AD-A149 163 CHEHICRL CHﬂRRCTERIZRTION QF DINETHVLSULFDXIDE (DHSO) 11
MUNITIONS RECRYSTAL.. (U) ARNY MEDICAL BIOENGINEERING
RESEARCH AND DEVELGPMENT LAB FORT. OHS ET RL

UNCLASSIFIED OCT 84 USAMBRDL-TR-8487 NL

nueo
omic




— —— - e W T W, e um e .
[P il odMC O Wl AT P " o ~ SR SPEE My SIS ~ e Wil R S Sl = i S PR oo i N RSP " e
N

.0 & k= 2
== sk 22
———— t ™ Fy

i - R
E——— 1.8

———1

2 s nes

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




h“‘* - b Tl Thadl et M WY g - ' i nbec Captih il ot i o s gl el det - S d st il nadt el et A b "l “Bile S it " A
- - 2 - i

REPRODUCED AT GOVERNMENT EXPENSE

- - - [P GRS e re——e

AD

[KCHNICAL REPORT-8407

CHEMICAL CHARACTERIZATION OF DIMETHYLSULFOXINE (DMSO) MUNITCONS
RECRYSTALLIZATION PROCESS SAMPLES

AD-A149 103

ELTZABETH P. BURROWS
ERNST E. BRUEGGEMANN

T T Y Y

.

i..-"t [

U S ARMY MEDICAL BIOENGINEERING RESEARCH & DEVELOPMENT LABORATORY

4 Fort Detrick
b .
y . Frederick, Maryland 21701
DTIC
b~ TE
OCTOBLER {384 ELEC .
JAN1 5 1985 T
g ~ E 7
= R
i Approved Ffor public release; .
_—_—‘, distribution unlintted. -
L -
. S )
—— v .
| .
i~
U.S. ARMY MEDICAL RESEARCH and DEVELOPMENT COMMAND . " :
FORT DETRICK
FREDERICK, MARYLAND 21701 8 l 03
.. _ )
- TS T L e e e e e LAV OIS




t'_'v“\‘ > ol S vaglh Salh A & Sl S A A4 o d A 0 BT she R il et ath el L ET RS P~ it C i areL i A" I [ At e it M S D
N REPRODUCED AT GOVERNMENT EXPENSE
(- R L D Pt b bttt <ot tbid pllls B AT . Wi N SRl RIS :s;_-_«-,rww LR
Lo - T ’
p
o
oY
NOTICE
28 .
- Disclaimer
.. The findings in thls report are not to be construed as an official
o Department of the Army position unless so designated by other anthorized
documents.

Disgggjtion
Destroy thls report when it is no longer aneeded. ™» not ceturn it to the
originator.
i -:L. s RN L Al L TN PSS GTR o

T RO




SRR RS SRR Y S

PRt Ah A e 4 D ATl U i SRS At adl Sl Mt il Uil Radh B a0 A bR 4 b OB A B IR L A U

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
REPORT DOCUMENTATION PAGE pEr CAD INSTRUCTIONS
[T REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
TECHNICAL REPORT 8407
A, TITLE (end Subtitle) 5. TYPE OF REPORY & PERIOD COVERED
CHEMICAL CHARACTERIZATION OF DIMETHYLSULFOXIDE Technical Report
(DMSO) MUNITIONS RECRYSTALLIZATION PROCESS June 1983-June 1984
SAMPLES 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACY OR GRANY NUMBER(s)

ELIZABETH P. BURROWS
ERNST E. BRUEGGEMANN

9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

US Army Medical Bioengineering Research and .
Development Laboratory, ATTN: SGRD-UBG 3 i 8127774878 CA
Fort Detrick, Frederick, MD 21701-5010

11. CONTROLLING QFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Medical Research and Development Command October 1984
ATTN: SGRD-~RMS 13. NUMBER OF PAGES

L Fort petrick, Frederick, MD 21701-5012 13

. MONITORING AGENCY NAME & ADDRESS(/f different from Controliing Office) 1S. SECURITY CL ASS. (of thie report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. OISTRIBUTION STATEMENT (of the sbatract entered in Block 20, If different from Report)

18. SUPPLEMENTARY NOTES

,
> Lo dv ~
19. KEY WORDS ¢(Continue on reverse side if necessary and identity by block number)

