complex, time consuming, and labor intensive. The prolonged procedure
and long turnaround time makes the method not entirely suitable for
most of the routine analyses in the BZ demilitarizatiocn plant.

Figures 3 and 4 illustrate the effect of chlorine on the re-
covery of BZ from tap water. Figure 3 is a chromatogram of an extrac-
tior of BZ from tap water without chlorine. Figure 4 shows the extrac-
tion of BZ from tap water containing chlorine. The BZ concentration in

figure 4 is the same as in figure 3. In figure 3, BZ has a retention
time of 3.10 minutes and Michler's Ketone has a retention time of 7.26
minutes, In figure 4, no peak appears at the retention time of BZ, but

two extraneous peaks are evident at the retention times of 4.96 and
5.74 minutes. The peak of 7.30 minutes is Michler's Ketone. It was
not determined whether the extraneous peaks were BZ degradation products.

Table 6 presents the recovery of BZ from tap water using the
procedure described in 3.2.3. The recovery was calculated by comparison
of the amount of BZ in the extract to a prepared GC standard. The GC
standard had a BZ concentration that would approximate that in the ex-
tract if 100 percent of the BZ were recovered.

Depicted in table 7 is the recovery of BZ from tap water
in the presence of contaminants, using the procedure deséribed in 3.2.4.
The effect on the recovery with and without the c¢yclohexane is shown,
The recovery was calculated in the same manner as for table 6.

Table 8 shows the effect of salting on the recovery of BZ at

the drinking water level (4 ppb). The recovery was calculated in the
same manner as for table &, v

. Tables 9 and 10 show the detection limit as calculated by the
method of Hubaux and Vos.!

Figures 5 and 6 show the 80 percent confidence limits as
calculated by the method of Hubaux and Vos.
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Table 3. BZ Recovery After Concentration - 0.1 pg Level
Recovervy (7}
Sample Peak Height (mm) Area (counts) Peak Height | Area
External Standard 88.0 5538 - -
1 102.5 5379 105.0 97.1
2 £9.5 4752 91.3 83.8
3 88.0 5592 89.8 82.9
4 /9.5 4200 81.1 75.8
External Standard 94.5 5148 - -
5 91.0 4837 96.3 94.0
B 101.0 5319 107.0 103.0
7 89,5 5205 105.0 101.0
8 83.0 5370 107.0 102.0
External Standard 105.5 5731 - - .
9 104.0 5459 -98.8 95.3
10 G7.0 5120 91.9 i 89.9
x 95.3 - 91.0
8 8.57 3.63
Table 4, BZ Recovery After Concentration 1.4 ng Level
Hecovery (o)
sumple Peak Helgnht (mm) | Area (counts) | Peak Height| Area
[xternal Standard 111.5 93500 - -
89.5 72160 80.3 77.2
93.0 74460 83.4 - 79,6
Q5.0 76180 85.2 81.5
118.5 85160 106.0 102.0
External Standard 104.5 86740 - -
90.0 72560 36.1 R3.6
109.0 87520 104.0 101.0
External Standard 89.5 74180 - -
a7.0 79030 108.0 107.0
92.0 74640 103.0 101,0
111.0 90780 124.0 122.0
106.0 86380 118.0 116.0C
< 99.8 57.1
5 15,3 15.8



