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OPERATION SAFE REMOVAL: SPRING VALLEY, WASHINGTON, D.C. 
ANALYTICAL RESULTS: JANUARY - FEBRUARY 1993 

1. INTRODUCTION 

On 5 January 1993, laboratory debris and munitions from 
World War I chemical warfare (CW) agent studies at American 
University were discovered in the Spring Valley development in 
Washington, D.C. U.S. Army experts in munitions, environmental 
hazards, and CW agent removal and transportation accepted 
responsibility for the identification and removal of any 
hazardous materials. The U.S. Army Edgewood Research, 
Development and Engineering Center {ERDEC) effort in support of 
Operation Safe Removal included: (1} selection of suspect 
samples/items from the area by the Technical Escort Unit (TEU); 
{2} packaging of the samples in sealed, stainless steel shipping 
containers (i.e., "pigs"),* (3) transportation of the samples to 
ERDEC for chemical analysis; and, (4) chemical characterization 
of each sample/item. 

The samples consisted of a variety of materials 
including soil; various solids; crystals; fibers; charcoal; 
liquids; laboratory glassware and equipment; household items; 
munition fills, components, and residues; and metal pellets. All 
samples underwent a screening protocol. Granular and fibrous 
materials were first analyzed by thermal desorption/mass spec¬ 
troscopy and direct exposure probe/mass spectrometry. All 
samples were subjected to solvent extraction/leaching. The 
recovered solvents were analyzed by nuclear magnetic resonance 
(NMR) spectroscopy, direct exposure probe/mass spectrometry 
(DEP/CI), gas chromatography/mass spectrometry (GC/MS), high 
performance liquid chromatography/ion chromatography (HPLC/IC), 
and infrared (IR) spectrometry. Elemental analyses were 
performed using inductively coupled plasma (ICP) emission 
spectrophotometry and atomic absorption (AA) spectrometry on 
selected samples, as appropriate. 

This report summarizes the analytical results obtained 
on the samples submitted from the Spring Valley site. The report 
identifies the various samples delivered to ERDEC (Bldg E3300) 
for analysis and describes the analytical methodology used to 
identify and confirm the chemicals contained in each sample. 
Spectra for each sample in which chemicals were identified are 
included in the appendices. 

During the course of these analyses, informal interim 
reports on the results were dispatched by E-mail to personnel 
involved in Operation Safe Removal. The final E-mail report 
summarizing the analytical results for all of the samples 
received through February 1993 is included as Appendix A. 
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2. EXPERIMENTAL PROCEDURES 

Sample Preparation 2.1 

Each sample was prepared for analysis according to a 
set protocol depending on the type of sample, i.e., broken glass, 
pieces of hardware, soils, powders, rocks, rubber stoppers, 
liquids, etc. _"Neat" {without solvent) liquids (such as from the 
Livens projectiles), powders, etc. were analyzed as such and in 
certain cases extracted with solvent. Pieces of broken glass, 
ceramic pieces, glass and rubber stoppers, glass tubing, small 
metallic pieces (such as spray adapters, probes and lead balls) 
were leached first with deuterated chloroform, CDC13 (99.8 atom% 
D, MSD Isotopes, Montreal, CAN) and then with deuterated water, 
D20 (99.9 atom% D, MSD Isotopes, Montreal, CAN). Separate 
portions of soil samples, mixtures of granular substances and 
other powders or fillers were extracted with separate aliquots of 
the two deuterated solvents. 

Each of the sample/solvent combinations was initially 
homogenized using a vortex mixer for 30 sec and then sonicated, 
in ice, for 20 min. The extract (or leachate for bulky samples 
such as glassware) was then removed with a Pasteur pipette using 
a cotton plug as a filtering aid; other samples were centrifuged 
before solvent removal. Depending on the amount of solvent used 
and recovered, some samples were concentrated to smaller volumes 
by passing a stream of nitrogen over the liquid. The ex¬ 
tracts/leachates were then distributed for analysis. 

All sample weights (other than leachates of large bulky 
items), sample extraction volumes, recovery volumes, etc. were 
measured and are tabulated in Appendix B. 

2.2 Analytical Procedures 

2-2.1 Nuclear Magnetic Resonance Spectroscopy (NMR). 
Appendix C 

Approximately 1 mL of each sample to be analyzed was 
transferred to a new, clean 5-mm o.d. Pyrex NMR tube (No. 507-PP, 
Wilmad Glass Co., Inc., Buena, NJ), and the top of the tube was 
capped and then wrapped with Parafilm (American Can Company). 
The NMR spectra were obtained at probe temperature (22 ± 1 °C) 

a Varian VXR‘400S superconducting Fourier transform 
(FT) NMR spectrometer system or a Varian XL-200 superconducting 
FTNMR system (Varian Associates, Palo Alto, CA) . rH NMR spectra 
were obtained on each CDC13 and D20 extract and on the neat 
(without solvent) munition fills. 13C NMR spectra were obtained 
on some of the more concentrated extracts to aid in the 
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interpretation of unknown compounds. All two-dimensional spectra 
(COSY and HETCOR) were accumulated using the standard Varian 
software. 

’H: The 1H NMR spectra were obtained in double 
precision at either 400 MHz (VXR-4Q0S) or 200 MHz (XL-200) using 
a sweep width of 20 ppm, a pulse angle of 90°, an acquisition 
time of at least 3.0 sec, and a pulse delay of 1.0 sec. At least 

* 196 transients were accumulated for each spectrum so that 
compounds present as low as 20 /xg/mL (20 ppm) would be detected. 
Samples in CDC13 were referenced to internal tetramethylsilane 
(TMS, Õ0.0) using the CHCI3 resonance from the solvent (Õ7.26) as 

* a secondary reference. Samples in D20 were referenced to the HDO 
peak set at Ô4.80. All quantitative data were obtained by . 
digital integration of the peak areas of interest. 

13C: The 13C NMR spectra were obtained in double 
precision at 100 MHz (VXR-400S) using a sweep width of 20K Hz, a 
pulse width of 12 /xsec (90°), an acquisition time of 1.6 sec, a 
pulse delay of at least 2 sec, and full proton WALTZ decoupling. 
Spectra were run overnight or until the desired signal-to-noise 
ratio was achieved. The samples were referenced to internal TMS 
(<50.0) using the CDCI3 peak (Õ77.0) as a secondary reference. 
Quantitative data were obtained by digital integration of the 
peak areas of interest. 

All spectra were reviewed by two experienced NMR spec- 
troscopists. Spectra were interpreted manually and assignments 
confirmed by comparison with spectra of authentic samples from 
the in-house database. For those compounds not in the database, 
structure elucidation by NMR was complemented by spectroscopic 
data from GC/MS, HPLC/IC and/or IR analyses. 

2•2•2 Gas Chromatography/Mass Spectrometry (GC/MS) 

2-2.2.1 Chemical Ionization (Cl) Analyses. Appendix D 

Samples were analyzed as required by GC/MS and/or 
direct inlet direct exposure probe (DEP) mass spectrometry using 
methane chemical ionization. Samples were analyzed either neat 

. (without solvent) or as the CDCI3 extract. The following 
conditions were used: 

GC/MS/CI: Samples were analyzed with a Finnigan model 
5100 GC/MS (Finnigan MAT, San Jose, CA) equipped with a 15 m x 
0.25 mm DB-5 column with a 0.25 micron film thickness (J&W 
Scientific, Folsum, CA). The oven temperature was programmed 
from 60 to 270 °C at 10 °C/min with a 10 min hold at 270 °C. The 
injection port temperature was 200 °C and the GC/MS interface 
temperature was 230 °C. The Cl reagent gas was methane with a 
source pressure of 0.6 Torr. The mass range was scanned from 60- 
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ratirofa?nVCaSi?eC* Neat ^P1®3 were injected with a split 
° Î 20.1. Extracts were injected in the splitless mode 

accoidinaTnnihWaS daÍly WÍth Perfluor°tributylamine 
we?e mîîgnp?^2HLm2?UÍaC2Urer,? sPecifications. Solvent blanks 

run periodically. Retention times are reported in seconds. 

ramvir-oH j™1 So?;id samples and extracts were analyzed as 
nSbP Mnby S2Cing the saiî1Ple on a Finnigan direct exposure 
tSe oroèe'waf ^npHa?°rati:0n °f the S°lvent at roorn temperature, 
soect?,™ afr0^° to 1 ^p at 0.2 amp/sec and the mass 
Ím/zí^P ^nS^faU2der CIvcondltions. Mass to charge ratios 
(m/z) are reported for each compound identified. 

^ ‘^^^ Electron Impact (El) Analyses. Appendix E 

Packard =;nqr?==Schere ®nalyzfd.in the HI mode using a Hewlett- 
Mgn ?07n»8M° a Chromatograph interfaced with a Hewlett-Packard 

SfS sPectromster (Hewlett Packard Company, San 
X 7”f rackad ' ■ ,-ifa??r samsles were “llected in glass tubes (1/4" 
desorbed at ign 5- ■ w i .Tenax GR (60/a0 mesh) • The tubes were 
TekSïr » ? C with helium at a flow of 20 mL/min using a 
ciSdnn?M ^fOI”atac Thermal Desorber (Tekmar Corporation, 
-^^1î?naC1 ’ 0H' e9ulPpe<3 with a liquid nitrogen cryofocus The 
Chîim ?8 “eri cransferred at 200 °c into the HP 5890 Gas 
Chromatograph containing a 30 m DB-5 capillary column (0.25 mm 
Thi ^ film thickness) (Restek Corporation, Bellefonte, PA) 

to 250 "cTnd hiídío25. C-f0r ? fn and then ramP0d at 10 "C/min 250 c and held for 1 min. A head pressure of 12 psi and a 

of th^ HP°5970A°Maq?arec^ed the analytes into the source 

eerehrecoPrded0unSrSE?eJS^onse?eCtO1: ' The ^ 

HP 5890 ra?1™i™fiSleSu0£ 1 iL were in3ected directly into the 
The HD SSi • 9 a?h ln the splitless mode and analyzed by 
samples ° the Same conditi°hs as those for the vapor 

400 arn„ »rTJL/97°A “E? wa3 s?c at 70 eV- a scan tange of 30- 
(autotune voit?n?{SeCã The multiplier was set at 2400 V 
(autotune voltage) and an emission current of 0.3 mA. The 
instrument was tuned daily with perfluorobutvlamine "and hipnVa 
were run after each analysis. ÍJertxuoro0ut:y-Lamineí and blanks 

rpnnr-hoa Retentxon times (in seconds) and m/z values are 
reported for each compound identified. The fragmentation 
K Were refefe*ced to the Wiley Library i^o?pora?2d into 
the Chem Data Station and also to the Eight Peak Index of Maqc? 

Reading, 'ÎSf 4^“^ ^ Ga-re, IwRE, ^d^^sto0*. 
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2-2-2-3 IonTrap Detector (ITD) Analyses, Appendix F 

Samples were analyzed in the El mode using a Perkin 
Elmer 8500 Gas Chromatograph (Perkin Elmer Corporation, Norwalk, 
CT) equipped with a Finnigan-Mat ITD-40 Ion Trap Detector having 
a sensitivity of 100 ppb (split injection). The column was a 
Restek RT-5 (5% diphenyl/95% dimethyl polysiloxane) (Restek 
Corporation, Bellefonte, PA), 30 m x 0.25 mm (1.0 /xm film 
thickness) with a column flow of 1 mL/min of helium with a make¬ 
up of 0.7 mL/min. The flows were checked with a methanol 
injection at 60 °C. The baseline sensitivity was set to 7051 
based on FC-43, and the multiplier voltage and emission current 
were 1700 V and 80 /¿A, respectively. The injection port was 
heated to 280 °C while the transfer line and manifold were heated 
to 260 °C. The column program was 60 °C for 5 min then a 10 
°C/min ramp to 250 °C for 5 min. The split/splitless injection 
liner was run in the splitless mode with the split coming on at a 
range of 0.2-0.5 min with a split ratio between 10:1 and 100:1 
depending on concentration. A 1 fiL injection was performed on 
all samples. 

2.2.2.4 Gas Chromatoaraphv/Flame Ionization Detector (GC/FTD). 
Appendix F 

Selected samples were analyzed by the flame ionization 
detector (FID) using the Hewlett Packard 5880 Gas Chromatograph 
(Hewlett Packard Company, San Fernando, CA). One liquid 
samples were injected on-column and separated on a Restek RT-35 
column (35% diphenyl/65% polysiloxane, Restek Corporation, 
Bellefonte, PA) having a length of 30 m, an interior diameter of 
0.33 mm and a film thickness of 1.0 /xm. Column flow was 10 
mL/min of helium, and the hydrogen and air flows were 30 mL/min 
and 300 mL/min, respectively, for the flame. 

Samples were screened by the FID before being analyzed 
by the highly-sensitive Ion Trap. FID was used to estimate con¬ 
centrations and to obtain better peak separation. 

2.2.3 Fourier Transform Infrared Spectroscopy (FTIR). 
Appendix G ^ .^ 

Approximately 0.5 /xL of sample was placed on 5-10 mg of 
potassium bromide (spectroscopic grade, International Crystal 
Laboratories, Irvington, NJ). The mixture was ground in a 
crucible, and the solvent (CDC13) and water were pulled off under 
vacuum. The mixture was then placed in a press, and 10 tons of 
pressure were applied under vacuum for 5 min to form a clear, 
uniform, 13-mm diameter pellet. The pellet was placed in a 
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special 
compared 

holder that allowed the analysis results to be directly 
to results from liquid reference spectra. 

_ The IR spectra were recorded using a Nicolet 60SX 
Fourier transform infrared (FTIR) spectrometer {Nicolet Instru¬ 
ments, Madison, WT) having a resolution set to 1 wavenumber and 
calibrated using a standard sample of polystyrene. Identifica- 

specif andPr?nt™S?d °n library reference spectra and by interpretation m conjunction with the other 
spectroscopic techniques (NMR and MS). 

2•2•4 High Performance Liquid Chromatoaraphy/Ion 
Chromatography (HPLC/IQ, Appendix H 

2*2'4*1 Malysis of 2-Chlorovinvlarsonous Acid fCVAA) and 
Phenyldichloroarsine fPD^ 

Reverse phase liquid chromatographic (RPLC) analyses 

mr? Ca^f?.0Ut Using a Waters/Millipore Liquid Chromatograph 
(Waters/Millipore Corporation, Milford, MA) consisting of two 
Model 6000A pumps, a Model U6K injector, a Model 490 ultra¬ 
violet/visible (UV/VIS) detector, and a Model 840 data 

station. Analytical separations were 
performed under the following conditions: 

Sample Size: 
Column: 

Mobile Phase: 

Flow Rate: 
Detection: 

100 fiL 
Ultrosphere ODS, 5 /un, 25 cm x 4.6 mm I.D. 
(Beckman Instruments, San Ramon, CA) 
10% Acetonitrile/90% Deionized distilled 
water 
1.5 mL/min 
225 nm (0.05 AUFS) 

l^g/m^U^m)1ÍmÍt f°r ÍS 0*1 (10° ppb) and for PD 

2-2*4-2 7TalYsis„°£ Thiodiglycpl (TDG), Thiodialvcol SulfoxidP 
iycp , Thiodiglycol Sulfone (TDG02) , Arsenite Aninn 
lAsO? ) , and Arsenate Anion fAsr),~z) ~" 

ny ,nn _ Chromatography was performed using a Dionex Model 
DX-300 Ion Chromatograph (Dionex Corporation, Sunnyvale, CA) 

dionex Model pL^n ^ 3 variable. wavelength UV detector and 
3 1 e5 ampero^tnc detector operating with 
a working electrode. Samples were introduced by an air- 
activated valve injector with a 200 ¡xh sample loop. This system 

measS?edeuvefnd°nai DÍSneX MOdel 4^7° Recorder-Integrator that 
peak Irea Pulsed amperometnc detector response in terms of 
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Ion-exclusion separations of TDG, TDGO, TDG02, AsOz', 
and As04'2 were performed using the following chromatographic 
parameters : 

Column: Dionex HPICE-AS1 
Column Temperature: Ambient 
Eluent: 100 mM Perchloric acid 
Flow Rate: 1 mL/min 

The UV detection of TDG, TDGO, As02\ and As04'z was 
carried out at the 210 nm wavelength (0.05 AUFS). Pulsed 
amperometric detection of TDG02 was determined at an output range 
of 1000 nanoamps. The working electrode potentials used were 
Et = 0.30 V, E2 = 1.25 V, E3 = 0.10 V, where Et was the sampling 
voltage, and E2 and E3 were the cleaning and regenerating 
voltages, respectively. The duration of each potential was 60, 
60, and 240 msec for E1( E2, and E3. 

The detectable limit for each of the compounds is 1 
jug/mL {1 ppm) . 

2.2.4.3 Analysis of 2-Chlorovinvlarsonic Acid (CVAOA), Chloride 
(Cl')i- Nitrate (NO/). Sulfate (SO¿‘z) and Other Ions. 

Chromatography was performed using a Dionex Corporation 
Model DX-300 Ion Chromatograph equipped with both a variable 
wavelength UV and a 5 /xL flow-through conductivity detector in 
series. Samples were introduced by an air-activated valve 
injector with a 25 /xL sample loop. This system was connected to 
a Model 4270 Dionex Recorder-Integrator that measured conducti¬ 
vity detector response in terms of peak area. Ion exchange 
separations were performed under the following conditions: 

Column: Dionex HPIC-AS4A 
Eluent: 0.75 mM sodium bicarbonate/2.2 mM sodium 

carbonate buffer 
Flow Rate: 0.5 mL/min 

Conductivity detection was determined at a sensitivity of 30 /xS, 
full scale (Dionex-type anion fiber suppression). 

The detectable limit for CVAOA is 0.1 /xg/mL (100 ppb) 
and for the anions, 1 /xg/mL (l ppm). 

2-2.5 Inductively Coupled Plasma (ICP) Emission 
Spectrophotometry 

Elemental analyses were run on selected samples using a 
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Plasma Emission Spectrophotometer 
(Perkin Eimer Corporation, Norwalk, CT). 

• . 0 .-i ?ne ^ of each water extract to be analyzed was placed 
into the microwave cup, and 1 mL of concentrated nitric acid and 

set to 100 osi'and (CEM, Matthewes, NC) Sas 
and dilutedPhn f f0rrn° min‘ The sail:iPle was then cooled and diluted to 25 mL before ICP or GFAA analysis. 

. Each CDCI3 extract was placed into a test tube and drv 
air was used to evaporate the solvent. One mL of concentrated 
nitric acid and 10 mL of water were added to the sample. The 
sample was then placed in a microwave cup and microwaved at 100 

diîuted'tf« J" Iv "V1' w« then cooled and 
diluted to 25 mL with distilled water for analysis. 

= vo Jhe ICP WaS ?et to screen for ~40 elements. The sample 
indEmi^ní pere. ^th^no calibration, and the data are given 
number of rnnnh«tS^ If the Sfngle and blank had roughly the same 
nîÏÏfnf f ? ' xt was concluded that the element was not 
present. A library search was performed on marginal elements t-n 

sSïu“oneorheneieem:rtnCeS ** occnl^. ^andard 
^ expected was run, then the blank sample. 

and th^ShíSa detect:L°n li^ta' the Lab 0 sample was analyzed 
and the standard run as a quality control (QC) check The 

detection^imitr^in^nmr1? calibratad elements. The 
a?e giveS below- PP f°r he elements using a 1/25 dilution 

Ag (Silver) 0.025 
A1 (Aluminum) 0.080 
B (Boron) 0.05 
Ba (Barium) 0.025 
Be (Beryllium) 0.002 
Bi (Bismuth) 0.080 
Ce (Cerium) 0.25 
Cd (Cadmium) 0.025 
Co (Cobalt) 0.050 
Cr (Chromium) 0.050 
Cu (Copper) 0.022 
Fe (Iron) 0.025 
Ga (Gallium) 0.25 
Hg (Mercury) o.50 
I (Iodine) 0.75 
K (Potassium) 1.25 

Li (Lithium) 0.022 
Mg (Magnesium) 0.005 
Mn (Manganese) 0.01 
Mo (Molybdenum) 0.25 
Na (Sodium) 0.20 
Ni (Nickel) 0.2 
P (Phosphorus) 0.75 
Pb (Lead) o.50 
S (Sulfur) 1.3 
Sb (Antimony) i.5 
Si (Silicon) 0.075 
Sn (Tin) 1.0 
Sr (Strontium) 0.01 
Ti (Titanium) 0.050 
T1 (Thallium) 1.00 
V (Vanadium) 0.050 
Zn (Zinc) 0.025 

rounded^off^to the°ne¿resí the elem“tal analyses are 
° t0 ^he nearest whole number. These analyses were 

performed to gam an understanding of the chemical composition of 

« 

9 

m 
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the samples and may not be the same as the values that would be 
obtained using Certified EPÄ methods of extraction and testing. 

2.2-.6 Graphite Furnace Atomic Absorption Spectrophotometry 
(GFAA) 

Arsenic was determined using a Perkin Elmer 5100 Atomic 
Absorption Spectrophotometer equipped with a Zeeman 5100 graphite 
furnace module and an AS-60 autosampler (Perkin Elmer Corpora¬ 
tion, Norwalk, CT). Instrument control and data collection were 
accomplished using an Epson Equity III+ personal computer running 
Perkin Elmer 5100 PC software. An electrodeless discharge lamp 
(EDL) at a wavelength of 193.7 nm was used for these determina¬ 
tions; the slit width was set at 0.7 nm. 

