3. METHODS

a. At the time of each BSI data collection mssion, blood
was collected froma snall group of 11th Arnored Caval ry Regi nent
soldiers for this assay, Fifteen m of venous bl ood was
collected in vacutainers containing sodium heparin -anticoagulant
using aseptic technique, Specinmens were given a code
identification nunber, which was used consistently for all
sanpl es and BSI data for that soldier. This blood was
transported on wet ice in less than 48 hrs fromthe data
collection site (Germany or Kuwait) to Microbiologicals, |nNc.
Rockville, NMD, to the laboratory of Dr. David Jakobsen-Kram

b. The peripheral bl ood bynphocytes were cul tured in RPMI
1640 (A BCO nedi um supplemented with 15% fetal bovine serum 1%
penicillin-streptonycin, 1% phytohemaqql utinin (Burroughs-

Vel |l cone) and 10 pg/ml S-bromo-2’-deoxyuridine (Brd/U)/ml
(complete medium). Cultures were established by adding 0.6 m of
whol e blood to 15 m centrifuge tubes containing 9.4 conpl ete
medium  The cultures were then incubated at 37+1°c with 5% CO2
in air for 68-70 hours. The treatnent tubes were identified by
sanple ID number. Two hours prior to harvest, Colcem d was added
to each culture at a final concentration of 0.1 ug/ml. After
harvest by centrifuqation, the cells were subjected to hypotonic
swelling in 0.07sM KC1 and fixed in three changes of Carnoy's
fixative (methanol:glacial acetic acid, 3:1, v/v) and then stored
overni ght or longer at approximately 0-6°C. The cells were
suspended in a small volunme of fixative and applied dropwise onto
precl eaned, wet slides. The slides were stained with Hoechst
33258 (5 pg/ml) for approximately 10 m nutes, mounted in
phosphate buffer, exposed to a black light lanp with 15 watt
tubes for approximately 4-8 mnutes and then rinsed and
counterstained with 5% G ensa solution at pH 6.8 for G 10

m nut es.

c. Cytogenetic evaluations were performed w thout observer
know edge of the cell source. \Wenever possible, a total of 25
wel | -spread and wel | -stained second-division netaphases were
eval uated per culture.

4. RESULTS.

a. A total of 61 blood sanples were collected pre-
depl oynent (Germany, 6 June 1991), 51 during depl oyment (Kuwait,
11 August 1991), and 36 post-depl oynent (Germany, 10 Cctober,
1991) . The nunber of collections varies due to availability Of
soldiers for phlebotony at the tinmes ofthe two |ater data
collection mssions. Sumary tables of SCE count neans follow.

b. Only 26 soldiers had values available for all three

sanpl i ng points. Fifty soldiers had sanples taken PRE and-
DURING and 35 had sanpl es taken PRE and POST
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c. DURING and POST SCE values differ significantly from PRE
values, by paired t-tests. Non-paranetric alternative testing
and repeated measures analyses also yielded significant
di fferences

Tabl e SCE-1.
PRE DURI NG POST
N
50° 4.33 + p.53¢ 5.12 * 0.64
35 4.38° + 0.55 5.28 * 0.72
a N varies due to differences in soldiers available for

phl ebot ony during each collection mission
b p< 0.0001 conparing PRE to DURING paired t-test
p < 0.0001 comnparing PRE to POST, paired t-test

¢ Mean * s.d. of individual neans of sces per cell

5. DI SCUSSI ON

a. The sunmary conpari sons descri bed here show hi gher SCE
frequency in kuwait during deploynment, and in Germany post-
depl oyment, than the pre-deploynment |evels measured In a snal
group of 11Acr soldiers. These differences are nunerically
significant by paired t-test.

b. sister Chromatid Exchanges probably represent sum
effects of recent and near-past exposures. The half-life of
peripheral |ynphocytes varies; although nany |ynphocytes are in
the circulation less than 30 days, sone subsets of T-I|ynphocytes
may persist for up to nine nonths (1). Simlarly, although some
studi es show that SCE increases dimnish within days after
cessation of exposure to genotoxics, others show that SCEs remain
elevated for up to eight weeks (2).

c. One interpretation of the SCE el evations detailed here
woul d be that genotoxic exposures increased anong these soldiers
during the time spent in Kuwait. This broad statenent does not
di scrimnate anong dietary, occupational, and anbient
environmental sources of genotoxic agents.

d. The results described here |ikewi se do not reflect any

attenpt to control for snoking, diet, or occupational exposures
in the conparisons. This effort is in progress at the tine of
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. this writing (NOVEMBER 93) and information gained therefrom wll
be the basis for anendnents to this report.
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KWMAIT OL FIRES HEALTH RI SK ASSESSMENT BI OLOG C SURVEI LLANCE .
I NI TI ATl VE

POLYCYCLI C AROVATI C HYDROCARBON ( PAH) - DEOXYRI BONUCLEI C ACI D ( DNA)
ADDUCT ASSAY .

Measur enent of white blood cell polycyclic aromatic hydrocarbon-
DNA adducts in 11ACR personnel in Germany (5/91), Kuwait (8/91)
and Germany (10/91)

Prepared by: Mriam Poirier, Ph.D., Nathaniel Rothman, Ph.D.,
Ber nadette Schoket, Hanadi Shankhani, and Brian G Scott, MD.,
M.P.H., MAJ, MC USAR

1. SumMARY . Blood fromsoldiers of the 11th Arnored Cavalry
Regi ment was collected and exam ned for nmarkers of exposure to
pol ycyclic aromatic hydrocarbons. Collections were nade before,
during and after deployment to Kuwait from Germany. Assay
results are consistent with low |evel exposures, and wth
environnental characterization data. Results also indicate the
possibility that exposures to these conmpounds were |ower in
Kuwait than in Germany. some further clarification nmay be

possi ble after information on snoking, diet, and occupati onal
exposures i s exam ned.

2. BACKGROUND .

a. Planning research for the environnental characterization
of the Kuwait oil well fires indicated that polycyclic aromatic
hydr ocar bons (PAaH’s) woul d be predom nant contam nants. PAH s
i ncl ude several potent hunman. carcinogens, especially
benzo[a]lpyrene. For these reasons, neasurenent of exposure to
PAH’s was included as an objective of the Biologic Surveillance
Initiative (BSI). One nethod sel ected was i mmunoassay of PAH DNA
adducts in white blood cells. These adducts are covalently
bonded conpl exes of PAH nolecules with DNA.  Wiite blood cells
provide an easily collected source of DNA which can be exam ned
for adducts. Exposure to PaHs is reflected in and correl ated
W th adduct levels (18).

b. Among i mmunoassays, the' conpetitive benzo[ a] ﬁyr ene- DNA
enzyne-|inked inmmnosorbent assay (ELISA) (1,2) and the

ul trasensitive radi oi munoassay (USERI A) (3) have been used for

determ nation of DNA adducts in human tissues. These assays were

established for the detection of benzof{a]pyrene (BP)-DNA adducts

and enpl oyed pol yclonal antisera elicited agai nst DNA nodifi ed

with (£)-78,8a-dihydroxy-9«a, 10a-epoxy-7,8,9,10-tetrahydro-

benzo(a]pyrene (BPDE) (4). These antisera also recogni ze DNA

nodi fied with diol-epoxides of other polycyclic aromatic

hydr ocar bons (PAHs), including chrysene, benzanthracenes and

benzof | uor ant henes and the i mmunoassays perforned with them

conpare the biol ogical sanple values with a (7R)-N2-{10- .
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(78,8a,9a-trihydroxy-7,8,9,10-tetrahydro~benzo (a - -
deoxyguanosiney(BPdg)-— DNA standardyburve. Beéadggrgpeghgl}

het erogeneity of human exposure there are likely to be nultiple
PAH DNA adducts present on human DNA and because of the cross-
reactivity of the antiserum nmultiple adducts are probably being
measured by this ELISA (5,6). Therefore, the ELISA results
obt ai ned by conparison of biological sanples with BPdG DNA are
not precisely quantitative and are expressed as PAH DNA adducts

(7) -

c. The data described here have been obtained using a more-
sensitive adaptation of the original ELISA the dissociation-
enhanced | ant hani de fl uoroi munoassay (DELFIA) (9). The DELFIA,
whi ch has already been used in clinical practice (10) and
research (11), is based on the conjugation of a non-fl uorescent
form of a |anthanide |abel, europium (Eu), to a secondary
I Munoconponent . The |anthanide ion, bound to the solid phase,
is dissociated into solution formng a highly-fluorescent chelate
that is long-lived. The total chelate is then neasured by time-
resol ved fluoronetry (12), which elimnates interference by non-
specific, short-lived background fluorescence, The specific
fluorescent properties of the |anthanide end-point and a biotin-
avidin anplification step are responsible for the increase in
assay sensitivity observed here.

3. METHCDS

a. At the tine of each BSI data collection mssion, blood
was collected froma small group of 11th Armored cavalry Regi nment
soldiers for this assay. Forty m ofvenous bl ood was collected
in vacutainers containing sodi um heparin anticoagulant USi ng
aseptic technique. Speci nens were given a code identification
nunber, which was used consistently for all sanples and BSI data
for that soldier. This blood was transferred to polyethyl ene
centrifuge tubes, and spun down at 1000G using a tabletop
centrifuge. Plasma and red cell mass were pipetted off from
buffy coats, and all three portions separately quick-frozen. The
buffy coats and red cell nmass were transported on dry ice to the
Arny Environmental Hygiene Agency, and still frozen, thence to
Microbiologicals, Inc., Rockville, MD. Under the direction of
Dr. David Jakobsen-Kram DNA was extracted from the buffy coat
cell contents.

b. The buffy coats of nucleated cells obtained from
anti coagul ated bl ood were resuspended in 50 m pol ypropyl ene
centrifuge tubes with 15 ml of nuclei |ysis buffer (10mM Tris-
HCl, 400 mM Nacl and 2 mM Na,EDTA,pH 8. 2). The cell |ysates were
di gested overnight at 37°¢c with 1.0 ml of 10% SDS and 2.5 ml of a
protease K solution (1 ng protease Kin 1% SDS and 2nM Na,EDTA) .

c. After digestion, 5 m of saturated Nacl (approximately 6

M were added to each tub, the tube vigorously shaken for about
15 seconds, followed by centrifugation at 2500 rpm for 15
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m nut es. The precipitated protein pellet was left at the bottom .
of the tube and the supernatant containing the DNA transferred to

another 50 m pol ypropyl ene tube. Exactly 2 vol unes of room

t enperature absol ute ethanol were added to the tube and the tube

inverted several tine until the DNA precipitates.

d. The precipitated DNA was renoved with a fire-polished
gl ass Pasteur pipet or mcropipet tip to a 15 nm pol ypropyl ene
centrifuge tube containing 0.5 to 1 m TE buffer (10 mM Tris-HC1,
0.2 mM Na,EDTA, pH 7.5). The DNA was allowed to dissolve at
| east 2 hours at 37°C before quantitating.

e. An equal volune of chloroformwas added to each tube
containing the DNA in TE buffer. The tubes were rocked by hand
until an emulsion is forned. The enulsion was centrifuged at
1600 X g at roomtenperature for at |east 3 mnutes. Using a
transfer pipet, the upper aqueous phase was transferred to a
fresh polypropyl ene tube and the volune transferred estinated.
The interface and |ower organic phase were discarded.

£f. The concentration of nonoval ent cations was adj usted
either by dilution with TE buffer (pH 8.0) if the DNA sol ution
contai ned high salt concentration or by addition of 5 N Nacl
solution to achieve a final concentration of 0.1 M.

g. Exactly 2 volunmes of ice-cold absolute ethanol were
added to the tube and the tube inverted several tines until the
DNA precipitated. The tube was stored at =-20°c for 30 to 60 .
mnutes to facilitate DNA precipitation if needed. The
supernatant was discarded. The tube was inverted on adsorbent
paper and remaining fluid aspirated in 'capillary tubes or
m cropi pet tips.

h. The pelleted DNA was resuspended in TE buffer such that
initially the concentration was higher than 500 pwg/ml. The DNA
concentration was determ ned by Uv absorption at 260 nm The DNA
concentration was adjusted to 500 ug/ml by addition of additional
TE buffer, The DNA sanples were stored at 4°c until transferred
to the Division of Cancer Etiology, National Cancer Institute,

NlH Bet hesda, wbD.

i. DEAE-Dextran, DELFIA mcrotiter plates (hard-frane,
hi gh-bi ndi ng), DELFIA Assay Buffer, DELFI A Eu-labelled
streptavidin, DELFI A Enhancenent Sol ution, DELFI A Wash
Concentrate-and Eu-labelled anti-rabbit IgG were purchased from
Wallac Inc., Gaithersburg, MD. Biotinylated anti-rabbit IgG (Ht+L)
was obtained from Vector Laboratories (Burlingane, CA). Calf
thymus DNA, anti-rabbit Igé (whol e nol ecul e) al kaline phosphat ase
and 4-nethylunbel liferyl phosphate were from Sigma (St. Louis,
MJ). [*H]-BPDE, the anti isonmer (1.48 G /mol) was purchased from
the Nc1 Chem cal Carcinogen Repository; N H Bethesda, M. (G-
*H]-BP (96 Ci/mmol) was obtained from Amersham (Arlington
Heights, IL). Preparation of BPdG DNA was perforned as descri bed
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el sewhere (7); the nodification levels were 28.1 pnole BPAG/ug
DNA (9.37 adducts/10' nucleotides) for highly nodified and 2.48
fmole BPAdG/ug DNA (8.27 adducts/10’ nucleotides) for |ow nodified
BPdG DNA,  The rabbit polyclonal antiserum elicited agai nst Brpdc-
DNA (antiserum 833) was prepared and characterized previously
(4).

j. DELFIA mcrotiter plates (Wallac, 1Inc.) were precoated
with DEAE-Dextran in 0.05 M carbonate buffer, pH 9.1 (60 ng/ml,
300 w1l per well) at 4°¢c for 24 hrs, then washed with PBS.
Designated wells were coated with 0.1 ng of either unnodified DNA
(for control) orhighly nodified BPdG DNA st andard
(experinental ). Both sanples for coating were denatured before
use by boiling for 5 mn. Plates were dried by evaporation at
37°c overnight, and frozen.

k. At the time of assay, the plates were washed with PBS
contai ning 0.05% Tween 20 (PBS-Tween). Non-specific binding
sites were bl ocked by incubating the wells with 1% fetal calf
serum (FCS) in PBS-Tween at 37°c for 1 hr. The plates were then
washed again with pBS-Tween. Tubes for 1:2 serial dilutions of
denat ured BPAG-DNA standard conpetitor were prepared by dilution
with denatured unnodified DNA to obtain a uniform per-well final
DNA content. For appropriate conparison the standard curve wells
nmust contain the sanme quantity of total DNA as the biol ogical
sanpl e wells (between 1 and 35 pg of DNA). Antiserum was dil uted
to 1:1x10®* wWith-2% FCS i n pPBs-Tween. Equal volunes of diluted
anti serum and standard conpetitor or biological sanpl e DNA were
m xed together, and 100 xl was added to each well. After
incubation at 37°c for 90 min the plates were washed with pBs-
Tween. Reconstituted- biotinylated anti-rabbit IgG (1.5 mg/ml H,0)
was diluted to 1:2500 wWith 1% FCS in PBS- Tween, and 100 gl was
added to each well for incubation at 37°c for 90 min. The plates
wer e-washed once with PBS-Tween and once with DELFIA wash
solution. Next, 100 pl of a 1:2000 dilution of Eu-streptavidin in
DELFI A Assay Buffer was added to the wells and plates were
i ncubated at room tenperature for 60 mn. Then the plates were
washed with PBS-Tween and DELFI A wash solution before 100 ul of
Enhancenment Sol ution was added to each well. The plates were
subsequently shaken-on a plate rocker at room tenperature for 2
hrs before fluorescence was neasured by tinme-resolved fluoronetry
on a Wallac Inc. 1234 Research Fluoronmeter (Wallac Inc.,

Gai thersburg, MD). Variability within the triplicate wells of
bot h standards and biol ogi cal samples was i nproved when pl ates
wi th the Enhancenment solution frozen at =-20°c for 12 hours before
measuring fluorescence. Variability of the % inhibition in
triplicate wells was 6.7% + 4.4% (mean + S.D., n=20).

4. RESULTS

a. Tables of summary data for the PAH DNA adducts are
presented below.
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b. Summary (unmatched) conparisons of all subjects (N
ranges from 34-42) reveal an increase in PAH-DNA adducts from
August (Kuwait) sanples to Cctober (Germany) sanples. The
neasured difference is significant to the p=0.0002 | evel .
Measurements in June (Gernany) average nore adducts than those
from August (Kuwait), but this difference is not statistically
significant (p=0.44).

c. Conparisons of only subjects who gave two or more
sanpl es (N=30; N=26) al so show an increase I n PAH DNA adducts
from August (Kuwait) sanples to Cctober (Gernany) sanples. The
neasured difference is significant to the p=0.0063 | evel. Again,
a decrease is neasured from June (Gernmany) to August (Kuwait),
but the difference is not statistically significant (p=0.46).

d. Conparisons anmong only subjects who gave 3 nmatched
sanpl es (N=22) al so show an increase in PAH DNA adducts from
August (Kuwait) sanples to Cctober (Germany) sanples. The
measured difference is significant to the p=0.0009 level. A nean
decrease is again shown from June (CGermany) to August (Kuwait)
but the difference is not significant among this small group
(p=0.25)

e. These sunmmary conpari sons do not incorporate data

gathered by questionnaire about snoking, diet, or occupationa
exposur es.
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. Tabite DNA-1 .
BSI DNA- PAH adduct Assay
Wiite Blood Cell PAH DNA adducts, by Month Tested
(For Al Subjects)
Adducts/10" nucl eoti des
Mont h N Mean + SD Medi an Range p wedluee f ar
di fference’
June 42 2.62 + 3.33 1.7 0.4 - 17.3
0.44
August 34 2.52 + 4.14 0.6 0.4 - 17.6
0. 0002
._ er 38 4.06 + 3.20 3-5 0.4 - 17.8
* By wilcoxon Rank Sum Test for unmatched group conparisons-
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Table DNA-2.

BSI DNA-PAH Adduct Assay

White Blood Cell PAH-DNA Adducts, by Month Tested

(For Subjects who Gave At Least 2 Matched Consecutive Sanpl es)

Adducts/10* nucl eoti des

Mont h N Mean + SD Medi an Range p value for
di ff erence"
June 30 2.69 + 3.64 1.3 0.4 - 17.3
0. 46
August 30 2.27 + 3.80 0.6 0.4 - 17.6
August 26 2.05 + 2.98 0. 85 0.4 - 14.2 .
0. 0063,
Cct ober 26 3.92 + 3.49 3.25 0.4 - 17.8 T

* By wilcoxon Signed Rank Test for

mat ched group comparisons




Te DNA- 3.
BSI DNA-PAH Adduct Assay

White Blood Cell PAH-DNA adducts, by Mnth Tested

(For Subjects Wio Gave 3 Matched Consecutive Sanpl es)

Adducts/10* nucl eoti des

Mont h N Mean + SD Medi an Range p value for
di fference"
June 22 3.12 + 4.09 2.25 0.4 - 17.3
0.25
August 22 1.63 + 1.76 0. 65 0.4 -6.3
. 0.0009
Oc.-.oer 22 3.96 + 3.49 3.25 0.4 -~ 17.6

* By Wilcoxon Signed Rank Test for matched group conparisons
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$S. DISCUSSION

a. The summary conpari sons descri bed here are consi stent
across various groupings in showng a trend of higher |evels of
PAH DNA adducts for sanples taken Germany than in Kuwait, both
before and after the June, 1991 deploynent to Kuwait.
Differences from August (Kuwait) to Germany (Cctober) are al
nunerical ly significant.

b. The half-time in vivo for adducts such as these is
sonmewhat uncl ear. Many cells are short-lived, but sone
| ynphocytes are long-lived and may contain persistent adducts.
Thus, these PAH DNA adduct nmeasurenents probably reflect both
current and past exposures (18).

c. In conparison, foundry workers, whose anbi ent exposures
were Up 1O 60 Nng benzo[a]pyrene/M', nean PAH DNA adduct
concentrations ranged from 1-35 adducts/10' nucl eotides, with a
mean' of about 10 (18). The nean adduct levels in this sanple
range up to 17.8 adducts/10" nucl eotides, with a nean of about 4.
This inmplies an exposure of far |esser magnitude than 60 n
benzo[a)]pyrene/M', consistent with environnmental sanpling data
fromthe U S. Arny Environnmental Hygi ene Agency's environnenta
characterization of the Kuwait oil well fires.

d.~ The results described here do notreflect any attenpt to
control for snoking, diet, or occupational exposures in the
conpari sons. D etary sources of PAHs may be Inportant in nmany
settings. In specific, supplenental questionnaire data
regarding diet, snoking, and occupational exposures nust be
related to these data in order to consider the results final
This effort is in progress at the time of this witing (NOVEVBER
93) and information gained therefromw |l be the basis for
amendnents to this report, A continuing discussion anong all
contributors to the BSI nay shed nore |ight on these findings, as
all parties have anple opportunity to eval uate separately
prepared information.
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. ANNEX F-7

STUDY PLAN
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Plan for the Biologic Surveillance Initiative, Kuwait Oil
Fires Health Kisk Assessment.

1. Project title:

This project will be known as rhe Biologic Surveillance Iniuative,
Kuwait Oil Fires Health Risk Assessment. 11 will be referred to in this document
as the BSI.

The BSI is properly regarded as medical or epidemiologic survcillancc,
as defined in AR 70-25. DODD 3216.2. and 45 CFR 46, subpart A, Sec. 46.102.

This project is exempt from AR 70-25, as seir fonh in Appendix F_,
paragraphs a. and c. of that regulation.

2. Investigators

2-a. Principal investigator.

David P. Dccter. MD, MPH, Lieutenant Colonel. Medical Corps, US Army,
United Stares Army Environmental Hygiene Agency (USAEHA).

2-b. Associate investigators.

David L. Ashley. Ph.D., Supervisory Research Chemist, Division of
Environmental Health Laboratory Sciences, Center for Environmental Health
and Injury Control, U.S. Centers for Disease Control (CEHIC, CDC).

David K. Gustavison. DO, MPH, Captain(P), Medical Corps, US Armmy,
USAEHA.

Jack Heller, Ph.D., Health Risk Assessment Branch. Wasrc Disposal
Engineering Division (WDED), Direciorate of Environmental Health
Engineering. USAEHA

Dr. David Jacobson-Kram, Associate Professor of Oncology. Hopkins

Oncology Center, the Johns Hopkins Medical Institutions (JHMI), and
Microbiologicals, Incorporated (M1), Rockville. MD.

Victor F. Kalasinsky, Ph.D., Environmental Toxicologist, Armed Forces
Insumte of Pathology (AFIP)

Richard M. Lachiver, MD, MPH, Major, Medical Corps. US Army, USAEHA.

Melissa A. McDiarmid, MD, MPH, Associate Professor, Occupational and
Environmental Medicine. Division of Environmental Health Sciences, The
Johns Hopkins University School of Hygiene and Public Health (JHU)

Bruno Petruccclli, MD. MPH, Magjor, Medical Corps. US Army, Walter Reed
Army Institute of Research, (WRAIR).

Miriam Poirier. Ph.D.. Research Scientist. National Cancer |nstitute
(NCI). National Institutes of Health (NIH).
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(NCI), National Institutes of Health (NIH).
Brian G. Scott MD, MPH, Captain(P), Medical Corps, US Army, USAEHA.

3. Location of surveillance project:
This surveillance project will be directed by personnel from the -
USAEHA. Aberdeen Proving Ground, MD, 210 1 O-5422.

Questionnaire administration and sample collection will take place in
Germany. and Kuwait City, Kuwait. This will include serving Medical
Treatment Facilities. e.g., Frankfurt Army Medical Center, Frankfurt, Germany,
and field unit medical facilities, such as Battalion Aid Stations.

Laboratory analyses will be performed at:

AFIP: Trace metals analyses

CDC: Volatile Organic Compounds

JHU: DNA adducts

MI: Sister Chromatid Exchange Frequencies
NCI: DNA adducts

USAEHA: 1 -pyrenol assay

Data emtry and analyses will be performed at the USAEHA. WRAIR. AFIP,
JHU. CDC and the NCI.

4. Time required to complete:

Sample collection and questionnaire administration will begin about 01
June 1991, and continue through December 1991. Laboratory processing and
analyses of specimens will continue through March 1992.

Data entry will begin upon receipt of the first laboratory test results,
and continue through May 1992. Preliminary reporting of results may be
possible as early as March 1992. Complete reporting with relevant
interpretations is anticipated LO be possible by July or August 1992.

Integration of BSI data with Health Risk Assessment interpretation and
reporting may be accomplished by October or November 1992.
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5. Introduction
5-a. Synopsis.

Oil well fires burning in Kuwait since mid-February 1991 have -
introduced tons of combustion products into the environment of the Persian £
Gulf region. U.S. forces have operated in this polluted region during that time.
Although the environmental and human health effects of these fires are
largely unquantified. concerns about the possibility of cancer, respiratory
effects, heavy metal poisoning and increased incidence of infectious disease,
are justified on theoretical grounds.

The US Ammy Environmental Hygiene Agency (USAEHA) is conducting
Health Risk Assessment (HRA) of the oil well fires’ contaminants in response
to tasking by the Joint Chiefs. This will quantify long-term risk of adverse
health effects for US troops who have served in the Persian Gulf/Kuwait
Theater of Operations (KTO). HRA's, however, employ environmental data, and
extrapolate by modelling to human exposure. Typically, the health effect
information used to calculate risk is taken from existing literature. and is nor
evaluated concurrently.  Serious questions may remain unanswered regarding
the medical effects of these contaminants. The scientific community, as well
as the public, may doubt the appropriateness of assumptions that are made
when the HRA process is applied to the oil fires scenario.

To strengthen these assumptions, biologic surveillance of a group of
soldiers deploying from Germany to the Kuwait Theater will be conducted. The
cohort may be exposed to smoke and other products from the oil well fires.
This exposure will be objectively verified and quantified by environmental
monitoring located at the same site as the soldiers in question. The end result
will be a measurement of ambient contamination that is linked with
measurements of biologic exposure and physiologic effects, all derived within
the same microenvironment.