WioL

5714 Tvl0l 598
GZ°0 \wg g o3 N}nfLg GE
52 0 pAvpuels [EUIAIUL PPY  BE
S 0 yaed Jajduesojne up 3ie|4 it gl 9170 93 mmuzu ajraodeny lE
5°0 [eyA [Pag 9t S0 aqny abnyjpazuad olug bW JI0 ME]) 9L
50 leba 0 J3jsuRa] S g apededas 0} ssade| molly  SE
cl 23 RAUIIUDY) bE £ ayeys vE
1 {x2) asupy  £E G270 mﬁu:u ysady pey  EE
1 A07PAUIIUCT gy OJUL LNOg 2r 50 agny abnjiaiuad oluL ELOHD J10 med] 2k
1 Jojedodeanyod woay aaonay 1E 5 ayeavidas 03 sdafe| HolLY 43
51 ajedodeny 0k £ RIS 3
1 J01ea0deA0lol 0] yIellwy g2 520 Epoan ey 62
I (»2) @suiy B2 520 0°17 ©3 yd snfpy g2
4 5014 Q4 |w]gg oqul JaijLd {2 §°0 lauuny Kiojeaedas |wusgl oiup YOSIH Jio0 Hedg ¢
5°0 (£1p 01) EBI2W PP7 92 50 aafe) L1ou) pAEdsIp g J0 Meag 92
) 50 Jafawua(4q swes ojup E{IH) droudy 67 G aesedas 03 sdale] mo|ly 67
c a338s% 127 b : £ SYFYS ve
Z 2yeYs  £2 5'0 _ bosin nloo o ysady ppy €2
5°0 E19H7 ysaay ppy ¥ z |auuny KLiojededas [wpgz 03 tpgdy Aaaisued] ¥
50 Jafawua |43 awes ojup E[JHD aadway 12 g ajededas 03 saefey moyly [e
Z 11195 1971 0z £ AYEYS 02
2 ayeys 6l 5°0 PosEn 410070 PRY 6
5°0 EL2HD ysaay ppy gl S0 auuny Aiojededas (OS2 03Ul Ef3HD 340 medq '
§°0 dafawua |43 [upsz ojup EfaH) aanuway 3 ol ajededas 03 sJade] rOQLY £
? 213195 137 a1 £ 2YEYS ai
Z ﬁ_m._.h_.__._m h-.__uu.ﬂr"m_u__m_m _u.___._._ Lm_.,._.._..._. _mH 5°0 mmu:u _._.mm_.L.* _n_.n._n__. m_.
s IHOYS bl 5°0 (ouuny faojededas |wQsz 01U} Jafe| EQIHD 50 nRd) 51
2z (Hd 429y2) 1T Hd o3 Egadey ppy o1 g ajeaedas 0 sJaAB] MOQLY "
5°0 Eponn ey 21 £ aAeYs 21
5°0 suexayo|d4d asoway ([ 50 Epopn ppy 11
Z 313395 127 T 52°0 . : § 01 03 Hd asnipy 01
z ajeys f 50 [ouuny Asojededas Jajp|-2 03U} JABAR| JBTEA JJO RRA] 6
50 auexayo) 28 ppy q g a1eapdas o3 stade] MOLLY a
0 auexaya | 24 aAoway I 1 ayeus {
Z 2171385 127 q &0 : aurxayo |24 ppy 9
4 qeys § ! [FAD[ IULI0[YD HIYT S
5*0 suexayo[ 262 ppy ¢ 50 puels uoiIn(os 337 b
2 ayeys £ G2 0 SgiceN %270 POy E
50 pLae 213308 40 [JH MI°0 PRPY £ S2°0 0" 03 Hd Jsnipy Fd
1 OTp-78 Y3tk Ja3f}) aLds 1 1 anjossip pue bosd ppy T
“{upe] suil pajen|isy IETEENEL T § d;3g (ulw) Bwi] pajewi3s] uap3zdady MK ST

178 £q pado|asag poylsy

SpoU3leN 10

uostIadwo]

150 Aq pado|asag PoYITH

"G 9TqEL

26



START y 0.14

—

BZ : ———m—— 3,10

[

Michler's Ketone = 7.26

Figure 3. Chromatogram of Extraction of BZ from Tap Water

START 0.08 ] 0.14
0.892
3.46
J— = 4.96
—_— 5,74
Michler's Ketone — ——r 7.30

I

Figure 4. Chromatogram Showing Effect of Chlorine on Extraction
of BZ from Tap Water
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Table B, Effect of Salting on Recovery of BZ

Without Salting

. Michler's Ketone BZ Peak
BZ Concentration Peak Height Height Recovery
(ppb) (mm ) Urmm) (%)
Standard (3.98) 67.5 71.0 -
4.0 63.9 22.5 33.7
4.0 79,5 24,0 28.5
Standard (3.98) 66.0 72.5 -
4.0 821.0 33.0 37.0
x 33.1
= 4,29
With Salting
Michler's Ketone BYZ Pezk
BZ Concentration Peak Height Height RECG?ﬁfF
(ppb) () (ram) (%
Standard (4.02 69.5 72.0 -
4.0 60.0 32.75 53.0
4.0 80.5 46,25 55.8
Standard (4.02) 67.o T4.75 -
4,0 54.5 28,0 48 .4
Standard (3.98) 66.0 72.5 -
4,0 6&.0 38.5 01.5
X 52.2
s 3.08
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Table 9. Hubaux = Vos Detection Limit

Tarzet Value (ppb) Found Value (ppb)

40 34,6
40 32.5
&0 32.3
40 32.7
40 32.2
40 31.8
40 31.0
40 33.6
40 33.7
40 34.4
4 12

COOO000O0D00OONHNN NN
\ |
o

DO D O b e b b B3 RS BRI RS RS B B

Detection Limit x(d) = 3.2 ppb
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Table 10. Hubaux-Vos Detection Limit

Tareget Value (npb) Found Value (ppb)

2.12
2.23
1.94
2.06
2.10
.96
.08
77
.78
.70
.73
.71
. 48
"y
.36
.52
A6
.34

GDGGHHEHHFHHMMbeDPbbb
0 O 50000 00O 0 R

oo oo

Detection Limit x(d) = 0.95
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2. DISCUSSION OF RESULTS

5.1 Aerosol Studies.

The BZ recoveries were lower and more variable than would be
desired for routine laboratory analysis. The low and variable recovery
from the filters could be due to the polarity of the glass fiber filters
which bound the BZ to the filters and the inability of dioxane to re-
move it. Deiner, Herd, and Vigus, Munitions Division, CSL,* showed that
100 percent recoveries from glass-fiber aeroscol filters were attainable
using an aquecus acidic medium, It is concluded that dioxane employed
as a solvent is not sufficiently polar to afford complete removal of BZ
from the filter.