Standard arsenic solutions were prepared by diluting a 
1000 ppm commercial arsenic standard with distilled, deionized 
water. After the primary dilution was made, the AS-60 auto¬ 
sampler was used to prepare secondary dilutions. Prior to 
analysis, the samples were digested with nitric acid and hydrogen 
peroxide at 95 °C in order to convert organically bound arsenic 
to an inorganic form. A nickel nitrate solution (1005 ppm Ni in 
2% nitric acid) was added to each sample to serve as a matrix 
modifier to prevent arsenic volatilization during sample heating. 
The sample size was 20 pL with 10 ph of the matrix modifier being 
taken at the same time as the sample. 

A L'vov platform and pyrolytically coated graphite 
sample holders were used in the furnace; argon was used as the 
support gas. Furnace temperatures were as follows: drying, 130 
°C for 50 sec; pretreatment, 1200 °C for 30 sec; cooling, 20 °C 
for 15 sec; and, atomization, 2225 °C for 5 sec. Each sample was 
followed by heating to 2600 °C to clean the platform for the next 
sample. The detection limit for arsenic determined in this 
manner is 0.005 ppm (5 ppb). 

3. RESULTS AND DISCUSSION 

A total of 98 items/samples were delivered to Bldg 
E3300 between 9 January 1993 and 2 February 1993 for chemical 
analysis by Research and Technology Directorate personnel. 
Copies of the chain of custody forms for each delivery are in 
Appendix I. The results of the analyses are summarized in Tables 
1 through 9. "NR" indicates that the sample was "Not Run" by 
that particular technique, and "BDL" indicates that if any of the 
compound were present, it was below the detectable limit of the 
analytical technique used. The samples are grouped according to 
their delivery dates except for the samples from the intact 
munitions. The results for these samples are all presented in 
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rr/MQ/?T a^al-yses are given below, nmr, dep/CI, 
™5?SifI'1GC{MS/^'1.GC/FPD/FID/ITD' FTIR' and spectra for 
Appendicesec1throuah £hem;^ls wefe identified are included in 

samples from Z°Zin3 ^ 
Technology Dire^oSíe'of0^!63 the ReSearCh and 

3.1 

3.1.1 

—-^5 fe-«—&2 • and #5 (14 00 Hrs. 9 Jan 93) , Table i 

£ia 

193-la. The 1H NMR spectrum of the CDCU extract 
showed small amounts of aliphatic, aromatic and unsaturated 
organic compounds to be present. A doublet at <56.30 (J = 15.9 
Hz) is consistent for the presence of a trans-vinyl moiety* 
however, no single component in the extract could be identified 

GC/MSbteíhnionPchydN0Carb0n Spectra were Stained by all of the’ 
bt/MS techniques. No resonances were observed by NMR in the n-,n 

ofSeCt¿Wha^tr¿s!:^C,de)?ftedT20 ^ a product 
technioue analwí hnï^i L ^ níLShOUld be n0ted that the HPLC 
be b ï V and as CVAA' 30 that one w°uld not 
f ft**!e distinguish between them by HPLC, alone. However, no 

eise with'whfrh0?3^6^111 the^DC13 extract by GC/MS, and the 
ease with which L degrades would make it highly unlikely for the 

ove?C Omars'? hp7c/7r0n 9lafs burfed^n tíegíound íTr 
Títl yeafs- HPLC/IC was also used to analyze for PD, 

detected ^ arsenate anion' TDG, TDGO and TDG02. None were 

eho^a The 1H ^ sPectrum °f the CDCI3 extract 
Is several Isa5Í Sa=k3r°“nd <50.9 and !.25) as well 
„^2 SJveral.p3aks in 1:116 <56.3-7.6 region indicative of trans-vinv 
moieties similar to Lewisite. Three compounds were observed: 

Area % 

72% 

18% 

9% 

(a) Ô6.98, <57.56 (J = 13.6 Hz) 
(Cl) CH=CH [As (0) ] ~ 

(b) Õ6.38, <56.48 (J = 14.5 Hz) 
L-3 

(c) Õ6.72, Ô6.87 (J = 14.5 Hz) 

Larin™DcLte?ttUJaes VrnntT aanad .lpectra °f authenti= L. L-2, and 
^■v-LÍ v-LDCml' concluded that no Lewisite, itself, was 
present The compound at <56.72 and ,56.87 was identified as 
bis (2-chlorovmyl) chloroarsine, L-2, and the compound at 06.38 
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5s,tris,2'chlorovlny1)arsine. L-3. The 

but the ciemi“? ehi£t,vä?ues0f0?0?h1Ut1Vely ldantified fv,,Z Lnem;L,rai.snií:,: values for the two protons 
oxidï^Pd he arsenic in this compound is probably 
T ïdMc?'Th Pr®sence of L-2 (361 sec; m/z: 197/199, 171/173) and 

èc/m/cr anS;n¾/;•T197/^VS9/2l51, were Gonfinned by both bC/MS/ci and DEP/CI in the CDC13 extract. 

^ ^ sPec.trum of the D20 extract contained 
esonances for a trans-vinyl moiety also {<56.77 and 7.30, J~15 

^ÀoaÏ ^Lrre attributfd to (2-chlorovinyl) arsonic acid 

sample bThednrpc,pnrpmP?rí?r?^t0 the sPectrum of an authentic 
f oundPD 0A was confirmed by HPLC/IC which 

2°^P? CVAOA and 40 ppm CVAA in the sample. HPLC/IC was 

TOGO and TOCO? y2e f°r PS' arsenite and arsenate anion, TDG, iDGO and TOG02; none were detected. 

3.1.2 £ia #2 

Showed theloilowing:6 ’H ^ spectrum 0£ the CDC1= extract 

Mole % 

67% (a) Diphenylamins [H2,2': Õ7.09 (4H, "doub- 
,H3,3': ô7-29 Í4H, "triplet"); H4,4': 

Ö6.95 (2H, "triplet")] 

27% (b) Adamsite (DM) [HI, 9: <57.89 (2H, doublet of 

doublïfSAf 7-6Hz)' H2'8: <57.07 (2H, 
íoS trí-p}eíS' J ~ 0.9, 7.5 Hz) ; H3,7 : 

hIÍ J = 7*4' 8-4 Hz) ; H4,6. Õ6.94 (2H, doublet, J = N.O.)] 

6% (c) Other aromatic compounds 

solil inSth»SS^fiCa,nt. •amount of îreen so:li<1 wbich did not dis- 
ive in the CDClj solution. This may be excess dm Q-im-n <-ho mw 

S excenentt0-hav? 3 ^^/lity Tn the CDc" Even so 
the concentratfnn^nf t.^n01Se obtained bY ™R would indicate that the concentrations of these compounds were in the mg/mL range 

j. , _ The presence of the DM and its degradation rvrndnrh 
diphenylamine were confirmed by 13C NMR (DM;9C9a, 10a* Ô120 5- 
Cl,9: 5132.5; C2,8: 5120.9; C3,7: 5135 4- ¿4 , ¿T' 

T^pîï7lrlnï; C1^: ^ 
dimensional NMR e^eLments^CoI^M^HETCORrandTv0,/7 t“°* with authentic samples. HETCOR) and by comparison 
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A monosubstituted benzene {<57.21, doublet; <57.38, 
triplet) was the only compound observed by NMR in the D20 
extract. It may be some diphenylamine present as a salt or it 
may be another water soluble product from the degradation of DM. 
No identification was made. 

The presence of DM and diphenylamine was confirmed by 
DEP/CI {DM, m/z: 278, 242; diphenylamine, m/z: 170); they were 
found in approximately equal amounts. The presence of DM was 
also confirmed by the large amount of arsenic found in the sample 
{>5000 ppm), and the presence of diphenylamine {730 sec; m/z: 
169, 168, 141, 115, 83 and 77) was also confirmed by GC/MS/EI 
which also detected diphenyl sulfide (1071 sec; m/z: 186, 151, 
109, 77 and 51). 

193-2b: No resonances were observed by NMR in the D20 
extract. Background hydrocarbons were observed in the CDC13 
extract along with very small amounts of aliphatic and aromatic 
compounds for which no identification was possible. No compounds 
were detected by GC/MS/CI whereas a small amount of diphenyl 
sulfide was observed by GC/MS/EI (1072 sec; m/z: 186, 152 and 
51). HPLC/IC was run for CVAA, PD, arsenite and arsenate anion, 
TDG, TOGO and TDG02; none were detected. GFAA was run for 
arsenic which was found to be below the detectable limit. 

193-2c and 193-2d: No resonances were observed in the 
D20 extracts of either sample by NMR, and only hydrocarbon 
background was observed in the CDC13 extracts. Nothing was 
detected in either sample by DEP/CI or GC/MS/EI. HPLC/IC was run 
for CVAA, PD, arsenite and arsenate anion, TDG, TOGO and TOGO2; 
none were found in either sample. GFAA was run for arsenic which 
was below the detectable limit in both cases. 

3.1.3 Pia #3 

193-3a: The ’h NMR spectrum of the CDC13 extract 
indicates that the main component is chloroacetophenone, CN (CH2: 
<54.72, singlet;H2,6: Ô7.96, doublet; H3,5: Ö7.50, triplet; H4: 
57.60). The CN was identified by comparison with the spectrum of 
an authentic sample and confirmed by 13C NMR [CH2: 546.0; Cl: 
5134.2; C2,3,5,6: 5128.5 and 128.9; C4: 5134.0; C{0): 5191.0]. 
Acetophenone was also detected as evidenced by the singlet at 
52.61 in the ’H spectrum. The sample also appears to contain 
other degradation products of CN based on the presence of other 
peaks in the aromatic region (57..0-8.2). The excellent signal- 
to-noise of the NMR spectra indicates that these compounds are 
present in the mg/mL range. 
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GC/MS/CI found the following compounds: 

Area % 

86.0% 

9.4% 
3.4% 
1.3% 

(a) CN (343 sec; m/z: 

(b) Acetophenone (180 
(c) Benzoic acid (268 
(d) Benzaldehyde (122 

155/157, 141, 119, 105, 

sec; m/z: 121, 105) 
sec; m/z: 123, 105) 
sec; m/z: 107) 

If ^íÍOn' sPect™ suggests the possible presence 
of small amounts of higher molecular weight CN degradation 
products and diphenyl sulfide (m/z: 187)! gradation 

105, 77 s?Caî3d/5Ï)alhen^o!c0=^aa?^?Phen0ne,<59° SeC; 120 ■ 

and Rni ' pw ^cn50 ' be?Z01C acid (779 sec' m/z: 122, 105, 77, 51 
Afifai'maoÍ SeC?/ m/z: 154' 105' 77 and 51)/ and diph4nyl sulfide (1085 sec; m/z: 186, 152, 77 and 51). P Y 

1 

f 

avza ,..19?“3b! Tile 1h and 13C NMR spectra of the CDCl* extract 

exce¿tethisasamnleha apectra obtained for sample 193-3a, above, 
sSe S I mSS« o?S™0!inaPPeí,r Í? be as c°n=®dtrsted. The Bompxe is a mixture of CN (’H: Ö4.72, 7.97, 7.50 and 7 I3r. 

pm6 * a 1 a12 8 " 6 ' i t-2 8 ’9 ' 134*0' and 134.2), degradation products of 
of'pNn^LSma11 ai!fOUnt of acetophenone (1H: ¢2.61). PThe presence Of CN (348 sec; m/z: 155 157 mi no me pie&ence 
GC/MS/CI however nPD/?T S Já Î19' 105 ' 77) was confirmed by 
weight œrnnÔunds AhSfi^Î ? n0t, Show the hlS(her molecular 
deiecteS ™ °bserv®d 1" sample 193-3a. GC/MS/EI also 

and si) and acet°ph-o- 

identical t^theUnlcfá“ T’í °f the CDC13 extract is 
single comoonent i? ™ ^ Land 193-3b- ab°v^- The mai. 

prÄTe prIseÍt0as°bevWencid2¿y2¿ aââîtitaî^T^ 

n”af Showed a7r;TèïCi arf3goa ' J!16 ’H ^ sPect^ ofufe 
aretnn^oL . (<54-80' 7'68' 7.25 and 7.40), 5% 

ophenone (¢2.35), and 24% other degradation products. 

3a and sPectrum was similar to that of sample 19] 
, the following compounds were detected by GC/MS/CI: 

Area % 

80.7% 

11.8% 
5.6% 

(a) CN (346 sec; m/z: 155/157, 141, 119, 105, 

(b) Benzoic acid (276 sec; m/z: 123, 105) 
(c) Acetophenone (176 sec; m/z: 121, 105) 
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1.3% (d) Diphenyl sulfide {580 sec; m/z: 187} 
0.6% (e) Benzaldehyde {121 sec; m/z: 107) 

GC/MS/EI confirmed the presence of benzaldehyde (633 sec; m/z: 
106, 105, 77, 52, 51 and 50), acetophenone (815 sec; m/z: 120, 
105, 77, 51 and 50), and CN (1053 sec; m/z: 154, 105, 77, 51 and 
50). HPLC/IC was run for CVAA, PD, arsenite and arsenate anion, 
TDG, TDGO and TDG02; none were detected. 

* 

3.1.4 Pig #5 

193-5a: No resonances were observed by NMR in the D20 
* extract, and the CDCI3 extract showed only background hydro¬ 

carbons. Nothing was detected by GC/MS/CI or GC/MS/EI. HPLC/IC 
was run for CVAA, PD, arsenite and arsenate anion, TDG, TDGO and 
TDGO2 ; none were detected. 

193-5b: No resonances were observed by NMR in the D20 
extract. Both the 1H (CH2: Ô1.44; CH: 51.85; H2,6: 56.54; 
H3,4,5: 57.08) and 13C (CH2: 540.3; CH: 541-45; Cl: 5147.2; 
C2,3,4,5,6: 5125.6, 127.6 and 127.9) NMR spectra of the CDC13 
extract were consistent for the presence of isotactic polystyrene 
probably from the pink waxy (construction?) material in the 
sample. 

Nothing was detected by GC/MS/CI or GC/MS/EI in this 
sample. The DEP/CI spectrum was consistent with polystyrene 
(m/z: 91, 105, 117, 131, 195 and 235). HPLC/IC showed no CVAA, 
PD, arsenite or arsenate anion, TDG, TDGO, or TDG02. 

193-5c : No resonances were observed by NMR in the D20 
extract, and the CDCI3 extract showed only background hydro¬ 
carbons. Nothing was detected by GC/MS/CI or GC/MS/EI. 

3-2 Pigs #4 and #6 (2015 Hrs. 14 Jan 93). Table 2 

3.2.1 Pig #4 

393-4: The 1H NMR spectrum of the CDCI3 extract showed 
the presence of a large amount of long chain aliphatic 
hydrocarbons {ÔCH3: 0.88, triplet; 5CH2: 1.25, 1.63, 2.02 and 
2.35, triplet). The spectrum is consistent for the CH3(CH2)n- 

% moiety with n>10 based on the integration. A smaller resonance 
(55.35) was observed in the unsaturated region (CH=CH) of the 
spectrum indicating the presence of an alkene. The singlets at 
52.72 and 8.84 were attributed to the methyl and aromatic 
protons, respectively, of trinitrotoluene (TNT). This assignment 
was based on comparison with the spectrum of an authentic sample 
of TNT and on the fact that TNT was also found in other samples 
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from the Spring Valley site (see below) . The spectrum of the D?0 

extract showed several broad resonances in the CH3/CH2 region 
(03.(30, 1.57 and 2.17) which would be consistent with the long 
chain acids observed in this sample by GC/MS/EI. 

The presence of TNT was confirmed by GC/MS/CI (639 sec- 
m/z: 228), DEP/CI and GC/MS/EI (1126 sec,*m/z: 210, 89 and 63). 
Three additional small peaks v,ere observed by GC/MS/CI with 
molecular weights of 256, 282 and 284; no identification was 
possible. GC/MS/EI also detected octanoic acid (631 sec; m/z: 
101, 85, 73 and 60), and nonanoic acid (721 sec; m/z: 158, 129, 
115, 73 and 60). The TNT was also confirmed by GC/ITD and 
determined to be 150 /xg/mL by GC/FID. FTIR and GC/FID showed 
hydrocarbons above C10 at ~15 /xg/ mL. No CVAA, PD, arsenite or 
arsenate anion, TDG, TDGO or TDG02 was detected by HPLC/IC. 

3.2.2 Pig. #6,, 

393-6a: The 1H NMR spectra of both the DzO and the 
CDClj extracts were very broad. This indicates that paramag¬ 
netic metal ions may be present. In spite of the broad 
resonances, acetophenone was observed in the D20 spectrum (CIN: 

' **2,6: 07.96; H3,5: Õ7.21; H4: Õ7.64). The spectrum of the 
CDClj extract was extremely broad; however, it did show 

resonances for the presence of aliphatic and aromatic-type 
hydrocarbon protons. The broad singlet at Õ2.60 indicates the 
presence of acetophenone, and the peak at Ô5.57 suggests the 

presence of (2-oxo-2-phenyl)ethyl benzoate, Ph-C(0)OCH?C(0) -Ph, a 
degradation product of CN (see 3.8, 1393-lb, below). 

The following compounds were observed by GC/MS/CI: 

Area % 

40.1% 
15.6% 

14.8% 
14.0% 
3.0% 

2.5% 
2.5% 
1.7% 
1.6% 
1.5% 
0.9% 

(a) Acetophenone ¢174 sec;m/z: 121, 105) 
(b) (2-Oxo-2-phenyl)ethyl benzoate, 

Ph-C(0)0CH2C(0)-Ph (858 sec; m/z: 241, 121, 
105) 

(c) Diphenyl sulfide (555 sec; m/z: 187) 
(d) Benzoic acid (275 sec; m/z: 123, 105) 
(e) Unknown MW 222 (822 sec; m/z: 223, 167, 

145, 105) 

(f) Diphenyl sulfone (770 sec; m/z: 219, 141) 
(g) Phenol (126 sec; m/z: 95) 

(h) Benzaldehyde (113 sec;m/z: 107) 
(i) CN (331 sec; m/z: 155/157, 105, 77) 
(j) Diphenyl sulfoxide (737 sec; m/z: 203, 187) 
(k) Unknown MW 238 (923 sec;m/z: 239, 161, 

121, 105) 
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The unknown compounds appear to be acetophenone condensation 
products. 

GC/MS/EI confirmed the presence of acetophenone {510 
sec; m/z: 120, 105, 89, 77, 63, 51 and 50), diphenyl sulfide (988 
sec; m/z: 186, 185, 152, 92, 77, 65 and 51), and 1,2-diphenyl 
ethanone (723 sec; m/z: 122, 105, 77, 51 and 50). The GC/ITD 
also showed a large quantity of benzoic acid in the sample (874 
sec; m/z: 105, 120, 77, 51 and 50) but it was difficult to 
quantitate because of poor chromatography of the acid. Diphenyl 
sulfide was also apparent by GC/ITD (1321 sec; m/z: 186, 185, 51 
and 77) at ~1 mg/mL. In addition to a multitude of hydrocarbons, 
acetophe-none and CN were identified by the ITD; CN was found to 
be below 10 /xg/mL. FTIR supported the identifications made by 
the ITD. 

HPLC/IC was used to check for the presence of CVAA, PD, 
arsenite and arsenate anion, TDG, TOGO and TDG02; none were 
detected. 

393-6b: No resonances were observe by NMR in the D20 
extract. Only background hydrocarbons were detected in the CDC13 
extract by both NMR and DEP/CI. HPLC/IC was run for CVAA, PD, 
arsenite and arsenate anion, TDG, TOGO and TDG02; none were 
detected. 

393-6c: No resonances were observed by NMR in the D20 
extract, and only background hydrocarbons (Õ0.85 and 1.25) were 
detected in the CDCI3 extract. Nothing was detected by GC/MS/CI, 
but DEP/CI observed protonated molecular ions at m/z 257, 225 and 
193 indicative of elemental sulfur (S8, S7, and S6, respectively). 
HPLC/IC showed no CVAA, PD, arsenite or arsenate anion, TDG, TOGO 
or TDG02. In addition to the metals reported in Table 2, ICP 
found 7 ppm barium, 60 ppm copper, and 37 ppm sodium. The 
arsenic concentration was below detectable limits by GFAA. 

393-6d: No resonances were observed by NMR in the DzO 
extract. The CDCI3 extract showed a large amount of aliphatic 
hydrocarbons and smaller amounts of aromatic compounds. No 
single component could be identified, however, the broadness of 
the resonances is indicative of the presence of a large amount of 
metal ions. HPLC/IC was run for CVAA, PD, arsenite and arsenate 
anion, TDG, TDGO, and TDG02; none were detected. In addition to 
the metals listed in Table 2, ICP detected 67 ppm barium, 182 ppm 
copper, and 46 ppm sodium. The arsenic concentration was below 
detectable limits by GFAA. 

393-6e: No resonances were observed by NMR in the D20 
extract, and only background hydrocarbons were detected in the 
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Showed^ narnVnn^0HhÍn^ ^ det.eCted by GC/MS/CI but DEP/CI 
stvrene m>TC/Tr Î m°ie1c^lar/011 at ^/z 105 suggestive of 
styrene. HPLC/IC found 10 /xg/mL of CVAA; but no PD, arsenite or 

ofthe Svrcœl^t^e0 aild d^ected. 'The presLce or the CVAA could not be confirmed by a second technique. 

3.3 

3.3.1 

Pigs #9 and #10 (1240 Mrs. 15 Jan 91), TablP ¿ 

213. #9 .. 