‘Benzothiazole) ~»Gas chromatography/mass spectrometry
Butylated hydroxytoluene, Health effects; —

Diacetone alcohol, ___. g h pressure liquid chromatography
Dimethylsulfoxide Munitions compounds y &, o

Mtramines, A
20. ABSTRACT (Tontiaue en reverse side if neceesery and identify by block number)

. T ) As part of a program to assess possible adverse health effects to workers
in a new nitramine munitions recrystallization process utilizing dimethyl-
ulfoxide, pilot plant samples were analyzed qualitatively for trace organics

by gas chromatography/mass spectrometry and quantitatively for nitramines b

high pressure liquid chromatography. None of the variety of trace organicéﬁ

found was related to munitions manufacture or to breakdown of nitramines, and,

except for the presence of diacetone alcohol, there was little overall con-

sistency in trace organic content of the samples, / Fiijvols -5 3yotied Koz v
C a 7

ronm
DD s £01TION OF ! OV 63 1S OBSOLETE

Y T ——

UNCLASSIFIED _
SECUMTY CLASSIFICATION OF TMIS PAGE (Wiren Dete Entered)

s “e : . Pt . " A AN BEERSCIE YO T - ST, e o PN L. . .

.
PN LN S P S - e e . e (S NP P Y P a A e

e e e -
v e

4 O
G shele -
PRV LT




T evYN T, T T DO A A A AL et AL Cad MR Cal - Cagiir Pl Y L TR T VI A T TN TR TR g T e e my Ny e e

ACKNOWLEDGMENT

We thank MAJ David L. Parmer for providing information on the origin of
the samples.

| R RS IR I

—. / M
Accession For oy

)

LITTET ; .
NTIS GRA&I X .
DTIC TAB g \\—’-/ 5

Unannounced 0 ; .
Justification . | I

i}
a

By. ‘
Distribut _1_93:1/ :

Availal_:}rlityi (}odos
Avail and/or
Dist Special

-/ - a

BPTREDETy G T A

‘-‘ H:"

.
9

:

>

.

.

e T e T e S e " T AT L9 SIS - A TN T N T TN T
et s N '-‘l. '.kO LA "{‘_i !.-L L‘.LLV;A.‘-'A.‘ FO. TNV S P V'Y L" Pt e A_AL---L-L.h"L1\~L_.L.1fL&&. et et tatl




TR R T NN S A i A B A I i it - B Bt ke Sua e S B AR B S )




T T TN T T TN T T W TR TR Y TR R Ciulii o St A gt SNC SN SM Ut OA P A "l_'_-'n""i"-"_‘("l'_'i_‘r'I‘l_—-_v-_'\"‘-¥
.

.

L=

-4
{1
4
Y

TABLE OF CONTENTS

ol

Lt

ACKNOWLEDGMENTQ.noooc.ccaoo.-.oo-c-ooo-noo.ocooou-oul0-oo'oooooooooooonooooool

INTRODUCTION.-..‘looo-o.nocolouooooonnootococotoooocolocno-.o.nac-!...no-oc-cs

A'A-L'IAJ;J_! A

EQUIPMENT AND METHODS...o'.;.o.ooooo.o'-tooool.oo‘0000oucnuu.coonnonluooooooos

e

PP U LY

High Pressure Liquid Chromatographic (HPLC) AnalyseS..eeceevecscocecoccsed
Gas Chromatographic/Mass Spectrometric (GC/MS) AnaAlySeS..ceessereccccocssh
Preparatio[l of Samples.‘,.'.....l..........I.....‘..I.l...lll..l'..0..‘..6

RESULTS AND DISCUSSIONQ.OQ.oooon.oncuoooo.o.nnaoooool.co--.oo..couo-0000000006

CONCLUSIONOoucoo-ootoooccooc.o.ooo-ooo.oo-olaoaooo.ooo--utoooo.ooonnooooo‘oolo

REFERENCES.........vcoouoooooo-nao---ooo-.oo.occoounuooocccooooo.ono.oao.nooll

D[STRIBUTION L[ST....Q.l.'C....l.'Q..Ol'l..0ll....Ol...'..'........‘l.ll.’0‘12

L\"

TABLES

1. HPLC Analyses of Munitions from DMSO Recrystallization Process Samples...7 b

2. GC/MS Identification of Trace Organics Preseat in DMSO Recrystallization
Process Samples...............-.................-.......--.-...-......---8