The goal of the Biologic Surveillance Initiative is, therefore, to measure
objectively any level of intoxication or discemnible change in health status in
this body of troops which can be associated with oil well fire pollution.

The BSI involves only minimal risk to all participants in the
surveillance population (SP). IAW AR 70-25, DODD 3216.2. and 45 CFR 46.
subpart A. Sec. 46.102. The techniques involved are health care surveillance
from MTF logs, questionnaires and diaries. spirometry,urine collection, and
obtaining blood specimens by venipuncture (maximum of 45cec per collection).
This will occur no more frequently than every six weeks, and no more than
four times per individual.

5-b. Military and medical refevancy.

‘The significance of the contamination occurring in the Persian Gulf is
not inapparent even to the casual observer. Between 500 and 700 Kuwaiti oil
wells have been set on fire. resulting in a massive amount of air pollution, the
scale of which has not been seeu before. The fires inject thousands of tons of
matter into the air over Kuwait and its neighboring countries every day. To
date only a fraction of these wells have been extinguished. It is estimated that
two to five years will be required to extinguish all of the fires.
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Although the environmental and human health effects of these fires
are largely unknown, there are theoretical concerns regarding the possibility
of carcinogcnesis. respiratory effects, heavy metal poisoning, increased
incidence of infectious disease, and other health effects. While preliminary
data collected and analyzed by the U.S. Environmental Protection Agency.-
(EPA) indicate that these effects are likely to be minimal and transient, this ig¥
not known with certainty.

Efforts to model the long-term human health risk has been ongoing.
Use of models to project health effect is at best a contentious endeavor, because
all models depend heavily on assumptions. many of which must be extremely
conservative and overstate risk when empiric data do not exist. Much of any
HRA depends in large part on estimation of effective dose at appropriate target
sites within the human body. Typically, to help define risk, models use
estimates of environmental concentrations along with animal data to define
the probability and quantity of absorption and the ultimate effect at sites of
biological activity. The end product may easily over- or understate risk by
orders of magnitude. The actual health effects resulting from exposure to
toxicants are related to many factors (concentration of toxicant. route of
exposure, duration of exposure, individual susceptibilities and interactions
among toxicants). Thus, it is virtually impossible to model risk without
expressing it in the most conservative terms.

As the preceding paragraphs imply, it is the accurate and precise
measurement of the exposures in question which gives scientific validity to
the product: a calculated quantity of risk to health that is associated with the
contamination.  When the exposures are multiple, the complexity of the task is
far greater. A literature review has indicated that there may be a wide variety
of toxicants found within the environmental pollution. Accordinaly, the U.S.
Public Health Service has recently issued a health advisory for Kuwait and
Saudi Arabia. The statement indicates that the major toxicologic concerns are
carbonized particulates, carbon monoxide, carbon dioxide, sulfur oxides, oxides
of nitrogen, polycyclic aromatic hydrocarbons, sulfuric acid, acrolein,
hydrogen sulfide, ozone, trace metals. numerous other aliphatic and aromatic
hydrocarbons. and other moieties not specifically- noted.

The USAEHA health risk assessment. will derive from a vast quantity of
environmental monitoring now underway. Air and surface soil are being
sampled at ten primary locations in the Kuwait Theater, including Saudi
Arabia. In addition to this ambient monitoring, personal sampling at a
number of locations is also being conducted. The product of this enormous
underraking will be a comprehensive base of exposure data.

However, there are no empiric biologic data of exposure yet being
obtained.  Although such data cellection is not usual in the HRA process. it is
germane to this situation for several reasons. First, there is a relatively small
body of literature on the human health effects of products of freely combusted
petroleum.  Not only are these effects sparsely investigated, but the exact
chemical makeup of oil well fire effluent is not well-determined. Objective
biologic data may refute or substantiate any number of heretofore accepted
constructions of probable outcome. This is especially true because this
surveillance initiative will sample from a human population, in distinction to
the largely animal-based toxicology literature.
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Second, the event in question. the contamination of such a large region .
from some 500+ burning oil wells is. perhaps. unique in human history.
Certainly it is the largest-scale event for which the Department of Defense
(DOD) has ever directed that HRA be performed. The modeling which will be
involved in the calculation of exposure from ambient sampling
concentrations, and thence the health risk, will likewise be of a scale not =
before executed. Thus, any potential errors could also have a great magnitude.
For this reason, it is critical that all modalities which will contribute to the
validity of the work are exercised to whatever extent feasible and available.

Third, the exposure of the soldiers and other persons in the KTO is
ongoing, even as the environmental monitoring is being accomplished.  This
is unusual among many of the events and sites where HRA's have been done in
the past. Much HRA work is done only predictively or retrospectively
regarding true exposures. The opportunity to_simultaneously and obijectively
evaluate contamination and exposure is thus rare.

Thus the surveillance will: quantify the potential exposure to numerous
toxins for a specific body of soldiers now in theater. allow better estimates of
exposure for all US forces in Southwest Asia since the fires began to bum, and
contribute to knowledge about the indigenous population's exposures.
Accurate measurement of exposure will allow intelligent prediction of future
health effects in those exposed (health risk assessment). This may guide
further long-term surveillance, or a registry of those exposed for health
effect tracking, for US military personnel. DOD-employed or contracted
civilians. or even the population of Southwest Asia. .

5-c. Objectives.

There are two objectives of the Biologic Surveillance Initiative (BSI).
First, objective measurement of troops’ exposure to environmental
contaminants, as well as measures of effect such as pulmonary function tests,
are true tests for biologic events. These may be brought about by contact with
oil well fire productss Some of these products may have long-term adverse
health effects. positive findings in the surveillance population mav_allow the

early identification of needs for health care or further surveillance.

Second, the quantitation of exposure to putative oil well fire products by
measuring markers of exposure or internal dose allows validation of the
health risk assessment (HRA) process in the translation from measured
environmental concentrations of contaminants to modelled human exposure.
The objective biologic measures of exposure obtained through the BSI will
serve to corroborate or counter the modelled exposures derived from
environmental concentration measurements alone. This will increase the

validity of the entire health risk assessment.

A. further breakdown of these aims is possible. The ability to watch over
the health of troops is a primary concern of the Army Medical Department
This will be accomplished by several means.

1. Use of Medica Treatment Facilities (MTF's) by the body of soldiers in
question will be tracked and recorded. This provides a picture of any changes . \
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in health effects during deployment to Kuwait and in the succeeding period.

2.  Self-reporied changes in health stawus will be measured through
questionnaires.  This will afford a greater depth of investigation than allowed
by tracking health care access, but will address many of the same questions.

In addition, this modality allows a measurement of subjective events not
otherwise discernible.  Questionnaire analysis also brings an important degrd-
of validation to the process.

3. Most of the tests .o be performed on blood and urine are both
sensitive and specific, thus allowing concrete description of this population’s
exposure to a number of potential contaminants. Some of the chemical
substances expected .o be present in the oil fires' products have known human
health effects. These include mucosal and dermal irritation, pulmonary
irritation, neurotoxicity, hematopoietic tissue effects, and simple and chemical
asphyxiation. Others have documented effects on animals or positive results
in other tests that indicate that they may be toxic LO humans, including
findings of genotoxicity and carcinogenicity. Although no direct predictions
will be possible for any one soldier’s health, testing may reveal significant
exposure to certain toxins. If this is the case, future work to safeguard the
health of those exposed will have been facilitated. Such safeguards might
include registry of exposed individuals through either the US Agency for Toxic
Substances Disease Registry, or the Armed Forces Institute of Pathology
Registry of Pathology and Toxicology. Alternatively. further medical
surveillance of groups known to have been exposed in similar fashion could
be directed. This could take the form of periodic medical tests related 1o the
particular risk identified.

The second component aim of the BSI can be subdivided as well. Again,
this is to contribute to the validity of the overall health risk assessment.

1 The blood. urine, and other laboratory tests conducted will represent
actual exposure to many different chemicals. Some of these tests are precise
enough to allow extrapolation from the test result to what the ambienr
exposure was for the group. This estimated range of exposure concentration
can be directly compared with estimates derived -from the environmental
measurements performed simultaneously with the blood tests. This affords a
rare opportunity for’ checking the validity of both processes.

2. Likewise, the results of these blood -and urine tests provide an
opportunity to validate the modeled exposures derived from environmental
measurements, meteorologic modeling, and information regarding troop
locations and strengths. This will increase the precision of the calculated risk.
Also, the bounds of the assessed risk which are used for planning or any
actions related to the contamination could more closely approach actual risk;

i.e. increase the aceuracy. The quality and meaningfulness of the overall
HRA should thus be greatly enhanced.

3. There is another benefit of objective data reflecting environmental
exposure. The environmental monitoring being performed, although
conducted at the state of the art, may not detect every possible contaminant.
Some of the biologic tests which will be performed are very nonspecific. That
is, they represent effects which could occur from any one of many different
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exposures or intoxications. If negative for findings of actual exposure, these
tests would address contentions that there were exposures to substances not
directly quantified by the environmental monitoring.

5-¢c-1. P roject design.

The design of the BSI is that of occupational medical surveillance of a e‘

fixed cohort of soldiers. This project does not include any follow-back

investigations. nor does it entail long-term follow-up of any members of the
SP.

5-c-2. Type of subject population observed.

The surveillance population is the 2500-3000 soldiers of the 1 1th
Armored Cavalry Regiment deploying to Kuwait on or about 10 June 1991.

5-d. Status.

The health effects of the Kuwait oil fires' contamination has been of
worldwide concern since their ignition. To date, only limited work has been
done to elucidate this area

The US Environmental Protection Agency has sampled for criteria
pollutants. and found that no significant acute health risk is apparent.

The US Public Health Service has made observations in and around the
area of contamination, and issued a health advisory warning that

hypersusceptible persons for example asthmatics, or those with heart disease.

may suffer adverse health effects during peak exposures.

US Navy clinical medical surveillance does not reveal an assotiation of
exposure with acute health effects to date.

To date, much of the remaining US literature relevant to this
contamination event includes only models and suppositions.

Toxicologic literature exists for many of the several expected
components of the contamination. and will provide a basis for the overall
health risk assessment process underway at the USAEHA.

In contrast, the BSI will attempt to detect of acute health effects in a
cohort, as well as provide empiric data to allow long-term health, risk
assessment.  This cohort has the distinguishing characteristic of being
measured pre- and post-exposure to potential tOXiNS.

5-e. Bibliography.
‘Attached as Appendix A.

6. Plan:

6-a. Number of subjects
6-b. Age range.
6-c. Sex.




6-d. Inclusion criteria.

6-e. Diagnostic criteria for entry.

6-f. Evaluations before entry.

6-g. Exclusion criteria.

6-h. Source of subjects. -
The SP numbers approximately 2500-3000 soldiers who may range in age
from 1 8-65. The SP is a healthy population which. is predominantly male. All
these soldiers have undergone pre-deployment health record checks and
immunizations prior to leaving Germany. There are no exclusion criteria,
save that persons who are acutely ill with upper respiratory complaints will
not undergo spirometry. Soldiers of the 1 1th ACR deploying from Germany to

Kuwait with their uni: on or about the 10 JUNE 1991 will all fall under the
umbrella of this surveillance initiative.

6-i. Subject identification.

Surveillance population members will be identified internally to the
data collection process by social security number and by name, as well as by
military unit. Each questionnaire. biologic specimen, and test result will be
given a code number for identification. The code keys will be maintainid
separately from data files, and under controlled-access, locked storage.
Primary data instruments such as questionnaires, which may retain inherent
idenzifiable material, will be maintained in locked storage until five years
after all reporting from this initiative is complete.  Such instruments may be
maintained for a longer period, but will still remain under controlled-access
conditions.

All reporting will be exclusive of personal identifiers. All reports.
internal documents. logbooks, rosters, magnetic media. lab results.- diaries.
guestionnaires, memoranda and any other instruments which may contain
identifiers or potentially identifiable information regarding members of the
surveillance population will be maintained in locked storage at all times. All
records will be kept for a minimum of five years afier the completion of all BSI
work and reporting. At such time as it is elected_ to dispose of any instruments
which may contain identifiable information. destruction will be assured
before disposal. Magnetic media, if any are disposed, will be erased 1AW
Department of Defense data encryption standards.

Because of the potential for future work on adverse health effects, a
repository for permanent records of this population will be established at the
direction of the Office of the Surgeon General, US Army, and under the aegis of
the WRAIR and the USAEHA. This will be a controlled-access storage, and will
remain coded, with data separate from identifiers.

6-j. Analysis of risks and benefits to subjects; risks to those
conducting research.

6- k. Precautions to be taken to minimize or eliminate risks to
subjects and those conducting the research.

The benefit to the surveillance population members is twofold, and has
been described in the objectives section: early identification of previously
unknown or unexpected adverse health effects of oil well fire pollution; and
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improved ability to develop a risk assessment t0 be used in risk communication
to individuals undergoing this or similar exposure. The risks to the SP
members arc comparable to those encountered in a routine physical
examination including phlebotomy and spiromctry.  Other risk"may be
presented by use of identifiers in data handling internal to the BSI, but this
will be minimized by the privacy safeguards previously described.

Risks to the investigators include those of handling biologic fluids. =

Universal precautions will be employed. As well, there will be the risks of
travel, and of movement to an active theater of operations. These will be

minimized by appropriate theater policies and safe operating procedures in
the KTO.

6-1. Corrective action necessary.

6-m. Special medical care or equipment needed for subjects
admitted to the project.

None identified.

7. Evaluations made during and following the project:

7-a. Specimens to be collected.
7-b. Clinical assessments.
7-c. Vital signs.

There are eight methods through which the health status and exposure
experience of this cohort will be measured. These are:

Medical Treatment Facility (MTF) / Hedlth Care Access tracking and
surveillance.

Questionnaires.

Pulmonary Function Tests. .

Trace metals analyss (peripheral blood and urine).

1 -Hydroxy Pyrene assay (urine).

Volatile Organic Compounds (VOC's) (plasma). .

Sister Chromatid Exchanges (peripheral blood lymphocytes).
DNA adducts (peripheral blood lymphocytes).

Each is discussed in depth here.
Measures of health effect

MTF surveillance.

All the deploying members of the 11ACR, some 3000+ soldiers, will
receive. health care in the KTO through unified facilities. This will be through
the organic medical element of the 11ACR. As well. the supporting backup
facility, the 912th MASH, is co-locared with the 11ACR base camp at the Doha

industrial: complex, called Camp Thunder Rock. This results in a centralized
source for all health care for the entire SP.

A surveillance log will be provided to the MTF supporting the 11 ACR.
This is a daily log of the treatment facility activity with categorized case
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numbers and dispositions by diagnostic group. These will be executed on a
daily basis by the medical personnel of the MTF. Collection of the logs will
follow deployment. The log sheets are attached in Appendix B.

Questionnaires will be administered to as large a body of the 11ACR as =
can be accomplished prior 1o depanure from Germany. This pre-deployment
questionnaire will address:

. general demographlc characteristics )

. medica history. including family history, social history, medications and
allergies, smoking and passive exposure

. reproductive history and pregnancy outcome

. complete occupational history including deceription of current Job; solvents
and materials handled with frequency and duration

Questionnaires will also be administered to soldiers who undergo other
tests while in Kuwait. These interim questionnaires will contain some repeat
questions for validation, and will otherwise address many of the same health
questions asked on the predeployment qucsrionnaire.  Special reference will
be made to events which have occurred_since deploying to Kuwait. The
predeployment and interim questionnaires will take about 15 minutes to
complete.

Some soldiers will undergo spirometry for the first time in this
surveillance initiative afier deploying to Kuwait or even upon return to
Germany. These individuals will complete a slightly modificd questionnaire,
which will obtain the brief medical history elicited in the predeployment
questionnaire.  Questionnaires are attached in Appendix B.

Preparation of questionnaires and description and analysis of
guestionnaire dara will be accomplished jointly by USAEHA, Dr. Melissa
McDiarmid, and WRAIR Division of Preventive Medicine.

Pulmonary_Function Tests.

Spirometry will be performed on approximately 250 individuals in the
SP prior to leaving Germany. The outcome measures specifically to be
recorded will be forced vital capacity (FVC) and forced expiratory volume at
one second (FEV1 ). These measurements will be taken on pneumotach-type
portable spirometers.  Spirometry will rake approximately 15 minutes per test.

Spirometry will be performed on the same troops after their return to
Germany. It will also be performed on as many of the same troops as possible
during their time in Kuwait. All who have spiromctry either pre- or during
deployment will be sought for follow-up after return to Germany.

Results of spirometry data will be described and analyzed jointly by
USAEHA and WRAIR Division of Preventive Medicine.

Procedures for spirometry are attached as Appendix C.
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Direct Measures of Exposure.
Trace Metals Analvsis (TMA).

Peripheral blood and urine Will bc collected for TMA from
approximately 250 individuals in the SP. This will be performed prior to
deployment, on a subset of these 250 twice during the deployment, and again =
after the SP returns to Germany. This analysis will bc performed at the Armed
Forces Institute of Pathology (AFIP). The senior investigator who will oversee
these analyses is Victor F. Kalasinsky, Ph.D.

Results of this assay will be described and analyzed jointly by AFIP,
USAEHA and WRAIR Division of Preventive Medicine.

Description of all blood collections involved in the BSI is attached in
Appendix D. Description of urine collection procedures is attached as
Appendix E. Protocols for the TMA are attached as Appendix F.

1 -Hvydroxv Pvrene (1 HP) Assav.

1-Hydroxy Pyrene is a very well-documented, availably assayed marker
for exposure 1o polycyclic aromatic hydrocarbons. The correlation of this
marker with environmental exposures approaches unity. The incorporation
of this assay in the BSI affords a sensitive and specific direct look at exposure
to a class of compounds clearly associated with several forms of cancer.

Urine will be collected from the same soldiers who undergo TMA. The
test will be performed at the USAEHA. Results of this assay will be described
and analyzed jointly by USAEHA and WRAIR Division of Preventive -Medicine.

Description of all BSI urine collection procedures is attached as
Appendix E. Description of the 1HP assay is attached as Appendix G.

Volatile Orsanic Compounds (VOC) Assav. ~

The pyrolysis of crude oil in a semichaotic milieu is thought to be
largely incomplete and to yield a plethora of subfractions and compounds.
Many of these are being assayed in the environment by the ongoing LJSAEHA
ambient sampling. The VOC assay will determine accurate levels of a select
battery of these compounds in the blood of a small group from the SP.

"+ Peripheral blood will be collected from 32 soldiers and sent on wet ice to
the Centers for Disease Control Center for Environmental Health and Injury
Control laboratories for VOC assay. The senior researcher at that organization
performing this task is David Ashley. Ph.D. These soldiers will also complete
an additional questionnaire ("VOC questionnaire”) regarding some specifics of
their exposures prior to and during the surveillance time frame. These
samples will be taken on the same schedule as the TMA samples.

Results of this assay will be described and analyzed jointly by the CDC,
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USAEHA and WRAIR Division of Preventive Medicine.

Description of all blood collections involved in the BSI is attached as
Appendix D. Description of the VOC assay protocol is attached in Appendix H.

Indirect Measures of Exposure

All SP members undergoing the following two tests will also complete a
third questionnaire (“Genotoxics questionnaire*) with questions regarding
exposures to activities, foods. and compounds germane to the Iwo assays.

igler I i X

SCE's are known 1o occur in human lymphocytes at both a background
rate, and at accelerated rates under certain stressors. Among these stressors iS
exposure to numerous environmental toxins, such as PAH's. Thus SCE's are a
nonspecific but very sensitive marker of exposure to numerous contaminants.

Assay of SCE frequencies in lymphocytes of the SP will be performed on
62 individuals. These will be performed predeploymcnt and twice during
deployment. SCE frequencies will not be assayed after return of the SP to
Germany. This is becausc it is well-documented that induced increases in SCE
frequency return to normal after an 18 day period. There is no need in this
surveillance initiative 10 demonstrate that previously well-discussed
phenomenon.

Assay of the SCE frequencies will be performed at Microbiologicals, INC.
Rockville. MD, under the direction of Dr. David Putman and Dr. David Jacobson-
Kram. Results of this assay will be described and analyzed under the direction
of Dr. Melissa McDiarmid, Associate Professor. Environmental Health Sciences,
the Johns Hopkins University School of Hygiene and Public Health. USAEHA
and Dr. McDiarmid will collaborate- on using environmental data tO interpret
the SCE assay results.

Description of all blood collections involved in rhe BSI is attached in
Appendix D. Description of the SCE assay protocol and discussion regarding
sample size calculations are attached as Appendix |I.

DNA-PAH Adduct assay.

Polycyclic Aromatic Hydrocarbons (PAH’s) are known carcinogens, and
are an expected product of the uncontrolled combustion of crude 0il. \When
introduced. into the human body, PAH's can form covalent adducts with
deoxyribonucleic acid, or DNA These can be measured by sensitive assay in
peripheral blood lymphocytes. This test is also extremely specific, since the
antibodies used in the assay are tailored for each specific PAH whose adduct is
measured. :

Assay of DNA-PAH adducts in DNA extracted from peripheral blood
lymphocytes will be performed on the same 62 individuals undergoing SCE
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assay. These will be performed predeployment and twice during deployment.
DNA adducts will not bc assayed after return of the SP 10 Germany.

This assays will bc performed in two steps. First. DNA will be extracted
from the peripheral lymphocytes under the direction of Dr. David Jacobson-
Kram. The second phase will be the assay of adducts in these DNA extractions,
under the direction of Dr. Miriam Poirier. National Cancer Institute. NIH, :
Bethesda, MD.

Results of this assay will be described and analyzed under the direction
of Dr. Meiissa McDiarmid, Associate Professor, Environmental Health Sciences,
the Johns Hopkins University School of Hygiene and Public Health, along with
Dr. Jacobson-Kram and Dr. Poirier. USAEHA will collaborate through Dr.
McDiarmid regarding use of the environmental data for purposes of
interpreting the DNA-PAH adduct assay results.

Description of all blood collections involved in the BSI is attached in
Appendix D. Description of the DNA adduct assay protocol and discussion
regarding sample size calculations are attached in Appendix I.

h rum.

To provide a set of samples of biologic media which may be retained for
additional assays, sera will be collected from the same soldiers who undergo
TMA, and hard frozen for contingency use. This is essential because of the
poorly-defined overall threat. In addition. the immune system may be an
important target of inhaled or absorbed contaminants. and no work directly
related to infectious disease has been incorporated. This srep will allow a
response to later information that may indicate such a need. These samples
will be maintained at the WRAIR Division of Preventive Medicine. These
samples will be taken on the same schedule as the TMA samples.

Description of all blood collections involved in the BSI is attached in
Appendix D.

7-d. Follow up procedures.

No specific longitudinal follow-up procedures are identified at this time.
The DOD Joint Working Group, Kuwait Oil Fires. will coordinate through the US
Public Health Service on any plans for use of this project’s data in future
longitudinal work.

7-e. Disposition of data.

Data collected through the BSI will be centrally controlled and stored at
the USAEHA, Occupational and Environmental Medicine Division. As
previously stated, all records will be kept for a minimum of five years after the
completion of all reponing from the BSI. Methods for destruction or erasure
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procedures for data instruments with personal identifiers are described above.

7-f. Methods used for data collection.

Comparisons of subsets of measurements will be uiilized for quality
analysis and control. The kappa statiuic will be constructed as a measure of
comparability.

Data Analysis

This will be approached from two perspectives. First. the possibility of
adverse health effects will be explored by analyzing measurements which
directly reflect such effects, such as temporal trends in weekly sick call rates
(MTF usage), emergence of new symptoms as self-reported on questionnaires,
and changes in pulmonary function parameters (FEV),FVC). These will
constitute outcomes. while biologic measurements (TMA's, |-HP. SCE's, DNAA's
& VOC's). and subjective exposure indicators (diary comments, certain
guestionnaire items) will serve as independent variables and factors.

Second, the biologic measurements will themselves be treated as
outcomes when they are correlated with concurrently obtained
environmental measurements.  Depending on the strength of such
correlations, models will then be derived in which the final outcome is a long-
term health effect such as carcinogenesis. This second perspective is thar of
the health risk assessment and will not be discussed in detail here.

Frequency data (e.g. health care access rates) and dichotomous
measures (e.g. reporting VS. not reporting new symptoms, or forming vS. not
. forming DNA adducts) will be analyzed across time and among categorical
variables (e.g. smoking vs. non-smoking) using chi-square tests for trend and
for contingency tables. Fisher's exact test will be used for 2x2 tables. A

multiple logistic regression model will be applied if needed to control for
confounding.

Standardized PFT results (percent predicted “rates & volumes) and the
quantitative results of TMA's, 1HP, SCE's, & VOC's will be explored for
distribution and then subjected to analyses of variance across time points
(pre-. during, and, if applicable, post-deployment) and in relation to possible
confounding variables such as occupational category and pre-existing
hypcrsuscepribility. Since the distribution of SCE frequency values is
sometimes skewed, a sqguare root transformation may be applied. Non-
parametric (Kruskal-Wallis) tests will be used in addition o« ANOVA, regardless
of the normality of data. A repeated measures logistic regression model will be

used to isolate the degree of change in biologic indicators attributable to
environmental  exposures.

8. Departure from plan for Individual patients
9. Incidents

Although the BSI does nor entail any treatment modalities. and
therefore no direct untoward effects of the BSI upon individuals can be
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foresceably anticipated. this project may identify early health effects or their
markers. If such adverse health effects is revealed. or their presence
reasonably suggested through work done in this project, appropriate actions
will be taken.

These may include: notiftcation of individuals in whom the presence of
disease or adverse health effect is discovered, notiftcation of the DOD Health
Effects Working Group. Kuwait Oil Fires, for modifications of this plan, if any
are indicated, and notification of command medical elements, if changes in
troop disposition are suggested by information revealed.

10. Modification of plan

Modifications of this plan will be through LTC Deeter, USAEHA. All
changes will also be communicated to the DOD Joint Working Group, Kuwait Oil
Fires.

11. Examples of all forms to be used in the plan

See attached appendices.