293“9a: No resonances were observed bv nmr in t-ho n a 
extract TNT (Ô2.72 acd 8.84) was observerin the^cí3 extract 
along with an unknown compound possessing the following moieties': 

c% - ch2 - ch2 - ch2 - X 
Ô0.92 51.37 51.57 53.48 

- CH2 - CH2 - z - CH2 - CH2 - Y 
53.59 53.68 53.74 53.63 

where X, Y, z are electronegative groups (i.e., 0, Cl, S02, 

monobu?vltprh^ÎR^aïa1' unknown might be diethylene glycol 
monobutyl ether (butyl Carbitol®) , CH3 (CH2) 3OCH2CH2OCH?CH?OH but 
this was not confined. The mole ratio of TNT to the unteo^ was 
determined to be 26:74. unknown was 

molecular ion^?9^3 xd/te?of? by GC/MS/CI but tba protonated 
its presence i-ïaS^0bSerVed by DEp/CI' confirming 
m/z 33 6 37? ïqi ^ ;d/0nS Were also detected at 
(C>10) úere*ohll™Ji9L rr/ÍTl' back9round hydrocarbons 
prïpnLï ■ b by GC/FID' and no CVAA, PD, arsenite or 
arsenate anion, TDG, TOGO or TDG02 were detected by HPLC/IC? 

extract TNt"?5? Wer? observed by NMR in the D20 
Ind oonfirS / /84) was observed in the CDC13 extract 

in? d bLDEP/Cî (m/2: 228)* Ions at m/z 187/189, 229 
?.397 the PEp/c;f spectrum of the D20 extract are 

indicative of arsenic acids. However, HPLC/IC detert-pd nn 
arsenite or arsenate anion present, in addition no CTM Pn 
TDG, TDGO or TDG02 were detected. lición, no CVAA, PD, 

ATMD ^ 293“9c: No organic compounds were detected in the 

obseded iTcDClj^6 D2° extract' but several compounds were 

1H 
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Mole % 

60% (a) Unknown t rans-vinyl compound (<56.4S and 7.11; 
J = 14.7 Hz) 

23% (b) L-3 (Õ6.38 and 6.48; J = 14.7 Hz) 
6% (c) TNT (Õ2.72 and 8.84) 
8% (d) Unknown (06.49, singlet) 
3% (e) Unknown (06.72, singlet) 

The presence of L-3 ¢461 sec) was confirmed by GC/MS/CI and 
DEP/CI (m/z: 197/199/201), and GC/MS/EI (1140 sec; m/z: 147, 145, 
136, 110, 100 and 77). No CVAA, PD, arsenite or arsenate anion, 
TDG, TOGO or TDG02 were detected by HPLC/IC. 

293-9d: Resonances for a monosubstituted benzene 
compound («57.77, 2H, doublet; 37.62, 2H, triplet; 57.68, 1H, 
triplet) were observed by NMR in the D20 extract; however, no 
identification was possible. The NMR spectrum of the CDC13 
extract showed the presence of several aromatic compounds (Õ7.2- 
8.2) but no single component could be identified. 

Two major compounds were detected by GC/MS/CI and 
DEP/CI: 31 area% triphenyl arsine (923 sec; m/z: 307, 229); and 
19 area % diphenyl sulfide (557 sec; m/z: 187). Other related 
compounds containing arsenic and phenyl moieties with molecular 
weights of 230, 304, 336 and 378 were also detected but not 
identified. HPLC/IC detected 2 /xg/mL CVAA but no PD, arsenite or 
arsenate anion, TDG, TDGO and TDG02 were found. 

3.3.2 Pig #10 

293* 10a; The 1H NMR spectrum of the D2O extract showed 
two small resonances at 53.69 and 3.73 but no identification was 
possible. The CDC13 extract was found to contain the explosive 
tetryl based on interpretation of the 1H and 13C NMR spectra 
obtained for sample 293-10b, below, and on comparison with a ’h 
spectrum in the in-house database: 

02N ch3 
N ^ 

02N^^N°; 

H 'V'" H 

N02 

Tetryl 

53.74 

59.16 
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The presence of tetryl was confirmed by DEP/CI (m/z- 288 242) 

no evidenceaforPCTM "Id* fServ®d by and HPLC/IC fiund 
or TDG02 f ' ' arsenite or arsenate anion, TDG, TOGO, 

f93"^1013’ Ths f^ne yellow powder that dissolved in 
CDCl-j was found by NMR to be: m 

Mole j 
88.9% 

10.5% 

0.5% 

(a) Tetryl (’H: OBJ: Ô3.73; H3,5: 09.16; 13C: CH3: 

cl-iL^S)0131'9'* C2'6: 5147-1; C3'5: 0124-5; 

(b) TNT (1H: CH3: 52.71; H3,5: 58.84; 13C: CH3 : Ô15.6; 
03,5: 5122.2; 01,2,4,6: N.O.) 

(c) Other (1H: 53.39) 

A small amount of TNT (52.66 and 9.03) and tetryl (53.72 and 

p¿ÍdLWerS a observed H NMR in the D20 "extract" of the 

(m/z- aÍSO ldfntified the yellow powder as tetryl 
i 242)' A smail amount of TNT (m/z: 228) was detected 

CDC13 solution by DEP/CI and by GC/MS/CI (640 sec) . 

lere obse?vedSbric/Ss/Pï0 0nly ba^9round peaks 
a^„„??Served by GC/MS/EI; and HPLC/IC found no CVAA, PD, 
arsenite or arsenate anion, TDG, TDG0 or TDG02. 

extract* hn^L^ r o Were observed by NMR in the D20 
?ít5^tinb?wev®r' h'3 ¢56-38 and 6.47; J = 14.6 Hz) was observed 
in the CDCl3 extract by % NMR along with a significant amount of 
aliphatic hydrocarbons. The nresenrp of r -¾ or DPP/ct PP/MC/OT J-ue presence of L-3 was confirmed by 

(960 Ï4) iarci,n/z,:ni97/i"' 259/261) , and GC/MS/EI 
CVAA- however' Ïhi4 1 and 77) . HPLC/IC found 1 ppm 
„ „1 nowever, this could not be confirmed by a second technTono 
No^PD, arsenite or arsenate anion, TDG, TOGO or TOG02 were ^ 

othe? mPt^ií11 addibi?n,t0 the arsenic determined by GFAA and the 
other metals reported in Table 3, ICP also found: 

Ag BDL 
Be BDL 
Ca 65 ppm 
Cd BDL 
Co BDL 

Cr i ppm 
Cu 4 ppm 
Hg BDL 
K 85 ppm 
Mn 6 ppm 

Mo 6 ppm 
Na 12 ppm 
Ni BDL 
P 9 ppm 
Pb 21 ppm 

Sb BDL 
Se BDL 
Sn BDL 
T1 BDL 
V BDL 

’w mmr nRD/9oT 10d!^ i?/ly background hydrocarbons were observed bv 
“ DDnEP/CI- and GC/MS/EI. hplc/ic found 1 ppm CVAA present 
but no PD, arsenite or arsenate anion, TDG, TOGO or TDG02. In 
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addition to the metals reported in Table 3, ICP found the 
following: 

Ag BDL 
Ba 10 ppm 
Be BDL 
Cd BDL 
Co 1 ppm 

Cr 1 ppm 
Cu 2 ppm 
Hg BDL 
Mn 33 ppm 
Mo 4 ppm 

Na 8 ppm 
Ni 1 ppm 
P 22 ppm 
Pb 21 ppm 
Sb BDL 

Se BDL 
Sn BDL 
T1 BDL 
V 2 ppm 
Zn BDL 

293-10eï Only background hydrocarbons were observed by 
NMR and DEP/CI. HPLC/IC was run for CVAA, PD, arsenite and 
arsenate anion, TDG, TDGO and TDG02; none were detected. 

293-10£1ï Only background hydrocarbons were observed 
by NMR, DEP/CI and GC/MS/EI, and no CVAA, PD, arsenite or arse¬ 
nate anion, TDG, TDGO or TDG02 were detected by HPLC/IC. In 
addition to the high amount of aluminum in this sample {see Table 
3), ICP found the following: 

Ag BDL 
Ba 3 ppm 
Be BDL 
Ca 4 ppm 
Cd BDL 
Co BDL 

Cr BDL 
Cu BDL 
Fe 99 ppm 
Hg BDL 
K 71 ppm 
Mg 130 ppm 

Mn BDL Sb BDL 
Mo 2 ppm Se BDL 
Na 4 ppm Sn BDL 
Ni BDL T1 BDL 
P 6 ppm V BDL 
Pb BDL Zn BDL 

The arsenic was also found to be below detectable limits. 

293~10f2: Only background hydrocarbons were observed 
by NMR, DEP/CI and GC/MS/EI; nothing was detected by GC/MS/CI. 
HPLC/IC found 1 ppm CVAA but no PD, arsenite or arsenate anion, 
TDG, TDGO or TDG02 were detected. In addition to the high 
aluminum content (see Table 3), ICP found the following metals: 

Ag BDL 
Ba 2 ppm 
Be BDL 
Ca 7 ppm 
Cd BDL 
Co BDL 

Cr BDL 
Cu BDL 
Fe 73 ppm 
Hg BDL 
K 53 ppm 
Mg 142 ppm 

Mn 2 ppm 
Mo 2 ppm 
Na 3 ppm 
Ni BDL 
P BDL 
Pb 2 ppm 

Sb BDL 
Se BDL 
Sn BDL 
T1 BDL 
V BDL 
rjy*. nm 
tmiiX !D U JU 

293-10gï No resonances were observed in the % NMR 
spectrum of the Dz0 extract; however, the broadness of the HDO 
solvent peak may indicate the presence of metal ions. In 
addition to background hydrocarbon resonances, a small singlet at 
Õ2.71 ppm in the ’h NMR spectrum of the CDC13 extract is 
consistent for the presence of a small amount of TNT (see 3.3.1, 
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Nothing was detected by GC/MS/lI 

detected nnh^?CaSn°nS were observed by DEP/CI. detected no CVAA, PD, arsemte or arsenate anion, 

and only 
HPLC/IC 
TDG, TDGO or 

3.4 19, Second Delivg 
-MlO—Hrs^—2_l_Jan.. 93) . Table 4 

^ ™'2D^/c”“d!GC/^/Efïn3Iîïn?hreer^nïesS HPLC/IC detected no CVAA, PD arsenltA ® samples. 
TOGO or TOG02. Chloride nicrate and euífate 

was°rSínfo? 8”-1; 311 ««e below'detlc^^íC^e^lcp 
Tere^lTneT * 0n ^16 S93'1; the ioHowing Jesuits 

A1 19 ppm 
Ba BDL 
Ca 39 ppm 
Cd BDL 
Co BDL 

Cu BDL 
Pe 16 ppm 
Mg 23 ppm 
Mn BDL 
Na 41 ppm 

äeadeS?ailJhli"rSyCG^SamPle ”ai foiinri to b© b©low 

soectmm resonances were detected in the 1H NMR 

extract shLed the presence'* ^ spectruin of the CDC13 

hydrocarbons. No single component1co¿ld^etid^ntnf*°h aliphatic 

nitrate or sulfate, in adSKion^rth^tSfre^r?^ Chl?rÍ?e' 
4( ICP found the following: metals reported in Table 

A1 BDL 
Ba BDL 
Be BDL 
Fe BDL 

K BDL 
Mn 2 ppm 
Na 57 ppm 
Pb BDL 

3.5 Pig #1,0„ 
Table 5 

-Second Delivery Mtln Hrs. 22 .T-n m 

were observed by NTO, ^EP/c^añdV.r/Mt/uraCk3r?'índ hyrIrocarbons 
HPLC/IC was run for CVAA/pd aJsení^ fÍT" 311 Chree samPl^. 
TOGO and TDG02 for all three ”d arsenate anion, TDG, 
sulfate were also run oJ 993-f^nd «i®? floride, nitrate and 

addition to the petals Je^tJd^ Toul^To, ^ 
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detectable limits of lead in both 993-2 and 993-3 and 38 ppm zinc 
in 993-3 . 

993-4: No resonances were observed by NMR in the ’h 
NMR spectrum of the D20 extract. The spectrum, of the CDC13 
extract, however, showed the presence of large amounts of alipha¬ 
tic hydrocarbons (ÔG.90 and 1.30) with smaller amounts of 
aromatic compounds being present (<56.4-8.0). No single component 
could be_identified. The presence of hydrocarbons up to mass 300 
was confirmed by DEP/CI. No identifiable peaks were observed by 
GC/MS/EI; and HPLC/IC detected no CVAA, PD, arsenite or arsenate 
anion, TDG, TOGO or TDG02. 

993-5: Only background hydrocarbons were observed by 
NMR and GC/MS/EI. The DEP/CI spectrum showed peaks indicative of 
elemental sulfur (m/z: 257, 225, 193, and 161). This sample 
appeared to be primarily S8. HPLC/IC showed no CVAA, PD, 
arsenite or arsenate anion, TDG, TOGO or TDG02. In addition to 
the metals reported in Table 5, ICP was run for aluminum (ll ppm) 
and sodium (31 ppm) on the D20 extract. 

993-6: Only background hydrocarbons were detected by 
NMR, DEP/CI, and GC/MS/EI; and no CVAA, PD, arsenite or arsenate 
anion, TDG, TOGO or TDG02 were detected by HPLC/IC. 

993-7: No resonances were observed in the 1H NMR 
spectrum of the DzO extract; however, the broadness of the HDO 
solvent peak may indicate the presence of metal ions. Only 
background hydrocarbons were observed in the CDC13 extract by 
NMR, GC/MS/EI and DEP/CI. HPLC/IC was run for CVAA, PD, arsenite 
and arsenate anion, TDG, TOGO and TDG02; none were found. In 
addition to the metals reported in Table 5, ICP was run for 
sodium (34 ppm), barium (1 ppm) and manganese (4 ppm). 

3*6 Pigs #11. #12. #13. #14 and #15 (1000 Hrs. 25 Jan 93). 
Table 6 

3*6.1 Pig till 

1093-laf 1093-lb and 1093-lc: Only background hydro¬ 
carbons were observed by NMR, DEP/CI and GC/MS/EI and nothing was 
detected for the two samples (1093-la and 1093-lb) run by 
GC/MS/CI. HPLC/IC was run for CVAA, PD, arsenite and arsenate 
anion, TDG, TOGO and TDG02 on all three samples; none were found. 

1093-Id: No resonances were observed in the NMR 
spectrum of the D20 extract; however, the CDC13 extract was found 
to contain a significant amount of long chain aliphatic 
hydrocarbons and a significant amount of the alkene cis(l,4- 
polyisoprene)(i.e., rubber) as evidenced by the resonances at 
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of'i6o;„2;í!;!'aní? ^13- ^<see 3-6'3- 1093-3c. below). The presence 
of long chain hydrocarbons was confirmed by DEP/CI which observed 
a, continuous band of peaks 14 mass units apart up to mass 500 
with a maximum at about mass 370 {C26} . Similarly, the GC/MS/EI 
showed the presence of high molecular weight hydrocarbons 
(retention times > 1230 sec). HPLC/IC was run for CVAA PD 
arsenite and arsenate anion, TDG, TOGO and TDG02; none were' 
found. 

3.6.2 £ig #12. 

. 1093-2a and 1093-2b: Only background hydrocarbons were 
observed by NMR, DEP/CI and GC/MS/EI; no single identifiable 

was^^cted* No CVAA> PD' arsenite or arsenate anion, 
TDG, TDGO or TDG02 was observed by HPLC/IC. GFAA was run for 
arsenic on sample 1093-2a; any arsenic was below detectable 
limits. 

* 

3.6.3 Pier #13 

HÍ0?T^3anSS^Í093I3b! / background hydrocarbons were 
observed by NMR, DEP/CI and GC/MS/EI. No CVAA, PD, arsenite or 
arsenate anion, TDG, TDGO or TDG02 was detected by HPLC/IC. 

1093’3cî No resonances were observed in the ’h NMR 
spectrum of the D20 extract; however, broadness of the HDO 
solvent peak may indicate the presence of metal ions. The 1H NMR 
spectrum of the CDCI3 extract showed the presence of a signifi 
cant amount of aliphatic hydrocarbons over and above the back¬ 
ground. One mam component was observed which appeared to be 
present at a concentration of -15-20 mg/mL or more based on the 
excellent signal-to-noise obtained for the NMR spectra. This 
compound contained the moiety: 

~H NMR Data Í M ; 

3 5 4 2 
- CH2 - c = C - CHj - 

i i 
ch3 h 
1 

13c NMR Date (fi) ■ 

1 1.67 
2&3 2.04 
4 5.12 

1 23.4 
2 26.4 
3 32.2 
4 125.0 
5 135.2 

It was identified as rubber, 
been leached from the rubber 

cis(l,4-polyisoprene), which had 
stopper during sample preparation. 
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The presence of the aliphatic hydrocarbons was 
confirmed by DEP/CI along with peaks indicative of the cis(l,4- 
polyisoprene) (m/z: 101 and 83), but GC/MS/EI detected no 
significant peaks. GC/FID, GC/ITD and FTIR showed no identi¬ 
fiable peaks except trace hydrocarbons. HPLC/IC was run for 
CVAA, PD, arsenite and arsenate anion, TDG, TDGO and TDG02; none 
were detected. 

1093-3d: Only background hydrocarbons were detected by 
NMR, DEP/CI; and GC/MS/EI observed no significant peaks. HPLC/IC 
detected no CVAA, PD, arsenite or arsenate anion, TDG, TDGO or 
TDG02. 

1093-36: No resonances were observed by 1H NMR in the 
D2O extract; however, a significant amount of aliphatic hydro¬ 
carbon resonances were observed in the CDCI3 extract along with 
resonances from <50.6 to Ô6.0. One of the major components was 
cis (1,4-polyisoprene) (rubber, <51.67, 2.03 and 5.11), leached 
from the stopper. The two singlets at <54.55 and 4.68 were 
originally thought to be part of an organofluorine compound since 
the distance between the two peaks is consistent for proton- 
fluorine coupling (52 Hz). However, a 19F NMR spectrum showed no 
fluorine present to confirm this hypothesis. 

GC/MS/EI confirmed the presence of long chain aliphatic 
compounds (e.g., hexadecanoic acid, 1000 sec;m/z: 256, 213, 129, 
85, 55 and 43), and DEP/CI observed hydrocarbon peaks (m/z <250) 
and peaks at m/z 101 and 83 which appear to be from the cis(1,4- 
polyisoprene) . HPLC/IC was run for CVAA, PD, arsenite and 
arsenate anion, TDG, TDGO and TDG02; none were found. 

1093-3f and 1093-3g: Only background hydrocarbons were 
observed by NMR and DEP/CI. The HDO solvent resonance, however, 
was broadened in the ’H NMR spectrum of the D20 extract of 1093- 
3f. This is indicative of the presence of metals in this sample. 
No evidence for CVAA, PD, arsenite or arsenate anion, TDG, TDGO 
or TDG02 was observed by HPLC/IC in either sample. 

3.6.4 Pig #14 

1093-4a through 1093-4f: Only background hydrocarbons 
were observed on all six samples by NMR. Only hydrocarbon 
background was observed by DEP/CI in the CDCI3 extracts of all 
six samples, but a case can be made for the presence of copper 
sulfate in sample 1093-4a on the basis of the DEP/CI spectrum of 
the solid. No confirmation for the presence of copper sulfate 
was sought. All samples except 1093-4f were analyzed by 
GC/MS/EI; no significant peaks were detected. HPLC/IC on all six 
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samples showed no CVAA, 
or TDG02 to be present. PD, arsenite or arsenate anion, TDG, TDGO 

ConleÓuentÍv^n^íiT3 n0t leached in sample 1093-4b. 
extra« byNMR? C1S (1'4'pol>'lsoPrenel "^s observed in the CDCl, 

snectr,™ res0nance3 »ere observed in the ’h NMR 
spectrum of the D20 extract; however, the spectrum of the rnn 

hydrocarbonsed ?resence ^ - sig^ficanr^nt of aliphatic 
uísatSated)oSeo2na?CeS W6re observed throughout the 
we?e de?eSed Í2 sinaí ; 05 t0 56) ' b^t no aromatic resonances 
singlets at 54 ?? W^S ldentifiable. The two 

to Iny particular œmooûnd ara bUt Cann0t be a^igned ticuiar compound. A F NMR spectrum was run to 

were observed.PreSen<::e °f 311 FCHj' molety'- n° fluorine resonances 

GC/ITD anriTFTr|irÜhf?fer-o5uSoí'OCarbons ”as con£irmed by DEP/CI, 
was tin for mL hïn GC/MS/EI saw no significant peaks. HPLC/IC 
TDG02; none ^ arsenate ani°a, TDG, TDGO and 

3.6.5 £ia Ëis. 

1093“5af 1093-5b and 1093-5C: Only backornnnd 

wasr?SnrforSCTlIe PD^senir '“A DEP/CI and GC/«S/®I- HPLC/IC 
TDG02 on samSl“'l093-la and cSrSeSate anÍ°n' TDG' TDG0 and ampies 1093 5a and 1093-5b. None were detected. 

3.7 Piers #17 
Table 7 

■IIS, #19, #21 and #22 (1010 Hrq. 27 Jan Q^), 

3.7.1 Pig #17 

observed ^NMR^‘DW/CI^^C/tB/EI. 
foind!3611“6 and arsenate anion- 1°5. TOSO and TDG02; none we“' 

3.7.2 Pig #18 

observed by^f^W/c^and^C/i^/H .bamEc/ïcddete«edrnoncVMre 
PD, arsenite or arsenate anion, TDG, TDGO or TDG02. ' 
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1193“2c: No resonances were observed by NMR in the Dz0 
extract or in the CDCI3 extract. DEP/EI and Cl of the solid 
white_powder suggest the presence of a mixture of arsenic and 
arsenic (III) oxide, As203. The peaks assigned to AS2O3 [m/z 
(El): 396, 289, 182, 91; and m/z (Cl): 397, 381] agree with those 
obtained for an authentic sample of the oxide. HPLC/IC of the 
extracts showed no CVAA, PD, arsenite or arsenate anion, TDG, 
TOGO or TDG02 present. 