R
P S U

3. HPLC Analyses of Munitions in New DMSO Recrystallizatlon Process Samples,

Apfil 1984..-.....ll...ll...i..‘l....'.....l.....ll......l..l....lllt‘.'bq

e

4., Trace Organic Content of River Water and DMSO Recrystallization Process NS
Samples, April 1984.......'.'...l.....QI‘.......'........I.........'."..q

]




. - L I
e . BOURERI P "
. . s BRI R
TSI SANIPLIPEI SIS PRI PRl % 4 Y

-
h

oty e
e I N




FL/MP - i) oot e et Atih o dedl - A Bt Mgt PR i R T T e T, T

INTRODUCTLON

A pilot plant for the operation of a new munitions recrystallization
process was set up at Holston Army Ammunition Plant (HSAAP) in 1979 and was
operated for approximately 5 months., The new process iavolves recovery and
recycling of dimethylsulfoxide (DMSO), in contrast to an older batch process
utilizing acetone and cyclohexanone as recrystallization solvents. Though
more efficient and cost effective, the DMSO process provoked concern over
possible health hazards to workers due to the known rapid ahsorption of the
solvent (along with any nitramine munition compounds, breakdowm products or
other trace organics in the solvent) into bhody tissues. Chemical characteri-
zation of the new process samples at HSAAP was Llimited to analyses of the
nitramines hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), octahydro-1,3,5,7-
tetranitro~1,3,5,7-tetrazocine (HMX), l-acetylhexahydro-3,5~dinfitro-1,3,5-
triazine (TAX), and l-acetyloctahydro-3,5,7-trinitro-1,3,5,7-tetrazocine (SEX)
by high pressure liquid chromatography (HPLC).! The samples were tested for
acute toxicity and mutagenicity by extramural laboratories and, when two of
the process samples showed mutageniclity, US Army Medical Bloengineering
Research & Development laboratory (USAMBRDL) was tasked with chemical
characterization and identification of any trace organics present in addition
to the nitramines. Portions of the two samples, desigznated as evaporator
sludge and recycle solvent, and a sample of unused DMSO were first received in
June 1983, and the results of the analyses were described briefly 1n a
Memorandum Report.? Additional portions of evaporator sludge and recycle
solvent were received and analyzed in January 1984, An evaporator sludge
sanple which had aot yet been tested for mutagenicity and a sanple designated
as vecovered DMSO, as well as two river water samples, were received and
analyzed in April 1984, The results are compared and contrasted with those of
four samples from the older acetone/cyclohexanone process which were analyzed
in June 1984,

FOUIPMENT AND MFTHODS

HIGH PRESSURE i.IQI'IN CHROMATOGRAPHIC (HPLC) ANALYSES

A Waters liquid chromatographic system (Waters Associates, Milford, MA)
consisted of the following components: two Model ANO0A solvent delivery
systems, a todel 721 programmable systems conteroller, a Model 730 data module,
a Lambda-max Model 480 LC spectrophotometer, and a Model 710B Waters intelli-
gent sample processor (W1SP). A Zorbax Cg reverse phase stainless steel
column (25 em x 4.6 mm ID, particle size 6 um, DuPont Instruments, Wilmington,
DE) was used. The nitramines were eluted using a linear gradient program in
which pump A contained 1:4 methanol/water and pump B contalned 4:1 methanol/
water, and the methanol/water composition was changed from 95:5 A/B to 50:50
A/B in 25 min at a flow rate of 1.2 mL/min. The effluent was monitored at 254
nm, N.05 ahsorbance units full scale (AUFS). Standard solutions were prepared
as described previously.?
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GAS CHROMATOGRAPHIC/MASS SPECTROMETRIC (GS/MS) AMALYSES

GC/MS analyses were performed with a Hewlett Packard S985B system equipped
with a 25 m x 0,2 mm ID fused silica capillary column (cross-linked Ov-1, N,11
um thick) interfaced directly to the source (source temperature 200°C),
Injection temperature was 150° or 250°C, and the GC oven was programmed from
60° to 250° at 20°C per minute with an initial hold of 1 minute. The data
system was upgraded to RTE-VI and included a data base of 70,000 spectra.