12. Use of information and publications arising from the
project

The USAEHA. LTC Deeter, will be the controlling agent for data collected
as part of the BSL All reporting will be through LTC Deeter or the Commander.
USAEHA.

AH publications arising from this project wilt have approval of the
controlling MACOM. IAW AR 70-25, 70-14, 70-31, and 360-5.

13. Special or unusual funding implications

The USAEHA will oversee the transfer of funds to agencies and concerns
who sustain expenses or require payment related io execution of their
respective parts of the BSI.

The CEHIC, CDC will receive $35,000 by MIPR thru the USAEHA for the
processing of 4 x 32 samples for volatile organic chemical analysis.

The NCI. laboratory of Dr. Poirier. will receive $167.00/ sample for DNA
adduet ELISA | or $30,000.00

Microbiologicals, Inc. will perform the SCE frequency assay for a total
price of $38.300.00 for 3 x 62 samples.

The laboratory of Dr. Jacobson-Kram will receive funds for DNA
extraction for DNA adduct assay.

Dr. Melissa McDiarmid will receive payment for consultation services.

“Training in spirometry to NIOSH certification level will be purchased
from Chesapeake Occupational Health, Baltimore, MD, at $4.000.00 for 10
persons:

Other requirements of this nature will be approved through the PI. and
coordinated by the Project Officer. Additional requirements will® also be
reported to the DOD Health Effects Working Group.
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14. Name and telephone number of the medical monitor,
when applicable:

Not applicable

15. Human Use Committee (HUC) Review:

This plan will be reviewed as directed by the DOD Health Effects Working
Group, Kuwait Oil Fires. That body will make all determinations regarding the
applicability of regulations concerned with research, such as interpretations
of minima risk UP AR 70-25 or DODD 3216.2.
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Bibliography (for the BSI plan)

MTF daily use log sheets 1 and 2. and Questionnaires:
Predeployment. Interim.  Genotoxics questionnaire, and
VOC questionnaire

Spirometry protocol/SOP

Collection of peripheral blood, Iymphocyte

harvesting and sample preparation for all blood
products

Collection of urine for Trace metals and 1-QH
pyrcne assay

Trace metals assay protocol

1-OH Pyrene assay protocol

VOC analysis protocol

SCE assay protocol

DNA adduct assay protocol (two parts)

Proposed agenda (timetable) for testing, results of
tests, data entry. analysis, and reporting

Areas of Responsibility
Key personnel/PO C's

Text of briefing given to volunteers
and Informed consent form
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DAILY MEDICAL SURVEILLANCE SUMMARY

Instructions: Far _each dav, (full 24 hour period) during the deployment,
summarize the diagnostic categories of diseases seen on sick call and logged
into the Medical Surveillance Report Form. In addition to the categories,
tally the number of cases of diarrheal illness, upper respiratory iliness,
urethritis and malaria. Record also the number of patients in each category
placed on quarters (#QTRS), admitted to the hospital (#ADMS), or

returned to duty (#RTD). This form will be collected daily by a preventive
medicine unit member.

Date: Hours: to
Name of MTF: Total Population Served:

1. Febrile illness (FEV)

2. Gastrointestinal disease (GI)
3. Respiratory Disease (RES)

4+ Dermatologic lliness (DER)
5. Genitourinary lliness (GU)
6. Ophthalmic Illness/Inj (EYE)
7. Heat or Cold injury (H/C)

8. Orthopedic Injury (IIN])

9. Surgical Iliness (SUR)

10 Psychiatric Iliness (PSY)

11. Other Medical Iiness (MED)
12. Dental Iliness (DEN)

13. Miscdlaneous visit (MIS)
14. Follow-up Vvisit (FU)

DIAGNOSTIC CATEGORIES #CASES #RTD #0OTRS #ADMS

Special Diseases

Diarrheal Disease

Upper Respiratory |liness (URI)
Urethritis (sexua transmission)
Malaria

(Reviewer’sSignature)
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APPENDIX B: Questionnaires Sheet 3 of 7
PRE-DEPLOYMENT HEALTH ‘ASSESSMENT OF U.S. ARMY PERSONNEL

Tne intormaton you enter on thus 12rm will D usad 10 assess Ine prevenive healh needs o sokhers
desloving 10 the Miadle Easl. and wili be kep! conlgential. » accoraance with the Privacy Azt o 1674,

(1) Last NAME i3) What is your M.O.5.?
(2) First NAME | 4) What was your
previous M.0.S.7
) SSN
Check here # you have only
) GRADE worked in one M.0.5 . —»>
)y UNIT
15) What kind of work do you presently do?
) SEX: Female
M a _| e
) ETHNIC GROUP 18) How many years have you

worked in this job?
While, not of Hispanic origin

Black, not of Hispanic origin '7) If you have worked in any of the

- sliowing kinds of workplace over the fas!5
Hispanic ears, indizate how fong you worked there.
Amerizan IndiarvAlaskan Native Ko, years
Asian ame farm
Other (please specily) dine
. warry
10) DATE OF BIRTH
) T (Monin/Day/Y ear) ‘oundry
i1)PLACE OF BIRTH >otien

(S:21e or Country)
Zotion, flax or hermo mill

12)Have you lived in a large city or indusinial

Ir&2 tor 2 year or onger? 18) How many times in the last 1 0 years

1ave you been admitted to the hospiial?

Yes Ho

Yone Once Twice More

li yes please name the cities below:

(79) Do you have any permanent

profiles?
Yes No
(20) Do you regutarty take any
medicines?
Yes NO
AEHA Form 298 — R, 1 Jdune 91 (Tempazaryl (HSHB -~ MO - O
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. (33)How otten do you experience hay fever or allergy symptoms?
Never, Every Every Every
or less than 7-3 1-3 1-3
twice a year months weeks days

(34) If you have had a job during the last 5 years where you were exposed to any of the

substances listed below, please write down the kind of job and check off how severe the
exposure was.

How bad was the exposure?:

Exposure Type of job mild moderate severe

Dusts

Gases or fumes

Smoke

Asbestos

If you have never worked around any of these please check here--»

{35) How often do you suffer each of the symptoms ksted below?

. Never, Every Every Every

or less than -3 1-3 -3
twice a year . months weeks days

Nosebleeds
Palpitations
Indigestion

or heartburn

Vomiting
or nausea

Belly cramps
or stomach pain

(36) How often do you experience indigestion or heartburn?

Never. Every Every Every
or Less than 1-3 1-3 1-3
twice a year months weeks days

@




APPENDIX B: Questionnaires

Sheet 5 of
(45) Have you fett depressed at any time during the last 6 months?
7e?— No
(47) Has a doctor ever tokd you that you have nasal polyps?
Y es N o

(48) Which of the following statements best describes how you feel about going to Kuwait?
(Choose one)

This will be the experience of a lifetime.
| am not eomplaining. it's pan of being a soldier.
| am a little nervous aboul not knowing what to expect.

| dont want to leave my family or friends for that long.

| would rather not go.

(49) Check one or two of the following that most concem you about going in Kuwait.

h e Tha t _____ Being in an Arab country
Lack of logistical support The military threat
Oust storms and sandstorms Unexploded ordnance
Air pollution from the oil fires ____ None of these things worries me

(50) If you have any health problems or special concerns that were not addressed in this*
guestionnaire, please comment below.

| have been briefed on the nature and purpose of the Kuwait deployment medical surveillance
program and | have answered all of the questions in thii form to the best of my Knowledge.

SSN

Signature Date
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APPENDIX B : Questionnaires Sheet 6 of 7

QUESTIONNAIRE TO ASSIST
INTERPRETATION OF BLOOD TESTS
FOR AIR POLLUTION EXPOSURE

The information you enter on this form will be used to assess the preventive health needs of soldiers depioying to the
Middle East, and will be kept confidential, in accordance with the Privacy Act of 1974.

Name / rank SSN
{1) How many diagnostic X-rays (like a chest X-ray or a dental X-ray) have you received since arriving
in Kuwait?

If none check here
(2) Please list all medications you are now taking and/or have taken since arriving in Kuwait.

(Include vitamins, aspirin, Tylenol, Motrn and oral contraceptives. )

How often do you now take it? (Check space):

No 1-2 | -2 ior more

Name of ionger rimes / times / times /
Todication Why taking taking month week day
Please answer #3 (3) 2. Average no. smoked / day. per cay
if you have (10 =112 pack _ 20 = 1 pack)
smoked cigarettes
since arriving in b. Are you currently smoking cigarettes? ves /no
Ku wait.

c. { stopped, how long ago?
Please answer #4 (4)a Average no. of times a day that
if you have you smoked a cigar or pipe. per day
smoked a cigar or pipe
since arriving in b.  Are you currently smoking
Kuwait. a cigar or pipe? yes /no

c. If stopped, how long ago?
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Supplemental Questionnaire
Volatile Chemical Exposyre

In the last 3 days, (today, yesterdaly or the day before yesterday), have you either breathed .
] llowing: .

Or had on your siam an of the Jollowing Yes No Dop't Know
1. Diesel fuel or KErOSENE ..ccenereeceverennavemsenessaaes 2 ) 0

2. GOS0l NE wosvesnsemeersasorassarmrssasmesocssssnsranmmamassssasasemsnssssssas SR 0 Q 0

3. Paint ThiNNEr, brush CIEANeT. . .ccovvemiemressanreesmsssssssnemsnsasasarass 0 0 Q

4. Varnish, lacquer, wood siain, Or W PainL...oocveecsseeceemasrranans a 0 .|

3. BUQ OF ISECT SPTAY -ururnrnmssramseemssmssansmsssemansanamssssassamasesasassacses 0 Q 0

6. WeedKAlIET ... ieceeecvercceesremesmeanemsssnmaanemanaes eeeeror e sveananana Q 0 0

7. SOliA10ilet DOWICIBANETS ... . . cacrseeressrmsmrmacscsrasuemsmsraremssssrasensssess 0 0 Qo

8. Air freshner or room deodorizer | ceceieeenens 0 0 Q0

Q. MOUh DALLS OF flAKES . oeeremmecrsssarrmermacemsaserassssnsmsasasssusammssssenoses O 0 O

10. Fingernail polish or nail. polishremover.........................o Q 0 |

11. Drycleaning flumd . coooeecesemmesemarss e sssssssmsonsoomsaranianssas Q .| 3

12. Have you cleaned your weapon wirh ary cleaners or any other chemicals within the last
three days?

Yes O No O Don't Know 0O

13. Have vou worked with, handled, or cur pressure treazed wood within the {asz three

Jays?
Yes 3 No 2 Don’'t Know 1
14. Please list any chemicals that you rowinely work with in your normal job: .

15. Please list any chemicals that you come inzo contact With as a resulr of any hobbies or

off-dury acovires:
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. APPENDIX C

Standard Operating Procedure: Spirometry

Biologic Surveillance Initiative, Health Risk Assessment,
Kuwait Oil Fires

This SOP is taken from guidance in TB Med 509.

Applicabilitv

This SOP will apply to al spirometry performed as part of the
BSL

Calibration

The evaluation of spirometer calibration is an equipment check
which is essential prior to performing spirometry tests. Instrument
inaccuracy is a source of error which is unacceptable, and it is easly
detected and corrected. The potential for introducing spiromerer
error must be precluded by instituting the following series of

. equipment checks and procedures:

a. Test the spirometers for accuracy daily or every 50 patients,
whichever is more frequent. This is done by injecting 3.0 liters of
room air from a calibrated syringe into the spirometer. TO be
accurate, the volume displayed on the spirometry tracing must equal
the stated syringe volume +3 percent of the syringe volume (i.e., the
recorded volume must fall in the range of 2.91 to 3.09 liters for a 3-
liter calibrated volume). If a microprocessor is used with the
spirometer, the same daily calibration requirements apply.

b. Record the results of each equipment check in a log.

c. Ensure that any inaccuracies identified during equipment
checks are corrected prior to further use of the spirometer in patient
testing.

Patient preparation

Prior to beginning the spirometry examination, the spirometry
technician will explain the purpose of the test, identify potential

indications for postponing spirometry, and properly position the
patient for the forced expiratory maneuver.

a. The procedure will be explained to the patient in simple
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terms. The brief statement “! want to test how hard and fast you can
breathe’ may not be physiologically precise, but is usually the only
explanation necessary.

b. Because the proper performance of spirometry is an effort-
dependent phenomenon, testing will not be performed if the
individual is acutely ill with upper respiratory tract complaints other
than uncomplicated upper respiratory tract infections (colds)
unaccompanied by profound systemic complaints. Ci gareties or
aerosolized bronchodilators may transiently alter airway resistance.
particularly in the smaller bronchi or bronchioles. Spiromerry will
be postponed if the patient has used either of these in the past 2 to 3
hours. A recent heavy meal is also regarded as reason to postpone
spirometry for approximately 1 hour. Any deviations from this
accepted standard of patient preparation will be indicated on the
spiromerry tracing.

c. The patient will be instructed to loosen tight clothing and to
remove any dentures. The dentures may be left in place if, in the
opinion of the spirometry technician, their presence will help the
.patient maintain a better seal around the mouthpiece. The individual
may Sit or stand, whichever is more comfortable and convenient.
Most test subjects are comfortable sitting and, under normal
circumstances, there is little difference in pulmonary function values
obtained in either position. (The sole exception is in the case of a
grossly obese individual where seated test results may be lower. )
The chin should be elevated and the neck slightly extended, While
the use of a noseclip is not explicitly required, it is highly
recommended.

T est administration

a. Having been properly prepared to take the test, the patient
is instructed on how to perform the forced expirarory maneuver. The
spiromerry technician will ask the patient to take the deepest
possible inspiration during a normal breathing pattern, close the
mouth firmly around the outside of the mouthpiece, and without
further hesitation, blow into the spirometer as hard, fast, and
completely as possible. Before asking the individual to blow, the
spiromery technician activates the recording function of the
equipment in use and verifies its proper function. This should be
done at least 1 second before the subject blows into the mouthpiece.
While the patient is blowing, the technician must actively coach the
subject until a smooth plateau occurs in the tracing. The forced
expiratory maneuver may then be terminated.
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b. This particular method of eliciting the forced expiratory
maneuver is referred to as the open circuit technique. Most patients
master this technique with minimal explanation and practice,
consistently performing reproducible forced expiratory efforts. An
occasional individual may have difficulties. Examples are failure to
maintain an airtight seal around the mouthpiece, pursing of the lips
as with a musical instrument, or obstruction of the mouthpiece with
the tongue. These problems will be avoided by routinely
demonstrating proper mouthpiece positioning to each parient. Make
sure that the patient’s chin remains elevated and neck slightly
extended during the forced expiratory maneuver.

c. A valid spirometry examination must consist of three
acceptable tracings in which the largest two vital capacities do not
differ by more than 5 percent or 100 ml, whichever is greater. An
acceptable tracing is one that is free of coughing, hesitant or false
starts, inconsistent or variable effort, early termination of expiration,
excessive variability, and baseline artifact. Tracings marred by
coughing, hesitant starts, and inconsistent effort are illustrated in
accompanying figures. The criteria for a valid spirometry
examination are summarized in the accompanying table. Almost all
subjects, when properly instructed and actively coached, can produce
three acceptable tracings within five expiratory = efforts. The
spirometry technician should not elicit more than six expirarory
maneuvers during one examination, since the patient’s performance
will not likely improve beyond this point.

Chances

Changes to this SOP will be through CPT Scott, action officer, or
LTC Deerer, principal investigator.
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Tabie -1
Criteria for 2vzlidspirometry_examination

Tonres ecceptabic forced expiratory maneuvers free
fonIm—

Coughing

Hesitant or false starts.

Active coaching s essential throughout the

Inconsistent or variable effort. duration of the patient’s effort.

End-of-test occurs when z plateau is noted in
the tracing, with less than 23 mL volume
change in 0.5 seconds

Larlv termination of expiration.

] o The two best FVC readings should not vam
Excessive varizbiliny

by more than 5 percent or 100 mL, whichever
is greater.

The recording pen must begin tracing the

Baseline artifact. subject’s effort a; the zero volume line.

—

S
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Plan for the Biologic Survelllance Inltiative, Kuwalt Oll Fires Health Ris%.

Asgessmant.
DEPARTMENT OF THE ARMY

U.S. ARW ENVIRONMENTAL HYQ ENE AGENCY
EDGEWOOD AREA
ABERDEEN PROVI NG GROUND, MARYLAND 21010

HSHB-HO-R 29 JULY,1991

STANDARD OPERATI NG PROCEDURE
FOR

COLLECTION OF PERIPHERAL BLOCD FOR BIOLOG C SURVEILLANCE TEAM, KWAIT OL FIRES

1. PURPOSE: To establish guideline6 for the proper procedure6 to follow when
drawing blood on individuals being monitorec for exposure to the Kuwait oil
fires.

2. SCOPE : This SOP applies to all nmilitary and civilian personnel who are
exposed to smokes from the Kuwait oil fires and are under surveillance for
sai d exposure.

3. REFERENCE:
a. AR 40-5, Preventive Medicine
b. FM 8-230 Medical Specialist .
c. TB MED 503 The Industrial Hygiene Program
d. FM 8-273-1 Nursing Skills For Allied Health Services

4, RESPONSI BI LI Tl ES: This program is designed to enable the Surveillance
Team staff to:

a. Perform medical surveillance for exposure to Kuwait oil fire snoke.
b. Properly label all sanples and questionnaires for surveillance.

c. Draw all sanples using proper sterile technique. -

d. Handl e and store all sanples in a manner that is conducive wth

further testing and mnimzes any deterioration of each sanple.

. GENZRAL:

a. Al vacutainers should be labelled prior to the drawing of any
peri pher al bl ood sanple. This minimizes any 1labelling error6 that may occur
and decreases handling of Ilabels by the phlebotomst.

bB. Before drawing any specimens, the phlebotonmist wll check all numbers
of vacutainers and those present on the individual6 questionnaire to ensure
that mislabelling has not occurred.

c. Phlebotomist shall wear proper eye protection and gl oves,
d. I ndividual should be seated and antecubital foasa should be exposed on
patient6 arm After examining the patient6 arm for available access sites,

the area should be cleaned with 70% isopropyl alcohol.

e. Al vacutainers and vacutainer blood drawing sets (butterfly) should
be readily available before venipuncture is perforned.

£. A tourniquet should be applied proximal to the venipuncture site, then
veni puncture should be performed and sanple6 collected, then tourniquet
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Assessment.
removed, bandage applied.

g- Immediately after sanples are collected, each vazcutainer should be
properly mixed to ensure that clotting- doe6 not occur.

h. Al sanples should be placed together into a plastic bag to aid in
further processing. These should then be placed in a cool environment
(refrigerator or cooler with wet ice).

1. samples should be kept on wet ice or refrigerated until further

processing occurs. Any further processing and freezing should be accomplished
as soon a6 possible-
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plan for the Blologle Survelliance Inltiative, Kuwalt Oil Fires Health RIlsk

Assessment.
DEPARRTMENT OF THE ARW

U S ARW ENVI RONMENTAL HYG ENE AGENCY
EDGEWOOD AREA
ABERDEEN PROVI NG GROUND, NMARYLAND 21010

HSHB- HO- R 29 JuLY, 1921

STANDARD OPERATI NG PROCEDURE
FOR

COLLECTION OF BUFFY COAT (BLOOD FRACTIONATION PROTOCOL) FOR BIOLOG C SURVEI LLANCE
TERM, KWAIT OL FIRES

1. PURPOSE: To establish guidelines for the proper procedure6 to follow when
fractionating blood from individuals being nonitored for exposure to the
Kuwait oil fires.

2. SCOPE: This SOP applies to all nilitary and civilian personnel who are
exposed to smokes from the Kuwait oil fires and are under surveillance for
said exposure.

3. REFERENCE:
a. AR 40-5, Preventive Medicine
b. FH 8-230 Medical Specialist
c. TB MED 503 The |Industrial Hygiene Program
a. FM 8-273-1 Nursing Skills For Allied Health Services
e. Bl ood Fractionation Protocol from Johns Hopkins University

4, RESPONSIBILITIES: This program is designed to enable the Surveillance
Team staff to:

a. Perform nedical surveillance for exposure to Kuwait oil fire snoke.

b. Properly label all sanples and guestionnaires for surveillance.

C Draw all sanples wusing proper sterile technique.

d. Handle and store all sanples in a nmanner that is conducive wth
further testing and minimzes any deterioration of each sanple.

5. GENERAL: ~

a. Draw 40-45 ms of blood in three 15ml vacutainer tubes contai ning
heparin{green tops)- Invert tubes occasionally wuntil processing is
acconpl i shed.

b, Conbine all three 15ml tubes into one 50ml centrifuge tube (Corning
$25330) .

C.. Centrifuge at 1000g (2000rpm in counter top IEC clinical centrifuge)
for 30 mnutes using swing out buckets.

d.: Bl ood should seperate out into three layers; 1. serum plasma, 2. Buffy
coat 3.:Packed RBECSs.

e. Rermove seruniplasma (top) layer to within a few ms of buffy coat at
interface of plasma and red blood cells (RBCs), but do not disturb buffy coat.

Save 13 nmls of plasma/serum in 15 m} polypropylene screw top centrifuge tube
(Corning #£25319).
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Plan for the Bliolegle Surveillance Initistive, Kuwalt Oll Fires Health Risk
Assessment .

f. Renove packed RBe¢s by carefully inserting a 14 gauge & inch pipetting
needle (on 30ml syringe) through the edge of the buffy coat to the bottom of
the tube. Slowy wthdraw nost of the RBCs, leaving 8 mi of blood in tube.

This remaining 8 mM wll contain the buffy coat, plasma and about 5mls of
RBCs. Save 13mls Of withdrawn RBCs in a 1Sml screwtop pol ypropyl ene
centrifuge tube (as above). Do no overfill tubes as they may burst with
freezing.

g. You now should have two 15 ml tubeas ( sera and RBCs) and one 50 ml

tube (buffy coat) for each individual. Store frozen (-70C or dry ice,

if not
avail able -20C will do).
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Assessment.
U.S. ARM) ENVIRONMENTLL HYGITKE AGENCY
EDGEWOOD AREA
ABERDEEN PROVI NG GROUKD, MARYLAKD 21C10

HSHE-~MO~R 29 JuLy, i8¢l

STANDARD OPERATING PROCEDURE
FOR
COLLECTION o URINE FOR BIOLOGIC SURVEILLANCE TERM, KUWAIT OIL FIRES

1. PURPOSE: To establish guidelines for the proper procedures to follow when
collecting urine from individuals being nonitored for exposure to the Kuwait
oil fires.

2. SCOPE: This SOP applies te all nilitary and civilian personnel who are
exposed to snokes from the Kuwait oil fires and are under surveillance for
said exposure.

2. REFERENCE:
a. AR 40-s. Preventive Medicine
bB. FM 6-230 Medical Specialist
C. TB MED 503 The Industrial Hygiene Program
€. FM 6-273-1 Nursing Skills For Rllied Health Services

SPONSIBILITIES: This program is designed to enable the Surveillance
Ta

£ to:
a. Perform nedical surveillance for exposure to Kuwazit oil Z£fire smoke.
D. Properly | abel all sanples and questionnaires for surveillance.
€. Obtain =&ll sanples using proper sterile technicue.
a. Handle and store all sanples in & manner that is conducive with

further testing and minimizes any deterioration of each sample.

5. GENERAL.

2. &ll specimen containers should be labelled prior to the colilesticrn of
any urine semple. This ninimzes any lapelling erross th&: mav occur and
decreases handling of labels by the micturitidn technician.

b. Before obtaining any specinmens, the micterition technician will
all numbers of specimen containers end those present en the Zindividuzls
guestionnaire <to ensure that mislabelling has notr occurred.

check

€. The miecrturition technician shall wear proper hand protection (gloves).

a. Individuals should be informed on proper technique to be used in order
to obtain a contam nant free specinmen (mdstream clean eazeh specinmen)- =xll
individuals should be told of the inportance of returning specimens as soon 2s
possible wth lids securely attached. Once this is acconplished, inéividuals
should be directed to the nearest Ilatrine or free standing Zfaeility.

e. Speci mens should be wplaced in a cool environment (refrigerator or
cooler with wet ice) as soon as they a=e returned by the individual-

f. samples should be kept on wet ice or refrigerated until further
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Assessment.
processing occurs. Any further processing and freezing sheould be acconplished

as soon ag possible.
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APPENDIX H: Volatile Organics in Serum Assay Protocol

PROTOCOL FOR MEASUREMENT OF VOLATILE ORGANIC COMPOUNDS
IN HUMAN BLOOD USING PURGE/TRAP GAS CHROMATOGRAPHY
MASS SPECTROMETRY

Toxicology Branch
Division of Environmental Health Laboratory Sciences
Center fot Environmental Health and Injury Control
Centers for Disease Control
Public Health Service
U.S. Department of Health and Human Services

introduction

This protocol describes methods developed and used at the Centers for Disease Control
for the measurement of volarile organic compounds (VOCs) in human blood. This is a purge and
trap (direct sparging with helium) gas chromatographic method using high resolution mass
specrrometric detection in the full scan mode. The method is applicable to the determination of
the 35 following compounds in 10 mL blood at approximately the detection limits given.

Analyr= Detection Limit (ppb)
1.1,1-Trchloroethane 0.04
. 1,1,2,2-Teaachloroethane 0.01
1,1.2-Trichlorosthane 0.02
1.1-Dichloroethane 0.01
1,1-Dichloroethene 0.02
1,2-Dichlorobenzene 0.03
1,2-Dichloroethane 0.01
1,2-Dichloropropane 0.01
1.3-Dichlorebenzene 0.04
1 ,4-Dichlorobenzens 0.03
Z-Butanone 0.3
Acetone 200
Benzene 0.03
Bromodichloromethane 0.01
Bromofoxm 0.02
Carbon Disulfide 2
Carbon Temachloride 0.02
Chlorobenzene 0.01
Chloroform 0.02
cis-1,2-Dichloroethene 0.01
Dibromochlioromethane 0.02
Dibromomethane 0.02
Ethylbenzene 0.02
Hexachloroethane 0.1
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Hexane 2

m-/p-Xylene 0.02

Methylene chloride 0.05

0-Xylene 0.03

S tyrene 0.01

Terrachloroethene 0.02

Toluene 0.1 .
trans-1,2-Dichloroethene 0.02

Trichloroethene 0.005

Quantitation is achieved by isotope dilution in all cases by reference 10 commercially
available labelled isotopes.