In addition, much of the wvariability could be due to the NPD,
The detector 1s very sensitive and selective for nitrogen and phospho-
rus compounds, but it can also be nonreproducible in its response to a
sample. The NPD does not show long-term response stability. Attempts
to guantitate BZ in a sample by comparing it to a previously injected
standard may produce variable results., It is now thought that the lack
of a suitable internal standard to help overcome the effects of the de-
tector instability may be the cause for much of the variation in the
results of the tests conducted. As a result of BCL's efforts, it was
shown that Michler's Ketone could be successfully employed as an in-
ternal standardl? with the NPD.

The results of the concentration tests did not show any appre-
ciable loss of BZ at either dosage level.

a.1.1 Statistical Analvsis of the Data.

A statistical analysis of the data was done to determine 1f
there was any significant difference at the two BZ levels between the
amount of BZ recovered from the aerated filters and the amount of BZ
recovered from the unaerated filters.

The data obtained from peak height measurements and from
area measurements were analvzed separately.

o.1.1.1 Peak Height Measurements.

The frequency distribution of the peak height measurement
data from tables 1 and 2 are shown in figure 7.

Anglyvsis of Variance.

Based upon Bartlett's test shown below, there would be a
17.2 percent risk of error if it were concluded that a significant
difference did exist in the variability of the different samples. It
was concluded that the variances of the samples were equivalent re-
gardless of the aeration or BZ level used.

*Deiner, A., Herd, R. E., and Vigus, E. S. The Utilizaticon of an Ion-
Pairing Reaction to Trace Concentrations of 3-Quinuclidinyl Benzilate

(BZ) and Application to Demilitarization Operations. (unpublished
data, June 1983).
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BARTLETT'S TEST

M = 2.3025 (v log (IZ3512/v - Ivy log 542)
= 7.883
_ . 1 1 _ 1
¢ 7 1T EETD vy v
= 1.016
M/C = T7.728 = 120_17215
W = Lvj
vy = degrees of freedom of the ity sample.
Eiz = independent estimate of the ity variance.
E = number of variances compared.
Xa,g-1 = percentage point of the Chi-Square distribution

at the a point and g-1 degrees of freedom.

Assuming a completely cross-classified, random effects model,
the® analysis of the variance presented in table 11 shows that:

(1) There would be a 31.5 percent risk of error if it were
that aeration had an effect on the process.

(2) There would be less than 0.05 percent risk of error if

it were concluded that the BZ level had an effect on the
- process,

(3) There would be a 9.5 percent risk of error if it were
concluded that there was an effect on the process due

to the interaction of the BZ level and the seration
volume.

From (1) above, it was concluded that aeration may have an
effect on the amount of BZ recovered,

From (2) above, it was concluded that the level of BZ had no
effect on the percent of recovery.

From (3) above, it was decided that more testing would bhe
necessary before any firm conclusions could be drawn concerning the
effect of the BZ level or the effect of the interaction of the BZ level
and the aeration volume on the amount of BZ recovered.
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Table 11. Analysis of Variance of Peak Height Measurement Data

Mean Level for

Degree Sum Mean square Hp
Source of freedom of squares sguare ratio rejection
BZ Level 1 3247.096 3247.096 20,922 <0.0005
Aeration 2 S358.0769 179.038 1.154 0.315
Interaction 2 788.98266 364.463 2,348 0.085
Residual 144 22347 .8088 155.193
Total 149 26681 .,9083

5.1.1.2 Sample Size,

The residual mean square shown in table 11 is an estimate of
the experimental error of the peak height measurement method. Assuming
that the residual mean square is the population variance (S2), the num-
ber of GC injections (n) needed to reliably estimate the population can
be cafeulated using the following equation:

n = (tglﬂefi, ¢ ﬁE)de

t1-a/2 ¢"{1*af2) percentile of the t distribution at ¢ degrees
’ of freedom (¢ = 144)

82 - estimate of the population variance (82 = 155.193)

d = error in the estimate of the population mean

Table 12 shows the calculated number of GC injections needed
depending upon the 100 (l-a) percent confidence level and the interval
¥ + d percent one is willing to accept. It can be seen from the table
that if the average value for a sample is to be within + 10 percent of
the true average value (X) 95 percent of the time, then at least six
injecticns would be necessary.

Table 12. Sample Size

100 (1-a)% n -
Confidence d =5 d = 10 d = 15

99 43 11 2

98 35 9 4

95 25 6 3

90 17 5 2

80 11 3 2
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2.1.1.3 Area Measurement.