PREPARATION OF SAMPLES

For HPLC analyses, 1 mlL of liquid was made up to 100 mlL in distilled
deionized water; further dilutions were made when necessary. A 4 al portion
of each solution was passed through a 0.45 ym Mi{lex-SR filter into a WISP
sanple vial. Weighed amounts of solid samples were dissolved in acetonitrile

(5 mL) and made up to 100 ml in distilled deionized water and treated as
above.,

For GC/MS analyses, liquid samples contalaing DHMSO and munitinns compounds
(5 ml) were diluted with water (10-50 mL), filtered when necessary to remove
any precipitated munitions compounds, and extracted with methylene chloride
(CHyCly, 5-10 mL). The CH,Cl, extracts were washed with three 25 to 50 mlL
portlons of water, dried, and evaporated, and the residues were dissolved 1in
acetone for injection. The DMSO pilot plant water samples and the RDX and HMYX
system filtrates from the earlier acetone/cyclohexanone cecrystallization
process (100-200 mlL) were extracted with CHyCl, and the extracts were dried
and treated as above. The used acetone sample was partially evaporated and
the resulting aqueous suspension was extracted with CH2CL, and treated as
above. A small portion (0.2 mL) of the used cyclohexanone was taken to
dryness under N, and redissolved in acetone for analysis.

RESULTS AND DISCUSSION

Chemical characterization of evaporator sludge and recycle solvent samples
included qualitative analysls for trace organics by GC/MS and quantitative
analysis for nitramine munitions by HPLC.? Results of sample analyses in June
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TABLE 1. HPLC ANALYSES OF MUNITIONS FROM DMSO
RECRYSTALLIZATION PROCESS SAMPLES

oo
v
YR TR ]
t‘l_‘ A

Evaporator Sludge Recycle Solvent Recycle Solvent
Retentinn Jan 1984 Jun 1983 Jan 1984
Compound  Time (min) Amt (ppm)? Amt (ppm) Amt (ppm)
SEX 7.3 64 150 412
HMX 9.1 1,750 3,500 41,900
TAX 11.2 2,400 580 648
RDX 15.7 403 5,500 39,900

a. Relative amounts in June 1983 sample were TAX > RDX > HMX >> SEX.

The observed discrepancles in nitramine content between the two sets of
analyses (Table 1) may be attributed to inconsistent sampling or sampling
errors, due to inhomogeniety of the mixtures and/or temperature differences at
the time of sampling.

No impurities were found in the unused DMSO, Of the trace organics found
in the recrystallization process samples {Table 2), all except DDRH and ‘rans-
4-chlorocyclohexanol were commercially availahle compounds. Diacetone alcohol
is formed by aldol condernsation of acetone, and dimethylsulfone is an nbvious
oxidation product of DMSO. The genesis of "DBH, found in three of four
sanples, is obscure. A literature survey revealed few citations: the com=-
pound was first reported as the end product of a synthesis requiring six steps
from commercially avatilable chemicals,* but was recently found as one of nany

trace organics ia highly polluted rivers in Japan® and ia volatile constitu-
ents of certaln fungi.®

This finding of a variety of trace organics unrelated to the munitions
manufacture process or to possihle decomposition or transformation of the
nitramines prompted an investigation of the organic constlituents of samples of
water from the Holston River, which had been used in the pilot plaant proc-
ess. In addition, another sample of evaporator sludge which had not yet bheen
tested for mutagenicity ard a sample designated as "recovered DMSO" were
analyzed for trace organics and munitions compounds; the results are sum-
marized in Tables 3 and 4.
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t. TABLE 2. GC/MS [DENTIFICATION OF TRACE ORGANICS PRESENT IN DMSO

b RECRYSTALLIZATION PROCESS SAMPLES?