Summary

VOCs in whole blood are determined by heated purge and trap gas chromatography mass
spectroscopy (GC/MS). Stable isotopically labelled analogs of the compounds of interest are
added to 10 mL blood and this entire sample is injected into a specially designed sparging vessel
which is already attached to the purging apparatus via air-tight seals. Prepurified helium gas is
bubbled through the blood which is heated to approximately 35°C. This process removes volatiie
compounds from the sample into the gas stream. The purged volatile compounds pass into and
are captured by a Tenax wap. Once the 15 minute purge cycle is complete, the Tenax trap is
Turged with ary helium gas for 6 minutes to remove absorbed water. The ap is then heated to
180°C for 4 minutes to desorb all volatile cornpounds. As the compounds are desorbed. they are

-apped at the gas éhromatograph injection port by a liquid niTogen mrap at -150°C. Following

s period, the site is ballistically heated to 200°C injecting the compounds onto the DB-624
capillary column which is interfaced to the mass spectrometer. The mass spectrometer is
operated in the full scan mode (40 - 200 amu) with one scan collected per second. Quanttation
is accomplished from specific ion responses relative to those of the corresponding labelled
analogs. The responses of analytes and analogs are corrected for contributions from each other
tirough the use of an isotope dilution calculation. Final determinations are made based on six.-
point calibration curves and the concentrations are normalized according to sample weight.

Interferences

Compounds with similar chromatographic properues and characteristic mass spectral ions
as the compounds of interest may interfere with the analysis. Care must be exercized in
determining possible sources of these interferences and in some cases alternate ions should be
selected to eliminate these. The use of high resolution mass spectrometry has proven to be of
immense aid 1n this respect and has been shown to be absolutely necessary in certain cases.

Interferences which have their source in the measurement apparatus itself should be
examined by determinarion of instrument blanks. For this purpose, a pure water sample remains
attached to the measuring apparatus and is examined regularly to check for operartional levels of
instrument blanks. By leaving this sample attached to the measurement apparatus, exposure to
airborne contaminants is eliminated and the level of volarles in the sample are reduced o a
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-2 —

nondetectable level.

Glassware used for standards must be examined for sources of contamination. All
glassware is heated in a vacuum oven at 150°C for at least 8 hours to remove adsorbed volariles.
The vacuum oven used contains an independent vacuum source since cross-contamination from
other laboratory operations has been determined to be a major source of contamination of
laboratory glassware. This glassware is cooled to room temperature before removal from the
oven and sealed to diminish exposure to volatile compounds which are present in laboratory air.

The water used for dilution of standards and as water blanks is an extremely critical
potential source of contamination. Numerous sources of wafer were examined 10 determine the
most volatile-free water available. No commercial filtering or purification system was found
which could consistently yield water at acceptable levels ( < 20 ppt for most analyres). An
acceptable source of water was discovered at a non-commercial site and all further studies mal-e
use of this source. Under some circumstances this source of water fails to yield acceptable levels
of volatile organic compounds. 1In this case. the water is further purified to yield blank water
with acceptable levels of VOCs. To prevent further contamination from the laboratory ajr, water
samples are sealed in glass ampules. To provide consistency in measurement, all water samples
used for a specific calibration curve have the same origin and are sealed at the same time. In
all cases typical blank water levels are below the detection limits given above.

Since all commercially available vacutainers contain measureable levels of VOCs, the lots
.o 10 collect blood samples must be examined to determmune levels of contamination presen:.
This is accomplished by adding well characterized blank water to the vacutainers, allowing a
reasonable exposure time to both the rube and the stopper and then characterizing these
specumens for concentration of VOCs. In spite of these efforts, some compounds still have
substantial contamination levels when compared to background levels of these compounds in
blood. In paricular, mcthylcne chloride, dibromomethane, and carbon disulfide have large levels
of interfering contamination in unwreated vacutainers. Other analytes, including bromoform,
chloroform, hexane, etc., also show contamination from vacutainers to a varying extent. Further
efforts have been made o remove comaminauon Tom tie vacutainers. This invoives
disassembly, heating in a vacuum oven, reassembly, restoration of vacuum, and sterilizarion.
This process removes a substantial fraction of interfering analytes. All samples are now t&en
using these processed vacutainers.

Contamination- by carryover must be examined over the entire range of analyte
concentrations expected The current purge and trap appararmus did not show any appreciable
carryover for the analytes being measured over the standard concentration range presented here.

Safety

Many of the compounds used in this study are considered to be toxic or carcinogenic
hazards. They should be aeated as a potential health hazard in all cases. Alwzays work under

F-7-44




- APPENDIX H: Volatile organics in Serum Assay Protocol 4

a chemical fume hood when transferring these materials. Use a nigh draft fumehood and iower
all the sashes because a number of these compounds are strong lachrymators and cause severe
eye irritation at low concentrations. Wear appropriate gloves when handling these chemicals
because all of them are readily absorbed through the skin.

Analyte concentrations in blood samples are at trace levels and therefores due not pose a
substanrial chemical hazard to personnel. Even though there is a minimal chemical hazard due
to these samples, the microbiological hazard associated with whole blood samples necessitates
the rearment of all blood samples as potential health hazards. Biosaferyv level 2 procedures should
be followed when handling blood samples. These procedures include handiing blood sampies
with protective gloves within a biological safery cabinet. titer the sampie has bezn anaivzed it
should be decontaminated with a chemical disinfectant and disposed as chemical waste.  a]]
classware, etc. that contacts the blood samples should be treated as contaminated and autoclaved
before disposal.

Standard Preparation

Positive displacement pipats are used for all transfer of liquids in the uL range. Transfers in
the 5-30 uL range use a piper with 0.1 uL increments. Transfers in the 31-100 uL range use a
piper with 0.2 uL increments. Transfers in the 101-250 ul range use a piper with 1 oL
increments . 25 mlL class A sealable volumetric flasks are used to make all standards. Weighrs
of neat compounds are determined on an anaiyvtical bailance to the nearest 0.1 mg.

Standards ar= prepared with the following final concentrations (ppb):

Compound 21 #2 #3 #4 £5 = 6
1,1,1-Trichlorosthane 0.05 0.1 0.5 1 2 10
1,1,2.2-Tewrachlorosthane 0.005 0.01 0.03 0.1 0.5 1
1,1,2-Trichlorozthane 0.007 0.014 0.07 0.14 0.7 1.4
1.1-Dichloroethane 0.005 0.01 0.05 0.1 0.5 1
1.1-Dichioroethene 0.01 0.c2 0.1 0.2 | 2
|.2-Dichiorobenzene 0.005 0.01 0.05 0.1 0.5 1
1.2-Dichloroethane 0.004 0.009 0.04 0.09 0.4 0.9
1,2-Dichloropropane 0.005 0.01 0.05 0.1 0.5 1
1.5-Dichlorobenzene 0.004 0.009 0.04 0.09 0.4 0.9
1 4-Dichlorobenzene 0.04 0.0s 0.41 0.8 4 S
2-B utanone 0.06 0.12 1.2 2.5 12 25
Acetone 200 400 900 1800 3800 6000
Benzene 0.01 0.02 0.1 0.2 1.2 2
Bromodichloromethane 0.005 0.01 0.05 0.1 0.5 1
Bromoform 0.02 0.04 0.20 0.4 2 4
Carbon Disulfide 2.4 4.8 20 40 80 120
Carbon Temachloride 0.004 0.009 0.04 0.09 0.4 0.9
4
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Chlorobenzene 0.004 0.009 0.04 0.09 0.4 0.9
Chloroform 0.009 0.018 0.09 0.18 0.9 1.8
cis-1,2-Dichloroethene 0.009 0.01s 0.09 0.18 0.9 1.8
Dibromochloromethane 0.004 0.009 0.04 0.09 0.4 0.9
Dibromomethane 0.02 0.04 0.2 0.4 2 4
Ethylbenzene 0.01 002 01 0.2 1 ”
Hexachloroethane 0.006 0.012 0.06 0.12 0.6 1.2 .
Hexane 4 8 32 64 130 190
m-Xylene 0.01 0.02 0.20 0.41 2.1 4.1
Methyiene chloride 0.02 0.04 0.42 0.83 4.2 8.3
o-Xylene 0.025 0.05 0.25 0.5 2.5 5
p-Xylene 0.01 0.02 0.20 0.41 2.1 4.1
Styrene 0.008 0.017 0.0s 0.17 038 1.7
Teaachloroethene 0.02 0.04 0.2 0.4 2 4
Toluene 0.01 0.02 0.2 0.4 2 4
wrans-1,2-Dichloroethene 0.01 0.02 0.1 0.2 l 2
Trichloroethene 0.004 0.009 0.04 0.09 0.4 0.9

Native analyte standards are made by succesive dilution in methanol from the neat
compounds. Because of variation in ths volatility of these compounds, the use of concentrated
stock solutions for long term storage is unacceptable. The intermediate stock solutions are
prepared fresh from the neat compounds every three months. These solutions are scaled in glass

:wpules and placed in a -60°C freezer until used. This has proven to be a successful method of
preserving standard integrity. On the day of use, the standard is prepared by dilution of the
appropriate volume of these intermediate stock solutions into 25 mlL of ‘contaminant-free water.

Labelled analog solutions are prepared to achieve the following approximate final
concenuations (ppb): :

1,1,1-Trichloroethane-D, 1
1,1,2.2-Temrachloroethane-D, . 01
1,1.2-Trichloroethane-D, 0.1
1,1-Dichloroethane-D, 0.1
1,1-Dichloroethene-D, 0.2
1,2-Dichlorobenzene-D, 0.25
1,2-Dichioroethane-D, 0.2
1.2-Dichloroethene-D, (mix) 0.2
1,2-Dichloropropane-D; 0.2
1,4-Dichlorobenzene-D, p’
2-Butanone-D, a
Acetone-PC, 25
Benzene-PC, 0.2
Bromodichloromethane-"C 0.1
Bromoform-C 0.5
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Carbon disulfide-"C 5

Carbon tetrachloride-**C 0.1

Chlorobenzene-D; 0.2

Chloroform-C 0.1
Dibromochioromethane-*C 0.1
Dibromomethane-2C 0.1

Ethylbenzene-D ,, 0.4 =
Hexachloroethane- | -**C 0.5

Hexane-D,, 4

Methylene chloride-“C 0.5

o-Xylene-"C, 0.2

p-Xylene-D, 0.7

Styrene-D, 0.2 -
Tetrachloroethene-*C 0.1

Toluene-D, 0.2
Trichloroethene-*C 0.05

Labelled analog solutions are made by succesive dilution in methanol from the neat
compounds. Concenrrated stock solutions are stored in sealed ampules at -60°C. Because of the
major expense in acquiring these label analogs further dilutions are made from these concenrrated
stock solutions. Intermediate stock solutions of these analogs are prepared fresh every three
months. These solutions atz sealed in glass ampules and stored at -50°C until used. On the day
or usz, the analog solution is prepared by dilution of the appropriate volume of intermediate stock

solution into 25 mL of methanol. 20 uL of this analog solution is added to each blank, standard,

“ole blood, or quality contrel sample before injection into the purging appararus.

Sample Collection

Previous studies of VOCs indicate that thejr half-life in human blood is relatively short.
In most cases, values between 6 and 24 hours are considered to be the best estirnates for these
half-lives.  Because VQCs do nor reside long in the body, special sample collection
considerations are necessary. Except in cases of exuemely high exposure, sampling of blood
after as much as 3 days after removal from exposure will not indicate abnormal levels in the
blood Of course the length of tirne after exposure for which useful samples can still be obtained
will vary with the level of exposure. It is therefore sugpesred that samples be obtained either
before removal from exposure or as quickly after this time as possible. This will require
preparation well before assessment of environmental levels. Thus, it is highlv desirable that
protocols, release forms, and sample collection materials be ready and on hand when assessment
begins. This will enable the collection of blood samples before the VOCs are excreted from the
body.

Samples are collected by venipuncture using grey top vacutainers which contain
potassium oxalate / sodium fluoride as anticoagulant. Two 10 ml mbes are collected from each
individual, the second tbe being used for examination of reproducibility and sample stability.
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Within 15 minutes the samples are placed on wet ice or stored at refrigerator temperatures. The
samples should not be frozen or allowed to stand for an extended length of time at room
temperature.

Samples should be shipped via next day carrier in insulated containers along with enough
ice packs so that the temperature can be maintained during the shipping process. Shipmenrs
should not be made which will arrive on weekends or federal holidays. All shipments aresmade
to

Centers for Disease Control
Bldg 17, Room 1814, F17
4770 Buford Highway
Chamblee, Georgia 30341
Atm: Dr. David Ashley

Preliminary experiments have indicated that the concentration of some volatile analytes
changes over sample storage time. Therefore, the samples should be shipped within 1 -2 days
of collection so that they can be analyzed within 2 - 3 weeks of collection.

Sample Preparation

Before sample inroduction the purging vessels are thoroughly cleaned with methanol,
hearad overmight, a small portion of antifoamn agent added, and the vessels heated and purged
through one regular purge and trap cycle with no sample present- This assures the removal of
any remaining contamination from the vessel and antifoam agent.

10 mL samples are extracted into a gas-tight syringe which has been thoroughly washed
with methanol and ’contaminant-free’ water. The syringe is weighed to the nearest 0.01 g both
before and after extraction of the sample. These humbers are subtracted to determine the sample
weight. To the syringe is added 20 ul. of the analog solution. The syringe is attached to the
purging apparatus via a luerlock fining, tht valve is opened, the sample is injected into the
purging vessel, and tie valve is, closed before removal of the syringe. A typical daily work load
consists of an mmstrument blank, a water blank, an analytical standard, 3 unknowns, and a quality
control sample.

Instrumentation

The purge and trap apparatus consists of a Tekmar LSC 2000 purge and trap concentrator
with an attached ALS 2016 automated sampler- This system allows up to 16 samples to be
loaded for processing at one time. Because of lack of communication between the sampler and
the mass spectrometer data system, the method requires operator attention at particular steps in
the analysis routine. Helium flow rate is maintammed at 30 ml/min at 20 psi. This flow rate is
critical since too large a flow will cause column breakthrough and reduce sensitivity to low
boiling compounds. For sample analysis the following steps are programmed into the purge and
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wap concentrator.

Step Time Temperature
Preheat 3.00 min. 30°C
Purge 15.00 min. 30°C
Dry Purge 6.00 min. 30°C
Cap Cooldown -150°C
Desorb Preheat 175°C
Desorb 4.00 min. 180°C
Inject 0.75 min. 200°C
Bake 36.00 min. 225°C

Analyte separation is carried out on a Hewleti-Packard model 5890 gas chromarograph
specifically modified to allow channeling of effluent through a heated interface into the mass
spectrometer. The chromarograph is equipped with a J & W 30rn DB-624 column with 1.8 um
film thickness. The gas chromatopaph uses the following temperarure program:

Temperature Hold Time Rate (°/min. Ramp Time
0°C 1.5 min. 12.0 2.5 min.
30°C 2.0 min. 8.0 20.0 min.
190°C 10.0 min.

The mass spectrometer is a VG Analytical 70E high resolution mass spectrometer
operaung at 300.0 resolving power. Instument tuning and resoluuon must be checked before
each experimental run. Masses are calibrated versus perfluorokerosene. The instument is
operated in full scan mode (40 - 200 amu).

The following masses are used as quantitation ions:

Analyte Quanritation Analog Quanutation
lon lon
1,1,1-Trachlorosthane 99.9800 1.1,1-Trichloroethane-D, 96.4612
1,1,2.2-Terrachlorosthane $2.9455 1,1.2,2-Tewachloroethane-D, §3.9518
1,1,2-Trichloroethane 96.9612 1.1,2-Trichloroethane-D, 99.9500
1,1-Dichloroethane 63.0001 1,1-Dichloroethane-D, 66.0189
1,1-Dichloroethene 05.9554 1,1-Dichloroethene-D, 64.9941
1,2-Dichlorob=nzene 145.9690 1,2-Dichlorobenzene-D, 151.9912
1.2-Dichloroethane 61.9923 1,2-Dichioroethane-D, 67.0060
1.2-Dichloropropane 63.0002 1.2-Dichloropropane-Dq 67.0253
1,3-Dichlorobenzene 145.9690 1,4-Dichlorobenzene-D, 151.9912
1,4-Dichiorobenzene 145.9690 1.4-Dichlorobenzene-D, 151.9912
2-Butanone 72.0575 2-Butanone-D, 75.0764
Acetone 59.0452 Acetone-C, 61.05 19
60.0486
Benzene 78.0470 Benzene-?, 84.067 1
8
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77.0391
Bromodichloromethane 82.9455 Bromoform-“C 173.8458
Bromoform. 172.8425 Bromoform-">C 173.8458
Carbon Disulfide 77.9399 Carbon disulfide->C 75.9433
75.9441
79.9357
Carbon Tetrachloride 116.9066 Carbon tetrachloride-"*C 117.9099
Chlorobenzene 112.0080 Chlorobenzene-D, 117.0394
Chloroform 82.9455 Chloroform-*C $3.9489
cis-1,2-Dichloroethene 95.9534 cis-1,2-Dichloroethene-D, 64.9941
Dibromochloromethane 125.8923 Chlorodibromomethane-"C 129.8958
Dibramomethane 92.9339 Bromoform-"C 173.8453
Ethylbenzene 106.0783 Ethylbenzene-D,, 116.1410
Hexachloroethane 165.8725 Hexachloroethane-1->C 166.8758
Hexane 86.1096 Hexane-D,, 100.1974
87.1129
m-/p-Xylene 106.0783 p-Xylene-D,, 116.1410
Methylene chloride s3.9534 Methylene chloride-? 84.9567
0-Xylene 106.0783 o-Xylene-PC, 116.1410
Styrene 104.0626 Styrene-D, 112.1128
Tetrachloroethene 165.8725 Tetrachloroethene-C 166.8758
Toluene 91.054s Toluene-D, 98.0987
65.0391
trans-1,2-Dichloroethene 95.9534 trans-1,2-Dichloroethene-D, 64.9941
Trichloroethene 129.9144 Trichloroethene-C 130.9177

In some cases, two or more masses are indicated.. These allow a wider dynamic range
in measurement for certain anaiytes.

Data Analysis

Data are processed. automatically by a chromarogram generation, peak detection and
quantitation routine specifically designed for this application. This routine provides for hard copy
output of all chromatograms with peak detection indicated, full scan spectra at all detected peak
maxima, and highly expanded mass specmra around the ions of interest. All peaks which are
automatically detected are individually checked for proper integration. AU spectra are checked
for appearance of interferences which may occur in the quanrtitation windows. Correction is
made for the o-xylene contriburon to the styrene signal.

Isotope Dilution Calculations
Quantitation is achieved by determination of relative response factors berween native

analytes and labelled analogs added to the sample being examined. The analog levels are kept
constant and calibration curves of the relative response berween analyte and analog are plotted
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for standards at five different concentrations which cover the range of interest. In most cases,
ative analytes have some response at the mass used for determination of contribution for the
.abelled isotope. Likewise, the labelled isotope often contributes some response at the mass
being used for anaiyte quantitation. In these cases corrections must be made for the contribution
of labelled analyte to the native ion and vice versa. In order to properly determine relative
response factors between the analyte and analog, these effects must be taken into account, This
is the basis for the use of more complex isotope dilution calculations. ’

-~

The following ratios must be determined for correct use of these calculations.

For the native analytes,

Ry = area of quantitation ion of the analyte at analyte retention time

area of the analyte conuibution to the quantitation ion
of the labelled analog at analyte retention time

For the labelled analogs,

area of labelled analog contmbution to the quantitation ion

Ry = of the analyte at analog retention time

area of the quantitation ion of the labslied analog ar analog retenrion time

These ratios are a measure of the degree to which the native analyres contribute labelled

:alog signal and vice versa. If measured correctly, Ry will also account for the presence of

~ative analyte present in the labzslled spiking solution. These ratios are measured by adding
enough of the solutions of imnterest to overwhelm any contribution from contamination.

If no area is detected in the denominator of the Rx calculation, Rx should be set to a
number substantially larger than 1. In this protocol 1000000 was chosen. If no area is detected
in the nurneraror of the Ry calculation, Ry should be se; to a number substantially smaller than
1. In this protocol 0.000001 was chosen. This will allow use of the same calculation in cases
in which there is no conuibution of analog to analyte signal or analog to analyte signal.

The ratio of the anaiyte signal 1o the analog signal must then be determined for each
sample, standard, blank or QC material. This is given as

R = area of the quantitation ion of the analyte at analyte retention lime

area of the quantitarion ion of the labelled analog at analog retention time
The relative response is calculated from the above ratios as

RR = RY - Rm®Rx + 1)

10
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Procedure for Sister Chromatid Exchange Analysis .

Peripheral blood lymphocytes were cultured in RPMI 1640 (GIBCO) medium
supplemented with 15% fetal bovine serum, 1% penicillin-streptomycin, 1%
phvtohemagglutinin (Burroughs-Wellcome) and 10 ug/ml 5-bromo-2’-deoxyuridine
(BrdU)/mi (complete medium). Cultures were established by adding 0.6 ml of
whole blood to 15 ml centrifuge tubes containing 9.4 ml complete medium. The
cultures were then incubated at 37+ 1°C with 5% CO, in air for 66-70 hours. The
treatment tubes were identified by sample ID number. Two hours prior to
harvest, Colcemid was added to each culture at a final concentration of 0.1 &ml.
After harvest by centrifugation, the cells were subjected to hypotonic swelling in
0.075 M KCl and fixed in three changes of Carnoy’s fixative (methanol:glacial
acetic acid, 3:1, v/v) and then stored overnight or longer at approximately 0-6°C.
The  cells were suspended in a small volume of fixative and applied dropwise onto
precleaned, wet slides. The slides were stained with Hoechst 33258 (5 ug/ml) for
approximately 10 minutes, mounted in phosphate buffer, exposed to a black light
lamp with 15 watt tubes for approximately 4-S minutes and then rinsed and
countersrained with 5% Giemsa solution at pH 6.6 for G-10 minutes.

Lytogenetic evaluations were performed without observer knowledge of the cell

source. Whenever possible, a total of 25 well-spread and weli-stained-second-
division metaphases were evaluated per culture.

F~-7-52
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Procedure for Extracting DNA From Human Nucleated Cells

Buffy coats of nucleated cells obtained from anticoagulated blood will be resuspended in
50 ml polypropylene centrifuge tubes with 15 ml of nuclei lysis buffer (10mM Tris-HC],
400 mM NaCl and 2 mM Na,EDTA, pH 82). The cell lysates will be digested overnight
at 37°C with 1.0 ml of 10% SDS and 25 ml of a protease K solution (1 mg protease K
in 1% SDS and 2 mM Na,EDTA).

After digestion, 5 ml of saturated NaCl (approximately 6 M) will be added to each tube,
the tube vigorously shaken for about 15 seconds, followed by centrifugation at 2500 rpm
for 15 minutes. The precipitated protein pellet will be left at the bottom of the tube and
the supematant containing the DNA transferred to another 50 ml polypropylene tube.
Exactly 2 volumes of room temperature absolute ethanol will be added to the tube and
the tube inverted several time until the DNA precipitates.

The precipitated DNA will be removed with a tie-polished glass Pasteur pipet or
micropipet tip to a 15 ml polypropylene centrifuge tube containing 05 to 1 ml TE buffer
(10 mM Trns-HC], 02 mM Na,EDTA, pH 75). The DNA will be allowed to dissolve at
least 2 hours at 37°C before quantitating.

An equal volume of chloroform will be added to each tube containing the DNA in TE
buffer. The tubes will be rocked by hand until an emulsion is formed. The emulsion
will be centrifuged at 1600 x g at room temperature for at least 3 minutes. Using a
transfer pipet, the upper aqueous phase will be transferred to a fresh polypropylene tube

and the volume transferred estimated. The interface and lower organic phase will be
discarded.

The concentration of monovalent cations will be adjusted either by dilution with TE
buffer (pH 8.0) if the DNA solution contained high salt concentration or by addition of
5 N Na(Cl solution to achieve a final concentration of 0.1 M.

Exactly 2 volumes of ice-cold absolute ethanol will be added to the tube and the tube
inverted several time undl the DNA precipitates. The tube will be stored at -20°C for
30 to 60 minutes to facilitate DNA precipitation if needed. The sample will be
centrifuged at 12000 x g at 0°C for at least 10 minutes. The supematant will be
discarded. The tube will be inverted on adsorbent paper and remaining fluid aspirated
in capillary tubes or micropipet tips.

The pelleted DNA will be resuspended in TE buffer such that initially the concentration
will be higher that 500 ug/mL The DNA concentration will be determined by W
absorption at 260 nm. The DNA concentration will be adjusted to 500 pg/mi by
addition of additonal TE buffer. DNA samples will be stored at 4°C.
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APPENDIX K:

PROPOSED AGENDA (TIMETABLE)

Plan for the Biologic Surveillance initiative, Kuwait OIll Fires Health
Assessment.