The frequency distributions of the area measurement data
from tables 1 and 2 are shown in figure 8.

An analysis of variance was not done on the area measurement
data because the assumption of homogeneity of variance between samples
was proven not valid by & Bartlett's Test for the homogeneity of wvari-
ances (shown below). The results of this test showed that there would
be a 1.1 percent risk of error 1f it were concluded that a significant
difference exists in the variability of the different samples. It was,
therefore, concluded that the wvariability between samples was not con-
stant.

BARTLETT'S TEST

M= 2,3026 (v log (Euisig v) - Iv; log 512]
= 15.142
- 1 1 _ _lL)
=1t SeD (o3 v
= 1.016
_ _ 2
M/C = 14,901 = x“) 41 &

5.171.4 t-Test and F-Test,

Differences in the mean and variance between individual
samples were checked by t-tests and F-tests (see tables 13 and 14).
While differences were found to exist between the mean and wvariances
of individual samples, no pattern was found which would indicate an
effect on the amount of BZ recovered by either the aeration volume or
the BZ level used.

Table 13, t-Test of Area Measurement Data

Levels at which Hg would be rejected

AERATION VOLUME

(LITERS)
0 100 1000
= =0.033 « = 0.009
0.1 -
vy _
E E—T _ = = 0.47 _ saf
o ' =
ﬂ = ? < I
B H ? H
o] = = (J.089 = = (0,002
1‘4 — e g, — T
o =0,177
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Table 14, F-Test of Area Measurement Data
[

Levels at which Hp would be rejected

AERATION VOLUME

{LITERS)
0 100 1000
e =739 « = 0,130
E t = =0.015 - r
5] - - ]
2 B S ' S
- 1l E Il
P ﬁl =2 Ei
- x=0012 © a =0.407
1.4 — - S :: ———
B = =023
I =

Area Measurement Method Versus Peak Height Measurement Method.
Statistical analysis of the data showed that the peak height measure-
ment method was more reliable than the area measurement method. The
authors believe that this is true because it was possible to visually
determine where the BZ peak began, but the change in slope frequently
was not sufficient to trigger the electronic integrator at the true
beginning and end of the BZ peak. This caused erroneous area count
readings.

5.2 Water Studies.

The presence of active chlorine in water presents a potential
problem for accurate analysis. Though BZ is stable to oxidants at pH
3-413 used in this assay, at a pH greater than 7, BZ at the 10-fold
drinking water level is rapidly degraded. This is aptly illustrated
in figures 3 znd 4, The procedure developed to measure and destroy
active chlorine is rapid and sufficiently accurate to preclude degrada-
tion of BZ samples prior to analysis.

Shown in figure 9 is the average recovery of BZ from tap
water at various spike levels. The low recoveries at the low spike
levels are due to intrinsic solubility of BZ in water.

From the data hase,T the solubility of BZ base 1n water
ranges from 11.8 ppm to 540 ppm. The data base also cites the solubil-
ity of BZ in CClyg as 4.5 gm/liter while the solubility in CHClg is
cited as 130 gm/liter. The distribution coefficient listed fof CCly
is approximately 3.3 x 102, One may expect a far more favorable dis-
tribution coefficient with CHClg due to the greater solubility of BZ
in this solvent. From the data at the lowest level, the total loss of
BZ is approximately 0.58 ppb. This reflects the ultimate efficiency
one may expect using the procedure.
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The losses observed at the low levels of spiking were mini-
mized by "salting" the BZ out of agqueous solution using 10 percent
NaoS504 Shown in table 8 are the results of using NasS804 to 'salt out”
BZ. This effect at the low level is appreciable and results in being
able to quantitate BZ at one-quarter of the drinking water level {lppb}.

It was anticipated that under field conditicons, large levels
of contaminants would be present in process water., As part of this
work, the effects of high levels of contaminants present along with the
BZ were determined using the cleanup method in section 3.2.4.

The three contaminants studied were 3-quinuclidinol, sodium
benzilate, and benzophenone., ©Sodium benzilate is highly soluble in
water. Under acidic conditions such as in scrubbing for S0p and in
venturi washing, it is converted to benzilic acid. Benzilic acid has
a solubility of 168.2 mg/l00 ml (1682 ppm).* This high solubility
could result in benzilic acid being present in the final extract.

The anticipated degradation product of BZ due to incineration
is benzophenone. This material has a solubility of 6.9 mg/100 ml (630
ppm).* Though benzophenone is a neutral, nonionic species, its in-
herent high solubility in water could result in some benzophenone not
being completely removed by the initial cyclohexane wash,.