1193-2dï Only background hydrocarbons were observed by 
NMR. and DEP/CI; however, the broadness of the EDO solvent peak in 
the D20 extract may indicate the presence of metal ions. HPLC/IC 
detected 10 ppm CVAA and 20 ppm PD in this sample. No arsenite 
or arsenate anion, TDG, TOGO or TDG02 was observed. The presence 
of CVAA and PD could not be confirmed by a second technique. 

1193-2e: No resonances were observed in the 1H NMR 
spectrum of the D20 extract; however, both the % and 13C NMR 
spectra of the CDCI3 extract showed significant amounts of cis- 
(1,4-polyisoprene) , (rubber, ’H: <51.67, 2.04 and 5.12; 13C: Õ23.4, 
26.4, 32.2, 125.0 and 135.2) and aliphatic hydrocarbons (1H: Ö0.8 
to <51.5) to be present. GC/ITD and FTIR, and DEP/CI confirmed 
the presence of the aliphatic hydrocarbons; and, the peaks 
associated with the cis(1,4-polyisoprene) (m/z: 101 and 83) were 
also observed by DEP/CI. HPLC/IC found no CVAA, PD, arsenite or 
arsenate anion, TDG, TDGO or TDG02. 

1193-2f through 1193-21: Only background hydrocarbons 
were observed by NMR and DEP/CI. HPLC/IC was run for CVAA, PD, 
arsenite and arsenate anion, TDG, TDGO and TDG02 on all samples. 
None were detected. 

3.7.3 Pig #19 

1193-3a through 1193"3d: Only background hydrocarbons 
were observed by NMR, DEP/CI and GC/MS/EI for all four samples. 
HPLC/IC was run for CVAA, PD, arsenite and arsenate anion, TDG, 
TDGO, and TDG02 on each sample. In addition, chloride, nitrate 
and sulfate were run on samples 1193-3a through 1193-3c. In 
sample 1193-3a, 0.5 mg/mL chloride and 1.0 mg/mL nitrate were 
detected; none of the others were found. 

3-7-4 Pig #21. 

1193-1: The % NMR of the neat liquid showed that the 
sample was primarily water. However, both the 1H and 13C NMR 
spectra of a CDCI3 extract of the liquid showed the presence of 
thiodiglycol (’H: CH2S : 62.77; CH20: 63.75; 13C: CH2S: 63 6.0; CH20: 
660.9); 1,4- thioxane (1H: CH2S : 62.62; CH20: 63.91; 13C: CH2S : 
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<527.1; CH20: (568.8); and 1,4-dithiane (1H: 52.88; 13C: 529.2) the 
water soluble degradation products from the blister agent 
mustard (HD). The presence of several large peaks in both the 

?^nr^fgi0n °f the C sPectruin (Ö70-71) and the SCH2 region 
ilso'm nrU?n™nnn^f= «her/sulfide polymers of fhiodiglyool are 
aiso ma]or components of this sample. 

■ DEP/CI characterization of the neat liquid shows 
predominately the following compounds: 

(a) Thiodiglycol (m/z: 123, 105) 
(b) (HOCH2CH2SCH2CH2) 20 (m/z: 227) 
(c) {HOCH2CH2SCH2CH2OCH2CH2)2S (m/z: 331) 

In addition, the following compounds were observed by GC/MS/CI 
m lesser amounts, since thiodiglycol and thiodiglycol "polymers" 
are poorly chromatographed: P ymers 

Area % 

56.0 
19.0 
16.5 
5.4 

2.1 

1.1 

(a) 1,4-Thioxane (78 sec; m/z: 105, 87) 
(b) 1,4-Dithiane (168 sec; m/z: 121. 89) 

'4'5’d;i-thiapane (405 sec; m/z: 137, 121) 
(d) Ethyl 2-hydroxyethyl sulfide (95 sec; m/z: 107, 

89 ) ' 

(e) 1,4-Dioxa-7-thionane (221 sec; m/z: 149, 133, 
105) 

(f) 1,2,5-Trithiepane (445 sec; m/z: 153) 

tsí^sec-^/z^Ofí t7? P«Se2íe An etSyl 2-Hydroxyethyl sulfide 
ion wC' 126, 75, 62, 61' 47 and 45^' thiodiglycol (636 
sec; m/z: 122, 104, 91, 61, 48 and 45); 1,4-thioxane (300 sec- 

?20: «2 si4'«1'«:?6 and (505 sec; m/z:' 120, 92, 73, 64, 61, 60, 46 and 45). 

methods. 
No HD, itself, was observed by any of the three 

anión nñt-^o/IC deí;cted no PD' arsenite or arsenate 
Í? 0fnsul5ate* However, 200 /ig/mL of TDG 

trace^^TDro?'of T00? (thiodigiycol sulfoxide) and a 
trace of TDG02 (thiodiglycol sulfone) were observed. 

tha^th^q^HpLoIÍÍÍ 0f ch^oride ion were detected indicating 
than îdcould have come from HD rather 
than ]ust from degraded thiodiglycol. 

3 *7 •5 Pia #22 

n«nnt- i1??"50' No resonances were observed in the 1H NMR 
spectrum of the D20 extract, and only background hydrocarbons 
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were observed in the CDC13 extract. GC/MS/CI and GC/MS/EI 
observed only background hydrocarbons; and HPLC/IC found no CVAA, 
PD, arsenite or arsenate anion, TDG, TDGO or TDG02. 

DEP/CI and DEP/EI of the solid, itself, indicate the 
sample is red phosphorus [m/z (El): 155, 124, 93 62; and m/z 
(Cl): 125, 93]. The presence of phosphorus was confirmed by ICP 
(11.3% of the solid, as received). Furthermore, after drying in 
an oven, the sample was a free-flowing reddish solid which burned 
with a dense, white smoke on ignition. Both of these 
characteristics are consistent with red phosphorus.2 

1193-5b : No resonances were observed by 1H NMR in the 
D20 extract, and only background hydrocarbons were observed in 
the CDCI3 extract. HPLC/IC detected no CVAA, PD, arsenite or 
arsenate anion, TDG, TDGO or TDG02. The DEP/CI spectrum of the 
solid (m/z: 397, 381) was almost identical to that of sample 
1193-2c (see 3.7.2, above) indicating the presence of arsenic, 
arsenic (III) oxide, and other related arsenic oxides and/or 
acids. 

1193-5c ï No resonances were observed in the 1H NMR 
spectrum of the Dz0 extract. The spectrum of the CDC13 extract 
showed that the sample contained a significant amount of 
aliphatic hydrocarbons (50.8 to 2.6) over and above the 
background. Resonances were observed in the SCH2 and OCH2 
regions of the spectrum (Ó2 to <54 ) , but a COSY experiment showed 
no cross peaks in the regions for mustard-type compounds. 
Tris(2-chlorovinyl)arsine, L-3, was observed (Ô6.38 and 6.48, J = 
14.8 Hz), but.no Lewisite nor L-2 was detected. At least three 
other unidentified vinyl compounds were observed to be present 
(Ô6.50 and 7.12; <56.40 and 6.78; and, <56.40 and 6.53) but could 
not be identified. 

The presence of L-3 (m/z: 197/199) was confirmed by 
DEP/CI, and GC/MS/CI observed L-3 (491 sec; m/z: 197/199) as well 
as several unidentified chlorinated compounds (190 sec; m/z: 
159/161/163, 123/125; and 207 sec; m/z: 159/161/163, 123/125). 
GC/MS/EI observed no Lewisite nor HD, but L-3 was detected [491 
sec, m/z: 197/199; and 877 sec; m/z: 145, 136, 110, 100, 77, 51 
(two different instruments used)]. HPLC/IC was run for CVAA, PD, 
arsenite and arsenate anion, TDG, TDGO and TDG02; none were 
detected. 

1193-5d: Only background hydrocarbons were observed by 
NMR and DEP/CI. The HDO solvent peak in the % NMR spectrum of 
the D20 extract was broad indicating the presence of metal ions 
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in the sample. HPLC/IC detected no CVAA 
arsenate anion, TDG, TDGO or TDG02. 

PD, arsenite or 

3.8 Pig #23 (1 Feb 93). Table fl 

MMR DEP/CI3^™^ baSn?ÎÏÏSd hydrocarbons were observed by 
stl' d■ GC/M£^P' HPLC/IC was run for CVfiA, pD, arsenite 

sSlfaSrnone^ere'f^nd.™0' ™°2' Chl0rÍde' nÍtrate and 

13-93-lbï The ^ and 13C NMR spectra of the CDC1* 

showed s°rae aliphatic hydrocarbons {’H: Ó0.6 to <54.0) and 
the presence of one manor component. The NMR parameters for this 
compound are consistent with the following structure which 

chloroacetophenone?ra^ati0n/COn<^enSati0n Pr0dUCt CN' 

<58.15 <55.58 <57.98 

{2-Oxo-2-phenyl)ethyl benzoate 

13C NMR Pats; 

CH2 : <566.4 
Phenyl C: Ô127.7 (2C); 128.4 (2C); 128.8 

(1C); 134.2 (1C) 
CC(0): ¢192.1 
0C(0): 5166.0 

(2C); 129.9 (2C) , 133.3 

The sample also appears to contain smaller amounts of a second 
degradation/condensation product (’H: 03.47 see sa¿ie 1393 ld 
bexow) and even smaller amounts of CN (1H: 54.79) and 

acetophenone ’H: ¢2.61. The ’H NMR spectrun of the D,0 extract 

f.s“®Ia sma¿1 ^ount of aromatic resonances (¢7.47, 7.85) 

other water soluMrSCe °5 S°me a0ias (e-9'' benz°i= acid or other water soluble degradation products of CN. 

DEP/CI also indicated the presence of acetorhenono 
related products. GC/MS/CI found thl following compounds? 

Area % 

40.9 
27.5 

13.3 

(a) Acetophenone (222 sec; m/z: 121, 105) 

Í9^ec;^rs5rzoate' phc(o>ocH^<o>pb 
(c) Benzoic acid (328 sec; m/z: 123, 105) 

52 



10.2 (d) Diphenyl sulfide (641 sec; m/z: 187) 
8.1 (e) CN (403 sec; m/z: 155/157, 141, 105, 77) 

GC/MS/EI confirmed the presence of acetophenone (702 sec; m/z: 
120, 105, 77, 51 and 50), CN (799 sec; m/z: 105,77 and 51) and 
benzoic acid (935 sec; m/z: 122, 105, 77, 51 and 50) as well as 
detecting diphenyl disulfide (1358 sec; m/z: 218, 185, 154, 109, 
65 and 51). 

The sample by FTIR showed bands indicating that the 
major component was an aromatic compound, possibly a monosub- 
stituted ketone or ester (monosubstitution: 711, 688 cm'1; 
aromatic bending: 1599, 1473 and 1448 cm'1; C=0 stretch: 1705 cm' 
1 ; aromatic stretch: 3062 cm'1; ketone: 1279 cm*1; C=0 overtones: 
3210 cm'1} . These results are consistent with the structure 
proposed by NMR. Acetophenone, diphenyl sulfide and benzoic acid 
were also confirmed by GC/ITD. 

HPLC/IC found 1 mg/mL chloride which is consistent with 
this sample being degraded CN, chloroacetophenone. HPLC/IC was 
also run for CVAA, PD, arsenite and arsenate anion, TDG, TOGO, 
TDG02, nitrate and sulfate; none were detected. ICP found high 
levels of iron and manganese; however, aluminum, barium, calcium, 
copper, lead, magnesium, sodium, sulfur, and zinc were all below 
detectable limits. 

1393-1c: No resonances were observed by NMR in the 1H 
spectrum of the D20 extract. Numerous resonances were observed 
in the 1H spectrum of the CDC13 extract indicating the presence 
of branched aliphatic hydrocarbons (50.6 to 51.8), unsaturated 
(CH=C) compounds (54.7 to 56.0) and aromatic compounds (56.8 to 
58.2). No single component could be identified, however. 

DEP/CI observed hydrocarbon bands up to mass 300, and 
GC/MS/EI detected only background hydrocarbons indicating that 
the compounds present are not directly chromatographable. 
HPLC/IC found no CVAA, PD, arsenite or arsenate anion, TDG, TOGO, 
TDG02, chloride, nitrate or sulfate present. 

1393-Id: No resonances were observed in the 1H NMR' 
spectrum of the D20 extract. The 1H and 13C spectra of the CDC13 
extract, however, showed that the sample was primarily a mixture 
of two compounds both of which appear to be degradation/condensa¬ 
tion products of CN. 

Mole % 

66 (a) (2-Oxo-2-phenyl)ethyl benzoate, PhC(0)OCH2C(0) Ph 
{’H: CH2: 55.59, singlet; CC(0)CCH: 58.15, 
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doublet; OC (0) CCH: <57.98, doublet; 
7.66; 13C: CH2: <566.5; Ph's: Ô127.8 
(5128.4 (CH, 2C); Ô128.9 (CH, 2C) ; 
ai33.2 (CCH, 1C); 5133.9 (CH, 1C); 

Ph's: 57.44- 
(CH, 2C); 

5130.0 (CH, 2C) ;' 
quats: N.O.). 

34 (b) 1,4-Diphenyl-1,4-butanedione, PhC (0) CH2CH2C (0) Ph 
(H: CH2: 53.48, singlet; C(0)CCH: 58.05, doublet; 
Ph's: 57.44-7.66; 13C: CH2 : 532.6; Ph's: 5128.1 
(CH, 2C); 5128.6 (CH, 2C) ; Ö133.3 (CH, 1C); quats: 

-N m 0 « ) ÿ 

GC/MS/CI confirmed the presence of PhC (0) OCH2C (0) Ph (910 sec; 
m/z: 241, 105), and the DEP/CI spectrum indicated the presence of 
acetophenone-related products (m/z: 241, 123, 105). GC/MS/EI 
detected the presence of acetophenone (693 sec; m/z: 120, 105, 

¡7' * Based on the NMR data, however, the acetophenone 
( H, CDCI3: 52.62) is a very minor component of the sample. 

anion, 
found. 

HPLC/IC was run for CVAA, PD, arsenite and arsenate 
TDG, TOGO, TDG02, chloride, nitrate and sulfate; none were 

3.9 Munition Samples (Table QT 

3 *9 *1 Item #71, 75mm Projectile (103 0 Hrs, 18 Jan 93^ 

493-lc: The sample, as received, was a dark amber 
viscous liquid which emitted a slight white vapor when exposed to 
air. Prior to subjecting the sample to the analysis protocol, a 
vapor sample was obtained and analyzed by thermal desorption/mass 
spectrometry, and the pH of a 50% solution of the unknown in 
water was measured using a colorpHast pH strip (pH 0-14 EM 

rr/SS/Sx Slbbst°wn' NJ)* No significant peaks were observed by 
GC/MS/EI from the vapor sample, and the pH was found to be <1 
(extremely acidic). 

1H, 13C, 31P and 119Sn NMR spectra were run on the neat 
sample; no resonances were observed for carbon, phosphorus or 

Ai7a*2Le' broad exchangeable proton (H+) peak was observed 
in H NMR sPectrum (511.4) indicating that the sample is 
probably an inorganic acid. ■ 

CC Jased °n its DEP/CI spectrum (m/z: 197, 117, 99, 81, 
4?i( tb<r samPle was identified as sulfuric acid, H2SO4. The 

co^!irmed bY ICP which found that the sample 
contained 32.2 wt% sulfur. 
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3.9.2 Item #82 (1515 Hrs. 18 Jan 93) 

493-2cï The sample, as received, had the same physical 
appearance and characteristics as the sample from Item #71. It 
was a fuming, dark amber, viscous liquid with a pHd. The 
GC/MS/EI of the vapor showed no significant peaks, and no 
resonances were observed by 13C MMR. A large broad, exchangeable 
proton peak was observed (011.52) in the ’h NMR spectrum, and ICP 
found 32.2 wt% sulfur present. Thus, it was concluded that this 
sample is also concentrated sulfuric acid. 

3.9.3 Item #65. Livens (1250 Hrs. 19 Jan 93) 

593-lc: The sample, as received, was a mobile liquid 
with a slight blue color. Thermal desorption/mass spectrometry 
of the vapor samples showed no significant peaks by GC/MS/EI; 
neither were any significant peaks observed in a CDC13 extract of 
the sample. No °C resonances were observed by NMR in the neat 
liquid, and ’h NMR showed only a broad water peak at 54.36. This 
chemical shift is consistent with the neutral pH measured for 
this sample using the colorpHast pH indicator strip. HPLC/IC was 
run for CVAA, PD, arsenite and arsenate anion, TDG, TDGO and 
TDG02; none were detected. Traces of xylene (112 sec; m/z: 107), 
trimethylbenzene (173 sec; m/z: 121) and naphthalene (256 sec; 
m/z: 129) were observed by GC/MS/CI and could possibly arise from 
dissolution of some of the explosive components in the munition. 
A gray solid and a green-blue solid were isolated from the liquid 
but were not identifiable by DEP/CI. ICP for metals was run on 
both the neat liquid and on the mixed solid. In addition to the 
high levels of barium, calcium, magnesium, potassium, and sodium 
in the liquid (Table 9), ICP found: 

A1 4 ppm Mn 2 ppm 
Be BDL Pb BDL 
Fe 3 ppm Zn BDL 

The solid was found to contain the following: 

A1 76 ppm 
As 5 ppm 
Ba 2600 ppm 
Ca 19000 ppm 

Cu 140 ppm 
Fe 99000 ppm 
Mg 93000 ppm 
Mn 380 ppm 

Na 1100 ppm 
Pb 1000 ppm 
S 630 ppm 
Zn BDL 

It was concluded that this munition sample is a water solution of 
inorganic salts, mainly calcium and magnesium. Ion chromato¬ 
graphy on another munition sample having a similar fill indicates 
that the anion is chloride (see below, sample 1293-lc). 
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3.9.4 Eig-Ëfl (1300 Hrg. 21 Jan Qi) 

3016-1 nioJl'ilh t-hílS?116:, as re=eived, was a heavy metal 
P-*-P® witxi threaded ends that were cannpH tvio ■ resembled nldp-r 1wexe cappea. The container 

Dresïurî reartL;« ™ y.ei^lpment that "as used c° perform 
drilled bv eersn^M J?e.Slp,e/S0nCainer Previously had been 
of Infe^<^íon= n° 1 at ,the u-s- Anny Medical Research Institute 

l (USAMRIID) at Ft. Detrick, MD during their 
pqppS Ff0r ^010^1^1 contamination, when a brown vapor9 
hoïePw?thrîmip?e drilled hole' USAMRIID personnel plugged the 

. 1:11 a lafcex surgeon's glove which came wrapped around the 

?aken and^Sf- ^ "aS re,n0Ved' and a vapor s^p“ „as 
taken and analyzed by thermal desorption/mass spectrometrv Wo 
organic compounds were detected by GC/MS/EI in the brown^ánm- 
Subsequently, a total of 40 mL of a dark greeS non v££ous 

sí?ÍMeWaSThemÍim,'dr0m th?1co°led container with a needle and 
a^brown"vapor iaHmiWed3 " t0 C°me t0 r°0m temPe«ture, and 

The fMR spectrum of the neat sample showed broad 

510) The “c soLtrnToft-h'1'’ ^ resrlons of the spectrum (58 to i. ine c spectrum of the neat sample showed that tho cambia 

C4S <C1: 4149 C2P,6:5124ed3;hC3,5e513T5, 

and 1,4-dinitrobenzene (Cl,4: 5154.4; C^S^S.'sf N ó ) .°6 ' 

methanol, CDU» n r™5. dÍSSOlVed in deuterated 
order to obtain L ^ Isotopes, Montreal, CAN) in 
foi il ’ oötain a better H NMR spectrum of the sample The 
following compounds were identified: ^cunpie. me 

Mole % 

41.5 

2.8 

1.7 

0.1 

(a) Nitrobenzene [H2,6; 08.23 (2H, "doublet"),- 

^triplet"f? ' ”triplet"); H4: S7-7S dH, 

(b) 1,3-Dinitrobenzene [H2: 09.00 (1H, triplet, 

J - 2 2 Ha 2 hÍ: d°ublet of doublets, 

i ; sI'hz); S!!;NHl:,r-89 (1H'triplet' 

(C) singletn1"01361126116 [H2,3'5'6: ô8-45 (4H, 

(d) 1,3,5-Trinitrobenzene [H2,4,6: Ö9 32 (3H 
singlet)] ' 
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1.4 (e) Other aromatics 
52.6 (f) Excess H+ (<5~5) 

No sulfur was found by ICP indicating that the excess H+ was 
probably due to nitric acid (HN03) rather than sulfuric acid 
(H2SO4) . 

The presence of nitrobenzene was confirmed by DEP/CI 
which observed protonated molecular ions at m/z 124 and 169 
indicative of nitrobenzene and dinitrobenzene, respectively. 
GC/MS/EI (Finnigan 5100} observed the following compounds: 

Area % 

95.6 
2.8 

0.6 

0.4 

0.4 

0.2 

0.1 

(a) Nitrobenzene {217 sec; m/z: 123, 107, 93, 77, 65) 
(b) Dinitrobenzene isomer (472 sec; m/z: 168, 122, 

92, 76, 75, 64, 50) 
(c) Dinitrobenzene isomer {452 sec; m/z: 168, 122, 

92, 76, 75, 64, 50) 
(d) Unknown MW 77, contains 1 nitrogen (49 sec; m/z: 

46, 77) 
(e) Unknown MW 61, contains 1 nitrogen (26 sec; m/z: 

46, 61) 
(f) Carbon tetrachloride (36 sec; m/z: 117/119, 

82/84, 47/49) 
(g) Nitrobenzonitrile (398 sec; m/z: 148, 102, 90, 

75, 64, 51) 

A second vapor sample of the contents of the pipe/container did 
show the presence of nitrobenzene (754 sec; m/z: 123, 93, 77, 65, 
51 and 50) by thermal desorption GC/MS/EI. Direct injection of 
an ether extract of the liquid confirmed the presence of 
nitrobenzene (560 sec); 1,4-dinitrobenzene (855 sec; m/z: 168, 
122, 92, 75 and 50); and 1,3-dinitrobenzene (876 sec; m/z: 168, 
122, 92, 76, 75 and 50). ICP found no significant metals present 
except for iron, probably from the container, itself. 