DATE DATA COLLECTION
PMASE | — Preceploymmm daia
15.May-@1  lahial Panning mestings and Design - 1 week
2- wun-9 Team Travels 1o Germany for Precepioymen
caia colecion
T-Jun-91 Genmoric gampiss hipped 1o CONUS
Lab Acoeccion begine for SCE ascay sampies
8-Jun-913 Team reiums yrom Gamany X
Lab accession eging for VOO akcay, metat, othar
PHASE I — imenm collecion 1
6-Aup-91 Team ceparts CONUS for KTO
10-Aug-91 Team perorms coliscuons in Kuwah Cry
12-Aug-91 Ge =/ VOC e fiown 10 COMUIS
17-Aug-91 Team returm to CONUS
Sop-91
PHASE (Hl ~ imenm callection 2
1-0e1-91 Tearn gepans CONUS tor KTO
Taim pattorme collectons In Kuwah 53,
7-0e1-81 G NOC ples fown 10 CONUIS
12-061-81 Team retume 1 CONUS
Nerv-91
PHASE [l ~ Posi-Dapioy Data Colh !
1-Dec-91 Team Travets v G v tor Predapioy
Daa endesion
4-Deac-91 Teamn periorns aolecuors in Germany
5-Nac-91 VOU samples ficwn to CONUS
4-Dec-91 IH sarmplng parionmed in 11 ACR area
18-Dac-91 Team retumns v CONUS
31-dan-82
28-Fab-92
2B-Mar-92
May-82
Sure82
Sep-82
Nov-92
Jun-83

LAB amd DATA ANALYSIS REFORTNG

Comguhams mldined
Coluaporalors yetruned

Accatmion begine
SCEs, Mmais, VOZ'E

DNA sxtractons begin

DATA emry begirs for

o 4

Firs: mwtals finished

Fum SCE st complated Prakm:

Lxtt STE sl accassad
Data erery tominues

F y 1at SCE rezuns
Pralim 15t VOU resuhs
Pralim 151 melals rasults

Magats, VOO s linichad
Las: STE st fuushed
Al DNA aniraciec;
Saan ELISA lor adaucts
Dam analysax tagin
ELISA fimistwd for DNA. Adduss

Lasz SCE Remuks

Data entry tiniche:

y BSI mpon

Dxa

b

Y I BSI repon

Dau anaiysec finigh
Finad repors inlegraung BSI1 with HRA

b
¥
1
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APPENDIX L: Areas of Responsibility Page | of 3

Plan for the Blologle Survelliance Initiative, Kuwalt OIl Flres Health Risk
Assessment.

1. The principal Invesiigaior (PI):
a. will oversee planning and intcgration at all stages of the BSI -
b. Will supervise and cxccuie reporting of the BSI results

¢. will establish cellaborative rclarionships and be responsibie for
rccruirment O f collaborating investigators.

d. Wwill effect communication among collaborative panics and among elements
of the USAEHA.

e. Will take recsponsibility f or safeguarding and transmitung date, identifiers,
and results 2s appropriaic to the scveral tasks in the BSL

2. The DOD Health Effects Working Group, Kuwait Oil Fires will:
a provide continuing guidance for this initiative.

b. appoint a ncw Pl in the event that the Pl now acting cannot complete the

Hlao el

c. oversee the approval process for this plan. and for BSI results and
publications.

3. Associate Investigators

" a Dr. David Ashley, CDC will conduct VOC assay. He will oversee quaiuy and
technical aspects of that assay. He will report to the Pl on results. He will collaborate
on analyses and interpretation of the data from this assay. and on integration of the
DNA adduct assay with environmental datz from the HRA.

b. CPT David Gustavison will be the Occupational Medicine Resident assigned
to this initiative at the USAEHA. He will function at the direction of the Residancs
Program Director, working with the Project Officer (PO), CPT Scott.

¢. Dr. Jack Heller. Health Risk Assessment Branch (HRAB), USAERA. will
oversze integration of the BSI with the Kuwait Oil Fires Health Risk Assessment
(HRA). He will provide guidance to the PO regarding any changes or adaptations

which may be identified as needs. He will coordinate the flow of environmental dara
from the HRA for inteparion with the BSI

d. Dr. David Jacobson-Gram. Associate Professor of Oncology. the Johns
Hopkins Medical Institutions (JHMI). and Microbielogicals, Incorporated (Ml),
Rockville. MD, will oversee production of DNA extracts, and on interpretation of DNA
adduct dara integrated with environmental data from the HRA. He will coordinate
reporting with Dr. McDiarmid.

F-7-55




APPENDIX L: Areas of Responsibility Page 2 o 3

Planf o r t h e Blolegic Survelllance Inftiative, Kuwalt Oll Fires H e a | t h Risk .
Assessment.

e. Dr. Victor F. Kalasinsky. Armed Forces Institute of Pathology (AFIP) will
conduct trace metals analyses. He will oversee quality and technical aspects of that
assay. He will report to the Pl on results. He will collaborate on analyses and
interpretation of the data from this assay. and on integration of the DNA adduct assay
with environmental data from the HRA. ®

f. MAJ Richard M. Lachiver, USAEHA will continue to collaborate on
planning, data collection, daia entry. data analyses. and integration of the overall BSI
as his duties and posilion permit.

Dr. Melissa A. McDiarmid, The Johns Hopkins University School of Hygiene
and Public Health, will serve as principal consultant for gcnotoxics assay and
evaluations.  She will track execution of these assays through the appropriate other
associate investigators. She will oversee the reporting of SCE and DNA adduct assays
to the PI. She will manage data handling for these assays. With the PI, she will effect
data analyses for these assays. She will moderate communications among all the
associate investigators conducting the DNA adduct and SCE frequency assays.

h. MAJ Bruno Petruccelli, WRAIR, will manage data handling for the overall
BSI. H e will conduct database construction and manipulation. He will be responsible
for description, analysis, and interpretation of the results of this initiative. He will
work with the PO on needs for these components. and report to the Pl on progress.
He will. with the PI. prepare reports on the overall BSI results.

i. Dr. Miriam Poirier, National Cancer Institute (NCI) will conduct ELISA for .
DNA adducis. She will oversee quality and technical aspects of that assay. She will
coordinate reporting with Dr. McDiarmid. She will collaborate on analyses and

interpretation of the data from this assay, and on integration of the DNA adduct assay
with environmental data from the HRA.

j- CPT Bran Scott, USAEHA. will serve as Project Officer for the BSI. He will
effect the measures directed by the Pl and the DOD Health Effects Working Group. He

will:

-

1. prepare the BSI plan

2. effect communications with all OCONUS parties for execution of the
data collection phases of this initiative.

3. report as needed Lo the Pl and 1o the DOD Health Effects Working
Group.

. A serve as Physician POC for the HRA management through the HRAB
and Dr. Heller. In this capacity, he will advise the HRAB on modification of the

exposure factors used in modeling. He will continue to advise the HRA team on any
new dcvclopmcm.s

‘5 accomplish necessary fund manipulations and contracting through
RMD, USAEHA.
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Plan for the Blologic Survelliance inltiative, Kuwalt Oil Flres Health Risk
Assessment.

6. execute identification of data colleciion team members through the
Pl. He will accomplish assembly. POR. training, movement, deploymcnr, oversight,
and mission execution of the data collection teams in and to all OCONUS locations
(Kuwait and Germany) for Phases II-1V of the BSI. He will serve as OIC of the data
collection missions for phases II-1V. %

7. serve as POC for all associate investigators. He will maintain
communications channels, and expedite adaptations oi plans and processes as necded.

3. Changes to this description of responsibilities will be through the PL. LTC David
Decter, USAEHA.
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Plan for the Blologicsurveiltlance Inltiative, Kuwalt OlIFires He a1 th Rlsk
Assessment.

David P. Deeter, MD, MPH, Lieutenant Colonel, Medical Corps, US Army,
United States Army Environmental Hygiene Agency (USAEHA).
ATTN HSHB-MO, USAEHA, APG, MD 21010-5422 comm (301) 671-
4312 DSN 584- xxxx o

Frederick J. Erdtmann, MD, MPH, Colonel, Medical Corps, US Army, Chair,
DOD Hedth Effects Working Group, Kuwait oir Fires, Consultant in
Preventive Medicine, Office of the Surgeon General
ATTN: SGPS-PSP 5 109 Leesburg Pike, Falls Church VA 22041-
3258, comm (703) 756-0125 DSN 289-0125

David L. Ashley, Ph.D., Supervisory Research Chemist, Divison of
Environmental Health Laboratory Sciences, Center for Environmental
Health and Injury Control, U.S. Centers for Disease Control (CEHIC,
CDC). 4770 Buford HWY B-27, CHAMBLEE, GA 30341,
comm(404)488-4144

David K. Gustavison, DO, MPH, Captain(P), Medica Corps, US Army,
USAEHA.

ATTN HSHB-MO-R, USAEHA, APG, MD 21010-5422 comm (301)
671-2714/2464 D S N 584-xxxx

Jack Heller, Ph.D., Health Risk Assessment Branch, Waste Disposal
Engineering Division (WDED), Directorate of Environmental Health
Engineering, USAEHA
ATTN HSHB-ME-S, USAEHA, APG, MD X010-5422 comm (301) 671-
295372954 D SN 584-xxxx

Dr. David Jacobson-Kram, Associate Professor of Oncology, Hopkins
Microbiologicals, Incorporated (MI), Rockville, MD.

Victor F. Kalasinsky, Ph.D., Environmental Toxicologist, Armed Forces
Institute of Pathology (AFIP)

comm (202) 576-2434 DSN 291-xxxx

Richard. M. Lachiver, MD, MPH, Magjor, Medical Corps, US Army, USAEHA.
ATTN HSHB-MO-O, USAEHA, APG, MD 21010-5422 comm (301)
671-2714/3534 DSN  584-xxxx
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Plan for theBiologic Survelllance Inltiative, Kuwalt Oll Fires Health Rlsk
Assessment.

Melissa A. McDiarmid, MD, MPH, Associate Professor. Occupational and
Environmental Medicine, Division of Environmental Health Sciences,
The Johns Hopkins University School of Hygiene and Public Health
(JHU) -
615 N. Wolfe St.. Baltimore. MD. 21005 comm (301) 955-4157

Bruno Perruccelli. MD, MPH. Major, Medical Corps, US Army, Walter Reed
Army Institute of Research, (WRAIR).
ATTN: SGRD-UWK-A. Wash. D.C. 20307-5 100 comm (202) 576-
3517/3587 DSN: 291-xxxx

Miriam Poirier, Ph.D., Research Scientist, National Cancer Institute (NCI).
National Institutes of Health (NH). comm (301) 402-1835

Brian G. Scott MD, MPH, Captain(P), Medical Corps, US Army, USAEHA.
ATTN HSHB-MO-O, USAEHA, APG, MD 21010-3422 comm (301)
67 1-271 4/3534 DSN 584-xxxx, FA X x4117
F-MAIL: BSCOTT@AEHA1 .APGEA_ ARMY.MIL
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Pian for the Biologic Survelllance initistive, Kuwait Oil Fires Health Risk .
Assessment.

HEALTH EFFECTS OF THE OIL FIRES IN KUWAIT

Surveillance of U.S. Army Personnel

The U.S. Army Environmenial Hygiene Agency (A=HA), at t%
request of the Surgeon General of the Army, has been monitoring the
atr quality in Kuwait to assess any health risk to soldiers and
civilians living and operating in the region. This monitoring was
srompted by the smoke arising from burning oil wells. Despite the
visible intensity of this smoke, the AEHA-working together with the
U.S. Environmental Protection Agency. the Centers for Disease

Controt, 2nd other federal and private organizations--has determined

-
e

that the concentraiion of toxic gases and nuisance paricles from &

=%

wide range of locations around the fires is very low. Much of the air
that has been monltored ‘was right inside the smoke plume itself.

While persons with asthma or chronic lung disease may experienceé &

=

1EMPOrary wos; senng o. thexr symptoms, no harmiul health efiect

El:lﬁ

o2ctes {0 ocour among U. S troozs working =roun~‘ the oil Tires.
' -
At the sazme time that REHA is monitoring air qualty | ii is

izsked to make certain that any p055|ble giiects on soldiers will nzt

g o unnoutes,so that actions can be taken to avoid further risk. To

'-_-__§10 this, prevsniive medicine oificers must conduct speczial tesis on 2

Py

represantstive szmple of persons deploying 1o Kuwait, and compars

tne‘ results withtz2sts done once during 2nd once zfer their sigy in

«
*

the region. Again no significani changes are expected. but it is
imporiant (o provide the best possible health care to U.S. saldisrs.

(over)
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Plan tor t h e Bilologic Survelllance Initlative, Kuwalt Oil Fires Health Risk

APPENDIX N: Text of Briefing Given to Volunteers/Informed Consent Form
. Assessment.

Soldiers preparing to deploy to Kuwait will be asked to
complete a simple health questionnaire. Some soldiers will be _
selected at -random to participate in a breathing test (a device ~will
measure how forcefully an individual can exhale), and wil be asked
to donate a blood specimen (equal to about 5 tablespoons). These
tests pose no risk to participants except for any problem arising

from a routine blood draw (a needlestick in the zrm)--which woulc

be an extremely rare ocgurrence.

If you are chosen ior special testing to represent your unit be
aware thzi your cooperation with this surveillanze is imporiant fcr
. the preventive health of the gntire unit. The tests are designed it
detect very subtle responses that the body kas when toxic substances
are present-well before any disease would occur. Therefore persors
nnt taking part in the :ﬂ:pecja.l tests are ngt missing an g¢pporiunity to
be screened for diszase. Instead, the -results of your tests will sarve
as an sariy marker for the whole grou;S" that is located at ihe same

distance from the fires as you.

L By signing below you are acknowledging that this surveillance
"1'_1as been explained to you, and that you are wiling to iake part in the

-needed measurements. Tnank you for your cooperation.

kY

. Print mame Signature Daie
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APPENDIX G
SAND AND AMBIENT AJR SAMPLE ANALYSIS

Volume |

|. PURPOSE. As part of tbe overall environmental sampling and analysis effort to assess
the health risk from oil well firesto U.S. troops involved in Operation Desert Storm, sand
samples, ambient particulate matter less than 10 micrometers (PM-10) samples and industria
hygiene samples were andyzed by RJ Lee Group using a variety of analytica techniques.
The purpose of the analyses was to provide a detailed characterization of particul ate matter
comprising each sample to be used as part of a detailed human health risk assessment related
to U.S. military and Department of Defense (DOD) civilian exposures to contaminants
associated with the burning oil wells.

II. REFERENCES. A list of references used in this Appendix is contained in Annex G-I.
1. BACKGROUND.

A. Project Scope.. This report contains a summary of work completed by RJLee Group
under subcontract to the U.S. Armmy (Contract Nos. DAAD-05-92-C-0041 and DAADOQ5-93-
C-0285). The project’s purpose, as outlined above, was to provide a detailed
characterization of particulate matter on a set of sand samples, PM-10 samples and industrial
hygiene samples. Results obtained from these analyses were used to provide insight on the
nature of particulate matter related to the burning oil wells that affected ambient air quality in
Kuwait and Saudi Arabia.

B. Appendix Format and Contents. The following sections of this appendix contain
general background information concerning tbe types of samples that were collected, dates
and locations where the samples were collected, and the types of analyses that were
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performed on the samples: Paragraph |V details the specific analyses performed on each
sample and summarizes the results obtained. Paragraph V discusses the results and identifies
trends in the data. Recommendations for future work are provided in Paragraph VI.

C. Generd Information.

1. At the request of the U.S. Army Surgeon General, an air sampling program was
developed by the U.S. Army Environmental Hygiene Agency (USAEHA) to determine the
magnitude and extent of pollutants released to the atmosphere from the burning oil wells.
Sampling began in Kuwait and Saudi Arabiain early May 1991 and continued through
December 1991. As part of this sampling effort, PM-10 samples were collected using high-
volume samplers at nine sites which are identified in Table G-. In an effort to further
assess ambient air quality in the region, additional PM-10 samples were collected in
November 1993 at the Khobar and Camp Thunderock sites. These additional samples
provide information on ambient air quaity under more typical conditions (i.e., baseline data)
which can be used to help differentiate the inhalation risk posed by the oil well fires from
those potentidly already existing in the region.

TABLE G-l. PM-10 SAMPLING LOCATIONS IN KUWAIT AND SAUDI ARABIA

ampling Site Location Sampling Perjiod

Khobar Towers Al-Dhahran, Saudi Arabia 6 May - 2 Dec 1991
camp 1 Al-Jubayl, Saudi Arabia 8 May - 4 Aug 1991
KKMC King Khalid Military City, Saudi Arabia 19 May - 25 Aug 1991
Eskan Village Ar-Riyadh, Saudi Arabia 25 May - 25 Aug 1991
Military Hospital Kuwait city, Kuwait 17 May - 2 Dec 1991
us Embassy Kuwait City, Kuwait 19 May - 15 Jul 1991

Camp Thunderock Doba, Kuwait 6Jun - 2 Dec 1991
Abmadi Hospital Al-Ahmadi, Kuwait 6 Jun - 6 Jul 1991

Camp Abdaly Abdaly, Kuwait -19 May - 5 Jun 1991

Khobar Towers Al-Dhahran, Saudi Arabia 3 Nov - 9 Nov 1993
Camp Thunderock Doba, Kuwait 2 Nov - 7 Nov 1993

A subset of the PM-10 samples was analyzed by atomic absorption (AA) spectroscopy,
inductively coupled plasma (ICP) spectroscopy and ion chromatography (C) to document the
concentrations of the following twelve eements of interest: antimony (Sb), arsenic (As),
bromine Br), cadmium (Cd), chromium (Cr), lead (Pb), mercury (Hg), nickel (Ni),
strontium (8r), vanadium (V), zinc (Zn), and zirconium (Zr). These eements were selected
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for analysis to assist with the health risk assessment. In addition, several of the elements
(Le., V, Ni and As) are found as impurities in Kuwaiti crude oil. Thus, the use of these
elements as “tracers’ or “markers’ can provide insight on the impact of the oil well fireson
ambient air quality. Microscopic techniques consisting primarily of computer-controlled
scanning electron microscopy (CCSEM) and transmission eectron microscopy (TEM) were
used on a subset of PM-10 samples to provide particle mass distribution data and particle-
type data. The microscopic data were also used to assess the impact from the oil well fires
because. carbon-chain agglomerates, which were easily identified using these techniques,
provided a good tracer of the plumes. Thermal/optical methods were also used on a subset
of PM-10 samples to provide information on the organic carbon (OC) and elemental carbon
(EC) components. These data were also of value in assessing the impact from oil well fires
because the EC data can be used as an indicator of the soot emissions associated with the
plumes. Since Cr was of concern due to potential carcinogenic risk, methods based on A4
analysis were utilized to permit quantification of hexavalent Cr. Microscopic data were aso
used to assist in the speciation of Cr.

2. Industrid hygiene air sampling and anaysis were performed to monitor and
characterize occupationa exposures to DOD service members who had potentia high-risk
exposure to the oil fire emissons. Samples were initidly collected a various locations
within Kuwait and Saudi Arabia from May to June 1991. Additional samples were collected
in October and November 1991. Table G-2 ligts the locations where the industriad hygiene
ar samples were collected. Similar to the PM-10 samples, a subset of samples was analyzed
by GA, ICP and IC to document the concentrations of Sb, As, Br, Cd, Cr, Pb, Hg, Ni, Sr,
V, Zn and Zr. The CCSEM and TEM techniques were used to provide particle mass
distribution and particle-type data. Manual scanning €electron microscopy (SEM) techniques
were used to identify and analyze high atomic number particles (e.g., V and higher). A
subset of samples were also analyzed by Fourier transform infrared (FTIR) spectroscopy and
gas chromatography/mass spectroscopy (GC/MS) techniques to document the levels of semi-
volatile organic compounds, polycyclic aromatic hydrocarbons, polycyclic nuclear
hymns, balogenated organic compounds and nitrosamines.

3. Soil (sand) samples were collected and analyzed as part of the multimedia
sampling effort to assist in the assessment of health risk from oil well fires to U. S. troops
involved in Operation Desert Storm. Samples were collected at various locations in Kuwait
and Saudi Arabia during May through Sep 1991. Additiona samples were collected in Nov
1993. Subsets of the 1991 and 1993 samples were analyzed by CCSEM to provide particle
mass distribution and particle-type data. The 1993 samples were also analyzed by AA, ICP
and IC to document the levels of Sh, As, Br, Cd, Cr, Pb, Hg, Ni, S, V, Zn and Zr. |n
addition, the sand samples collected in 1993 were anadyzed for hexavalent chromium using
methods based on AA analysis. Tables G-3 and G4 list the locations in Kuwait and Saudi
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TABLE G-2. INDUSTRIAL HYGIENE SAMPLING LOCATIONS IN SAUDI ARABIA

AND KUWAIT
Sampling Site Location Operation
Khobar Towers Al-Dhahran, Saudi Arabia Residential/Guards
Northwest Jubay! Al-Jubayl, Saudi Arabia Supply Points
826 Ordnance Al-Jubayl, Saudi Arabia Ammunition
Loading
Jubay! Port Area Al-Jubayl, Saudi Arabia Equipment
Handling
Damman Port Area Damman, Saudi Arabia Equipment
Handling
Camp Freedom Subhban, Kuwait Residential/ Guards
EOD Safe Holding Area Camp Freedom, Kuwait Ammunition
Storage
US Embassy Kuwait City, Kuwait Guards
Military Hospital Kuwait City, Kuwait Guards
Ahmadi Hospital Al-Ahmadi, Kuwait General Area
Camp Thunderock Doha, Kuwait Guards
Gathering Center 1 Burgan Oil Field, Kuwait Field Work
Gathering Center 2 Burgan Oil Field, Kuwait Field Work

Roadl Imtgsection

Al Wafra, Kuwait

General Area

TABLE G-3. SAND SAMPLE IDENTIFICATIONS AND COLLECTION DATES - 1991

SAMPLES
Sampling Ste Location Date Callected
Camp Freedom Subhan, Kuwait 10 May 1991
Khobar Al-Dhahran, Saudi Arabia 14 May 1991
KKMC King Khalid Military City, Saudi Arabia 18 May 1991
Camp Freedom Subhan, Kuwait 30 May 1991
Khobar Al-Dhahran, Kuwait 12 sep 1991
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TABLE G-4. SAND SAMPLE IDENTIFICATIONS AND COLLECTION DATES - 1993

SAMPLES
Sampling Site Location Date Collected
Camp Thunderock Doha, Kuwait 3 Nov 1993
US Embassy Kuwait City, Kuwait 4 Nov 1993
Camp Freedom Subhan, Kuwait 5 Nov 1993
Ahmadi Hospital Al-Ahmadi, Kuwait 5 Nov 1993
Military Hospital Kuwait City, Kuwait 5 Nov 1993
Khobar Al-Dhahran, Saudi Arabia 7 Nov 1993
Camp 1 Al-Jubayl, Saudi Arabia 8 Nov 1993
Camp 1 Al-Jubayl, Saudi Arabia 8 Nov 1993

Arabia where the 1991 and 1993 samples were collected. The data obtained from the soil
sampling and analysis effort were combined with the air monitoring data to provide for a
comprehensive hedth risk assessment that evaluated all pathways/routes of exposure.

V. ANALYTICAL METHODOLOGY AND RESULTS.

A. Sand Samples.

1. Metals and Bromine Analysis. Seven samples collected by USAEHA personnel
in Nov 1993 from the top several inches of sand at Camp Thunderock, U.S. Embassy, Camp
Freedom, Ahmadi Hospital, Military Hospital, Al-Dhahran and Al-Jubayl and one composite
sample collected at Al-Jubayl were analyzed for eleven metals (i.e., Sb, As, Cd, Cr, Pb, Hg,
Ni, Sr, V, Zn, and Zr) and Br.

a. Antimony, arsenic, cadmium, chromium, nickel, strontium and vanadium were
analyzed using a Varian Model 400 Graphite Furnace Atomic Absorption (GFAA)
Spectrometer with a Zeeman background correction. Lead and zinc were analyzed by GFAA
on a Vanian Model 400 or by Flame Atomic Absorption (FLAA) Spectroscopy on a Varian
Model 300, depending on the level of analyte encountered. Extracts of sand were prepared
for these anadyses following the U.S. Environmental Protection Agency (EPA) Method 3050.
Briefly, sand was extracted in fuming nitric acid followed by afinal dilution to 50 mL in 4%
nitric acid. The elements were analyzed following methods listed in Table G-5.
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TABLE G-5. ANALYTICAL METHODS USED FOR EACH ELEMENT AND LIMITS
OF QUANTITATION

Element Method Instrumentation Limit of
Quantitation*

Antimony (Sh) EPA SW846-3050/7041 GFAA 50.0 ppb
Arsenic (A9 EPA SW846-3050/7060 GFAA 5.0 ppb
Bro mine (Br) NIOSH 7903 IC 0.6 ppm
Cadmium (Cd) EPA SW846-3050/7131 GFAA 5.0 ppb
Chromium (Cr) EPA SW846-3050/7191 GFAA 5.0 ppb
Lead (Pb) EPA SW846-3050/7420 FLAA 0.1 ppm
Lead (Pb) EPA SW846-3050/7421 GFAA 5.0 ppb
Mercury (Hg) EPA SW846-74T1A CVAA 0.5 ppb
Nickel (Ni) EPA SW846-3050/7520 GFAA 5.0 ppb
Strontium (Sr) EPA SW846-3050/7000A GFAA 5.0 ppb
Vanadium (V) EPA SW846-3050/7911 GFAA 10.0 ppb
Zinc (Zn) EPA SW846-3050/7950 FLAA 50.0 ppb
Zinc (Zn) EPA SW846-3050/795 1 GFAA 5.0 ppb
Zirconium (Zr) NIOSH 7300 ICP 5.0 ppb

. Limit in fina extraction solution.

b. Samples were analyzed for Hg following EPA Method 7471A. With this method,
samples were extracted in a mixture of nitric and sulfuric acid containing potassium sulfate
and potassium permanganate at 95 °C. These extracts were analyzed using a Varian Model
300 Atomic Absorption Spectrometer With a cold vapor generator (CVAA).

c. Toimprovethelevel of detection for Zr over the standard AA method (reference
1), amethod was developed by RJ Lee Group for analysis of extract solutions using an
ultrasonic nebulizer with ICP (reference 2). A Spectro Analytical Model D ICP was
monitored at a wavelength of 339.20 nm for these analyses. Details of the method are
described in Volume I of this report.
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d. Samples were analyzed by IC for Br. National Institute for Occupational Safety
and Health (NIOSH) Method 7903 was used for this analysis. Samples were prepared by
extraction with carbonate/bicarbonate IC euent. Extracts were anadlyzed on a Dionex Modd
2120i lon Chromatograph using an lonpac AS4 separation column and a Micromembrane
Anion suppressor column from Dionex.

e. Table G-5 ligts the preparation/analytical methods used in this study and the
quantitation limits for the final extraction solution for each element. Sample concentrations
for each element were based on cdibration curves generated from certified reference
standards and verified againgt independent reference materials. Details of the methods used
for each element in this assessment are described in Volume Il of this report.

f. Maximum observed levels of each metd in the sand samples can be found in Table
G-6. Strontium was present at the highest levels of the metals investigated, ranging from
103.0 pg/g at Camp Freedom to 2255.3 ug/g at Camp Thunderock. Antimony, bromine,
cadmium and mercury levels were al below quantitation limits. Arsenic, chromium, nicke,
vanadium and zirconium varied from site to site by less than about 40 % rel ative standard
deviation (RSD). Strontium showed the greatest variation amongst the sites (125 % RSD)
whereas |ead had the next greatest variation at 69% RSD. The complete data set is
provided in Table G-2-1 in Annex G-2.