Farly in our study we found that benzophenone and benzilic
aclid, injected on-column with BZ, results in almost complete degrada-
tion of the BZ. Monsanto, under contract DA18-035-AMC-136(A)14 and
Sassl® showed that the rate of degradation of BZ was increased when
benzophenone or benzilate was present. BCL has shown that benzilate
degrades to benzophenone when injected on-column, 1%

A study was performed to measure the adequacy of the cleanup
technique to remove this interference. Table 7 shows that removal of
these interferences by the extraction technique is reasonably adequate.
Some losses of BZ were observed, but total destruction was prevented.

The detection limit for tap water, as determined by the method
of Hubaux and Vos,19 was found to be 3.2 ppb when all data are included
(table 9)., When the wvalues at 40 ppb are excluded, a detecticon limit of
0.95 ppb is obtained (table 10)}. Detection limits were calculated at
the 90 percent confidence level,

G . CONCLUSIONS

6.1 Emplovment of NPD for BZ Analvsis,

The manufacturer of the NPD recommends that chlorinated sol-
vents not be used. BZ can be quantitatively removed from aeroscl fil-
ters with acidic aquecus solvents. Extraction of the BZ from the
aqueous phase must be performed with neutral, low-boiling, halogen-free,
water-immiscible, organic solvents if the NPD is employed. The use of
alcohols, aldehydes, ketones, and esters is precluded due to thelr water
solubility; leaving neutral hydrocarbons as the only viable extraction
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solvents. Unfortunately, BZ has a low solubility in neutral hydro-
carbons. Due to the intrinsiec solubility of BZ in water, it is be-
lieved that even with multiple extractions of the aqueocus phase with
hydrocarbon, extraction efficiencies approaching those obtained with
a chlorinated hydrocarbon would be hard to achieve. In addition, the
inherent instability of the NPD precludes its use on a routine basis.

It is recommended that the NPD not be employed for routine
analysis of BZ.

6.2 Emplovment of FID for BZ Analvsis,.

Our studies show that sodium metabisulfite is an effective
reducing agent to remove active chlorine from process water. In order
to preserve water samples, it is recommended that the samples be acidi-
fied to a pH of 4, and that the active chlorine be removed by the pro-
cess described. At this pH, adsorption of BZ on the glass walls of
containers is negligible. As a further precaution, the samples should
be stored at 10°C or lower if there are long delays in analysis.

It has been the experience of these laboratory personnel that
the routine use of an internal standard to guantitate trace levels of
BZ by GC with any detector is a fundamental reguirement. Day-to-day
variations in the GC detector sensitivity require the employment of a
standard directly in the solution being analyzed. We find that Michler's
Ketone is a suitable material as a reference standard. It is easy to
purify, highly stable in solution, and does not react with BZ. The only
drawback is that the retention time of Michler's Ketone is longer than
desired. However, this drawback does not appreciably add to the length
of the analysis.

The effect of interferences on the analysis was investigated.
The cleanup technigque effectively removes these materials and allows
the quantification of BZ to one-quarter the drinking water level (1 ppb).

The procedures developed at CSL and at BCL are wvirtually
identical. The method must be performed by highly-trained personnel
who understand the necessity of carrying out the complex steps in the
analytical scheme correctly and diligently. The procedure is long and
labor-intensive. It appears that there are no means of shortening the
analysis. Carried out correctly, the method 1is capable of quantitating
BZ in water with good precision. It is recommended that the procedures
developed at CSL and BCL (using GC-MS with BZdypy as the internal stand-
ard) be employed to analyze process water, brines, and scrubber efflu-
ents. Presently, we do not feel that GC analysis is the best analytical
tool to analyze a large number of filter samples. It is recommended
that another analytical method be sought to analyze the large number of

filter samples that will be generated every day at the actual de-
militarization site.



LITERATURE CITED

1. Skinner, V. L. Concept Plan for Demilitarization of
Incapacitating BZ Agent/Munition, Office of the Project Manager for
Chemical Demilitarization and Installation Restoration (presently
USATHAMA ), Aberdeen Proving Ground, Maryland, October 1976.

Sy sass, 5., Pinsky, S., Schlotzhauer, W., and Beitsch, N.
Chemical Research and Development Laboratories Report CRDLR 3183.
Basic Esters of Glycolic Aecids. VII. Gas-Liquid Chromatography of
BZ and Process Intermediated. September 1963. UNCLASSIFIED Report.

3. Ellin, R, I. Chemical Research and Development Labora-
tories Technical Memorandum CRDL 23-27. The Use of Gas-Liquid Chroma-
tography for the Quantitative Determination of BZ in Biological
Systems. July 1862, UNCLASSIFIED Report.

4. Demek, M. M., and Epstein, J. Chemical Research and
Development Laboratories Report CRDLR 3186, Chemistry of BZ2. 1II,
Estimation of BZ by Reaction with Tropaeolin 00. October 1963.
UNCLASSIFIED Report.