It was concluded that this sample was most likely a 
pressure reaction to prepare trinitrobenzene from nitrobenzene 
and nitric acid. On a weight percent basis, the amount of acid 
present calculates to be 30-35%. Although no direct analysis of 
the brown vapor was obtained, the physical appearance (reddish 
brown) is consistent for nitrogen dioxide (NO2/N2O4) which is a 
highly toxic gas used in the nitration of organic compounds.3 

3.9.5 Item #87. Livens (1 Feb 93) 

1293-lc: The sample, as received, was a bluish-gray 
mobile liquid. The 13C NMR spectrum of the neat liquid showed no 
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resonances indicating that no organic compounds were present. 
YaS further confirmed by a more sensitive ’H NMR spectrum of 

a cpci3 extract of the liquid which showed only a small amount of 
background hydrocarbons to be present. The ’ll NMR spectrum of 
the neat liquid showed a broad singlet (¢54.52 ppm) consistent for 
neutral water. 

^ were detected by DEP/CI 
and GC/MS/EI. HPLC/IC found 50 mg/mL chloride ion; but no CVAA 
PD, arsemte or arsenate anion, TDG, TOGO, TDG02, nitrate or ' 
sulfate were detected. In addition to the metals reported in 
Table 9, ICP found 16 ppm zinc and below detectable limits of 
vanadium, lead and cadmium in the liquid. ICP analysis of the 
solid residue in the sample gave the following results: 

A1 51 ppm 
As 0.5 ppm 
Ba 1700 ppm 
Ca 36000 ppm 

Cu 12 ppm 
Fe 5600 ppm 
Mg 53000 ppm 
Mn BDL 

Na 1400 ppm 
Pb BDL 
S 510 ppm 
Zn BDL 

onithe analyses, it was concluded that this 
munition fill is similar to that of Item #65 (sample 593-lc) 
above: a water solution of inorganic salts, primarily chlorides 
of calcium, magnesium and sodium, in this case. 

r 

* 

3-9-6 Item #67. Livens (2 Feh 

, . ., .fcu493Ilc,: Tll;i-S sample, as received, was a gray, mobile 
liquid with a dark sediment. The 1H NMR spectrum of the neat 

u fh?W^ an.extremely broad peak (peak width at half-height 
50 Hz) indicating that the sample was primarily water 

containing an abundance of metals. The 'H NMR spectrum of a 

the safPle showed the presence of 1,4-dithiane 
(52.90); 1,4-thioxane (SCH2: Ö2.63; OCH2: 53.92); and 

(SCHr 02*79; 0CHz: 53-76)* Other unidentifiable components were also present. 

t... .. , OEP/CI provided additional evidence for the presence of 
thiodiglycol (m/z: 105); however, GC/MS/EI observed only 
^J^round hydrocarbons probably because low concentrations of 

nni n?Lïfad?-ly chtomatograph. HPLC/IC observed 100 
hï£d glyC°^ (™G) along Wlth 2 of nitrate ion; no 

sulfateDwereSfound.°r ^3611^6 TOG°' TOG°2' Chloride or 

£T a degStu0starf rcS 
nature of the entire munition fill led to the analysis of a 
separated lower sludge layer to ensure that the Livens contained 

58 



no intact HD. The 1H NMR spectra of the D20 and CDCI3 extracts of 
this sludge showed only very broad peaks. The sample appeared to 
contain a significant amount of metals, but no HD nor HD-type 
compounds could be detected. DEP/CI showed only background peaks 
except for a strong ion at m/z 65 which is sometimes indicative 
of sulfonate. In addition to the metals and high sulfur content 
listed in Table 9, ICP of the bottom sludge layer also found 62 
ppm zinc and below detectable limits of barium .and lead. 

3.9.7 Item #147, 75mm Projectile (2 Feb 93) 

1493-2: The sample, as received, was a fibrous solid 
that looked like wadding material. The 1H NMR spectrum of the 
CDCI3 extract of the solid showed mostly aliphatic hydrocarbon 
resonances {ÕQ.8S and 1.26). A smaller amount of aromatic 
resonances were present (<57.0-8.0) as well as some resonances in 
the unsaturated (CH=C) and OCH region (<54.6-5.4). Two small 0CH2 
quartets were observed; one consistent for an ethyl ester, 
CHjCH2OC(0) ~ ¢04.12) and one consistent for ethanol, CH3CH2OH 
(<53.72). There was no evidence for the presence of any HD-type 
compounds. 

The ’h NMR spectrum of the D20 extract of the fibrous 
material showed a triplet (Ô1.17) and a quartet {<53.64) 
consistent with ethanol; and, a singlet at 51.91 which could be 
due to either a CH3C{0)~ moiety (i.e., acetone or acetic acid) or 
to acetonitrile, CH3CN. Some aliphatic hydrocarbon resonances 
(50.83 and 1.22), perhaps from a long chain acid or alcohol, were 
also observed. 

GC/MS/CI observed aliphatic hydrocarbons in the CDCI3 
extract, primarily straight chain C9-Ci6 compounds. This was 
confirmed by GC/MS/EI which found significant amounts of C10-C13 
hydrocarbons. HPLC/IC detected 2 mg/mL of nitrate ion, extracted 
perhaps from the explosives in the round. No CVAA, PD, arsenite 
or arsenate anion, TDG, TOGO, TDG02, chloride or sulfate were 
observed. In addition to the metals listed in Table 9, ICP found 
12 ppm barium and below detectable limits of aluminum, cadmium 
and cobalt. 

3.9.8 Item #90. 75mm Projectile (2 Feb 93) • 

1593-lc: The sample, as received, was a dark, viscous 
liquid. The ^ NMR spectrum of the neat sample showed no 
resonances; however, the 13C NMR spectrum showed two large, very 
broad peaks (peak width at half-height -150 Hz) and several 
smaller "humps". The two largest peaks represent -59% of the 
total area in the spectrum. In our laboratory, this type of 
spectrum has been observed for samples of mustard (HD) that have 
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been stored in munitions and 
metals. contain an abundance of dissolved 

i ■ T3?6 1h and 13c NMR spectra of a CDCl^t solution of fhic 

Ä «’H= "3 "s1,0"' 
, e ^ degradation products were observed Tn rh-: = 

sample, the HD represented 72% o£ the total area 3 

were confiSld^y^/Ss/CI1® ?Se ffflowfi^ro0^^3Productä 
observed: * /L1* ine following compounds were 

Area % 

64.2 (a) 
11.8 (b) 

9.7 
3.7 

(c) 
(d) 

3.7 {e) 

1.4 
1.1 
0.9 
0.8 
0.7 

(f) 
(g) 
(h) 
(i) 
<j) 

HD (284 sec; m/z: 159/161, 123/125) 

ïss/flyf e’ <C1CH^S)2 (443 sec; m/z: 191/193, 

1,4-Dithiane (183 sec; m/z: 121, 89) 

m3/2^u1Í^/;Jc1CH!C?zS)íS <619 sec'- 223/225, 187/189, 159/161) 

sec; m/z: 183/185 155/157, 123/125) -J-ö-i/iöb, 

* mH f biolane {220 sec; m/z: 125, 97) 

^91 Sec; m/z: 105 ' 87) 
i41° sec; m/z: 153 ^ 125) 

1»2,3,4-Tetrathiane {384 sec; m/z* 157 

123/Ï25)SCHzCHzOCHzCH2C1 (503 SeC; m/Z: ^G1/1£9> 

Cl (CH2)3SCH2CH2CI (299 sec; m/z: 173/175 137/1391 
CICH2CH2SCH2CH2OCH2CH3 (316 sec- m/z- 133 ,,//09 
CICH2CH2SCH2CH2OCH: (235 sec; m/z: 123/125, ¾1.251 

ÍSS®^: m/z:,143/l«, 107/109) 
ÍU1UM2LH2CH2) 2S (349 sec; m/z: 187/189, 151/153) 

GC/MS/EI of the CDCI3 extract observed HD (624 sec; m/z- 158 

sec; m/f; ist' Li, i655%r^56Ó)-°?,ÂHíCHsSC?l2®20H (8ÍS 
120, 92, 73, 61 46 and'461. i j l.f-dithiane (479 sec; m/z: 

74, 61 and Í6).’ HPLC/íc fóind f i?73 sec; m'z- 104. 
the water extract butno CT^ PD ™o°fr ^rnÍ9lyC01 (TDG> in UVAA, PD, TOGO or-TDG02 were detected. 

0.4 (k) 
0.3 (1) 
0.2 (m) 

0.1 
0.1 

(n) 
(o) 

3.9.9 —em #113, 75mm Projectile 17 Feb 93) 

liquid with6su¡peÍdedhsol^le,MaS received' was a dark mobile 
1H NMR spectrum^cff^Uie ^leatfSample Were obs^ed in the 
broadened into the baselinp rwF ^' P k ere aPParently ico one baseline due to the presence of paramagnetic 
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metals (especially the iron). Two broad peaks were observed in 
the 13C NMR spectrum; however, no identification was possible. 
ICP confirmed the presence of metals. In addition to those 
listed in Table 9, ICP found 2 ppm copper, 50 ppm sodium and 
below detectable limits of barium. 

The sample was miscible with water and immiscible with 
CDClj. Upon dilution with water, the ’H and 13C NMR spectra 
indicated the sample was better than 70% thiodiglycol (1H, D20: 
Ô2.19 and 3.32? 13C: 528.9 and 57.4). The spectra of the CDC13 
extract confirmed the presence of thiodiglycol (1H, CDC13: <52.78 
and 3.76; 13C; 635.1 and 60.9) and also showed 1,4-dithiane (1H: 
62.89; 13C: 629.1); 1,4-thioxane (’H: 62.63 and 3.92; 13C: 627.0 
and 68.8) and thiodiglycol polymers/ethers (13C: 670.8). No 
evidence for the presence of intact HD was observed even when the 
13C spectrum was allowed to accumulated overnight for better 
sensitivity. 

DEP/CI indicated that thiodiglycol (m/z: 105) and 
thiodiglycol polymers/ethers (m/z: 121, 137, 152, 164, 209, 228) 
were the major components. GC/MS/CI indicated the presence of 
the following compounds as minor constituents: 

Area % 

29.0 (a) 1,4-Dithiane (177 sec; m/z: 121, 89) 
27.7 (b) 1,4-Thioxane (88 sec; m/z: 105, 87) 
22.8 (c) Unknown MW 120 (260 sec; m/z: 121) 
20.6 (d) Unknown MW 136 (426 sec; m/z: 137, 121, 89, 77) 

No intact HD was detected. 

GC/MS/EI confirmed the presence of thiodiglycol (712 
sec; m/z: 122, 104, 91, 61 and 47); 1,4-dithiane ¢513 sec; m/z: 
120, 92, 61 and 46); 1,4-thioxane (318 sec; m/z: 104, 74, 61 and 
46). Again, no intact HD was found. 

HPLC/IC was run for chloride, nitrate and sulfate. 50 
mg/mL of chloride was found; but no nitrate or sulfate were 
detected. The presence of so much chloride ion would indicate 
that this sample is probably degraded HD and not just degraded 
thiodiglycol. 

Since this sample appeared to be a "water layer" from a 
degraded HD sample, the second sludge layer from the projectile 
was also analyzed to make sure that no intact HD was present in 
the munition, ’h and 13C NMR spectra of the CDC13 and D20 extracts 
of the sludge layer showed the same compounds present as in the 
upper water layer: thiodiglycol (1H, CDC13: 62.78 and 3.76; 13C, 
CDClj: 635.1 and 61.0); 1,4-dithiane (1H, CDC13: 62.89; 13C, CDC13: 
629.1); 1,4-thioxane (1H, CDC13: 62.63 and 3.92); and 
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thiodiglycol polymers/ethers (3C, CDC13; Ô70.8). No intact HD 

asSfirstSuspected?tÍn^ l0Wer layer WaS n0t “ m layer 

^*^*10 Item #142, 75mm Projectile 12 Feb 93) 

.. , 1793-lc: The sample, as received, was a gray liauid 
with dark sediment. No resonances were observed by % and^3C NMR 

ro°í-lth?nnQat: due t0 an abundance of dissolved 
metal ions. The ’H NMR spectrum of a CDC13 extract of the liauid 
showed only background hydrocarbons indicating that the munition 

hvnpo^nT110^• °Í9a?ÍC ií? nature* This observation was confirmed 
ZLSCI whlCh also observed only background hydrocarbons. 

fo^ PD» arsenite and arsenate anion, TDG, 
Jhi°fîd!' nitratf and !ulfate* 50 mg/mL of chloride 

ana 1 mg/mL of sulfate were observed; all other were below their 
1^mits: ,BJsed on the analyses, the fill appears to be 

primarily water with dissolved metal salts. 

* 

4. SUMMARY/CONCLUSIONS 

nnoT-aH c °f ?8 seParate items/samples relating to 
Operation Safe Removal at Spring Valley, Washington, D.C. were 
analyzed by the Research and Technology Directorate Analysis Team 

January and February 1993. Individual soil and debris 
from ,the were Sriven identification numbers/des¬ 

criptors, packaged in numbered, stainless steel pigs and 
pfa5pPOf'íed t0 !!RDEC by tbe Technical Escort Unit (TEU) . At 
ERDEC, the samples were removed from the pigs, given samóle 

and objected to an analysis protocol. 
The analytical techniques used to characterize the samples 
included nuclear magnetic resonance (NMR) spectroscopy gas 

masrHna^^rSmv?/^f0m^T <GC/MS> ' d?rect «Ærfprobe mass spectrometry (DEP/CI), high performance liquid 
chromatography/ion chromatography (HPLC/IC), infrared (IR) 
spectrometry, inductively coupled plasma (ICP) emission 
spectrophotometry, and atomic absorption spectrophotometry. 

following compounds were found to be present in one 
site°re °f the soll/debris samples collected at the Spring Valley 

Acetophenone 
Adamsite (DM) 
Arsenic 
Arsenic III oxide 
Benzaldehyde 
Benzoic acid 
Chloroacetophenone (CN) 
bis-(2-Chlorovinyl)chloroarsine (L-2) 
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tris-(2-Chlorovinyl)arsine (L-3) 
Chlorovinylarsonous acid (CVAA) 
2-Chlorovinylarsonic acid (CVAOA) 
1.4- Dioxa-7-thionane 
Diphenylamine 
1,4 -Diphenyl-1,4 -butanedione 
Diphenyl sulfide 
Diphenyl sulfone 
Diphenyl sulfoxide 
1.4- Dithiane 
Ethyl 2-hydroxethyl sulfide 
<2-0xo-2-phenyl)ethyl benzoate 
Phenyldichloroarsine 
Red phosphorus 
cis(1,4-Polyisoprene) (rubber) 
Polymeric ethers/sulfides of thiodiglycol 
Polystyrene 
Sulfur (elemental, S8) 
Tetryl 
Thiodiglycol 
Thiodiglycol sulfone 
Thiodiglycol sulfoxide 
1.4- Thióxane 
Trinitrotoluene (TNT) 
Triphenyl arsine 

Nine intact munitions were downloaded at the ERDEC 
Chemical Transfer Facility (CTF); the following munition fills 
were identified: 

Item #90: 

Items #67 
& #113: 

Items #71 
& #82: 

60% mustard (HD) 
40% HD hydrolysis/degradation products 

Primarily water 
Some HD hydrolysis/degradation products 
(No intact HD detected) 

Sulfuric acid 

Items #65, 
#87 & #142: 

Water solutions of inorganic salts, 
primarily the chlorides of magnesium, 
calcium and sodium 

Item #147: Fibrous solid (wadding material) 
Only aliphatic hydrocarbons extracted 

In addition, one intact reaction vessel (SOL 42, 3016-1 
pipe with capped ends) was received for analysis. The vessel was 
found to contain nitrobenzene and nitric acid along with small 
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amounts of dinitrobenzenes, 
and nitrobenzonitrile. 

trinitrobenzene, carbon tetrachloride 

and WPrr/T^' DP/CÍ' GC/MS/CI, GC/MS/EI, GC/FPD/FID/ITD, FTIR 
3SPeC a f0r^each samPle in whic:h chemicals were identified are presented. 

¥ 

I 

* 
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pp. 65, 89-90, 103-104, 109-110. 
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Rahway, NJ, 1976, p. 7162. 

3. Ibid, p. 858. 
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APPENDIX A 

FINAL E-MAIL REPORT (UNEDITED) OF ANALYTICAL RESULTS FOR ALL 
SAMPLES RECEIVED THROUGH FEBRUARY 1993 

MRS. MARGUERITE E. BROOKS, TEAM LEADER, SENDS: 

1. In support of the U.S. Army Edgewood Research, Development 
and Engineering Center (ERDEC) "Operation Safe Removal" at the 
Spring Valley development in Washington, DC, selected suspect 
samples and munitions from the area were packed in "pigs"and 
transported to ERDEC. The samples were subjected to chemical 
analysis by scientists assigned to the Chemistry Department, 
Research and Technology Directorate, ERDEC. All samples 
underwent a screening protocol. Samples of granular and fiber 
materials were first analyzed by thermal desorption/mass 
spectrometry and direct inlet mass spectrometry. Each sample was 
subjected to solvent extraction/leaching. The recovered .solvents 
were analyzed by nuclear magnetic resonance (NMR), direct inlet 
mass spectrometry, gas chromatography/mass spectrometry (GC/MS), 
liquid chromatography/ion chromatography (LC/IC) and infrared 
spectrometry (IR). Elemental analysis was performed using 
inductively coupled plasma (ICP) spectrometry on selected 
samples, as appropriate. The chemical analyses of these samples 
follows. 

2. Four pigs containing samples for analysis were delivered by 
U.S. Army Technical Escort Unit (TEU) to bldg. E3300 at 1400, 9 
January 1993. 

a. Pig #1 contained two packages of broken glass. Each of 
the samples appeared to contain the same chemical components. 
These consisted of multiple aromatic and vinyl compounds related 
to Lewisite (L), including chlorovinylarsonic acid (CVAA) , 
chlorovinylarsonic acid oxide (CVAOA), 
bis (2 -chlorovinyl)chloroarsine (L2), and 

tris(2-chlorovinyl)arsine (L3). CVAA was determined to be 20 ppm 
and 40 ppm in samples #1 and #2, respectively CVAOA was no 
detected in samples #1, but was determined to be 20 ppm in 
sample #2. It should be noted that L and CVAA can i\ot be 
differentiated since tris(2-chlorovinyl)arsine (L3). The CVAA 
was determined as 1 ppm and 4 ppm, respectively, in samples #1 
and #2. It should be noted that L and CVAA can not be 
differentiated since each is determined as CVAA. 

b. Pig #2 contained four samples. Sample #1 consisted of a 
test tube packed with soil having an oily sheen. The presence of 
the vomiting agent DM (Adamsite, diphenyl chloroarsine), and its 
precursor/degradation product diphenyl amine were identified and 
confirmed. They were present in approximately a 65:30 molar 
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ly' W^th tWO ?r three other compounds as minor 
components._ Elemental analysis showed arsenic present at 250 
ppm. Quantitation of the DM using the standard ultraviolet 

thehmantitatiTCn?emireirt-0f > ^ DM{3 samPle- The sample met tne quantitative requirement criteria that each of the absorbance 
wavelengths matched those of a standard of DM perfectly. Samples 
#2 and #3 consisted of tan and gray powders, respectively. Each 
was identified as containing background hydrocarbons with as the 
ma]or component and long chain hydrocarbons as trace components. 
Sample #4 consisted of solid chunks of bituminous material havinq 
a green color on the surface. Analysis of the sample identified 
components similar to those detected in samples #2 and #3 from 
this pig. 

c. Pig #3 contained three samples: A fuse leaking a dark 
viscous liquid; a leatherman tool apparently used to sample the 
liquid; and, a vial containing some of the liquid. The liquid in 
each sample was identified and confirmed to be the lachrymator 
CN, chloroacetophenone, with minor quantities of its aromatic 
degradation products, acetophenone, benzaldehyde and benzoic 
ci C10. • 

d. Pig #5 contained three samples. Sample #1 consisted of ; 
sandy material containing water and trace quantities of 
background hydrocarbons. Sample #2 consisted of a pink colored 
polymeric foam with traces of soil adhered to it. The styrene 

0f th^ foam was the only compound detected. 
Sample #3 was similar to sample #1 in appearance and analysis. 

1' ^°. ?igs ^°^0inin3 samples for analyses were delivered by 
TEU to bldg. E3300 at 2015, 14 January 1993. 

a. Pig #4 contained a mixture of various types of glass, 
household ceramic pieces, and both loose and packed soil. A 
mixture of these materials was leached with solvent. The 
presence of numerous aromatic and aliphatic compounds was 
observed. Trinitrotoluene (TNT) and aliphatic hydrocarbons 
having a carbon chain greater than 10 were detected. Three 

having mass wei9hts of 256, 282 and 284 were 
detected, but do not appear to be related to CW agents. 

hardb*bl^rk Sol nî™ samPles* Sample #1 consisted of a 
hard, blacky solid from a 75 mm round and was marked #43 

alSha^. {C14 to C16> and aromatic compounds were 
detected. Identification of acetophenone, benzoic acid, and 

acetoohÍníÍÍpld?fi?YbGC/M^ wer0 also quantitated by GC/MS as 40% 
acetophenone,.16* benzoic acid, and 15% diphenylsulfide with 

Sí diphenylsulf one, phenol, diphenylsulf oxide, 
SíjS b The presen0e of acetophenone was confirmed by 
NMR. The possible presence of chloroacetophenone (CN) at <10 
ug/g was detected by IR. Sample #2 consisted of a white and tan 
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solid and soil. The only compound identified in this sample was 
possibly benzoic acid. Sample #3 consisted of soil and a black 
tar-like material cited as being from a bomb windshield. 
Analyses were not definitive, but direct inlet/MS showed three 
mass peaks, which indicate the presence of sulfur (S8). Sample 
#4 was a fibrous material which was completely soluble in 
chloroform. It contained primarily aliphatic hydrocarbons, with 
traces of aromatic compounds. Heteroatoms such as oxygen, 
chlorine, and/or nitrogen could possibly be present. Sample #5 
consisted of broken glass. Direct inlet/MS identified a mass 
peak of 104 related to styrene. Liquid chromatography identified 
the presence of 9 ppm of the Lewisite hydrolysate 
2 -chlorovinylarsonic acid (CVAA). No other compounds were 
identified. 