TABLE G-6. MAXIMUM OBSERVED METAL CONCENTRATIONS IN SAND

SAMPLES
Element* Sample Location Ste Date Collected Concentration (ug/g)
Vanadium  Ahmadi Hospital, Kuwait 5 Nov 1993 16.7
Chromium  Ahmadi Hospital, Kuwait 5 Nov 1993 24.8
Nickel Camp Thunderock, Kuwait 3 Nov 1993 16.6
Zinc us Embassy, Kuwait 4 Nov 1993 49.6
Strontium Camp Thunderock, Kuwait 3 Nov 1993 2255.3
Zirconium  Ahmadi Hospital, Kuwait 5 Nov 1993 13
Arsenic Camp Thunderock, Kuwait 3 Nov 1993 3.3
Lead A 1-Jubayl, Saudi Arabia 8 Nov 1993 18.6

* Antimony, bromine, cadmium and mercury were below limits of quantitation.
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2. Hexavalent Chromium. Sixty bulk sand samples were collected in Kuwait and
Saudi Arabiaby USAEHA personnel between 2 November 1993 and 8 November 1993.
Approximately 20 grams of each sand sample was extracted in the field with water and
charged onto solid-phase cartridges containing a hexavalent chromium-specific ligand
following procedures developed at RJ Lee Group. Cartridges were prepared prior to field
sampling at RT Lee Group according to the procedures described by Morocco, et al.
(reference 3). The bulk sand samples, contained in zipper-lock plastic bags, were kept as
retention samples. Seven additional sand samples were spiked with hexavalent chromium in
the field and also charged onto solid phase cartridges. Sixty-seven cartridges obtained from
charging sixty sand samples and seven spiked-sand samples were sealed in zipper-lock plastic
bags, stored at or below refrigerated temperatures, and shipped at similar temperatures to the
USAEHA facility in Aberdeen, Maryland. Samples were transferred to RJ Lee Group on 18
November 1993. Refer to Tables G-2-2 through G-2-5 in Annex G-2 for identification of the
cartridges and sand samples.

a. Hexavalent chromium was eluted from cartridges with n-butanol. Eluants along
with eluants from blank and hexavalent chromium standard reference material SRM-2109
(reference 4) spiked cartridges were analyzed on a Varian Model 400 GFAA with Zeeman
background correction following EPA Method SW846-7191. Sample concentrations were
based on cdibration curves generated from the blank and SRM-2109 spiked cartridge euants.
The limit of quantitation for water-extractable hexavaent chromium was determined to be
5.0 parts per billion (ppb) for a 20 gram sample. No sand sample analyzed for hexavalent
chromium showed quantitatable |levels of this ionic specie.

b. Water extracts of the retention samples described in paragraph VIB2 were anayzed

on GFAA following EPA Methods SW846-3050/7191. The limit of quantitation for water
extractable total Cr was determined to be 17.9 ppb for a 20 gram sample. No sand sample

analyzed showed quantitatable |evels of water-extractable chromium. In contrast to the
water-extractable Cr, extraction with fuming acid, as described in paragraph IVAla, reported
chromium ranging from 3 to 25 ppb (refer to Table G-2-1 in Annex G-2). Microscopic
analysis detect.4 stainless steel particles on the filters which would help explain these
findings.

C. Water-extractable total and hexavalent chromium results for the sand samples are
provided in Tables G-2-6 and G-2-7 in Annex G-2.

d. Inaddition to the field samples, USAEHA field personnel charged seven cartridges
with extracts from seven different sand samples which they had spiked in the field with
hexavdent chromium at various levels. Recovery of hexavalent chromium from six of the
field spiked samples averaged 120.3 f29.6 %. Results for the seventh sample are not
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reported due to missing field data. A summary of the results for the six spiked samplesis
shown in Table G-2-8 in Annex G-2. Details on validation of this method are provided in
Volume II of this report.

3. Particulate Composition and Sizing. Samples of soil (sand) were collected by
USAEHA personnel from severa sitesin Kuwait and Saudi Arabia from May 1991 through
September 1991. Additional samples were collected in November 1993. The 1991 samples
that were received for analysis by microscopic techniques are summarized in Table G-7. The
1993 samples that were analyzed by microscopic techniques for particulate composition and
Szing are identified in Table G-8.

TABLE G-7. SAND SAMPLE |IDENTIFICATIONS AND COLLECTION DATES - 1991 SAMPLES

Date USAEHA USAEHA RJ Lee Group
Sampling Sjte Location Collected Identification Lab. No Sample No.
Camp Freedom Subhan, Kuwait 10 May 1991 CF-5A Y2189 601464
Khobar Al-Dhahran, Saudi Arabia 14 May 1991 DA~A Y2173 601466
KKMC KKMC, Saudi Arabia 18 May 1991 KK~4A Y2168 601468
Camp Freedom Subhan, Kuwait 30 May 1991 CF-6A 22190 601465
Khobar Al-Dhahran, Saudi Arabia 12 Sep 1991 DA-1B-7 21670 601467

TABLE G-8. SAND SAMPLE IDENTIFICATIONS AND COLLECTION DATES - 1993 SAMPLES

Date USAEHA sample RJ Lee Group
Sampling Site Location Collected Identification Sample No.
Camp Thunderock Doha, Kuwait 3 Nov 1993 Big CT 605192
US Embassy Kuwait City, Kuwait 4 Nov 1993 Big EM 605194
Camp Freedom Subhan, Kuwait 5 Nov 1993 Big CF 605191
Ahmadi Hospital Al-Ahmadi, Kuwait 5 Nov 1993 Big AH 605189
Military Hospital Kuwait City, Kuwait 5 Nov 1993 Big MH 605195
Khobar Al-Dhahran, Saudi Arabia 7 Nov 1993 Big DA 605193
Camp 1 Al-Jutmyl, Saudi Arabia 8 Nov 1993 Big AJ 605190
Camp1 - Al-Jubayl, Saudi Arabia 8 Nov 1993 AJ Composite 605063

a Details of the preparation and analytical methods used are found in Volume II of
this report. Briefly, the samples were fits sieved through a 90 pm (170 mesh) screen. The
<90 um fraction was then sieved again using a 38 pm (400 mesh) screen. The <38 pm
fraction was prepared and analyzed for size and particle-type information by CCSEM.
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b. Mass distribution results based on aerodynamic equivalent diameter for the < 38
pm fraction are reported in Tables G-2-9 and G-2-10 in Annex G-2, showing the bulk of the
mass to be in the > 10 um aerodynamic size range.

c. Particle-type results are presented in Tables G-2-11 and G-2-12 in Annex
G-2. These results indicate that mixed clays, silicon-rich and calcium-rich particles were the
dominant types found in the samples.

d. The sand samples collected in 1993 were examined using TEM methods. The
primary purpose of the TEM examination was to document whether carbon-chain
agglomerate particles were present in the samples. Although carbon-chain agglomerates were
observed in most samples, they were present at very low levels and would have a negligible
effect on the overall sample mass.

B. PM-10 Samples. Forty-eight high-volume PM-10 samples, twenty-five collected in
1991 and twenty-three collected in 1993, were analyzed for eleven metals (i.e., Sb, As, Cd,
Cr, Pb, Hg, Ni, Sr, V, Zn, and Zr), Br and hexavalent chromium. Table G-2-13 in Annex
G-2 identifies the samples analyzed and gives the collection date for each filter. Subsets of
these samples were also analyzed by thermal/optical and microscopic techniques. Filters
were sectioned for the various types of analyses (GFAA, ICP, CVAA, IC, hexavalent
chromium, thermal/optical and microscopic) using plastic (non-metallic) scissors to avoid
contamination from metal particles during cutting.

1. Metals and Bromine. For the GFAA, FLAA, and ICP analyses, the size of filter
sections in square inches was recorded. A section from each sample was then extracted in
fuming nitric acid according to EPA Method SW846-3050 followed by dilution in 4% nitric
acid. Samples were prepared and analyzed for Br and Hg using IC and CVAA methods as
described in paragraph IVAI for sand. Analysis of extracts were performed for metals and
bromine as described for the sand samples.

a The average concentrations of metals detected on PM-10 filters collected in Camp
Thunderock and Khobar in 1991 and 1993 are shown in Table G-9. Maximum observed
levels of each metal for the samples collected in 1991 and 1993 are tabulated in Tables G-10
and G-l 1. It should be noted that the 1991 PM-10 samples were collected over a 24-hour
period, whereas the 1993 samples were collected over a12-hour period. The 1993 samples
were collected over a shorter time period in an attempt to provide a better sample for
microscopic anaysis. In summary, the levels of al metals were low (i.e., ng/m’ levels).
Many of the metals and Br were found to be at or below the level of quantitation. With the
exception of Pb at Khobar, the average levels of metals observed for samples collected at
Camp Thunderock and Khobar in 1991 were higher than for those collected at the same sites
in 1993. Other than for Cd, which was detected near the limit of quantitation, the maximum
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levels of each element were greater in 1991 than 1993 as can be observed in Tables G-10
and G-11. The complete data set for metals and Br is presented in Tables G-2-14 and G-2-
15 in Annex G-2.

b. Electron microscopic examination of severa PM-10 samples, showed that lead
particles were consistent with automotive emissions from leaded fuel (refer to paragraph
IVB4g).

c. Concentrations of Ni and V reported here are consistent with other published data
for similarly loaded filters. Cahill et a. (reference 5) reported values of 5 to 21 ng/m* and 9
to 27 ng/me for Ni and V collected in plumes 2000 meters in elevation at a distance of about
200 to 250 km downwind of the fires. Madany and Raveendran (reference 6) reported
average concentrations of 22 and 26 ng/m® for Ni and V collected in ground-level samples in
Bahrain, approximately 320 km downwind from the fires.

TABLE G-9. AVERAGE OBSERVED ELEMENTAL CONCENTRATIONS ON PM-10 SAMPLES
COLLECTED IN 1991 AND 1993 (ng/m’)

Camp Thunderock Khobar
Element* 19914 1993=t 19918 1993w
Antimony 23.7 BLQ 14.7 BLQ
Arsenic 3.0 BLQ 2.7 BLQ
Chromium 21.2 5.7 15.9 7.6
Lead 162.4 34.6 185.3 309.7
Mercury 0.7 BLQ 0.6 BLQ
Nickel 15.5 7.8 20.2 10.1
Strontium 109.4 16.3 - 118.4 26.3
Vanadium 20.7 51 18.0 5.9
Zinc 93.0 57.6 116.1 81.9
Zirconium 3.6 BLQ 3.1 BLQ

« Bromium and cadmium Were below limit of quantitation (BLQ)
~+ Average of 4 samples

== Average of 13 samples

§ Average of 6 samples

o - Average of 10 samples
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TABLE G-10. MAXIMUM OBSERVED METAL CONCENTRATIONS ON PM-10 SAMPLES
COLLECTED IN 1991

Date concentration
Element* Sample Location Site Collected (ng/m’)
Antimony US Embassy, Kuwait m Jun 1991 33.1
Arxsenic Military Hospital, Kuwait 5 Jun 1991 5.9
Chromium Military Hospital, Kuwait 17 Jun 1991 74.8
Lead Military Hospital, Kuwait 12 Qet 1991 753.9
Mercury US Embassy, Kuwait 20 Jun 1991 2.0
Nickel US Embassy, Kuwait 17 Jun 1991 53.7
Stroatium US Embassy, Kuwait 17 Jun 1991 198.3
Vanadium us Embassy, Kuwait m May 1991 46.0
zinc Khobar, Saudi Arabis 29 Jul 1991 275.4
Zirconium Eskan Village, Saudi Arabia m Jun 1991 9.0

* Bromine and Cadmium were at or BLQ

TABLE G-11. MAXIMUM OBSERVED METAL CONCENTRATIONS ON PM-10 SAMPLES
COLLECTED IN 1993

Date Concentration
Element* Sample Location Site Collected {ng/m"
Arsenic Camp Thunderock, K U w a i t . 4 Nov 1993 3.2
Cadmium camp Thunderock, Kuwait 7 Nov 1993 35
Chromium Khobar, Saudi Arabia 7 Nov 1993 8.6
Lead Khobar, Saudi Arabia 4 Nov 1993 416.4
Mercury Khobar, Saudi Arabia 7 Nov 1993 1.0
Nickel Camp Thunderock, Kuwait 4 Nov 1993 12.5
Strontium Khobar, Saudi Armbia 5 Nov 1993 71.6
Vanadium Khobar, Saudi Arabia 4 Nov 1993 6.4
Zinc Khobar, Saudi Arabix 7 Nov 1993 106.0
Zirconium Camp Thunderock, Kuwait 6 Nov 1993 2.6

o Antimony was BLQ for all samples in 1993

2. Hexavalent Chromium. The 48 PM-10 filter samples analyzed for metals and
bromine were also analyzed for water-extractable total and hexavalent chromium. A |ist of
the samples andyzed is provided in Table G-2-13 in Annex G-2. .
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a. The preparation methodology for these samples was adapted from the method
evaluated by Morocco, et a. (reference 3) for analysis of water samples for hexavalent
chromium. Briefly, filter portions were soaked and shaken in double delonized water washes
followed by filtration through a paper filter and charging onto solid phase cartridges
containing a hexavalent chromium specific igand. Hexavalent chromium was eluted from
cartridges with n-butanol. These eluants along with eluants from blank and spiked cartridges
were analyzed on GFAA following EPA Method SW846-7191. Results of these analyses
showed no hexavaent chromium present above the quantitation limit of, at most, 0.8 ng/m’
on any filter.

b. Prior to charging, an aliquot of the extract was set aside for total water extractable
chromium analysis by EPA Method SW846-7191. Water extractable chromium was only
detected in 4 out of the 48 samples analyzed and all four values were less than 8.0 ng/ur.

c. Water-extractable total chromium and hexavalent chromium results for the PM-10
samples are provided in Tables G-2- 16 and G-2-17 in Annex G-2.

d. To investigate the background levels of Cr in quartz and glass-fiber filters, blank
filters were extracted with water, nitric acid, or nitri¢c plus hydrofluoric acids. Water
extracts showed Cr below the quantitation limit of 0.02 ug/ir?. Fuming nitric acid extracted
Cr on the order of 0.2 ug/in* and nitric acid followed by hydrofluoric acid extracted 0.8
pg/in? of Cr. Electron microscopic examination of these blank filters detected particles of
stainless steel, which could explain the background levels of acid-extractable Cr observed

(see paragraph TVB4g).

3. Elemental Carbon. Thirty-four PM-10 samples from eight sampling sites were
analyzed for organic carbon, elementa carbon, and inorganic carbonate using thermal/optical
methods by Sunset Laboratory, Forest Grove, Oregon under subcontract t0 RJ Lee Group.
A list of the samples analyzed along with the results is provided in Table G-2-18 in Annex
G-2.

a The thermal/optical andysS's was performed in an oxygen-free helium atmosphere.
Each sample was heated in four temperature steps to remove al the organic carbon present.
As the organic compounds were vaporized, they were immediately oxidized to carbon
dioxide in an oxidizing oven. The optical absorbance of the sample was monitored
continuoudy with a helium-neon (He-Ne) laser. By monitoring the optical absorbance of the
sample, organic compounds Which are pyrolytically converted to elemental carbon can be
determined. The flow of helium containing carbon dioxide was sent to a methanator oven
where it was converted to methane which was then detected by a flame ionization detector.
Elemental carbon was determined by cooling the oven to 525 °C and switching to a 2 percent
oxygen/helium mixture. This was followed by increasing the temperature to 600 °C and
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then 700 °C. During this phase, both the original elemental carbon and that produced by the
pyrolysis of organics during the first phase are oxidized to carbon dioxide, followed by
detection using flame ionization. Again, the darkness of the filter is continuously monitored
using the He-Ne laser. After carbon has been oxidized from the sample, a known volume of
aknown mixture of methane isinjected into the sample oven as an internal standard.

b. The eementa carbon results provide indgght on the impact of oil fire emissons on
ambient air quality because soot in the plumes is elemental carbon in the form of small
carbon-chain agglomerate particles (reference 7).

c. Thermal/optical data indicate that elemental carbon (soot) results ranged from a
low of 0.5 ug/m* at Camp Thunderock (5 November 1993) to a high of 198.5 ug/m’ at
Abmadi Hospital (20 June 1991).

d. Elemental carbon in the Khobar samples ranged from 0.9 ug/nr’ to 30.6 pg/m®
with an average of 11.5 ug/m’® (six samples) during the period from 23 May 1991 to
15 October 1991. Samples collected at the same site between 3 November 1993 and
7 November 1993 ranged from 1.1 pg/m’® to 1.9 pg/m?® with an average of 1.6 ug/m’® (Six
samples).

e. At Camp Thunderock, elemental carbon ranged from 1.7 ug/m® to 53.8 ug/m® with
an average of 25.0 ug/m® (four samples) during the period from 11 June 199 1 to 12 October
1991. From 3 November 1993 to 7 November 1993, results tanged from 0.5 ug/m® to 3.6
ug/m? with an average of 2.0 ug/m?® (Six samples).

f. Results obtained from the thermal/optical analysis are SUssssmimed by sample
location sitein Figure 1.

g. The elemental carbon contained on the 1991 samples is similar to that reported in
the literature, though data from Herring and Hobbs (reference 8), show considerable spatial
variation within a plume, and data from Thibaut and Lameloise (reference 9) show
considerable temporal variation (in terms of hours) at individual ground locations. Although
elemental carbon inindividual plumes at their source can be several hundred to several
thousand ng/m* (references 9, 10, and 11), data from Ferek et al. (reference 11) and Cahill
et al. (reference 5) show concentrations between 23 and 224 ug/m’ at distances of 20-250 km
downwind of the oil well fires.

4. Particulate Compesition and Sizing. A total of 57 high-volume PM-10 samples
was received for potentia microscopic anaysis. The samples were collected over two time
periods. The first set was obtained between 20 May 1991 and 15 October 1991 when the oil
wells were still burning. The second set was collected from 2 November 1993 to
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9 November 1993. The second sample set was obtained to provide information on ambient
air quality under more typical conditions for the region and to help in the assessment of the
impact of the oil well fires on ambient air quality. The asreceived condition of these
samplesislisted in Tables G-2-19 through G-2-28 in Annex G-2. Twenty-two of these
samples were selected for analysis using a combination of CCSEM and TEM techniques.
The sdected samples were collected at Khobar, Saudi Arabia and Camp Thunderock,
Kuwait. The CCSEM/TEM andyses provide information on individual particle size and
composition which were used to construct particle mass distribution data and particle type
summaries. The CCSEM/TEM data were also used to provide insight on the impact of the
oil well fireson ambient air quality in Kuwait and Saudi Arabia by using the carbon-chain
agglomerate particle type as a tracer of the oil fires plumes (reference 12).

a The PM-10 samples were collected on glass-fiber and quartz-fiber filters. Details
on the preparation and analysis methods used on these samples are provided in Volume IT of
this report.

b. Aerodynamic equivalent mass distribution results, as presented in Tables G-2-29
and G-2-30 in Annex G-2, indicate that the majority of the particle mass for most samples
oceurred in the size ranges less than 10 um. However, a significant fraction of the particle
mass was observed in the 10 to 30 pm size range for all samples. Severa of the samples
also reported significant mass in the greater than 30 um size range.

¢. Particle-type data for the samples are provided in Tables G-2-31 and G-2-32in
Annex G-2. These data indicate that mixed clays, silicon-rich and calcium-rich particles
account for the vast magjority of the sample mass for most samples. These data indicate that
the PM-10 material was comprised mainly of sand-based material.

d. Particle-type data indicate that carbon-chain agglomerates (CCA) generally account
for only asmall percentage of the sample mass for most samples as shown in Tables G-2-33
and G-2-34 in Annex G-2. At Khobar, CCA ranged from 0.8 ug/m’ to 20.5 ug/m® with an
average of 6.9 ug/m® (Six samples) during the period from 27 May 1991 to 15 October 1991.
For comparison purposes, CCA ranged from 0.9 ug/m® to 5.2 ug/m® with an average of 2.7
pg/m* (six samples) between 3 November 1993 and 7 November 1993.

e. At Camp Thunderock, CCA ranged from 0.5 pg/m® to 89.5 ug/m® with an average
of 31.2 ug/m® (four samples) based on samples collected between 11 June 1991 and

12 October 1991. During the period of 3 November 1992 to 7 November 1993, CCA
ranged from 1.2 ug/m® to 5.1 xg/m* at Camp Thundemck with an average of 3.7 ug/m® (Six
samples).
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f. The CCSEM/TEM CCA results compared well with the eemental carbon results
obtained with thermal/optical analysis as illustrated in Figure 2.

g. The four Camp Thunderock samples collected in 1991 were examined further for
the presence of heavy-metal-bearing particles. Of particular interest were uranium particles.
Large areas of the filter (between 10,000 and 35,000 fields at 800X per sample) were
examined using CCSEM techniques. No uranium particles were detected. However, |ead-
bromine, stainless stedl, strontium and vanadium particles were detected. Figures 3 through
6 provide an image and eemental spectrum of each particle-type.

C. Industrial Hygiene Sample Analysis. Mixed cellulose ester (MCE), polyvinyl chloride
(PVC) and polycarbonate (PC) filters collected using personal monitoring samplers were
analyzed by for metals (i.e.,, Sb, As, Cd, Cr, Pb, Hg, Ni, Sr, V, Zn, and Zr), Br, organic
compounds, and individual particle size and composition. Samples were divided into sections
to be used for the various preparative and analytical methods. The areas or weights of the
portions used for chemica analyses were measured to facilitate final reporting based on
whole filter.

1. Metas and Bromine. Nine filters were analyzed for metals and Br. Table G-12
identifies these filters. Table G-13 lists the methods used for these analyses and the limits of
quantitation for each element in the fina extract solution.

TABLE G-12. INDUSTRIAL HYGIENE SAMPLES ANALYZED FOR METALS AND BROMINE

USAEHA Field Filter Date USAEHA  RJ Lee Group
Sample No. Type Collected Sample Location Site Lab No. Sample No.
130-04 MCE 10 May 1991 Khobar, Saudi Arabia Y1109 601456
130-10 MCE 10 May 1991 Khobar, Saudi Arabia Y1112 603679
T134-20 PVC 14 May 1991  Camp Freedom, Kuwait N A 601426
13507 PVC 15 May 1991 Field Blank NA 601429
T136-04 PVC 16 May 1991  Camp Freedom, Kuwait NA 601430
137-11 MCE 17 May 1991  Military Hospital, Kuwait Y1836 6014.60
T140-05 PVC 20 May 1991 Burgan Oil Field, Kuwait NA 60143s
140-11 MCE 20 May 1991  Burgam Oil Field, Kuwait Y1837 603693
OF/FB/31 PC NA Field Blank 25391 603707
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Comparison of Thermal/Optical Elemental Carbon Results
to CCSEM/TEM Carbon Chain Agglomerate Data
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a. Antimony, arsenic, cadmium, chromium, lead, nickel, strontium, vanadium and
zinc were analyzed using a Varian Model 300 GFAA. Filters were prepared by the
Occupational Safety and Health Administration (OSHA) Method 1D-121 (Section 6.6).
Briefly, filters were digested sequentially in fuming nitric/perchloric acid, nitric/hydrofluoric
acid, and nitric acid followed by afinal dilution to 10 mL at 4 percent nitric acid.

b. Antimony, arsenic, cadmium, nickel, strontium, vanadium, and zinc were found to
be below the limits of quantitation on all samples. Lead levels above the background were
detected in Samples 130-04, T136-04, and 137-11. Elevated background levels of Cr and Zn
were detected on the filter blank samples. Elevated background levels of chromium are not
unexpected on MCE filters. Chromium levels on the order of 0.3 ug on new 37 mm MCE
filters have been observed (reference 13).

TABLE G-13. ANALYTICAL METHODS USED FOR ELEMENTAL ANALYSES OF
INDUSTRIAL HYGIENE SAMPLES

Element Method [ nstrumentation Limit of Quantitation*
Arsenic EPA SW846-7060 GFAA 5.0 ppb
Bromine NIOSH 7903 IC 0.6 ppm
Cadmium EPA SW3846-7131 GF AA 5.0 ppb
Chromium  EPA SW846-7191 GFAA 5.0 ppb
Mercury EPA SW846-7471A CVAA 0.5 ppb
Nickel EPA SW846-7520 GFAA 5.0 ppb
Lead EPA SW846-7421 GFAA 5.0 ppb
Antimony  EPA SW8467041 GFAA SO.0 ppb
Strontium EPA SW846-3050/7000A GFAA 5.0 ppb
Vanadium  EPA SW846-7911 GFAA 10.0 ppb
Zinc EPA 5Q846-7951 GFAA 5.0 ppb
Zirconium  RJ L ee Group Method ICP 3.0 ppb

. Limit in the final extraction solution

c. Zirconium was andyzed using a method developed by RJ Lee Group for anaysis
of extract solutions using an ultrasonic nebulizer with ICP (reference 2). A Spectro
Analytical Model D ICP was monitored at'a wavelength of 339.20 nm for these analyses.
Zirconium was found to be below the limit of quantitation for al persona filters analyzed.
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d. Samples listed in Table G-12 were analyzed for Br using IC techniques. The
NIOSH Method 7903 was used for thisanalysis. Samples were prepared by extraction with
carbonate/bicarbonate IC euent. Extracts were analyzed on a Dionex Model 2120i lon
Chromatograph using an lonpac A$4 separation column and a Micromembrane Anion
suppressor column from Dionex. Bromine was found to be below the limit of quantitation
for all personal filters analyzed.

e. Results for the metals and bromine are summarized in Table G-2-35 in Annex G-2.

f. Filters were analyzed for mercury by EPA Method 7471A. With this method,
these samples were digested in nitric acid/sulfuric acid/potassum sulfate/potassium
permanganate at 95 °C and analyzed by CVAA. To optimize these analyses, heavily loaded
filters with alarger portion available for analysis were selected. These filters -are identified
in Table G-14. Mercury was found to be below the limit of quantitation for all industrial
hygiene samples andlyzed. Datafor these samples are reported in Table G-2-36.