5. Rosenblatt, D. H., Demek, M. M., and Epstein, J. Chemical
Research and Development Laboratories Report CRDLR 3151. Chemistry of
BZ. 1. Reaction of BZ with Iodine in Aqueous and Organic Solution.
November 1962. UNCLASSIFIED Heport.

G. Petersen, B, A., Riggin, R. M., Shafer, K. H., Wyant, R.
E., and Graffeo, A. P. Final Report, Contract DAAK40-73-C-014Z2.
Evaluation of Analytical Methods for the Determination of BZ. December
1977, UNCLASSIFIED Report.

7. Rosenbhlatt, D. H., Dacre, J. C., Shiotsuka, R. N., and
Rowlett, C. D, US Army Medical Bicengineering Research and Develop-
ment Laboratory Technical Report 7710, Problem Definition Studies on
Potential Environmental Pollutants. VII. Chemistry and Toxicology
of BZ (3-Quinuclidinyl Benzilate). August 1977. UNCLASSIFIED Report.

3. Miller, B. A., and Junglcaus, G. A. Test Report - Task 2,
Contract DAAK11-78-C-0098. Comparative Evaluation of Gas Chromatogra-
phic Detectors. November 1979 UNCLASSIFIED Report.

g, The Merck Index, 29th Edition, Merck & Co., Inc.,
Bahway, NJ. 19786,

10. Battelle Columbus Laboratories. Monthly Report, Contract
DAAKL11-T8-C-0096. Monthly Progress Report on Engineering and Techni-
cal Support of Agent BZ Disposal Process. 22 August - 30 September
1978. UNCLASSIFIED Report.

49



11. Hubaux, A., and Vos, G. Decision and Detection Limits
for Linear Calibration Curves. Anal. Chem. 42 (8), 842 (1970).

12, Battelle Columbus Laboratories. Monthly Report, Contract
DAAK11-78-C-0096. Monthly Progress Report on Engineering and Technical
Support of Agent BZ Disposal Process. 1-31 October 1978, UNCLASSIFIED
Report. '

13. Deiner, A., Kipp, R., and Herd, R. E. Chemical Research
and Development Laboratories Technical Memorandum CRDL 33-38. Field
Sampling and Analysis of EA2277, August 1961. UNCLASSIFIED Report.

14, Richardson, G. A. Final Report, Contract DAIB-035-AMC-
136(A). Physiocochemical Property-Structure Relationship of Glycolic
Esters. HNovember 1966. UNCLASSIFIED Report.

KN Sass, S., and Davis, R. M. Chemical Research and Develop-
ment Laboratories Report CRDLR 3232. Basic Esters of Glycolic Acids.
I%¥. Thermogravimetric and Other Thermal Studies on Some Glycolates.
December 1964. UNCLASSIFIED Report.



DISTRIBUTION LIST 3

Hamas Coples Names Coples

CHEMICAL RESEARCH AND DEVELOPMEMT CEMTER

ATTHM JRSMC-CLE ([A)
BTTH DRSMC=CLB=C (A)
ATTN: DRSMC-CLB-PO (A)
ATTM: DRSMC-CLB=-R (A)
ATTHN: DRSMC-CLB-R{A) (A}
ATTM: DRSMC-CLB-R(S) (A}
ATTH: DRSMC=CLB=T (A)
ATTN: DRSMC-CLB=TE (A)
ATTHM: DRESMC=CLF (A}
ATTN: DRSMC=CLJ=R (A)
ATTH: ORSMC=CLJ=L (Al
ATTH: DRSMC-CLJ=M (A)
ATTN: DRSMC-CLJ-P (A}
ATTN: ODRSMC-CLN (A)
ATTH: DRSMC=CLN=D (A)
ATTHN: DRSMC-CLM-TE {A)
ATTN: DRSMC-CLT (A}
ATTHN: DRSMC=-CLW=C (A}
ATTH: DESMC=CLY=A {A)
ATTN: DRSMC-CLR-1 (A}
ATTN: ORSMC-CLY-R (A}