4. Two pigs containing samples for analysis were delivered by 
TEU to bldg. E3300 at 1240, 15 January 1993. 

a. Pig #9 contained four samples. Sample #1 consisted of 
green glass fragments with adhering soil particles. 
2,4,6-trinitrotoluene, TNT, was identified and confirmed as a 
trace component. An additional aliphatic compound having 
ether-like linkages was detected, but this compound was not to 
be related to CW agents. Sample #2 consisted of clear glass with 
soil clumped on some surfaces. Trace amounts of TNT were also 
identified and confirmed as a component of this sample. Sample 
#3 also consisted of clear clear glass with soil clumped on some 
surfaces. Tris(2-chlorovinyl)arsine (L3) and TNT were identified 
and confirmed at higher than trace levels. Sample #4 consisted 
of clear and green glass mixed with black soil. The L 
hydrolysate, CVAA, was present at 2 ppm. Higher concentrations 
of triphenylarsine were detected (31% of the total organic 
compounds present) and confirmed. Diphenylsulfide was also 
detected at a relatively high (19%) concentration. Several other 
unidentified aromatic compounds were detected at trace levels. 

b. Pig #10 contained eight samples. Sample #1 consisted of 
a brown waxy solid. It was identified and confirmed to be the 
explosive tetryl (85% pure). Sample #2 was finely divided yellow 
powder consisting of a mixture of tetryl and TNT in a molar ratio 
of 89:10.5. A small amount (0.5%) of a compound thought to be 
tetryl without the methyl moiety was also detected. The molar 
ratios were determined by NMR and the identification was 
confirmed by direct inlet/MS. Sample #3 consisted of white 
rubber tubing, coated with dirt. This consisted primarily of L3 
and approximately 1 ppm of the L hydrolysate, CVAA. Additional 
hydrocarbons were also detected. The majority of the arsenic 
(300 ppm) can be accounted for by the presence of these L 
related compounds. However, there could be low ppm levels of 
arsenic present as inorganic salts or the oxides of arsenic. 
Sample #4 was of black soil which appeared to contain charcoal 
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hydrolyaace component detected „as the L 

hr£äfäl~ cöÄei M^and 
detected in^his3«^^03^ O^^background hydrocarbons were 

sand. Barely detlSSle le^lseo?6™jrSÍSte<Sa0f a li9ht col°bed cruant-ihah^ L O levels of CVAA were identified. Arsenic 
b ? Ppm suPP°rts the presence of this comoound 

or™*6? consisCea°f a dark colored sand. Again a low Lei 
of CVAA, 1 ppm, was detected. Quantitation of anear,-!« i®vei 
suggests the Presence of - 5 arsenic at 70 ppm 
ovIÍLe «i p7efence ot inorganic arsenic salts or arsenic 
sm?î roï^g WHth Sample *7 consisted of a mixture of 
small rocks and soil. The only compound detected was a trace of 

d^liv^P^hv0^116^1?'1^ fr0m tW0 munitions, #71 and #82 were 
p-5innerff tY Chemical Transfer Facility (CTF) personnel to hi da 
ESSOQ, 18 January 1993, at 1030 and 1515 hours rejectívp?v 9' 

sliaht^ ^COnS1Stee °f a dark viscous liquid,' which emitted a 
wir^r? 7;POruWhen exP°sed to air. vapor samples of each 
suMec??iftLtTth??"al desorption/mass spectromeL pJofS 

S SIS LSiLV™ysi™-- -¾ La - 
ISïcÎl e°^°S; b«e=oÄdeofn!^gniC 

bidgA ESSO^b^CTF^fiqínnpi3111 munition was delivered to o™i ÜJJUU °y LfF personnel at 1250, 19 January 1993 Thp 
samólesWwprp mobí-le with a slight blue œlor. ’vapor 
D?inÍ fn , S■ ^yZeduby thermal desorption/mass spectrometrv prior to subiecting the lion-id Qpmniû t-u »peocrometry 
A solid which was samPle to the-analysis protocol. 

SLTS SÄ 
naphthalene S^e dLcL 01?5 °n\substituted benzenes and 

Chloride ion/ml of 1¾ ÉÍLSaH^ysiLfthf? ■ “a”3 a 
the separated solid identified the following ^ and 

Element’ 

Aluminum 
Arsenic 
Barium 
Calcium 
Copper 
Iron 
Lead 
Magnesium 

Liquid 
ppm 

4 
1 

205 
31.100 

3 

72.100 

Solid 
ppm 

76 
5 

2600 
19,000 

140 
99,000 

1000 
93,000 
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Manganese 
Potassium 1,195 
Sodium 1,160 
Sulfur 143 

380 

1100 
630 

7. Pig #8, containing the sample opened at the U.S. Army Medical 
Research Institute for Infectious Diseases (USAMRIID), then sent 
to ERDEC, was delivered to bldg. E3300 at 1300, 21 January 1993. 

a. The container, which had been drilled and plugged by 
USAMRIID personnel, was a heavy metal pipe with threaded ends, 
resembling laboratory equipment known to have been used to 
perform pressure reactions. A vapor sample was analyzed by 
thermal desorption/mass spectrometry prior to subjecting the 
sample to the analysis protocol. A total of 40 mL. of a dark 
green non-viscous liquid was removed from the container. At room 
temperature, a brown vapor, resembling nitrogen dioxide, was 
emitted by the liquid. 

b. The major component in the liquid was identified and 
confirmed to be nitrobenzene. Minor components were identified 
as isomers of dinitro and trinitrobenzene, and nitric acid 
dissolved in the liquid. Elemental analysis gave the following 
data : 

Element ppm 

Calcium i 
Iron 532 
Magnesium 4 
Manganese 2 
Sodium 62 

8. The second #9 pig, containing four samples was delivered by 
TEU to bldg. E3300 at 1430, 21 January 1993. 

a. Sample #1, marked SOL 40, consisted of pieces of glass 
and a broken bottle which appeared to have a charred purple 
substance on the surface. The sample showed no organic compounds 
present. 

b. Sample #2, marked SOL 43, consisted of broken glass. The 
analyses detected only background hydrocarbons. 

c. Sample #3, marked SOL 44, consisted of broken glass. 
Only background hydrocarbons were detected in this sample. 

d. Sample #4, marked SOL 45, consisted of a rubber stopper 
with a piece of glass tubing. Numerous aliphatic hydrocarbons, 
unsaturates and aromatic compounds were detected. No single 
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component could be identified, 
following data: 

Element 

Arsenic 
Calcium 
Magnesium 
Manganese 
Sodium 
Sulfur 
Zinc 

Elemental analysis gave the 

ppm 

<0.05 
224 
143 

2 
57 

288 
184 

9. A second #10 pig was delivered to bldg. E3300 by TEU at 1530 
22 January 1993. The pig contained 7 samples. Y 

nrnWMffS6 #1 desc5ibed as fright orange dirt around 75 mm 
site as ^ 50,11?ch deeP" had been identified on 
Site as possibly containing trinitrotoluene, (TNT). No TNT or CW 
related organic compounds were detected. Only typical soil 

following data^°Carb0nS f°Und‘ Elemental analysis gave the 

Element 

Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Sodium 
Sulfur 
Vanadium 
Zinc 

ppm 

20,500 
35 

180 
19 
90 

114 
96.200 

3520 
92 

137 
11.200 
3,540 
6,360 

32 
32 

aqcnn' #a' a Whl ® P°wder taken from a livens (item 
backornnnH sh°wsd no organic species beyond a hydrocarbon 
background. An elemental analysis provided the following data: 

Element 

Aluminum 
Arsenic 
Barium 

ppm 

2030 
1 

64 

Appendix A A-6 



Element 
Iron 
Lead 
Magnesium 
Cadmium 
Calcium 
Copper 

Manganese 
Potassium 
Sodium 
Vanadium 
Zinc 

ppm 
4450 
203 

24,700 
67 

1430 
50 

188 
2290 
7620 

5 
234,000 

c. Sample #3, "bright yellow dirt at end of 2 suspect livens 
NW corner 4 1/2 in." also showed no organic species beyond a 
hydrocarbon background. An elemental analysis provided the 
following data: 

Element ppm 

Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Copper 
Iron 
Magnesium 
Manganese 
Potassium 
Sodium 
Vanadium 
Zinc 

9280 
2 

141 
14 

148 
22 

41,900 
252 
217 

12,800 
8810 

24 
38 

d. Sample #4, "black square of unknown material 3 in. x 3 
in." resembled a roofing material. Analysis identified a large 
number of aliphatic compounds having high molecular weights. 
This is typical of tar paper and roofing material. The 
concentration of these compounds would totally obscure trace 
concentrations of other organic compounds. 

e. Sample #5, "a probe placed in flash channel" also showed 
no organic species beyond a hydrocarbon background. The 
potential presence of elemental sulfur was identified by mass 
spectrometry. Elemental analysis identified the following: 

Element ppm 

Aluminum 11.3 
Arsenic <0.08 
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Copper 
Magnesium 
Potassium 
Sodium 
Zinc 

44.5 
61.6 
92,6 
30.8 
17.4 

f. Sample #6, "green stained nail frnm i -Ft- 
” also showed 
No anionic 

ph^?at0nlyPa 5yd^ocarb^1backg?o¿nd/ty^i¿aÍ íf^oil11 

?5entÍ?íeVthed?oiexCcSn^ dÍreCt Ínlet/MS- E1“»ntai 

dia. " 
A trace of 

analysis 

Element 

Aluminum 
Barium 
Calcium 
Iron 
Magnesium 
Manganese 
Sodium 

ppm 

383 
1 

28 
188 
84 
4 

34 

¿íig.^lo^ly'xlé'ioo^'zr^a^ î"«*15 Were delivered t0 

consiatefof^^raU^aL4,^1^- Sample #1' S0L =6. 

sample. ^ 

£d|ÄuS°r^U amount 

Lona chain “ sample #4 consisted of glass niproQ 
were detected.P tompoun s with molecular weights up to 400 

cons^sted^f^eTgl^fpiecS^lnlyÄ ^ 63' 
water were detected on this sam¿le Sa^Se #f ISl and 
of c.ear glass pieces. Only background hydrï^J!01, S4, consisted 
detected in this sample. * aground hydrocarbons were 

consíste^of^iberwadSing7 vSample #1. SOL 71, 
detected. Sample #2, SOL^S 00031^^2.-27^0^0°3 Were 
item # 98». Only background tJd f cloth from around 
sample. Sample #3, SOL 66 ^onsistad^?3 rere detected in this ' bb' consisted of stoppers with glass 
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tubing. The glass tubing was removed and analyzed to prevent the 
rubber stopper components from interfering with the analysis. 
Only background hydrocarbons were detected in this sample. 
Sample #4, SOL 74, consisted of wooden pieces. Only background 
hydrocarbons were detected. Sample #5, SOL 68, consisted of a 
"large rubber stopper with one hole". This was not a rubber 
stopper but resembled a cork ring used in laboratories to hold 
round bottom flasks in. It was very porous. Analysis identified 
only background hydrocarbons. Sample #6, SOL 67, consisted of a 
section of copper tubing. Only background hydrocarbons were 
detected on this sample. Sample #7, SOL 69, consisted of clear 
broken glass.with a black tar substance adhered to it. Again 
only background hydrocarbons were detected. 

d. Pig #14 contained 7 samples. Sample #1, SOL 60, 
consisted of "a green solid from a lead lined 75 mm, # 96". 
Sample #2, SOL 58, consisted of a "2-holed stopper with glass 
tubing". Only the glass tubing was evaluated from this sample. 
Sample #3, SOL 53, consisted of a "glass lab bottle". Sample 
#4, SOL 70, consisted of a "black and white granular solid". 
Sample #5, SOL 57, consisted of multiple glass pieces. Sample 
#6, SOL 75, was a "metal section from wall of item # 98 (spray 
tank)". Analysis of each of these samples showed only background 
hydrocarbons. Sample #7, SOL 76, consisted of "metallic 
tubing/fitting". An unusually'high concentration of aliphatic 
hydrocarbons was detected. 

e. Pig #15 contained 3 samples. Sample #1, SOL 72, was "a 
white flaky material from inside a ceramic jar". Only background 
hydrocarbons were detected in this sample. Sample #2, SOL 65, 
consisted of "broken glass tubing". Very low, trace levels of 
unidentified compounds containing OCH2, SCH2, and/or NCH2 
moieties were detected beyond the hydrocarbon background. Sample 
#3, SOL 55, consisted of an "Erlenmeyer flask". Only background 
hydrocarbons were detected in this sample. 

11. Five pigs, #17, #18, #19, #21 and #22 were delivered to 
bldg. E3300 by TEU at 1010, 27 January 1993. 

a. Pig #17 contained 2 samples. Sample #1, SOL 83, 
consisted of "various clear bottle pieces". Sample #2 consisted 
of "various amber jar broken pieces". Each sample showed only 
background hydrocarbons, with no evidence of ionic or metal 
species. 

b. Pig #18 contained 9 samples. Sample #1, SOL 78, was a 
"glass pipet stuck in glass jar top". Sample #2, SOL 81, 
consisted of "broken glass test tubes". Each of these samples 
contained only background hydrocarbons. Sample #3, SOL 87, was a 
"white powder from inside a 75 mm". The only organic compounds 
present were background hydrocarbons. However, direct inlet MS 
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oxides ^ a mixt:ure of arsenic and arsenic (III) 
Ih e k assigned to arsenic oxide agree with those 

an aVthentlc; sample. Sample #4, SOL 86, consisted 
clear glass pieces w/black tar-like substances". Only 

£mk??OUnd hYd^ar5ons were detected on this sample. Sample #5, 
^r,i02'w?°nS;LSte(ii ?f a "broken small glass bottle with tube". 

o v,^1a SS St0pper"' Sample #7, SOL 77, consisted of 
ü« Qnf an ttle fromJasPirat:or/trap w/copper fitting". Sample 
#8, SOL 80, consisted of "metal handles". Sample #9, SOL 84 
consisted of "cloth fiber pieces". Each of these samples 
contained only background hydrocarbons. P 

c. Pig #19 contained 4 samples. Sample #1, SOL 91, 

°!a 25 ^ baSe w/black substance lining interior". 
Semple #2, SOL 90, consisted of a "black burnt substance found in 

fnnnr|Cîn * .Sa^ple #3 ' S0L 92' was a "white granular substance 
around glassware". Sample #4, SOL 93, consisted of "a tan 

solid from base of 75 mm." Each of these samples contained only 
background hydrocarbons. There was indication of some metals 
present in sample #4. meuais 

#l26d’ ï'1'2*,5', 2nta^ed a ^iquid from inside 75 mm, 

potentially3related to cont®inin3 components puLeuciaxxy related to mustard, (H). The sample consisted of a 
slightly viscous yellow'liquid with a fine particulate 
suspension. The pH of the liquid was 5, slightly acid. 

t hi odial vco 1 ei?Tnr ^ 6 % n ^ coafirTned as beinST present included thiodigiycol (TOG), 20 %; the TOG sulfoxide, 0.51; the TDG 

ideÎfif^H'hf1f1ÏÎÎÎanLand 1,4 oxathiane in trace quantities. IC 

anaeïysisiefound th^SSoSSg^ta^sf6 SamPle ^ 2%* 

Element 

Arsenic 
Cadmium 
Calcium 
Copper 
Iron 
Magnesium 
Manganese 
Sodium 
Sulfur 

ppm 

<0.05 
35 
69 

1800 
135,000 

50 
455 
7 q 

48,900 

e. Pig #22 contained 4 samples. Sample #1, SOL 89 

Thi^sampl^appeare^to inside fuse of 75 # 114". inis sample appeared to be insoluble in the solvents used Mn 
organic structures were detected. However, direct inlet mass 

InriotafSosphomf^n^116'331"51?'33 re<3 PhosPh°™=- Elemental 
DhosDhomSPa? a yjCOnfl™ed the Presence of phosphorus at 25% and detected arsenic at 40 ppm. Sample #2, SOL 
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94, was a "white powder from item # 75, unfired projectile". The 
only organic species detected were background hydrocarbons. 
However, direct inlet MS spectrum of the solid was almost 
identical to that of sample #3, pig #18, indicating the presence 
of arsenic, arsenic oxide, and possibly other related oxides 
and/or acids. Sample #3, SOL 96, consisted of glass "tubing". 
The presence of L3 was identified and confirmed in this sample. 
Several other trans-vinyl compounds which appear to be L analogs 
or degradation products were also detected. Numerous aliphatic 
hydrocarbons were detected at much higher concentrations than 
expected for background levels. No H type compounds, nor LI or 
L2 were detected. Sample #4, SOL 95, consisted of "part of item 
#118, smoke can". Only background hydrocarbons were detected. 
There was indication of possible metals present. 

12. Pig #23 was delivered to bldg. E3300 by TEU 1 February 1993. 
Samples from it had previously been evaluated at USAMRIID and 
found not to contain biologically active components. The pig 
contained four samples. Sample #1A, SOL 97, consisted of a 
"broken glass bottle with a black substance". Only background 
hydrocarbons were detected in this sample. Sample #1B, SOL 98, 
consisted of "brown filler from inside 75 mm # 141". Aromatic 
ketone and ester type compounds {condensation/degradation 
products of CN) were detected. Mass spectrometry identified the 
presence of diphenylsulfide and low levels of CN and acetophenone 
with possible trace levels of a dimer and and trimer formed from 
the acetophenone. Chloride was detected at a concentration 
of 1.5 mg/g. Sample #1C, SOL 99, consisted of "lead balls and 
filler material from 75 mm #137". Branched alkyl and aromatic 
compounds detected could be related to diesel fuel. No evidence 
of any components related to H, L, or hazardous materials were 
detected. Sample #1D consisted of "lead from inside 75 mm #100". 
Traces of acetophenone, benzoic acid and possible alcohols were 
detected. A mixture of two condensation products of CN, having a 
molecular weight of 240, have been identified as approximately 

67 mole% phenyl-C(0)0CH2C{0)-phenyl 
33 mole% phenyl-C(O)-CH2CH2-C(0)-phenyl 

13. Six munitions were opened and sampled by CTF personnel 1 and 
2 February 1993. Samples from each were delivered to bldg. E3300 
for analysis by CTF personnel. The items are listed in order of 
sample receipt. 
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Item # Descriptor 

75 mm 
f 

75 mm 

75 mm 

livens 
4.7" 

n 
75 mm 

¡sample Appearance 

Light blue colored mobile liquid 
Gray mobile liquid, dark sediment 

Fibrous solids fceaiment 

Dark slightly viscous liquid, 
solid particles susoended 

Dark mobile liquid, solid 
particles suspended 

Gray mobile liquid, dark sediment 

. a* The sample from item #87 annpar-a ■ 

chlorxde/mL. Elemental analysis of the sample gave thl following 

87 
67 
147 
90 

113 

142 

Element 

Arsenic 
Aluminum 
Barium 
Calcium 
Copper 
Iron 
Manganese 
Magnesium 
Potassium 
Sodium 
Zinc 

ppm 

5 
16,900 
16,100 
72,700 

5 
346 
189 

159,000 
902 0 

144,000 
16 

^rPrima^ cornponent°m Th^mustart^yd^olvlíte^h^a® Water as 
(TDG) was detected at 100 ppm leveis oSïï 

chro^tography deLctef f^10n 

innocúous^aliphatic^and ílZãV^ 

contain. T^TsUtT 'Tl 
pure) , in addition to numernnS Í mustard (at least 60% 
degradation products. Thiodiqlvool*and 

rng/mL level. Indicators poin? Ic a h™h >„e?al Sentent.^ Che 1 

found"to^contai^siqnificant* #“3' While P^rily „ater, was contaxn significant amounts of H hydrolysates and 
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degradation products. A separated lower layer from the munition 
was analyzed to ensure it did not contain intact H. The analysis 
identified the same components as in the original sample. No 
intact H was present. Indicators point to a high metals content. 

f. The sample from item #142 appeared to have water as the 
primary component. The analysis showed the only organic 
components to be background hydrocarbons. Ion chromatography 
detected 50 mg chloride/mL and 1 mg sulfate/mL. 

Summary 

1. A total of 104 samples related to the Spring Valley 
"Operation Safe Removal" were analyzed by the Research and 
Technology Directorate Analysis Team. 

2. Of the nine munitions downloaded at the CTF, only # 90 
contained an intact CW agent. It was identified and confirmed to 
contain a high concentration of intact mustard (H), at least 60% 
pure, in addition to numerous H hydrolysis and degradation 
products. Samples of two munitions, #67 and #113, contained 
water as the major component, and hydrolysis and degradation 
products of H as minor components. Samples of two munitions, #71 
and #82, contained no organic compounds, no halogenated 
compounds, but consisted of fuming sulfuric acid. Samples of 
three other munitions, #65, #87, #142, were water solutions of 
inorganic salts, primarily the chlorides of magnesium, calcium 
and sodium. The sample from munition #147 appeared to contain 
only innocuous aliphatic and aromatic compounds. 