TABLE G-14. IDENTIFICATION OF INDUSTRIAL HYGIENE SAMPLES ANALYZED FOR MERCURY

USAEHA Field Date Sample RI Lee Group
Sample No. Filter Type Collected Location Site Sample No.
T127-11 PVC 7 May 1991 Khobar, Saudi Arabia 60374s
R133-17 PVC 13 May 1991 Camp Freedom, Kuwait 601425
T133-18 PVC 13 May 1991 Camp Freedom, Kuwait 601406
R134-21 PVvC 14 May 1991 Camp Freedom. Kuwait 601427
R136-03 PVC 16 May 1991 Camp Freedom, Kuwait 601408
T139-11 PVC 19 May 1991 Camp Thunderock, Kuwait 601410
R152-07 PVC 1 Jun 1991 Al-Jubayl, Saudi Arabia 603772
R157-08 PVC 6 Jun 1991 Burgan Oil Field, Kuwait 603783
R313-07 Teflon NA NA 603878
F314-08 GF NA NA 603876

g. The analytical method used for each element is shown in Table G-13. Sample
concentrations were based on caibration curves generated from certified reference standards.
Details of the methods used for particular elements are described in Volume II of this report.

2. Organic Analyses. Sixteen industrial hygiene samples were analyzed using either

FTIR spectroscopy and/or GC/MS detection. Two of these samples were collected at the
Burgan Oil Fields on 20 May 1991 and were included to provide “source” information on the
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oil fire plumes. Due to their heavy loading, better analytical sensitivity could be obtained
from these samples. A field blank of each type of filter (i.e., MCE, PVC, and PC) was
andyzed. A list of filters analyzed by FTIR and/or GC/MS is shown in Table G-15.

a. Sampleslisted in Table G-15 were analyzed on a 1700 Series Perkin-Elmer FTIR
in reflectance mode. In addition to interpretation of spectra by an experienced chemist,
spectra were compared to a Perkin-Elmer data base and several printed indices. Although
many of these filters had a dark black appearance, the levels of organic material based on the
infrared absorption were at trace levels. While the levels were below the limit of
quantitation, they were estimated to be on the order of 10 pg/filter. Aromatic, aliphatic, and
oxidized organics, such as carboxylic acids were indicated in these spectra.

b. Nine samples were analyzed by GC/MS as listed in Table G-15. These filters
were weighed and extracted with carbon disulfide by soaking overnight followed by
sonication for approximately 2 minutes in an ultrasonic bath. The extracts were then filtered
and analyzed. The GUMS analyses were performed on a Hewlett Packard Model 5890
Series 2 Gas Chromatograph with a Model 5971A Mass Selective Detector using a 30 meter
RTX-1 column from Restek. Total ion current (TIC) or selected ion current (SIM)
programmed for the target compound lList in EPA Method SW846-8270 were used to monitor
for organic compounds. Details of the methods are described in Volume Il of this report.

(1) Except for sample 140-1 1, no peaks were detected in unconcentrated extracts
using GC/MS methods. A chromatogram of the extract from sample 140-11 showed peaks
which were identified by GUMS as a dioxane derivative, diphenylphthalate, and nono-
methylphenylcyclopentasiloxane. Although these compounds were detected, the levels were
determined to be below the limit of quantitation (i.e., <5 ug/filter).

(2) Phthalate esters are well known contaminants caused by the use of latex gloves
and plastic products. The silicone material observed could be produced by heated slicone
lubricants or by sealants used in the filter assembly. Therefore, the compounds observed
could be cosmmts. from the collection and analyss methods.

(3) Based on the results of the initial GC/MS analyses, selected samples were
concentrated by evaporation under astream of nitrogen and reanalyzed. After a 100-fold
concentration, the extract from Filter 136-04 was reanalyzed by GC/MS. Several peaks were
observed corresponding to various phthalate esters. However, no other analytes could be
identified using this anayss.
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TABLE G-15. PERSONAL FILTERS ANALYZED BY ORGANIC ANALYSES

USAEHA Field Filter Date USAEHA RJ Lee Group
Sample No. Tvpe Collected Sample Location Site Sample No, Sample No, Analysis Method
130-04 MCE 10 May 991 Khobar, Saudi Arabia Y1109 601456 FTIR, GC/MS
130-10 MCE 10 May 1991 Khobar, Saudi Arabia Y2 603679 GC/MS
134-12 MCE 14 May 1991 camp Freedom, Kuwait Y 1833 603684 FTIR
T134-20 PVC 14 May 1991 Camp Freedom, Kuwait NA 601426 FTIR, GUMS
135-07 PVC IS May 1991 Field Blank NA 601429 FTIR, GC/MS
TI36-04 PVC 16 May 1991 Camp Freedom, Kuwait NA 601430 FTIR, GC/MS
1371 1 MCE 17 May 1991 Military Hospital, Kuwait Y836 601460 GC/MS
T140-05 PVC 20 May 1991 Burgan Oil Field, Kuwait NA 601435 FTIR, GUMS
140-1 | MCE 20 May 1991 Bargan Oil Field, Kuwait Y1837 600755 FTIR, GC/MS
R15207 PVC 1 Jun 1991 Al-Jubayl, Saudi Arabia NA 603772 FTIR

. 152-18 MCE I Jun 1991 Al-Jubayl, Saudi Arabia Y3071 601448 FTIR
TI55-15 PVC 4 Jun 1991 Al-Wafra, Kuwait NA 603750 FTIR
OF/FB/3| PC NA Field Blank 25391 603707 GC/MS
OF/FB/58 PC 2 Nov 1991 Oil Fields, Kuwait 25393 603709 FTIR
R-313-07 Glass-fiber NA NA NA NA FTIR
F-314-08 Teflon NA NA NA NA FTIR
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c. Although the FTIR and GC/MS analyses performed on the industrial hygiene
samples indicated that organic materid was below the limit of quantitation, it should be noted
that the samples were collected on filters using personal monitors. As such, most of the
volatile organic material in the air was not trapped using this sampling technique. Other
samples, collected using solid absorbents and analyzed by the USAEHA, are presented
elsawhere in this document.

3. Particulate Composition and Sizing.

a MCB Filter Samples. The MCE filter samples were collected in both Kuwait and
Saudi Arabia between 10 May 1991 and 1 June 1991. Twenty-nine of the filters were sent to
RJ Lee Group for evaluation. After receipt, the samples were given a preliminary optical
microscopy evaluation in order to gain some insight on the condition of the individual filters
and to assist with determining whether the particulate loading was acceptable for the
CCSEM/TEM analysis. QObservations and comments recorded at the time of sample receipt
are presented in Tables G-2-37 through G-2-41 in Amex G-2. From this group, eight
samples were chosen to be analyzed using a combination of CCSEM and TEM techniques.
These samples were collected at Camp Freedom in Kuwait and Khobar and Al-Jubayl in
Saudi Arabia. The CCSEM and TEM analyses provided information on individua particle
size and composition which were used to construct particle size distribution data and particle
type summaries.

(1) Details on the preparation and analytical methods used in this assessment are
provided in Volume II of this report.

(2) Mass digribution results based on aerodynamic equivaent diameter @resented in
Tables G-242 and G-2-43 in Annex G-2) indicate that the majority of particle mass for
samples collected in al locations occurred in the size ranges less than 10 pm.

(3) Particle type results for this group of samples are presented in Tables G-2-44 and
G-2-45. These results indicate that the mgjority of particle mass associated with each sample
location was comprised of various mixed clays, silicon-rich and calcium-rich mineral types.
The samples were comprised primarily of sand-based material. Detailed review of particle
type data from the TEM analyses of these filters indicated that the majority of particles
analyzed in this size range were CCA. Sample number 133-14 reveded a higher percentage
contribution by carbon-rich particle types than did the other MCE filter samples analyzed.
Closer review of the CCSEM data from this sampl e indicated that two large (> 10 pm)
carbon-rich particles were detected during the analysis, thereby influencing the overall mass
contribution reported for the carbon-rich types on that sample.
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(4) A subset of four MCE filters were analyzed manually in the SEM for the
presence of particles containing heavy metas (i.e, higher atomic number congtituents). The
filters analyzed represented different locations in both Kuwait and Saudi Arabia. Other than
lead-rich and lead/bromine-rich features, particles containing higher atomic number
congtituents were ether not detected or detected only in limited numbers on the samples
analyzed. No uranium particles were observed.

b. PVC Filter Samples. Samples were collected on PV C filter membranes in both
Kuwait and Saudi Arabia between 7 May 1991 and 9 June 1991. Seventy-five of the filters
were sent to RJ Lee Group for evaluation. After receipt, the samples were given a
preliminary optical microscopy evaluation in order to gain some insight on the condition of
the individua filters and to assst with determining whether the particulate loading was
amenable for CCSEM andysis. Observations and comments recorded at the time of sample
receipt are presented in Tables G-2-46 through G-2-56 in Aanex G-2. From this group of
samples, atotal of 26 were chosen to be analyzed using CCSEM techniques. Samples
selected for analysis were collected at various locationsin Kuwait and Saudi Arabia. The
CCSEM anadyses provided information on individual particle size and composition which
were used to construct particle mass distribution data and particle type summaries.

(1) Details on the preparation and analytical methods used in this assessment are .
provided in Volume II of this report.

(2) Mass distribution results based on aerodynamic equivalent diameter (presented in
Tables G-2-57 and G-2-58 in Annex G-2) indicate that the majority of particle mass for most
of these samples occurred in the size ranges less than about 10 um. Significant differences
in mass digtribution results were observed with some sample sets collected a a common
location but on different days.

(3) Particle-type results are presented in Tables G-2-59 and G-2-60 in Annex G-2.
These results indicate that the majority of particle mass associated with each sample from this
group was comprised of various mixed clays and silicon-rich mineral types alongwith
cacium-rich types. This dataindicates that the samples were comprised mainly of sand-
based material. Estimates on the levels of CCA particles (i.e., particles less than 1 um)
could not be made due to interference with the filter matrix.

(4) A subset of six PV C filters were analyzed manually in the SEM for the presence
of particles containing heavy metals (i.e., higher atomic number constituents). The filters
analyzed represented different locations in both Kuwait and Saudi Arabia. Other than lead-
rich and lead/bromine-rich features detected on three of the six samples, particles containing
higher atomic number congtituents were either not detected or detected only in limited
numbers on the samples analyzed. No uranium particles were observed.
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c. PC Filter Samples. Samples were collected on PC filter membranes in both
Kuwait and Saudi Arabia between 31 October 1991 and 19 November 1991. Forty-five of
the filters were sent to RJ Lee Group for evaluation. The PC samples were obtained because
the filter substrate which is smooth was more amenable to the CCSEM analysis than samples
collected on MCE or PVC filters. After receipt, the samples were given a preliminary
optical microscopy evauation in order to document the condition of the individua filters and
to assist with determining whether the particulate loading was acceptable for CCSEM
andysis. Observations and comments recorded at the time of sample receipt are presented in
Tables G-2-61 through G-2-68 in Annex G-2. From this group of samples, 25 were chosen
to be analyzed using a combination of CCSEM and TEM techniques. Samples sdlected for
analysis were collected at various locations in Kuwait and Saudi Arabia. The CCSEM
analyses provided information on individua particle size and composition which were used to
construct particle size distribution data and particle type summaries.

(1) Details on the preparation and analytical methods used in this assessment are
provided in Volume I of this report.

(2) Mass distribution results based on aerodynamic equivalent diameter (presented in
Tables G-2-69 and G-2-70 in Annex G-2) indicate that the majority of particle mass for most
of these samples occurred in the size ranges less than about 10 pm. However, a significant
fraction of the particle mass was observed in the 10-30 um size range for the samples.
Significant differences in mass distribution results were observed with some sample sets
collected a a common location but on different days.

(3) Particle-type results are presented in Tables G-2-71 and G-2-72 in Annex G-2.
These results indicate that the mgjority of particle mass associated with each sample from this
group was comprised of various mixed clays, slicon-rich and calcium-rich particle types.
These data indicate that the particulate matter was composed mainly of sand-based material.
Carbon-rich particles also accounted for a significant amount of the samples mass. Review
of the CCSEM and TEM data indicated that the majority of carbon-rich particulate mass on
most samples from this group was contributed by those less than about 2.5 um in diameter.
Further review of the data revealed that the majority of particles documented during the
TEM analysis of most samples were CCA.

(4) A subset of five PC filters were analyzed manually in the SEM for the presence
of particles containing heavy metas (i.e., higher aomic number congtituents). The filters
analyzed represented different locationsi n both Kuwait and Saudi Arabia. Lead-rich and
lead/bromine-rich particles were observed in higher aundance on two of the samples than on
the others in this set. Other than this, particles containing higher atomic number constituents
were either not detected or detected only in limited numbers on the samples analyzed. No
uranium particles were observed.
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V. CONCLUSIONS. Based on sand samples analysis, high-volume PM-10 samples and
industrial hygiene samples, the sdient findings of this assessment are:

A.  Concentrations of Sb, As, Br, Cd, Cr, Pb, Hg, Ni, Sr, V, Zn, and Zr were
determined to be at very low levels (i.e., ng/m®) at various locations in Kuwait and Saudi
Arabia when the oil wells were burning (i.e., May 1991 to October 1991). In general, the
levels of the metals were at higher levelsin 1991 as compared to November 1993 data.  This
isillustrated in Figure 7 for Za, Sr, V, Ni, Cr, Zn, and As in ng/m® for Khobar as a
function of time. Figure 8 is the same representation for Camp Thunderock. None of these
metals were present above 400 ng/m® at these sites. These graphs show a decrease in the
levels of As, Cr, Ni, Sr, V, Zn, and Zr with time after July 1991. Lead was not included
on these graphs since there was no obvious trend with time for this metal.

B. Hexavalent chromium was determined to be below the quantitation level (i.e.,
< 5 ppb) in sand samples collected in Kuwait and Saudi Arabia.

C. Hexavalent chromium was determined to be below the quantitation level (i.e., < 0.8
ng/m*) in PM-10 samples.

D. Elemental carbon data obtained from thermal/optical analysis indicate that soot from
the oil fire plumes was, in general, only a minor component of the PM-10 mass.

E. The CCSEM/TEM microscopic data indicates that CCA associated with the oil fire
plumes were, in general, only a minor component of the overall PM-10 mass. The TEM
data indicated that the CCA particles consisted of two distinct size ranges (i.e., “small” and
“large’). The small carbon-chain agglomerate (SCA) fraction was made up of individual
spherical particles typically less than 0.1 pm in diameter. The large carbon-chain
agglomerate (LCA) fraction was composed of spherical particles greater than or equal to
0.25 um in size.

F. The thermal/optical €lemental carbon and CCSEM/TEM CCA data were in good
agreement. Figures 9 and 10 illustrate the relationship of CCA and elemental carbon to
PM-10 concentration a Khobar and Camp Thunderock. The fact that the thermal/optical
elemental carbon results compared well with the CCSEM/TEM CCA dam provides credence
to both methods.

G. The CCSEM/TEM data indicate that sand-based particles accounted for the majority
of the particle mass on most samples.
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H. No uranium particles were detected using CCSEM/TEM technology. (It is estimated
that over 4.0 x 107 particles were screened during the uranium evaluation.) Lead-bromide
(automotive emissions) and stainless sted particles were detected in large numbers on some
samples. Stainless steel particles were also detected on blank filters.

V1. RECOMMENDATIONS. Although the data reported in this assessment provide insight
on ambient air quality in Kuwait and Saudi Arabia when the oil wells were on fire, it should
be realized that the data set was based on a limited number of samples. Therefore, itis
suggested that the following be considered:

A. To our knowledge, the CCSEM/TEM data is unique because it provides direct
measurement on CCA particles.  Since this particle type is used as atracer of the oil fire
plumes, the CCSEM/TEM data can be used to estimate the impact from the oil well fires.
Through analysis of a larger number of samples and plotting the data with respect to location
and meteorology, abetter estimate of the impact of the oil well fires on ambient air quality
in Kuwait and Saudi Arabia can be made, Therefore, it is recommended that thermal/optical
and CCSEM/TEM analysis be performed on alarger set of PM-10 samples.

1. Thermal/optical analysis of additional PM-10 samples can be used to screen for
additional samples for CCSEM/TEM andyss.

2. The CCSEM/TEM analysis can be performed on a subset of samples based on the
thermal/optical anaysis.

B. To date, only samples collected during and after the oil well fires have been analyzed.
Efforts should be expanded to obtain samples which were collected before the ail fires.
These additional data can be used to provide better estimates on ambient air quality in
Kuwait and Saudi Arabia. This data set would be especially useful in ascertaining the levels
of CCA particlesin the atmosphere prior to the oil fires.

C. In anticipation of future potentially catastrophic environmental events, USAEHA in
conjunction with other governmental organizations (e.g., EPA, NASA, NIST, NCAR, and
NOAA) and universties should consider developing and itnplemeating a comprehensive
incident response program based on the experience gained from this current work- The plan
could cover everything from how to identify the needed response to getting equipment and
supplies in place on short notices.
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TABLE 0O-2-1. METALS AND BROMINE RESULTS FOR SANDSAMPLESCOLLECTEDIN 1993, pg/g
Sample AEHA Sample RJ Lee Group
Location Sire Idenification Sample No. Vv Cr Ni Zn St __Zr cd As Pb Sb B He
Camp Thunderock  Big CT 605192 13.6 18.3 16.6  27.6 22553 0.9 <03 33 16 <25 <300 co.02
US Embassy Big EM 605194 8.1 16.3 29 496 11099 07 co2 12 L0 <25 <300 <0.04
Al-Dhahran Big DA 605 193 3.4 5.6 108 268 2462 04 <02 07 12 <L§ <300 co.03
Camp Frecdom Big CR 605191 7.1 193 eee 229 1030 L1 <02 15 11.0 <24 <300 <001
Ahmadi Hosp. Big AH 605189 16.7 24.8 I8 305 1213 13 <02 30 162 <25 <300 <0.05
Military Hosp. Big MH 605195 9.4 8.9 135 196 1455 09 <02 26 22 <25 <300 <00
Al-Jubayl Big AJ 605190 9.5 83 2934 09 <02 16 186 <25 <300 <0.02
Al-Jubayl Al Composiie 605061 9.2 18.5 9.4 D3Wy 2559 08 <0.2 \.B 1.9 <25 <300 <0.05




TABLE G-Z-2 IDENTIFICATION OF CARTRIDGES COLLECTED IN KUWAIT ANALYZED FOR WATER

EXTRACTABLE HEXAVALENT CHROMIUM

AEHA Feld Daie Sample RJLee Group
Sample No. Collected AEHA Sample Identification Location Site Sample No.
0001-C 2 Nov 1993 CT11-1 Camp Thunderock 605128
0002-C 2 Nov 1993 CT13 Camp Thunderock 605134
0003-C 2 Nw 1993 CT11-2 Camp Thunderock 605129
0004-C 2 Nov 1993 CT11-3 Camp Thunderock 605130
0005-C 2 Nov 1993 CTil4 Camp Thunderock 605131
0006-C 2 Nov 1993 CTi2 Camp Thunderock 605133
0007-C 2 Nov 1993 CT13 (6-12) Camp Thunderock 605136
0008-C 2 Nov 1993 CT11-5 Camp Thunderock 605 132
0009-C 2 Nov 1993 CT Composite (Big Doha) Camp Thunderock 605126
0010-C 2 Nov 1993 CT13 (1-2) Camp Thunderock 605182
0011-C 2 Nov 1993 CT15 camp Thunderock 605139
0012-C 2 Nov 1993 CT11 Camp Thunderock 605127
0016-C 2 Nw 1993 CT14 Camp Thunderock 605138
0017-C 2 Nw 1993 CT13 (0-6) Camp Thunderock 605135
0018-C 2 Nov 1993 cn3 (2-3) Camp Thunderock 605137
0068-C 2 Nw 1993 Spike B CT (Big Doha) Camp Thunderock 605140
0013.C 3 Nov 1993 Spike A Embassy Comp US Embassy 6035180
0014-C 3 Nw 1993  Embassy Comp. (Big M) US Embassy 605167
0015-C 3 Nw 1993 EM1 1 Surface cwp (0-6) -US Embassy 605168
0019-C 3 Nov 1993 EM12 Surface Composite us Embassy 6005170
0020-C 3 Nov 1993 EM13 (0-6) Composite us Embassy 605172
0062-C 3 Nov 1993 EM13 (6-12 Composite) us Embassy 605173

0064-C 3Nov1993  EMI3 (1-2 Composise) us Embassy 605174
0065-C 3 Nov 1993 EM13 (2-3 Compositz) US Embassy 60s175
0067-C 3 Nov 1993 EM14 Surface composite us Embassy 605 178
0069-C 3 Nw 1993 EM11-1 Swface (0-6) US Embassy 6005169
0071-C 3 Nov 1993 EM12-1 Surface (0-6) us Embassy 605171
00R2C 3 Nov 1993 EM13-1 Surface (0-6) us Embassy 605176
0073-C 3 Nov 1993 EM13-2 Surface (0-6) us Embassy 605177
0074-C 3 Nov 1993 EM14-1 Surface (0-6) us Embassy 605179
0021-C 4 Nov 1993 AH Conp. (Big Ahmadi) Ahmadi Hospital 605059
0022-C 4 Nov 1993 Spike C AH Comp. (Big AH) Ahmadi Hospital 605062
0023-C 4 Nw 1993 AH12 Ahmadi Surf. Comp. Ahmadi Hospital 605060
0024-C 4 Nw 1993 AH13 Surface Composite Ahmadi Hospital 605061
0025-C 4 Nov 1993 CF Compasite (Big CF) Camp Freedom 605088
0026-C 4 Nov 1993 Spike D-CF Comp. (Big CF) Camp Freedom 605092
0027-C 4 Nov 1993 CF1 1 Surface Composite Camp Freedom 605089
0028-C 4 Nov 1993 CF12 Surface Composite Camp Freedom 605090
0029-C 4 Nw 1993 CF13 Surface Composite Camp Freedom 605091
0030-C 4 Nov 1993 MH Composite (Big MH) Military Hospital 605149
0031-C 4 Nov 1993 Spike E (Big MH) Military Hospital 605153
0032-c 4 Nov 1993 MH1 1 Surface Composite Military Hospital 605150
0033-C 4 Nov 1993  MHI2 Surface Composite Military Hospital 605151
0034-C 4 Nov 1993 MH13 Surface Composite Military Hospital 605152
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IDENTIFICATION OF CARTRIDGES COLLECTED IN SAUDI ARABIA ANALYZED FOR