COPIES FOR AUTHOR(S)
ODRSMC=CLN=D (A}
RECORD COPY: DRSMC=-CLN=A (A}

DEPARTMENT OF DEFEMNSE

Jafense Taechnlcal Infermatlon Center

ATTH: DTIC-DDA-2
Cameron Statlon, Bullding 5
Alexandrla, YA 22314

Olrecteor

Cefanse Intelllgence Agency
ATTH: DBE-4G)
Washlngton, DG 20301
Commander

USASED, USAINSCOM
ATTN: |AFM=SED-1| 11
Fart Meade, MD 20755

51

DEPARTMENT OF THE ARMY

HODA
ATTHN: DAMO-NCC
WASH DC 20310

Federal Emergency Management Agency
Offlce of Research/NPP

ATTN: David W. Bensen

Washlngton, OC 20472

HQDA

Offlce of the Deputy Chlef of Statf for

Research, Development & Acqulsi+tlion

ATTH: DAMA=-CSS=C
WashIngton, DC 20310

HQ SIxth US Army
ATTHN: AFKC-0P-NBC
Presidlo of San Franclsce, CA 941729

Commander

USASTCFED

ATTN: MAJ MI keworth
APQ 5San Franclsco 96328

Commander

USA Muclear & Chemlical Agency
ATTH: HMHONA=WE

1500 BackiTek Rd, Bldg 2073
Springfleld, YA 22150

Army Research Offtlce
ATTM: DRXRO=-CB (Dr. R. Ghlrardelil)
P.0., Box 12211

Rasearch Trlangle Park, NC 27709



*

OFFICE OF THE SURGEOH GEHERAL

Commander

UsA Medlcal Research Instltute of
Chemlcal Daefanse

ATTH: SGRD-UY¥-L

Aberdean Proving Ground, MD 21010

Commandear

US Army Envlronmental Hyglene Agency
ATTH: HSHB-O (B. Donovan)

Aberdeen Prowvlng Ground, MD 21010

US ARMY MATERIEL DEVELOPMENT AND
READ INESS COMMAND

Commander

HQ, DARCOM

ATTH: DRCED (BG Roblnsan)
5001 Elsanhower Ave
Alaxandrla, YA 22333

Commafidar

USA Materlel Davelapment and
Readlness Command

ATTH: DRCSF-P

5001 £lsenhowar Ave

Alexandrla, VA 22333

Projact Manager Emnﬁafﬁbscurunfs
ATTHN: DRCPM-SMK=%
Aberdeen Provling Ground, MD 21005

Commander

USA Toxlc & Hazardous Materlals Agency
ATTM: DRXTH=ES

ATTN: DRXTH-TE

Abardeen Proving Ground, MD 21010

Commander

USA Forelgn Sclence & Technology Center
ATTH: DRXST=-MT3

220 Sevanth 3t., HNE

Charlottesvliile, YA Z2901

22

Dlrector

usl Materlel Systems Analysls ARctlvity
ATTH: DRXESY=-MP

ATTH: DRXSY=CR (Mr, Matz)

Aberdeen Provlng Ground, MD 21005

Commander

U5A Mlsslle Command

Redstone Sclent!lfle Informatlon Cantar
ATTM: DRSMI=-RPR (Documents)

Redstone Arsenal, AL 35898

Clrector

DARCOM Fleld Safety Activity
ATTH: DRXOS-C

Charlestown, IN 47111

Commandar

USA Matlck Research and Development
Laboraterles

ATTN: DRONA=O

ATTN: DRODNA-IC

ATTN: DRDNA=IM

ATTN: DRONA=|TF (Dr, Roy W. Roth)

Natlick, MA 01760

US ARMY ARMAMENT, MUNITIONS AND
CHEMICAL COMMAKND

Commandear

USA Armament, Munltiens and Chemlcal Command

ATTN: DRSMC-ASMN (R)
ATTH: DRESMC=-IRW (R)
ATTN: DRSMC=LEP=L (R}
ATTHM: DRSMC=-5F (R}
Rock Isilamd, IL 61299

Commander

USA AMCCOM

ATTM: SMCTE

Aberdeen Provling Ground, MD 21010

Commandear

USA Dugway Proving Ground

ATTN: Technlcal Library (Docu Sect)
Dugway, UT B4022

i

1
1
i



US ARMY ARMAMENT RESEARCH AND
DEVELOPMENT CENTER

Commandar
USA Armament Research and
Development Center

ATTN: DRSMC-LCA-L (D)

ATTN: DRSMC-LCE-C (D)

ATTN: DRSMC-LCU=-CE (D)

ATTM: DRSMC-SCA-C (D)

ATTN: DRSMC-SCM (D)

ATTN: ODRSMC-SCP (D)

ATTN: DRSMG-5C5 (D)

ATTH: DRSMC=TOC (D) (Dr. D. Gyorog)
ATTN: DRSMC=TSS (D)

ATTN: DRCPM=CAWS-AM (D)

Dover, NJ 07801

USA Armament Resaearch and

Deve lopment Center
Fesldent Operatlions Offlce
ATTN: DRSMC=TSE=-0A (Robert Thresher)
Natlonal Space Technology Laboratories
HWETL Statlen, M5 39529

Commandear

ARRADCOM

ATTH: DRSMC-QAC-E

Aberdeen Provlng Ground, MD 21010
Dlrector

USA Balllstlc Research Laboratory
ARRADCOM
ATTMH: DRSMC-TS5B-S

Aberdeen Provlng Ground, MD 21005

Commandar

USA Technlcal
U5 MNaval EOD Technolegy Center

Indlan Head, MD 20640

Datachmant

US ARMY TRAINING & DOCTRINE COMMAND

Commandant

USA Infantry School

ATTM: CTDD, CSD, HBC Branch
Fort Bennlng, GA 31905

— P o ol = ek E el b e

53

Commandant

USA Misslle & Munltlans Center
and School

ATTH: ATSK=CM

ATTH: ATSK-TME

Redstone Arsenal, AL 35898

Commander

USA Leglstles Canter

ATTH: ATCL=-MG

ATTN: DL3IE

Fort Lee, VA 23801

Commandant

USA Chamlcal

ATTN:

School
ATIN=CM=-C

ATTHN: ATIN=CM=-AFL
ATTH: ATIN=-CM=-TPC

Fort McClellan, AL 36205

Commander

USA Infantry Canter
ATTHN: ATSH=-CO=M3=C
Fort Bennlng, GA 31905

Commander

USA Infantry Canter

Directorate of Plans & Tralnlng
ATTH: ATZIB=DPT-FO=-MBC

Fort Bennling, GA 31905

Commandar

USA Tralnlng and Doctrline Command
ATTN: ATCD-N
Fort Monroe, YA 23651
Commander

USA Armor Ceanter
ATTN: ATZX=PPT=-PO-C
Fort Knox, EKEY 40121

Commander

USA ComblTned Arms Center and -
Fort Leavenworth

ATTH: ATZL-CAM=|M

Fort Leavenworth, K3 66027



<k

-

5

US ARMY TEST & EVALUATION COMMAND

Commandar

USA Test & Evaluation Command

ATTH: DRSTE-CM=F ' 1
ATTM: DRSTE=CT=T i

Abardeen Pravlng Grouﬁd, MO 21005

DEPARTMENT OF THE MNAVY

Froject Manager

Theatre Muclear Wartare Project Offlce
ATTN: PM-23 (Dr.
ATTH:
Mavy Departmant
Washlingten, DU 20360

Chlef of Maval Research

ATTH:

800 N, Qulnecy S5Street

Arilngton, VA 22217
-

Commander

Maval Exploslve Ordnance Dlsposal
Technology Centar

ATTM: AC=3 1

Indian Head, MD 20640

Officer-In-Charge

Marine Corps Datachmant 1

Naval Explesive Ordnance Dlsposal
Technology Centar

Indfan Head, MD 20640

Commander
Haval Surface Weapons Center

Code G551 1
Dahlgren, VA 22448

Chief, Bureau of Madlclne & Surgery
Department of the Nawvy

ATTH: MED 3C3532 1

Washington, DC 20372

Commander
WNawa |
ATTHM:

Alr Davelopmant Centar
Code 2012 (Dr. Robart Helmbold)
18974

Warmlnstar, PA

Patten) 1
TH-0%C 1

Code 441 1

54

#

US MARINE CORPS

Commanding General

Marine Corps Devalopment and
Educatlon Command

ATTN: Flre Power DIvislion, D091

Quantlee, VA 22134

DEPARTMENT OF THE AIR FORCE

Department of the Alr Force

Headgquarters Forelgn Technology Divislon

ATTN: TQTR

Wrilght=-Patterson AFB, OH 45433
ASD/AESD

Wrlght-Patterson AFB, OH 45433
AFAMRL /HE

ATTN: Dr. Clyde Reploggle

Wright-Fatterson AFB, OH 435433
AFAMRL/STS

ATTH: COL Johnson
Wrlght-Patterson AFBE, OH 45433

AFWAL/FIEEC (Wendal! Banks)

Wright-Patterson AFB, OH 45433
HQ AF5C/5DZ

ATTN: CPT D, Rledlger

Andrews AFB, MD 20334

HQ, AFSC/S5GE

Andrews AFB, DC 20334

HO, HNORAD

ATTH: J=3TU

Peterson AF2, CO 80914

USAF TAWC/THL -
Eglln AFB, FL 32542

AFATL/DLY

Eqiln AFB, FL 32542



USAF 3C

ATTN: AD/YO

ATTH: ADSYQO (MAJ Owens)
Eglin AFB, FL 32542

ABIKHG_ .
Egliin AFB, FL 32542

CUTSIDE AGENCIES

Battelle, Columbus Laboratorles
ATTN: TACTEC

505 Klng Avanuse

Columbus, OH 43201

Toxlcology Informatlon Center,
NatTonal Reseaarch Councll

2101 Constltutleon Ave,, HW
WashIngton, DC 20418

US Publlc Health Service
Centar for Dlsease Control
ATTH: Lewls Webb, Jr.
Bullidlng 4, Room 232
Atianta, GA 30333

—h

]

=

Director

Central Intelligence Agency
ATTH: AMR/ORD/DD/SAT
washlington, DC 20505

ADDITIOMAL ADDRESSEES

Caommandant

Academy of Health Sclences, US Army
ATTN: HS5HA=-COH

ATTH: HSHA-IPM

Fort Sam Houston, TX T7BZ234