3. Individual soil and debris samples from the site were given 
identification numbers or descriptors, packed in numbered pigs, 
and transported to ERDEC. Samples from pig #1 contained 
compounds related to the vesicant Lewisite (L), including CVAA, 
CVAOA, L2 and L3. Samples from pig #2 contained the vomiting 
agent Adamsite (DM) and its precursor/degradation product 
diphenylamine. Sample 3 from pig #3 contained the lachrymator 
chloroacetophenone (CN) and its degradation products. Samples 
from pig #4 contained detectable quantities of TNT. Samples from 
pig #5 contained only background components. Sample #5 from Pig 
#6 contained low levels of CVAA. Sample #1 from pig #6 
contained 40% acetophenone, 16% benzoic acid, 15% 
diphenylsulfide, and possible traces of CN. Pig #8 contained an 
item resembling a pressure reactor. The liquid inside identified 
and confirmed to be nitrobenzene. Minor components were 
identified as isomers of dinitro and trinitrobenzene. 

4. Three of the four samples in the first pig #9 contained from 
trace levels to high concentrations of TNT. Sample #4 in the 
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first_pig #9 contained the L hydrolysate CVAA at low levels in 

addition to higher_concentrations of triphenylarsine and diphenyl 
sulfide. Samples m the second pig #9 showed no evidence of any 
CW related or_hazardous compounds. Three samples in the first 

were identified and confirmed to contain the explosives 
TNT and tetryl in concentrations ranging from traces to a nearly 
neat mixture. Other samples in the first pig #10 contained low 
ppm levels of CVAA. No evidence of any CW related compounds was 
detected in the second pig #10. However three samples in the 
second pig #10 showed unusually high levels of metals. 

5. No evidence of CW related compounds, explosives or other 
compounds of interest was found in pigs #11, #12, #13, #14, #15, 
T?-L / * and if 19 . 

6. Arsenic and arsenic (III) oxide, were identified in one sample 
m pig #18. The other samples in pig #18 contained only 
background hydrocarbons. The pig #21 sample contained numerous 
compounds which are known to be H hydrolysis or degradation 
products. No intact H was detected. The detection of chloride 
ion indicated that the organic components detected were 

'Ítog)'^117 fr0m the ^ vesicant H and not from thiodiglycol 

7. One sample in pig #22 consisted of red phosphorus. Arsenic 
and arsenic (III) oxide were identified in another sample. A 
third sample from pig #22 contained L3 and several other possible 
L analogs or degradation products. 

8. Degradation and condensation products of CN were the only 
compounds of interest detected in the samples in pig #23. 

and hxsfSrSc;?ds!ePOrt ÍS f°r 

10. Sample Analysis Team: William T. Beaudry 

Paul C. Bossle 
Raymond E. Herd 
J. Michael Lochner 
Stephen G. Pleva 
Dennis K. Rohrbaugh 
Thomas E. Rosso 

Leonard J. Szafraniec 
Linda L. Szafraniec 
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APPENDIX B 

SPRING VALLEY SAMPLES, WEIGHTS AND VOLUMES OF EXTRACTS 

3/31/93 
The following is a list of Spring Valley samples as of 3/31/93: 

» 

r 

SAMPLE DESCRIPTION 

OTH193-1 - PIG #1 

OTH193-la broken glass, plate glass type 
-lb broken glass from jars or carboys 

OTH193-2 

OTH193-2a 

-2b 

-2c 

-2d 

PIG #2 
glass test tube with dark green oily substance 

grey/tan fine powder 

grey fine powder 

dark grainy greenish/brown substance 

OTH193-3 

OTH193-3a 

-3b 

-3c 

PIG #3 
rusted conical fuse with dark brown viscous liquid [Item #1] 

leatherman's tool with dark brown substance [Item #2] 

plastic vial with cap/dark brown substance [Item #3J 

OTH193-5 

OTH193-5a 

-5b 

-5c 

PIG #5 

brownish soil [Item #1] 

soil adhereing to/and with pink waxy looking fiber [Item #2] 

tannish sandy soil without pink waxy material [Item #3] 

OTH293-9 

OTH293-9a 

-9b 

-9c 

-9d 

PIG #9 

glass, green 

glass, clear plus dirt 

glass, clear plus dirt 

glass, thick clear/green plus black dirt 

0TH293-10 - 

OTH293-10a 

-10b 

-10c 

-lOd 

-10e 

-lOfl 

-10f2 

-10g 

PIG #10 

brown waxy material 

fine yellow powder 

white rubber tubing with coating of dirt 

black solids plus soil (carbon/charcoal?) 

black solid (carbon?) 

solid (light sand) 

solid (dark sand) 

small rocks with soil 

[Item #1] 

[also Item #1] 

[Item #2) 

[Item #3] 

[also Item #3] 

[also Item #3] 

[also Item #3] 

[also Item #3] 

OTH393-6 

OTH393-6a 

-6b 

-6c 

-6d 

-6e 

PIG #6 

hard black solid "sweet smell" from 75mra round #43 (soil) 

solid whitish/tan substance - clay-like 

black tar-like? substance from bomb windshield 

cotton fiber type wadding 

broken glass/rock/ceramic 

B-l 



OTH393-4 
OTH393-4 

OTH493-1 . 
OTH493-la 

-lb 
-le 

OTH493-2 
0TH493-2a 

-2b 
-2c 

OTH593-1 
OTH593-.la 

-1b 
-le 

OTH693 
OTH693 

OTH793-1 ■ 
OTH793-la 

-1b 
-2 

OTH893 
OTH893-1 

-2 
-3 
-4 

OTH993 
OTH993-1 

-2 
-3 
-4 
-5 
-6 
-7 

OTH1Q93-1 - 
0TH1093-la 

-1b 
-le 

-Id 

OTH1Q93-2 - 
OTHlQ93-2a 

-2b 

APPENDIX B 

PIG #4 

broken glass/ceraraic/dirt 

munition/drill&tap 

Tenax tubes - Item #71 - 75mm projectile - GR0106 

, ’ ' " " - TA0105 
brown viscous liquid from Item #71 - fuming 

- munition/drill&tap 
Tenax tube GR - GR0206 

Tenax tube TA - TA0205 

dark brown fuming liquid Item #82 

- MUNITION/DRILL&TAP 

Tenax tube - LIVENS PROJECTILE - #65 
" 

bluish/grey liquid 

Tenax GR - GR0306 

Tenax TA - TAO305 

- MUNITION/DRILL&TAP 

large CTF storage container of OTH593-lc [Item #65] 

PIG #8 

Tenax tube GR sample taken by us of -2 sample 
' ' ' ' >>ii it,, ,, r 

#8 SOL-42 3016-1 pipe 
[SOL 42] 

PIG #9 AGAIN!M ! H 

glass broken bottle w/ charred purple substance [SOL 40] 

broken glass collected from various depths of pit [SOL 43] 

glass & ceramic pieces (55 inches deep) + dirt [SOL 441 

tu er stopper w/ glass tube piece (55 inches deep)[SOL 45] 

PIG #10 AGAIN!!!!!!? 

bright orange dirt around 75mm projectile - 50" deep 
white/ brown powder from Livens (item #59) 

yellow/orange dirt at end of two suspect Livens 
black square of unknown material 
probe from flash channel 

green stained large nail 
small tube 

PIG #11 

small glass spray adapter or trap w/copper tubes 
two clear glass bottles 

clear glass bottle 

white ceramic jar w/flaky solid inside 

[SOL 56] 

[SOL 62] 

[SOL 59] 

PIG #12 

amber glass pieces 

clear glass pieces 
[SOL 63] 

[SOL 64] 
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0TH1093 

0TH1093 

0TH1093 

ÖTH1093 

0TH1093 

OTH1093 

OTH1193 

0TH1193 

0TH1193 

0TH1193 

OTH1193 

OTH1193 

0TH1193 

OTH1193 

OTH1193 

OTH1193 

3 - PIG #13 

3a cotton fiber wadding 

3b cloth from around the outside of item #98 

3c stoppers w/glass tubing 

3d wooden pieces 
3e large rubber stopper w/one hole (NOT RUBBER) 

3f copper piping 
3g clear broken glass w/black tar substance 

[SOL 71] 

[SOL 73] 

[SOL 66] 

[SOL 74] 

[SOL 68] 

[SOL 67] 

[SOL 69] 

4 - PIG #14 
4a green solid from lead lined 75mm, #96 

4b 2-holed rubber stopper w/glass tubing 

4c glass lab bottle 

4d black/white granular solid 

4e multiple glass pieces 

4f metal section from wall of item #98 (spray tank) 

4g metallic tubing/fitting 

[SOL 60] 

[SOL 58] 

[SOL 53] 

[SOL 70] 

[SOL 57] 

[SOL 75] 

[SOL 76] 

5 - PIG #15 
5a white flaky material from inside ceramic jar 

5b broken glass tubing 

5c Erlenmeyer flask 

[SOL 72] 

[SOL 65] 

[SOL 55] 

1 - PIG #21 

1 liquid from inside 75mm, #126 [LIQ 5] 

2 - 

2a 

2b 

2c 

2d 

2e 

2f 

2g 
2h 

2i 

PIG #18 

glass pipet stuck in glass jar top, item #1 [SOL 78] 

broken glass test tubes, item #2 [SOL 81] 

white powder from the inside of 75mm, item #3 [SOL 87] 

clear glass pieces w/black tar like substances ,I#4[SOL 86] 

broken small glass bottle w/tube, item #5 [SOL 82] 

glass stopper, item #6 [SOL 79] 

glass bottle from aspirator/trap w/copper fitting [SOL 77] 

metal handles, item #8 [SOL 80] 

cloth fiber pieces, item #9 [SOL 84] 

3 - PIG #19 

3a 75mm base w/black substance lining interior, 1#1 [SOL 91] 

3b black burnt substance found in 2qt can, item #2 [SOL 90] 

3c white granular substance found around glassware,I#3[SOL 92] 

3d tan solid from base of 75mm, item #4 [SOL 93] 

4 - PIG #17 

4a various clear bottle pieces [SOL 83] 

4b various amber jar broken pieces 

5 - PIG #22 

5a clay-like filler from inside fuse of 75mm, #114,I#1[S0L 89] 
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-5b 

-5c 

-5d 

white powder from item #75; unfired projectile, I#2[S0L 94] 
tubing, item #3 iS0L 96] 

part of item #118, smoke can, item #4 [SOL 95] 

OTH1293 

OTH1293-la 

-lb 

-1c 

ITEM #87 

Tenax TA tubes from CTF-001 

" GR " " CTF-002 

liquid from #87 Livens projector "R" , item #87 

OTH1393 

OTH1393-la 

-lb 

-1c 

-Id 

PIG #23 TO AND FROM USAMRIID 

broken glass bottle w/black substance 

brown filler from inside 75mm #141 + lead ball 

lead balls and filler material from 75mm #137 

lead balls from inside 75mra #100 

[SOL 97] 

[SOL 98] 

[SOL 99] 

small silver metal containers 

OTH1493 

0TH1493-la 

-lb 

-1c 

-Id 

-2 

ITEM 67 

Tenax tubes 

Tenax tubes 

frozen, 2 layers, top/clear, bottom/dark, 75mm, #67 
sludge from -1c 

fibers from #147, 4.7" 

OTH1593 

OTH1593-la 

— lb 

-1c 

-Id 

ITEM #90 

Tenax tube 

Tenax tube 

liquid sample 

metal turnings 

OTH1693 

OTH1693-la 

-lb 

-1c 

-Id 

-le 

ITEM #113 

Tenax tube 

Tenax tube 

liquid sample 

metal shavings 

sludge 

OTH1793 

OTH1793-la 

-lb 

-1c 

-Id 

ITEM #142 

Tenax tube 

Tenax tube 

liquid sample 

metal shavings 
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3/31/93 

DEUTERATED CHLOROFORM EXTRACTS SPRING VALLEY SAMPLES -- 

GRAMS MLS MLS MLS 

SAMPLE WEIGHT USED RECVD EVAPD 

OTH193-1A leach 

OTH193-1B leach 

OTH193-2A 2.366 

OTH193-2B 2.791 

OTH193-2C 2.590 

OTH193-2D 1.909 

8.0 6.74 1.0 

6.0 5.10 1.21 

2.0 1.27 

2.0 1.32 

2.0 1.12 
2.0 1.55 

not weighed diluted into NMR tube 

leach 4.0 3.20 

0.0422 1.0 0.75 

OTH193-3A 

0TH193-3B 

OTH193-3C 

OTH193-5A 

OTH193-5B 

OTH193-5C 

OTH293-9A 

OTH293-9B 

OTH293-9C 

OTH293-9D 

OTH293-1QA 

OTH293-10B 

0TH293-10C 

OTH293-10D 

OTH293-10E 

OTH293-10F1 

OTH293-10F2 

OTH293-10G 

OTH393-6A 

OTH393-6B 

OTH393-6C 

OTH393-6D 

OTH393-6E 

OTH393-4 

OTH493-1A 

0TH493-1B 

OTH493-1C 

3.136 2.0 

0.201 2.0 

3.305 2.0 

leach 6.0 

leach 6.0 

leach 6.0 

leach 6.0 

0.048 2.0 

0.051 2.0 

0.044 2.0 

0.867 2.0 

1.279 2.0 

1.304 2.0 

0.713 2.0 

leach 4.0 

0.844 2.0 

0.275 2.0 

0.868 2.0 

0.994 4.0 

leach 6.0 

leach 6.0 

Tenax tube 

Tenax tube 

fuming liquid 

1.65 

1.65 

1.52 

4.70 2.00 

4.65 2.20 

3.55 1.24 

2.35 

1.71 

1.81 

1.58 

1.40 

1.63 

1.67 

1.45 

3.25 

1.63 

1.80 

1.61 

3.48 

3.75 1.64 

2.45 1.23 

1,6920 g/ml 
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OTH493-2A 

0TH493-2B 

OTH493-2C 

OTH593-lA 

OTH593-1B 

0TH593-1C 

0TH693 

OTH793-1A 

OTH793-1B 

0TH793-2 

0TH893-1 

OTH893-2 

OTH893-3 

0TH893-4 

OTH993-1 

OTH993-2 

0TH993-3 

0TH993-4 

OTH993-5 

0TH993-6 

0TH993-7 

OTH1093-1A 
0TH1093 - IB 

OTH1093-1C 

OTH1093-1D 

0TH1093-2A 

OTH1093-2B 

0TH1093-3A 

0TH1093-3B 

OTH1093-3C 

OTH1093-3D 

OTH1093-3E 

OTH1093-3F 

0TH1093-3G 

OTH1093-4A 

0TH1093-4B 

0TH1093-4C 

0TH1093-4D 

OTH1093-4E 

OTH1093-4F 

OTH1093-4G 

Tenax tube 

Tenax tube 

fuming liquid 1.7334 g/ml 

Tenax tube 

Tenax tube 

liquid bluish 1.0859 g/ml 

more of OTH593-1C 

Tenax tube 

Tenax tube 

fuming liquid 

leach 8.0 

leach 8.0 

leach 8.0 

leach 8.0 

1.358 2.0 

0.967 2.0 

1.559 2.0 

3.676 4.0 

0.388 2.0 

4.084 2.0 

1.048 2.0 

leach 4.0 

leach 6.0 

leach 4.0 

leach 2.0 

leach 6.0 

leach 6.0 

1.132 4.0 

0.972 2.0 

8.385 4.0 

0.713 2.0 

leach 6.0 

2.289 2.0 

1.236 2.0 

0.204 2.0 

1.335 2.0 

7.933 2.0 

0.543 2.0 

5.193 2.0 

2.969 2.0 

6.633 4.0 

from 3016-1 pipe 

3.0 1.60 

4.3 2.18 

2.1 2.10 

5.2 1.77 

1.50 

1.37 

1.40 

2.90 

1.70 

1.75 

1.74 

3.64 2.27 

3.40 2.00 
2.70 

0.55 

2.30 

1.82 

3.40 

1.64 

1.82 

1.00 
???? 
1.73 

1.70 

1.81 

1.71 

1.61 

1.58 

1.48 

1.58 

2.70 
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0TH1093-5A 
0TH1093-5B 
OTH1093-5C 

OTH1193-1 

OTH1193-2A 
OTH1193-2B 
OTH1193-2C 
0TH1193-2D 
OTH1193-2E 
OTH1193-2F 
OTH1193-2G 
0TH1193-2H 
OTH1193-2I 

0TH1193-3A 
OTH1193-3B 
0TH1193-3C 
OTH1193-3D 

0TH1193-4A 
0TH1193-4B 

OTH1193-5A 
OTH1193-5B 
OTH1193-5C 
OTH1193-5D 

OTH1293-IA 
OTH1293-1B 
OTH1293-1C 

OTH1393-1A 
OTH1393-1B 
OTH1393-1C 
OTH1393-1D 
OTH1393-2 

0TH1493-1A 
0TH1493-IB 
0TH1493-1C 
0TH1493-ID 
0TH1493 - 2 

OTH1593-1A 
OTH1593-IB 

APPENDIX B 

0.3545 2.0 
1.4315 2.0 
6.0495 4.0 

1.274 2.0 

0.537 2.0 
1.077 2.0 
0.469 2.0 
6.248 4.0 
0.906 2.0 
0.487 2.0 
leach 3.0 
0.635 2.0 
leach 4.0 

0.7679 2.0 
0.3063 2.0 
0.4238 2.0 
0.7344 2.0 

leach 6.0 
leach 8.0 

0.413 2.0 
0.542 2.0 
1.000 2.0 
7.626 4.0 

1.78 
1.68 
3.70 

1.30 

1.64 
1.60 
1.80 
3.70 
1.30 
1.59 
2.55 
1.72 
3.53 

1.64 
1.55 
1.77 
1.74 

3.80 
5.50 2.40 

1.86 
1.65 
1.37 
3.05 

Tenax tube 
Tenax tube 
liquid not extracted 

leach 3.0 
2.4545 2.0 
leach 2.0 
leach 2.0 
separate item - 

2.40 
0.90 
1.50 
1.54 

not Spring Valley 

Tenax tube 
Tenax tube 
liquid extracted as 2ml liquid with 1 ml d 
0.1819 2.0 
0.0318 2.0 1.8 

Tenax tubes 
Tenax tubes 
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OTH1593 
OTH1593 

OTH1693 
OTH1693 
0TH1693 
OTH1693 
OTH1693 

OTH1793 
OTH1793 
OTH1793 
OTH1793 

IC liquid not extracted 
ID metal turnings 

lA Tenax tube 
1B Tenax tube 
IC liquid not extracted 
ID 1.2588 2.0 1.82 
IE 0.3102 2.0 

1A Tenax tube 
1B Tenax tube 
IC 2m1 liquid extracted, with 1 ml d. chloroform 
ID metal shavings 
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3/31/93 
SPRING VALLEY SAMPLES DEUTERATED WATER EXTRACTS 

SAMPLE 

OTH193-1A 
OTH193-1B 

OTH193-2A 
OTH193-2B 
OTH193-2C 
OTH193-2D 

OTH193-3À 
0TH193-3B 
OTH193-3C 

OTH193-5A 
OTH193-5B 
OTH193-5C 

OTH293-9A 
OTH293-9B 
OTH293-9C 
OTH293-9D 

OTH293-10A 
OTH293-10B 
OTH293-10C 
OTH293-10D 
OTH293-10E 
OTH293-10F1 
OTH293-10F2 
OTH293-10G 

OTH393-6A 
OTH393-6B 
OTH393-6C 
OTH393-6D 
OTH393-6E 

OTH393-4 

0TH493-1A 
0TH493-1B 
0TH493-1C 

APPENDIX B 

MLS MLS MLS 
WEIGHT USED RECVD EVAPD 

leach- 8.0 5.5 
leach 8.0 5.4 

2.542 2.0 1.55 
2.850 2.0 1.28 
1.979 2.0 1.17 
1.974 2.0 1.30 

not weighed diluted into NMR tube 
leach 4.0 3.04 
0.0569 1.0 0.85 

3.241 2.0 1.15 
0.295 2.0 1.45 
3.085 2.0 1.31 

leach 6.0 4.10 
leach 6.0 3.85 
leach 6.0 3.65 
leach 6.0 3.55 

0.034 2.0 1.35 
0.068 2.0 1.75 
0.280 2.0 1.71 
0.539 2.0 1.37 
0.871 2.0 1.43 
0.974 2.0 1.64 
0.742 2.0 1.58 
leach 4.0 3.15 

0.969 2.0 1.57 
0.411 2.0 1.74 
0.814 2.0 1.55 
0.749 4.0 2.17 
leach 6.0 2.40 

leach * 10.0 1.80 

Tenax tube 
Tenax tube 
fuming liquid 1.6920 g/ml 
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OTH493-2A 

OTH493-2B 

OTH493-2C 

OTH593-1A 

OTH593-1B 

OTH593-1C 

OTH693 

OTH793-IA 

OTH793-1B 

OTH793-2 

ÖTH893-1 

OTH893-2 

OTH893-3 

OTH893-4 

OTH993-1 

OTH993-2 

OTH993-3 

OTH993-4 

OTH993-5 

OTH993-6 

OTH993-7 

OTH1093-1A 
OTH1093-1B 

OTH1093-1C 

OTH1093-1D 

OTH1093-2A 

0TH1093-2B 

OTH1093-3A 

0TH1093-3B 

OTH1093-3C 

OTH1093-3D 

OTH1093-3E 

0TH1093-3F 

OTH1093-3G 

QTH1093-4A 

OTH1093-4B 

OTH1093-4C 

OTH1093-4D 

OTH1093-4E 

OTH1093-4F 

OTH1093-4G 

APPENDIX B 

Tenax tube 

Tenax tube 

fuming liquid 1.7334 g/ml 

Tenax tube 

Tenax tube 

bluish liquid 1.0859 g/ml 

more of OTH593-1C 

Tenax tube 

Tenax tube 

fuming liquid 

leach 8.0 

leach 8.0 

leach 8.0 

leach 8.0 

1.236 2.0 

1.187 2.0 

1.428 2.0 

2.611 4.0 

0.376 2.0 

leach 2.0 

1.122 2.0 

leach 4.0 

leach 6.0 

leach 4.0 

leach 2.0 

leach 6.0 

leach 6.0 

0.987 4.0 

1.089 2.0 

8.242 4.0 

0.768 2.0 

leach 6.0 

1.869 2.0 

0.870 2.0 

0.373 2.0 

0.924 2.0 

10.450 2.0 

0.920 2.0 

7.134 2.0 

5.167 2.0 

leach 4.0 

from 3016-1 pipe 

2.03 

1.77 

2.84 

5.57 

1.47 

1.35 

1.40 

2.80 

1.66 
1.70 

1.60 

3.60 

2.54 

1.58 

1.65 

1.70 

1.60 

2.65 

1.50 

2.70 

1.34 

???? 