1
Retention Fvaporator Recycle
Time (min) Compound Sludge Solvent

June 1983

2.4 Diacetone alcohol + -b

Dimethylsulfone - +
4.9 Benzothiazole + +
6.7 1,5-Di-t-butyl-3,3-dimethyl- - i

bicydTb(B.l.O)hexan-Z-one ( DDBH)

A IARCODOE - BTSN
o
:
3

L January 1984

g 22700

. 2.5 NDiacetone alcohol + +
2.6 1,4-Dithiane + -
3.4 trans-4-Chlorocyclohexanol F +
4.9 Benzothiazole + +
A.8 1,5-Di-t-butyl-3,3-dimethyl-~ + +

bicycld?b.l.O)hexan—Z-one ( DDRH)

7.0 2,6=Di-t-butyl-4-methylphenol (BHT) + +

a. +, present; -, not detected,
h. Not detected because of DMSO interference, but believed to be present,
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TABLE 3. HPLC ANALYSES OF MUNITIONS 1IN
NEW DMSO RECRYSTALILIZATION
PROCESS SAMPLES, APRTL 1984

Retention Evaporator SLudgea
Compound Time (min) Amt (ppm)
SEX 7.6 66
HIX 10.2 1,940
TAX 12.5 2,540
RDX 13.5 410

a. Munltions ia "recovered DMSO" were below
detection Llimit (<N.3 ppn).

TABLFE 4. TRACE ORGANIC CONTENT NF RIVER WATHR AND DMSO
RECRYSTALLIZATION PROCESS SAMPLES, APRIL 19842

Retention
Sanple Time (min) Compnund
River water, single 2.5 NDiacetone alcohol
6.4 p-Hydroxyacetanilide
7.6 Unidentified, MW 2173’
River water, 2. Diacetone al:zohol

compositeC

5
hb p-lHydroxyacetanilide
7.3 Diphenyvloxaznle
7.6 midentified, MW 213P

Evaporator sludge 10.9 Acetyl tri-n-butyl citrate

Recovered D!SO

(Citroflex A, citrate plasticizer)

2.5 Diacetone alcohol

7.0 2,6~di-t-Butyl-4-methylphenol (BHT)
7.7 3,4’ -Dimethyldiphenylmethane

8.9 N-Butylhenzenesul fonamide

12.1 Octadecanamide

a. 1In additfon to phthalates.

h. Mass spectrum below m/z 135 identical to that of p-methoxystyrene,

c¢. Composite consisted of 4 aiiquots taken at 6 hr fntervals,

d. Mass spectrum indicated 4,5-isomer vather than the commercially
available 2,5-1isomer.
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Comparison of the results for the April 1984 evaporator sludge with those
of the January 1984 sample (Tables 1 and 2) showed pood consistency for the
nitramines, but the trace organic content of the two samples was quite dif-
ferent. Furthermore, except for the consistent presence of diacetone alcohol
(found in six of eight samples), the trace organic content in the river water
samples was different from the process sludge and solvent samples., Signifi-
cantly, benzothiazole, a suspect mutagen present 1In the four samples of sludge
and solvent analyzed in June 1983 and January 1984, was not found in any of
the samples analyzed later. The difference in organic content between
"recycle solvent" DISO and "recovered" DMSO may he attributahle to the fact
that the samples were taken at different stages of the process. The former
was a conposite taken from a storage tank and decanted from precipitated
munitions; the latter was taken after separation of process DMSO from muni-
tions and water.

Trace organic content of the four samples from the acetone/cyclohexanone
process was low. Diacatone alcohol was found in the RDX filtrate and the used
acetone samples, but not in the HMX filtrate, It was not possihle to detect
trace organics in the presence of the enormous quantity of cyclohexanone, and
its relative insolubility in water precluded conceantration of possihla trace
organics by liquid/liquid extraction procedures. MNo trace organics were
identified in the residue after evaporation of the cyclohexanone to dryness,
but volatile compounds such as diacetone alcohol would also have been removed
by the evaporation.

CONCLIISLON

It must be emphasized that none of the trace organics identified can be
Aattributed either to the munitions manufacture process or to bhreakdown or
transformation of the munitions compounds. Only dimethylsulfone clearly
originated from reaction of the solvent, DMSO. Diacetone alcochol could have
been a solvent-derived product in the acetone/cyclohexanone recrystallization
process, but not in the DMSO process, The wide variety and lack of con-
sistency (except for the presence of diacetone alcohol) of trace organics
found in the latter process samples suggest river water used in the process as
the source. While trace organic contents of the single and 24 hr composite
river water samples taken in 1984 were similar, and different from that of any
of the 1979 pilot plant samples (again, except for the presence of diacetone
alcohol), variation of the nature of organic pollutants In the river over
extended time perinds 1is not unexpected, The observed variation in organie
content of the evaporator sludge samples (Tables 2 and 4), however, is not
readily explained.
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