1.70 

1.75 

1.80 

1.70 

1.28 

1.59 

1.20 
1.44 

3.20 
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0TH1093 

0TH1093 

0TH1093 

0TH1193 

0TH1193 

0TH1193 

0TH1193 

OTH1193 

OTH1193 

OTH1193 

0TH1193 

OTH1193 

OTH1193 

0TH1193 

OTH1193 

OTH1193 

OTH1193 

OTH1193 

0TH1193 

OTH1193 

0TH1193 

OTH1193 

OTH1193 

OTH1293 

OTH1293 

OTH1293 

OTH1393 

OTH1393 

OTH1393 

OTH1393 

0TH1393 

OTH1493' 

OTHU93- 

OTH1493' 

0TH1493- 

0TH1493' 

OTH1593- 

OTH1593- 

-5A 

-SB 

•5C 

0.3551 2.0 1.65 

1.0534 2.0 1.57 

5.0901 4.0 3.10 

1.86 

1 liquid put in NMR tube 

2A 0.891 

2B 1.488 

2C 0.542 

2D 5.496 

2E 1.038 

2F 0.569 

2G leach 
2H 1.605 

21 leach 

3A 0.8240 

3B 0.1972 

3C 0.6550 
3D 0.4540 

4A leach 

4B leach 

2.0 1.62 
2.0 1.40 

2.0 1.62 

4.0 3.25 

2.0 1.65 

2.0 1.54 

3.0 2.10 

2.0 1.65 
3.0 2.20 

2.0 1.40 

2.0 1.35 

2.0 1.57 
2.0 1.75 

8.0 2.35 

6.0 3.97 

5A 0.499 

5B 0.584 

5C 1.176 

5D 3.470 

2.0 1.50 

2.0 1.42 

2.0 1.65 

4.0 3.14 

1A Tenax tube 

IB Tenax tube 

1C liquid not extracted 

1A 

IB 

1C 

ID 

2 

leach 4.0 2.90 

2.4098 4.0 2.70 

leach 3.0 2.45 

leach 3.0 2.42 

separate item - not Spring Valley 

1A Tenax tube 

IB Tenax tube 

1C liquid extracted with d. chloroform 

ID 0.4348 2.0 

2 0.0411 2.0 1.72 

1A Tenax tube 

IB Tenax tube 
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OTH1593-1C liquid not extracted 
OTH1593-1D metal turnings 

OTH1693-1A Tenax tube 
OTH1693-1B Tenax tube 
OTH1693-1C liquid not extracted 
OTH1693-1D 1.1652 3.0 
OTH1693-1E 0.4511 2.0 

OTH1793-1A Tenax tube 
OTH1793-1B Tenax tube 

OTH1793-1C liquid extracted with chloroform 
OTH1793-1D metal shavings 
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NMR-22. OTH-393-4, CDCl^ extract: , 400 MHz, expanded spectrum. 
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NMR-25. OTH-393-6a, CDCij extracts 1H, 200 MHz. 
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CH3 - CHZ - OBJ - CH2 - Z 

0.92 1.36 1.55 3.*7 

Y - CH2 - CH2 - Vj - CHj - CH2 - Y2 

3.59 3.68 3.74 3.63 
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NMR-32, OTH-293-9C, CDClj extract: 1H, 200 MHz. 
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NMR-34. 0TH-293-9d, CDClj extract: 200 MHZ. 

* 

NMR-3S. OTH-293-9dr D20 extract: 200 MHz. 
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NMR-42. OTH-293-10C, CDClj extract: 1H, 200 MHZ. 
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NMR-49. OTH-1093-3C, CDC extract: Attached Proton Test (APT) spectrum. 
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NMR-55. OTH-1193-1, CDClj extract: 13C, 100 MHz. 
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NMR-57. OTH-1193-Sc, CDClj extract: 1R, 400 MHz. 
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NHR-62. OTH-1393-lb, CDClj extract: 13C, 1Q0 MHZ. 
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NMR-63. OTH-1393-lb, CDClj extract: 13C, 100 MHz, expanded spectrum. 

IO f*fl 

C-32 



mm »lam'll LmJhw 
oTH-ijiai-ic 
CK 13 MlrMl 

••H iniImi mmummmmm «UM» 

Mmi «cc. i «T 
4»l* »•» U §3 4a Hl 
**i««*»l CK13 4*1 • 
Il U •«* 4« Mi« 

• I î • * 

NHR-65. OTH-1393-lc, CDClj extract: 1H, 400 MHz. 
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NMR-96. OTH-1693-lc, COClj extract: 13C, 100 MHz, expanded spectrum. 
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(#120903 ) #120903: Non anoic acid 
V 
\ 
80 

57 
V 

X 
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/ 
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129 
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120 
Mass/Ch arge 

158 
V 

158 

180 
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OTH-393-4 

s tas 3 J Scan 18.7S5 min. of V?:OTH39 3-4 D 

149 
\ 

180 
/ 

10 

307 

100001 

9 000 

8000 

7 000 

(#48597 ) #46597: TRI NITROTOLUENE ISOMER 

63 
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89 
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40001 

3 000 
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134 
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19 3 
X 

10 

50 100 150 200 
Mass/Charge 

25 0 300 
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Sample OTH-393-6a 

1 

1. Acetophenone 
2. 1,2-diphenyl ethanone 
3. Diphenyl sulfide 
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OTH~393-6a 

¡Ethanone, 1-phenyl- 

000098-8B-2 97 

Ethanone, I-phenyl- 

000098-86-2 97 

Ethanone, 1-phenyl- 

000098-86-2 91 

Ethanone, 1-phenyl- 

000098-86-2 91 

Ethanone, I-phenyl- 

000098-86-2 91 

Ethanone, 1-phenyi- 

000098-86-2 90 

Ethanone, 1-phenyl- 

000098-86-2 76 

Benzeneacetic acid, 

015206-55-0 72 

PHENYL-GLYOXYLIC ftCI 

72 

Entry* - 117112 

Company ID Num « WILEY 1/88 

Mol.Weight - 120.057 

Melting Point * ÛC 

Name « 

Ethanone, 1-phenyl- 

Acetophenone 

Mol. Formula * 

C8H80 

Mise. Info. * 

1UR 

CAS Num 

Retention Index 

Boiling Point 

000098-86-2 

. 0.000 
ÛC 
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OTH-393-6a 

* 

s C ? 1 B 3 Bean 1E.459 min. of DRTR: OTHER . □ 

Diphenyl sulfide 
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Sample 0TH-293-9c 

pR£pAR£ TO INJECT U Jan 93 10:45 an PñRAM:MSPARAM. A 

Data file : DATA:OTH9C.O 

Words available in file are 334080 

Operator : J. REEDER 

sample Name : 0TH293-9C CDCL3 CRYOFOCUS 

mise. Info : 

ZONE ACTUAL SETPOINT ZONE 

Oven 
Inj Port B 
Detector A 

60 60 Inj Port A 
250 250 Transfer Line 

0 OFF 

ACTUAL SETPOINT 

0 OFF 
250 250 

Ready to inject 

Sample OTB-293-9c —■) 

1. L-3 
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OTH-293-9C 

m 3B000- 

u 25 0QB- 

,« 2 Q BBS 

c 15000- 

3 10000' 

Œ 5 000■ 
0 J 

CB731 Scan 19 
\ 
\ 
77 

. 002 m 

00 
/ 

in. of 0RTR:OT M9C 

10 / 

D 
36 

1 
/ 
45 

_ _ .. ’ ...... . 1 ..1 
80 90 1B0 110 120 130 140 150 

.. Mass/Char oa 

, 1.3E+5: 
a 

» l.QEt-5: 
“3 
c : 
3 5 . BE -t-4 : 
i3 <r 

B. DE’fü'i 

rxc of qRTR: ornac.□ 

f 

—-.. .. .. 

5 10 15 20 25 
Tim» ( rr t r>. 3 

* 

* 

L-3 
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Sample OTH-293-10c 

SIM ACQUISITION U Jan 93 7:57 an PARAM :MSPARAM. A 

solvent delaY 4.50 eM volts 0 relAtive resulting voltage 2E00 

Group 1 2 3 4 SB 7 8 9!0 
t of Ions G B 20 20 20 20 20 20 20 20 

start Tine 4.50 4.50 - ” 1 
low nass Resolution NO cycles per second 1.4 

ion t 123 4 5 G 
n/Z 77.00 100.00 110.00 136.00 145.00 147.00 

Dwell 100 100 100 »00 '00 '00 

nUnber of plot traces initiaLly ON 

Plot f 1 n/Z TOTAL sCale 3500000 

tine Window 25.0 
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OTH-293“10c 

Sample OTH-293-10c 

1. L-3 
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Sample OTH-1093~3e 

2 

1. Hexadecanoic acid 
2. Propanoic acid 
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OTH-1093~3e 

129 
X' 

213 

< ill 

256 

28 1 / 3-1 Í 
/ 
i i 
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OTH-1093~3e 

aj 
o 

10000- 

S 000 ' 

6000' 

4000 

2000 

0 

3 ( 863 ) Scan.17.77 7 min. of V7:OTH10-3E.D 
/ 

/ 
69 

... j 

81 
/ 125 

/ 

253 
y 

y 

, / / 

i. . «lliJ. . .ilt. . ...f.. • i«« • •• ^ 

185 224 
/ 

31 0 
/ 
I. . 

-¾ * 3 3 5 3 2 ) #83532: 2-Propenoic acid, 2-niethy 1 -, 2-e t hy ! - 2 - [ [ ( ; 
c 
3 

£2 
CL 

10000' 

9000' 

8000' 

7000 
a /"* r“* r*» 
u «¿JU tJ 

5000* 

4 000 

3000 

2000 

1000 

0 

/ 
68 

91 
/ 

/ 
i « » .i 

136 
/ 

183 
/ 

22 4 / 
/ 

25 3 
/ 

310 

50 100 150 200 
M a s s /C h a r g e 

250 300 
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Sample OTH-1193-1 

1 

1. 1,4-Oxathiane L 2:^dro*yethyl sulfide 
3. 1,4-Dithiane 
4. Thiodiglycol 
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OTH-1193-1 

s ( 110) Scan 5.008 (run. oi V7:0THll-l.D 

G 

10Ö001 

9000- 

3000 

7 0id0 

G 000 

5000 

4 000 

3000 

2000 

61 

\ 

G3 
/ 

74 
/ 86 

/ 

(#2437) #2487: 1,4-Oxathiane 

G 1 
X 
V X 

74 

i.".. * ■ 1 i 1 

30 40 50 G0 70 
Mass/Charge 

104 
/ 

104 
/ 

80 90 ¡00 110 
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Ethyl 2-hydroxyethyl sulfide 

OTH-1193-1 

Sí 150) Scan 5.G77 min 
100001 

47 

G 000 

4 000 ' 

2 000' 

0- 

10000 

9 0Õ0 

31 
/ 

of V7:OTHl1-1.D 
\ \ 

V. 

75 

6 1 

il 

G3 
/ 

SG 

✓ 

7000 

G 000 

5 000 

4 000 

3000 

2 000' 

1000- 

0' 

Í # 2 Ç 4 6 ) #264 6: Ethanol, 2-(ethylthio) 

47 
\ 

27 
/ 61 

X 

X 

75 

X 
G2 

108 

10G 
/ 

50 40 50 G0 70 80 30 100 110 
__Hass /Ch arge 
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OTH-1193-1 
0 

* 

10000- 

3000' 

6 000' 

4 000 

2 000 

0 

100001 

9000 

9000 

7 000 

G 000 

5000 

4000- 

9 000“ 

2000 

10001 

0 

(313) Sc an 3.412 min. of V?:0TH11 -i.D 
\ 

32 

\ 

46 
61 
/ 

II 

84 92 
* 
t 

II 
(#4972) #4972: 1,4-Dithiane 

46 
/ 
/ 

61 
/ 

1 05 

I ’ ' .T 

60 70 30 
Mass/Ch arge 

100 110 

120 

120 
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Thiodiglycol 

OTH-1193-1 

10000 

8000 

G 000 

4 000 

2 000-j 

0' 

10000' 

9000- 

8000 

7000 

6000 

5000 

4 000 

3000 

2000' 

1000' 

0j 

s(443) Scan 10,595 min. of V7:0THli-i D 

o 

45 É 1 

I I I 

91 
/ 

104 
t 
/ 

II 
75 
f 
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(*117219) *117219: Ethanol, 2,2'-thiobls 

E 1 
45 
/ 

/ 

Q C d j 
/ 

40 

104 

91 
/ 

122 

I o o 1 C. 4- 

V 

50 60 70 80 
Mass/Charge 

90 100 110 120 
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DEP/EX Ma«* Spactrua oí Arsenic Trioxid« R«f«ranea Standard 

DEP/EX Ma«« Spactrua of OTH-U93-2C (Piq #18) 
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Sample OTH-1193-5c 

1 

1. L-3 
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L-3 
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Sample 0TH-1393~lb 

1. Acetophenone 
2. Chloroacetophenone 
3. Benzoic acid 
4. Diphenyl disulfide 
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Acetophenone 

OTH-139 3-lb 
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Chloroacetophenone 

OTH-1393-lb 

ou 
a 
c 

T3 

-C 

a: 

10000 

8 000 

8 000 

4 000 

2000 

s( 654 ) Scan 13.314 irn n . oí V7 : ÛTH13-1 B. D 

77 

28 
/ 

51 
/ 

84 

h 

105 

132 
/ 

il ilil 

(#15017) #15017: Ethanone, 2-ch1 oro-l-phenyl 
10000- 

9000- 

8 000' 

7000- 

8000- 

5000^ 
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2000- 

1000- 

0- 

105 

77 

-p 

G0 80 100 120 
Mass/Charge 
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OTH-1393~lb 

S ( 8 1 0 ) 
Í 0000 

8 000 ^ 

2 000 

0 

10000' 

9 000- 

8000- 

7000- 

r r» Tï r» - O 000 

5000' 

4 000' 

•3000* 

2 000* 

1000- 

0- 

Scan 15.58b min. oí V?:ÛTH13~1B.D 

51 

39 

iii i 

G5 

!.. .iii.l 

94 
V 

\ 

05 

(#117247) #117247: Benzoic acid 

77 
/ 

c 
J 

V 

37 
\ 94 

V 
\ 

40 
—P 

60 80 
Mass/Charge 

05 

100 

122 

120 
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OTH-139 3-lb 

0) 
o 
c 
rd 

“O 

s( 1 2 9G ) Scan 22.642 m i n . of V?:0TH13-1B.D 
10000- 

8000' 

6000' 

4 000 

2 000 ' 

0' 

10000 

9000' 

9000' 

7000 

6000 
c 

65 

109 

.lh ii.IjL i JiiJ I •Jit fi.lllii.i.i.ai.. 

154 
0 J 

ll ll-I.. -•.Ik»».. i. ill. 

18 

4000' 

3 000' 

2000 

1 000 

0 

(#124628) #124628: Disulfide, diphenyl 

109 

65 
/ 

51 
154 185 

/ 

18 

25 0 
/ 

50 100 150 
Hass/Charge 

200 250 

APPENDIX E E-47 



Sample OTH-1393-ld 

1- Acetophenone 
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Acetophenone 

OTH-1393-ld 

0) 
a 
c fO 

T3 
C 

cc 

si 535) Scan 11.53! min. of V7 : ÛTH13-1 D. D 
10000 

8 000 

G.0001 

4000 

2 000 

0 J 

I 0000' 

9000- 

8 000 

7 000^ 

8 000 

5 000 

4 000 

3 000" 

2 000 

1000 

0 

”7 

28 
51 

65 

105 

84 

(#117113) #117113: Ethanone 

77 
/ 

51 

27 55 
./ 
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105 

91 

\ 

40 60 . 80 
Mass/Charge 

100' 

120 

120 

120 
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Sample OTH-793-2 

ríe Df ORTR:0TH7933B.Q 

sample Name : ETHER EXTRACT OTH 793-3 DIRECT'INJECTION 

1. Nitrobenzene 
2. 1,4-dinitrobenzene 
3. 1,3-dinitrobenzene 
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Ready to inject OTH-793-2 

2 ( 739 ) SCAN 9.480 min of DATA; OTH 7933.0' 

10000 

8000- 

6 000- 

4 000" 

2Ö00 

0J 

10000- 

9000' 

8 000' 

7000- 

6 000 

5000 

4 000 
3000 

2 000 

1000 

0 

;7 

51 
/ 

65 93 
/ 107 

I .1 !.. .ill . H 

<*117357) *117357: Benzene, nitro 

I 
77 

51 
/ 

65 
/ 

93 
/ 

■I .i| .-1 1 "1 1 i T*****+-r 

50 G0 70 80 90 100 
Mass/Charge 

123 

123 

ri0 120 130 
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1,4-Dinitrobenzene 

% 

Ready to inject oth-793-2 

* 
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1,3-Dinitrobenzene 
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GC/MS/EI Chromatogra» at OTH-793-2 

EI Mas« Spactrun of OTH-793-2 Scan 26 

APPENDIX E E-54 



El Mass Spectrum of OTH-793-2 Scan 49 

APPENDIX 

100.0 
46 

50.0 

43 
42I44 

45 
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77 

73 
T-+-TT ■4-4-t- 

m 40 
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50 60 

-rr 
70 

T' 
30 100 

EI Mass SpectruB of OTH-793-2 Scan 217 
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EI Maas Spectrum of OTH-793-2 Srjn 393 

APPENDIX 

EI Mas* Spectrum of OTH-793-2 Scan 452 
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Sample OTH-1493-2 

5 

- 4 -1- 
TIC pf V? I1Í-2.Q 

1. Ondecane 
2. Oodecane 
3. Tridecane 
4. Tetradecane 
5. Pentadecane 
6. Hexadecane 
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OTH-1493-2 

cu 
o 
(tí 
-a 
c 
3 
ja 
CE 

SÍ2GG) Scan 9.0Í4 min. o-f V7:OTH14-2.D 
100001 /1 

80B0- 

E 000' 

4 000- 

2 000' 

0' 

10000' 

9 000' 

8000' 

7 000' 

G 000' 

5000' 

4000' 

9 000- 

2000' 

1000- 
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c 7 
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/ 

85 

/ 

,»!! 

113 127 
/ 

iii 

(#120810) #120810: Undecane 

15 G 

160 
Mass/Charge 
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OTH-1493-2 

s(368) Sean 10.721 min. oí V7:úTH14-2.D 

4 000 

2000 
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10000- 

9 000- 

8 000- 
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(#121988) #121988: Dodecane 
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80 100 120 
Mass/Charge 
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OTH-1493-2 

1 0000 

8 000 

G0001 

4 000 

2 000 
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(481) Sc an 1 2.28 3 min. of V7 :ÜTH14-2.D 
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(#123702) #123702: Tetradecane 
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OTH-1493-2 

10000' 

8 000' 

s ( 6 2 3 ) Sc an 15.111 min. of V7 * ÛTH M-2 D 

j. 
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4 000' 

2 000- 

0* 

1 0000 
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(#124389) #124389: Pentadeca ane 
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OTH-1493-2 

s ( S 9 G J Scan 1G.30 8 mi n . of V7 : ÛTH14-2 . D 
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(#125054) #125054: Hexadecane 
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Sample OTH-1593-lc 

3 

1. 1,4-Oxathiane 
2. 1,4-Dithiane 
3. HD 
4. Thiodiglycol dimer 
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OTH-1593-lc 
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OTH-1593-lc 
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Thiodiglycol dimer 

OTH-1593-lc 
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Sample OTH-1693-lc 

1- 1,4-Oxathiane 
2. lf4~Dithiane 
3. Thiodiglycol 
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OTH-1693-lc 
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OTH-1693-lc 
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Thiodiglycol 

OTH-1693-lc 
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APPENDIX F 

GC/FID AND GC/ITD SPECTRA 
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Smpla 393-4¡ GC/ITD spectru*. 

Smp lo 393-4 
Trlnltrotoluen« (TUT) (1) 
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OTH-393-6a: GC/FID spectrum. 

Saaple 393-6A t GC/ITD spectrum. 

1. Acetophenone 
2. Chloroacatophenone 
3. Benzoic Acid 

CHRO) 
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Suple 393-6A 
1. Acetophenone 
2. Chioroacetophenone 

Suple 393-SA 
Acetophenone (1) 
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Suple 393-6A 
Chloroacetophenone (2) 

SPEC) 

Supla 393-6A 
Dipbeojrl suif ida (4) 
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Supla 1393-lb: GC/ITD spectrin. 

1■ Acetophenone 
2. Hydrolysis of 

Chloroacetophenone 
3. Diphenyl sulfide 
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