TABLE G-2-3.
WATER EXTRACTABLE HEXAVALENT CHROMIUM
AEHA Ficld Dar Sample RJ Lee Group
Sample No. Collected AEHA Sample Identification Location Site Sample No.
0035-C 6 Nov 1993 DA Dhahran Composite (Big DA) Al-Dhabran 605102
0036-C 6 Nov 1993 Spike F-Bin DA Composite Al-Dhahran 605111
0037-C 6 Nw 1993 DA 1 Surface Compositc Al-Dhahran 605103
0038-C 6 Nw 1993 DA11 (0-6) Composite Al-Dhahran 605104
0039-C 6 Nw 1993 DA11 (612) Composite Al-Dhahran 605105
0040-C 6 Nw 1993 DA11 (I-2) Compasite Al-Dhahran 605106
0041-C 6 Nw 1993 DA11 (2-3) Composite Al-Dhalwan 605107
0042-C 6Nw 1993 DA12 Surface Composite Al-Dhahran 605108
0043-C 6 Nw 1993 DA14 Surface Composite Al-Dhahran 605109
0044-C 6 Nov 1993 DAIS Surface Composite Al-Dhahran 605110
0045-C 7 Nov 1993 AJ Composite (Big AJ ) Al-Jubayl 605073
0046-C 7 Nov 1993 Spike G - Big AJ Al-Jubayl 605083
0047-C 7 Nov 1993 AJ11 Suyrface Composite Al-Jubayl 605075
0048-C 7 Nov 1993 AJ12 Surface Composite Al-Jubayl 605076
0049-C 7 Nov 1993 AJ13 Surface Composite Al-Jubayl 605077
0050.C 7 Nw 1993 AJ14 Surface Composite Al-Jubayl 605078
0051-C 7 Nov 1993 AJ14 (0-6) Al-Jubayl 605079
0052-C 7 Nov 1993 All4 (6-12) Al-Jubayl 605074
0053-C 7 N'w 1993 All4 (1-2) Al-Jubayl 605080
0054-C 7 Nov 1993 AJl4 (2-3) Al-Juhayl 605081
0055-C 7 Nov 1993 Al15 Surface Composite Al-Jubayl 605082
0057-C 8 Nov 1993 EV Area Surface Comp. Eskan Village 605143
0058-C 8 Nw 1993 ES15 Surface Composite Eskan Village 605144
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TABLE G-24. IDENTIFICATION OF SAND SAMPLES COLLECTED IN KUWAIT ANALYZED FOR
WATER EXTRACTABLE CHROMIUM
AEHA Field Date sample RJ Les Group
sample Na. Collected AEHA Sample [denrification Location Siu Sample No.
0001-S 2 Nov 1993 CT11-1 Camp Thunderock 605114
0002-S 2 Nov 1993 CT13 Camp Thunderock 605120
0003-5 2 Nov 1993 CT11-2 Camp Thunderuck 605115
0004-5 2 Nov 1993 CT11-3 C amp - 605116
0005-S 2 Nov 1993 CTl14 - P - 605117
0006-S 2 Nw 1993 cn?2 Camp Thunderock 605119
0007-S 2 Nov 1993 CT13 (6-12) Camp Thunderock 605122
0008-5 2 Nov 1993 CT11-5 Camp Thunderock 605118
0009-S 2 Nov 1993 CT Composite (Big Doha) Camp Thunderock 605112
0010-S 2 Nw 1993 CT13 (1-2) Camp Thunderock 605181
0011-s 2 Nov 1993 CT15 Camp Thunderock 605125
0012-s 2 Nov 1993 CT11 Camp Thunderock 605113
0016-S 2Nov 1993  CTi4 camp - 605124
0017-§ 2 Nov 1993 CT13 (0-6) - p - 605121
0018-3 2 Nov 1993 CT13 (2-3) camp - 605123
0014-5 3 Nov 1993 Embassy Comp. (Big M) us Embassy 605154
0015-S 3 Nov 1993 EM1 1 Surface Comp (0-6) US Embassy 605155
0019-s 3 Nov 1993 EM12 Surface Composite us Embassy 605157
0020-S 3 Nov 1993 EM13 (O-6) Composite us Embassy 605159
0062-5 3 Nov 1993 EM13 (6-12 Composite) us Embassy 605160
0064-S 3 Nov 1993 EM13 (I-2 Composite) us Embassy 605161
0065-5 3 Nov 1993 EM13 (2-3 Composite) us Embassy 605162
0067-S 3 Nov 1993 EM14 Surface Composite us Embassy 605165
0069-s 3 Nov 1993 EM]1 1-| Surface (0-6) us Embassy 605156
0071-s 3 Nov 1993 EMI2-1 Surface (0-6) us Embassy 605158
0072-5 3 Nov 1993 EM13-1 Surface (0-6) US Embassy 605163
0073-5 3 Nov 1993 EM13-2 Surface (0-6) US Embassy 605164
0074-S 3 Nov 1993 EM14-1 Surface (0-6) us Embassy 605166
0021-5 4 Nov 1993 AH Comp. (Big Ahmadi) Ahmadi Hospial 605056
0023-S 4 Nov 1993 AH12 Ahmadi surf. Comp. Ahmadi Hospital 605057
0024-5 4 Nw 1993 AH13 Surface Composite Ahmadi Hospital 605058
0025-5 4 Nw 1993 CF Composite (Big CF) Camp Freedom 605084
0027-S 4 Nov 1993 CF11 Surface Composite Camp Freedom 605085
0028-S 4 Nov 1993 CF12 Surface Composite Camp Freedom 605086
0029-S 4 Nw 1993 CF13 Surface Composite Camp Freedom 605087
0030-S 4 Nw 1993 MH Composite (Big MH) Military Hospital 605145
0032-S 4 Nov 1993 MH11 Surface Composite Military Hospital 605146
0033-s 4 Nov 1993 MH12 Surface Composite Military Hospital 605147
0034-5 4 Nov 1993 MH13 Surface Composite Military Hospital 605148
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TABLE G-2-5. IDENTIFICATION OF SAND SAMPLES COLLECTED IN SAUDI ARABIA ANALYZED
FOR WATER EXTRACTABLE CHROMIUM
AEHA Field Dae Sample RJ Les Group
Sample No. Collected AEHA Sample Identification Location Sk Sample No.
0035-S 6 Nov 1993 DA Dhahran Compoasite (Big DA) Al-Dhahran 605093
0037-s 6 Nw 1993 DAl 1 Surface Composite Al-Dhahran 605094
0038-S 6 Nov 1993 DA11 (O-6) Composite Al-Dhahran 605095
0039-s 6 Nov 1993 DA1 1 (6-12) Composite Al-Dhahran 605096
0040-5 6 Nov 1993 DA11 (1-2) Composite Al-Dhahran 605097
0041-s 6 Nw 1993 DA11 (2-3) Compasite Al-Dhahran 605098
0042-S 6 Nov 1993 DA12 Surface Composite Al-Dhahran 605099
0043-s 6 N w 1993 DAI14 Surface Composite Al-Dhahran 605100
0044-S 6 Nov 1993 DA1S5 Surface Composits Al-Dhahran 605101
0045-S 7 Nov 1993 AJ Composite (Big AT ) Al-Jubayl 605063
0047-§ 7 Nov 1993 AJ 11 Surface Composite Al-Jubayl 605065
0048-5 7 Nw 1993 AJ12 Surface Composits Al-Jubayl 605066
0049-S 7 Nov 1993 AJ13 Surface Composite Al-Jubayl 605067
0050-3 7 N w X993 AJ14 Surface Composite Al-Jubayl 605068
0051-8 7 N'w 1993 AJl4 (0-6) Al-Jubayl 605069
0052-5 7 N w 1993 All4 (612) Al-Jubayl 605064
0053-s 7 Nov 1993 All4 (1-2) Al-Jubayl 605070
0054-3 7 Nov 1993 Mi4 (2-3) Al-Jubayl 605071
0055-S 7 Nov 1993 AT15 Surface Composite Al-Jubayl 605072
0057-8 8 Nov 1993 EV Area Surface Comp. Eskan Village 605141
0058-S 8 Nov 1993 ES15 Surface Compasite Eskan Village 605142




" Towml water-exmactable chromium.

TABLE G-26. WATER-EXTRACTABLE TOTAL AND HEXAVALENT CHROMIUM (Cr-VI) RESULTS
FOR SAND SAMPLES COLLECTED FROM KUWAIT, ppb
AEHA Field RJ Le= Group
‘Sample Nos. Sample Nos, Towal Cr*  Cr-VI**
__(SandCartridee) (Sand/Carwridge) AEHA Sample Identification (Sand) (Carrridge)
0001-5/0001-C 605114/605128 CT11-1 <17.9 <50
0002-5/0002-C 605120/605134 CT13 <17.9 <5.0
0003-5/0003-C 605115/605129 CT11-2 <17.9 <5.0
0004-5/0004-C 605116/605130 CT11-3 <17.9 <5.0
0005-5/0005-C 605117/605131 CT114 <179 <5.0
0006-5/0006-C 605119/605133 CT12 <179 <50
0007-$/0007-C 605122/605136 CT13 (6-12) cl7.9 <5.0
0008-5/0008-C 605118/605132 CT11-5 <17.9 <5.0
0009-5/0009-C 605112/605126 CT Composite (Big Dohza) cl7.9 <5.0
0010-5/0010-C 605181/605182 CT13 (1-2) <179 <5.0
0011-5/0011-C 605125/605139 CT15 <179 <50
0012-5/0012-C 605113/605127 CT11 <179 <5.0
0016-5/0016-C 605124/605138 CTi4 <179 <5.0
0017-S/0017-C 605121/605135 CT13 (0-6) <17.9 <5.0
0018-3/0018-C 605123/605137 CT13 (2-3) c17.9 <5.0
0014-5/0014-C 605154/605167 Embassy Comp. (Big M) cl7.9 <5.0
0015-5/0015-C 605155/605168 EM]1 1 Surface Comp (0-6) <179 <5.0
0019-5/0019-C 605157/605170 EM12 Surface Composite <17.9 <5.0
0020-5/0020-C 605159/605172 EM13 (0-6) Composite <17.9 <5.0
0062-5/0062-C 605160/605173 EM13 {(6-12 Composite) c17.9 <5.0
0064-5/0064-C 605161/605174 EM13 (I-2 Composite) cl7.9 <5.0
0065-5/0065-C 605162/605175 EM13 (2-3 Composite) <179 <5.0
0067-5/0067-C 605165/605178 EM14 Surface Composite <179 <5.0
0069-5/0069-C 605156/605169 EM11-1 Surface (0-6) cl7.9 <5.0
0071-5/0071-C 605158/605171 EM12-1 Surface (0-6) <17.9 <5.0
0072-5/0072-C 605163/605176 EM13-1 Surface (0-6) <179 <5.0
0073-S/0073-C 605164/605177 EM13-2 Surface (0-6) <179 <5.0
0074-5/0074-C 605166/605179 EM14-1 Surface (0-6) cl7.9 <5.0
0021-5/0021-C 605056/605059 AH Comp. (Big Ahmadi) <179 <5.0
0023-5/0023-C 605057/605060 AHI12 Ahmadi Surf. Comp. <179 <5.0
0024-5/0024-C 605058/605061 AH13 Surface Composite <17.9 <5.0
0025-5/0025-C 605084605088 CF Composite (Big CF) <17.9 <5.0
0027-5/0027-C 605085/605089 CF11 Surface Composite cl7.9 <5.0
0028-5/0028-C 605086/605090 CF12 Surface Composite <17.9 <5.0
0029-5/0029-C 605087/605091 CF13 Surface Composite <179 <5.0
0030-5/0030-C 605145/605149 MH Composite (Big MH) cl7.9 <5.0
0032-5/0032-C 605146/605150 MH11 (Surface Compos.) c17.9 <5.0
0033-5/0033-C 6051471605151 MH12 Surface Composite <179 <5.0
0034-5/0034-C 605148/605152 MH13 Surface Composite <17.9 <5.0

** Cr-Vlin sand assuming a 20 g sample and all sample charged onto the cargidge.

. G=2-7




RESULTS OF WATER-EXTRACTABLE TOTAL AND HEXAVALENT CHROMIUM (Cr-

TABLE G-Z-7.
VI) ANALYSES ON SAND SAMPLES FROM SAUDI ARABIA, ppb
AEHA Ficid RJ Lee Group
Sample No. Sampk No. AEHA sample Identification Toal Cr* Cr-VI**

0035-5/0035-C 605102/605093 DA Dhahran Composite (Big DA) c17.9 <5.0
0037-5/0037-C 605103/605094 DAL 1 Surface Composits cl7.9 <5.0
0038-5/0038-C 605104/605095 DAL 1 (O-6) Composite <179 4.0
0039-5/0039-C 605105/605096 DA1 1(6- 12) Composite <179 4.0
0040-5/0040-C 605106/605097 DAI11 (1-2) Composite <179 4.0
0041-8/0041-C 605107/605098 DA11 (2-3) Composite <179 <5.0
0042-5/0042-C 605108/605099 DA12 Surface Compaosite <179 <5.0
0043-5/0043-C 605109/605100 DA14 Surface Compaosite <179 <5.0
0044-5/0044-C 605110/605101 DA1S5 Surface Composite <179 <5.0
0045-S/0045-C 605073/605063 AJ Composite (Big Al ) <179 <5.0
0047-5/0047-C 605075/605065 AJ11 Surface Composite cl7.9 <5.0
0048-5/0048-C 605076/605066 AJ12 Surface Composite <17.9 <50
0049-5/0049.C 605077/605067 AJ13 Surface Composite 47.9 4.0
0050-5/0050-C 605078/605068 AJ14 Surface Composite c17.9 4.0
0051-5/0051-C 605079/605069 All4 (0-6) <179 4.0
0052-5/0052-C 605074/605064 All4 (6-12) <179 <5.0
0053-5/0053-C 605080/605070 All4 (1-2) <17.9 <5.0
0054-5/0054-C 605081/605071 AJl4 (2-3) <17.9 4.0
0055-S/0055-C 605082/605072 AJ15 Surface Composite <17.9 4.0
0057-5/0057-C 605143/605141 EV Area Surface Comp. <179 <5.0

_0053-8/0058-C 605144/605142 ES IS Surface Composite <179 <5.0

« Total waler-extractable chromium.

* Cr-VI in sand assuming a 20 g sample and all sampie charged onto the cartridge.

-_————ge
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TABLE G-2-S. RESULTS OF ANALYSIS OF CARTRIDGES FROM SAND SPIKED IN THE FIELD WITH
HEXAVALENT CHROMIUM (Cr-V])

RJ Lee Group Cr-vV1 Spike Level % Spike
Sample No. AEHA sample Identification (ppb) (ppb) Recovery
605180 Spike A Embassy Composite 97.3 105.0 926%
605140 Spike B CT (Big Doha) 85.5 103.0 83.0%
605062 Spike C AH Composite. (Big AH) 155.7 106.0 146.8%
605092 Spike D CF Composite (Big CF) 180.7 115.0 157.1%
605153 Spike E (Big MH) 108.0 110.0 982%
605111 Spike F Big DA Composite 301.1 209.0 144.1%
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TABLE G-2.9. SUMMARY OF CCSEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR SAND SAMPLES COLLECTED IN 1991, (WT.%)

AEHA Field RJ Lee Group ~ ------- Particle $ize Range (pm)e——we——o —_
Sample No, Daie Collected Sample Location Site Sample No. <4 4-15 7.5-10 10-30 > 30
CF-5A 0 May 199t Camp Frcedom, Kuwait 601464 4 7 4 6l 25
CF-6A 30 May 1991 Camp Freedom, Kuwail 601465 4 8 4 66 17
DA-4A 14 May 1991 Al-Dhahran, Saudi Arabia 601466 4 9 8 58 26
DA-IB-7 12 Sep 1991 Al-Dhahran, Saudi Arabia 601467 &4 15
KK4A 18 May 1991 KKMC, Saudi Arabia 601468 18 17 6 54 6

TABLE G-2-10. SUMMARY OF CCSEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR SAND SAMPLES COLLECTED IN 1993, (WT. %)

AEHA Field RJLeeGroup -------- Particle Size Range (pm) ---------

Sample No. Daie Collecied Sample Location Site Sample No. <4 4-1.5 1.5-10 10-30 > 30
Big CT 3 Nov 1993 Camp Thurderock, Kuwait 605192 3 5 5 26 61
Big EM 4 Nov 1993 US Embassy, Kuwait 605194 ! I ! (L
Big AH 5 Nov 1993 Ahmadi Hospilal, Kuwait 605189 2 3 3l 28 64
Big CF 5 Nov 1993 Camp Freedom, Kuwait 605191 5 4 3 1 55
Big MH 5 Nov 1993 Military Hospital, Kuwait 6051935 3 3 2 60 32
Big DA 7 Nov 1993 Khobar, Saudi Arabia 605193 8 B L] 17
Big Al 8 Nov 1993 Al-Jubayl, Saudi Arabia 605190 2 5 7 58 28
Al Composite 8 Nov 1993 Al-Jubayl, Saudi Arabia 605063 2 3 4 61 30
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TABLE G-2-11, SUMMARY OF CCSEM PARTICLE-TYPE DATA FOR SAND SAMPLES COLLECTED IN 1991
Si-rich and

AEHA Field RJILee Grour| Mined Clays C-e-rich C-rich Miscellaneous
Sample No. _ Collection Date Sample Location Site Sample No.' fwt. % (R Pan)IWI. % (#Pan){ Wi % (¥Pan)|wt % (¥ Part.)
CF-SA 10 May 1991 Camp Freedom, Kuwait 601464 62 158 34 96 3 42 <1 3
CF-6A 30 May 1991 Camp Freedom, Kuwait 601465 17 60 40 86 27 108 15 45
DA4A 14 May 1991 Al-Dhahran, Saudi Arabia 601466 30 52 70 163 9 60 4 9
DA- IB-7 12 Sep 1991 Al-Dhahran, Saudi Arabia 601467 11 67 152 2 16 t 20
KK4A 18 May 1991 KKMC, Saudi Arabia 601468 50 168 43 100 5 23 2 8

TABLE Q-2- 12, SUMMARY OF CCSEM PARTICLE TYPE DATA RESULTS FOR SAND SAMPLES COLLECTED IN 1993

Si-rich and

AEHA Field RJ Lee Grou| Mixed Clays Ca-rich C-rich Miscellaneous
Sample No. _ Collection Date Sample Location Site Sample No. ] Wt. % (# Pan)] Wt. % (¥ Pan.)| Wt. % (¥ Part)] wt. % (¥ Part.)
Big CT 3 Nov 1993 CP Thunderock, Kuwait 605192 45 1] 50 143 2 84 3 10
Big EM 4 Nov 1993 US Embassy, Kuwait 605194 30 89 63 6 108 1 1
Big AH 5 Nov 1993 Ahmadi Hosp., Kuwait 605189 55 105 41 138 3 i61 i 9
Big CF 5 Nov 1993 Camp Freedom, Kuwait 605191 38 82 35 to2 5 144 i 8
Big MH 5 Nov 1993 Military Hosp., Kuwait 605195 97 68 058 4 13 3 18
Big DA 7 Nov 1993 Khobar, Saudi Arabia 605193 60 53 2 76 [
Big Al 8 Nov 1993 Al-Jubayl, Saudi Arabia 605190 17 35 67 136 13 161 3 15

AJ Composite 8 Nov 1993 Al-Jubayl, Saudi Arabia 605063 17 46 80 150 2 133 1 9

*




TABLE G-2-13. IDENTIFICATION OF PM-10 SAMPLES ANALYZED FOR METALS, BROMINE, AND

HEXAVALENT CHROMIUM

AEHA Ficld Dac PM-10 _ RJ Lee Group
Sampie No. Collected Sample Location Siu Conc. (ug/m3) Sample No.

5322375 2 2 Magv 1991 King Khalid Military Cify. Saudi Arabia 9235 604999
5248123 26 Jul 1991 King Khalid Military City, Saudi Arabia 100.8 605002
5322339 23 May1991 Khobar, Sandi Arabia 433.8 605003
5322318 2 Jun 1991 Khobar, Sandi Arabia 296.6 605004
5208839 19 Jum 1991 Khobar, Saudi Arabia 2826 605005
5208619 29 Jul 1991 Khobar, Saudi Arabia 215.6 605006
K-27 1 Oct 1991 Khobar, Saudi Arabia 2113 605007
K40 15 Oct 1991 Khobar, Saudi Arabia 167.0 605008
01H2/3/AS/5D-6 3 Nov 1993 Khobar, Saudi Arabia 56.4 605033
01H2/3/AS/SD-7 4 Nov 1993 Khobar, Saudi Arabia 512 605034
01H2/3/AS/SD-9 4 Nov 1993 Khobar, Saudi Arabia 40.3 605035
01H2/3/AS/SD-11 5 Nov 1993 Khobar, Saudi Arabia 95.4 605036
01H2/3/AS/SD-13 5 Nov 1993 Khobar, Saudi Arabia 30.1 605037
01H2/3/AS/SD-14 6 Nov 1993 Khobar, Saudi Arabia 74.8 605038
01H2/3/AS/SD-16 6 Nov 1993 Khobar, Sandi Arabia 31.8 605039
01H2/3/AS/SD-17 7 Nov 1993 Khobar, Saudi Arabia 56.2 605040
01H2/3/A5/5D-18 7 Nov 1993 Khobar, Saudi Arabia 41.6 605041
01H2/3/AS/5D-20 7 Nov 1993 Khobar, Sandi Arabia 66.8 605042
5295163 20 Jum 1991 Eskan Village, Saudi Arabia 6975 605011
5207461 1 Ang 1991 Eskan Village, Saudi Arabia 115.3 605012
5322334 23 May1991  Al-Jubayl, Saudi Arabia 338.7 605013
5332661 7 Jul 1991  Al-Jubayl, Saudi Arabia 337.9 605016
5208620 29 Jul 1991 Al-Jubayl, Saudi Arabia 175.1 605017
5334601 20 Jum 1991 Ahmadi Hospital. Kuwait 544.1 605019
5334638 26 Jun 1991 Ahmadi Hospital, Kuwait 191.0 605020
5339627 11 Jum 1991 Camp Thunderock, Kuwait 365.7 605022
5339672 13 Jum 1991 Camp Thunderock, Kuwait 188.0 605021
5208922 31 Jul 1991 Camp Thunderock, Kuwait 272.4 605023
KA-18 12 Oct 1991 Camp Thunderock, Kuwait 2324 605024
X-H2/CT/AS/SD-43 2 Nov 1993 Camp Thunderock, Kuwait 238 605043
X-H2/CT/AS/SD-45 3 Nov 1993 Camp Thunderock, Kuwait 56.2 605044
X-HY/CT/AS/SD46 3 NW 1993 Camp Thunderock, Kuwait 553 605045
X-H2/CT/AS/SD-48 3 Nov 1993 Camp Thunderock, Kuwait 2718 605046
X-H2/CT/AS/SD-50 4 NW1993 Camp Thunderock, Kuwait 61.8 605047
X-H2/CT/AS/SD-52 4 Nov 1993 Camp Thunderock, Kuwait 38.5 605048
X-H2/CT/AS/SD-53 5 Nov 1993 Camp Thunderock, Kuwait 28.2 605049
X-H2/CT/AS/SD-55 s Nov 1993 Camp Thimderock, Kuwait 375 605050
X-H2/CT/AS/SD-56 6 Nov 1993 Camp Thunderock, Kuwait 345 605051
X-H2/CT/AS/SD-58 6 Nov 1993 Camp Thunderock, Kuwait 359 605052
X-HYCT/AS/SD-60 6 Nov 1993 Camp Thumderock, Kuwait 40.7 605053
X-H2/CT/AS/SD-61 7 Nov 1993 Camp Thunderock, Kuwait 36.4 605054
X-H2/CT/AS/SD-62 7 Nov 1993 Camp Thunderock, Kuwait 455 605055
5339613 20 May 1991 US Embassy, Kuwait 1105.7 605025
5248188 17 Jun 1991 us Embassy, Kuwait 6127 605026
5334603 20 Jum 1991 us Embassy, Kuwait 293.5 605027
5295191 S Jum 1991 M ilitary Hospital, Kuwait 759.0 605028
5295153 17 Jun 1991 Military Hospital, Kuwait 610.8 605029
KA-17 12 Oct 1991 Mﬂim Hoggital, Kuwait 121.6. 605032
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TABLE G-2:14, METALS AND BROMINE RESULTS FOR PM-I0 SAMPLES COLLECTED IN KUWAIT (nglm3)
AEHA Field Date RI Lee Group Sample

Sample No. Collected  Sample No.  Location Siie v Cr Ni Zn Sr I G As Pb Sb Br* Hg
5334601 20 Jun 1991 605019 At-Ahmadi 405 225 248 a89 620 3 . 9 <1 1292 1900 <07 12
5334638 2 6 Jun1991 605020 Al-Ahmadi 163 134 104 655 843 2.6 <i6 29 1430 1589 <06 04
5339613 20 May t991 605025 US Embassy 46.0 73.0 46.7 1049 168.0 8.0 <20 58 1680 2049 <071 07
5248188 17 Jun 1991 605026 US Embassy 327 739 537 824 1983 8.6 <23 57 340 2252 <08 07
53346133 20 Jun 1991 605627 US Embassy 245 253 185 974 1103 <33 <33 <33 4571 3312 <1 20

5295 191 5 Jun 1991 605028 Military Hospital 310 705 510 780 1621 7.1 ct.5 59 63.0 t5.00 <0.6 0.5

5295 153 17Jun 1991 605029 Military Hospital 316 748 497 807 1616 63 <22 58 405 2216 <0.7 08
KA-17 t 2 Oct 1991 605032 Military Hospital 1kt 83 51 706 286 <L5 <15 26 7539 1490 <04 14
5339627 [t Jun 199t 605022 CampThunderock 22.8 25.3 18.6 99.0 133.3 4.7 <27 36 296 2691 <09 06
5339672 13 Jun 1991 605021 Camp Thunderock 17.11 2 . 8 91 822 1039 19 17 22 325 1612 <06 08
5208922 31 Jut 1991 605023 Camp Thunderock 20.8 34.1 23.7 95.8 140.0 4.8 <23 35 355 2302 <09 07
KA-18 12 Oct 1991 605024 Camp Thunderock 222 127 106 949 603 <29 <29 <29 5519 2874 <07 08
X-H2/CT/AS/SD43 2 Nov 1993 605043 Camp Thunderock <4.9 4 6 6.2 50.7 84 <24 <24 <24 975 <4 <09 <0.7
X-H2/CT/AS/SD45 3 Nov 1993 605044 CampThunderock <54 76 11,7 751 200 <27 <27 <27 309 <27 <10 <08
X-H2/CT/AS/SD46 3 Nov 1993 605045 CampThunderock <4.9 7.7 104 627 208 <24 26 <24 31 0 <24 <09 <0.7
X-H2/CT/AS/SD48 3 Nov 1993 605046 CampThunderock <47 51 7.1 42,2 97 <23 <23 <23 241 <23 <08 <07
X-H2/CT/AS/SD-50 4 Nov 1993 605047 CampThunderock 5 . 0 811 125 664 321 <23 <23 23 265 <23 <08 <0.7
X-H2/CT/AS/SD-52 4 Nov 1993 605048 Camp Thunderock <4.8 6 4 68 514 163 <24 <24 <24 186 <4 <09 <0.7
X-H2/CT/AS{SD-53 5 Nov 1993 605049 Camp Thunderock <4.74 . 3 4.7 41.6 92 <24 <24 <24 240 <M <09 <0.7
X:H2/CT/AS/SD-55 5 Nov 1993 605050 CampThunderock <4.85.2 73 579 165 <24 <24 <24 231 <24 <09 <07
X-H2/CT/AS/SD-56 6 Nov 1993 605051 Camp Thunderock 5 6 51 103 602 134 <25 <235 <25 261 c25 co0.9 <0.7
X-HY/CT/AS/SD-58 6 Nov 1993 605052 CampThunderock <5.14.1 57 467 150 26 <26 <26 237 <2 <09 <08
X-HY/CT/AS/SD-60 6 Nov 1993 605053 CempThunderock 5.9 4.8 60 464 168 <23 <23 <23 357 <21 <08 <«0.7
X-H2/CTIAS/SD-61 7 Nov 1993 605054 Camp Thunderock <5.7 5 5 66 786 174 <28 <28 <28 362 <28 <1.0 <08
X-H2/CT/AS/SD-62 T Nov 1993 605055 Camp Thunderock <5.4 4 9 66 684 161 <27 35 <27 525 <27 <10 <08

o Results for bromine reported as pg/m3
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TABLEG-2-15.  METALS AND BROMINE RESULTS FOR PM- 10 SAMPLES COLLECTED IN SAUDI ARABIA (ng/m3)

AEHA Field Date RJ Lee Group Sample

Sample No. Collected  Sample No.  Location  Sile V Cr Ni Zn St Ir Cd As  Pb Sb_ Br* Hg
5322375 22 May 1991 604999 KKMC 218 239 410 614 1093 72 <14 35 85 <14 <07 06
5248123 2 6 Jut 1991 605002 KKMC 71 52 75 403 360 23 <idl LS 227 <l <04 13
5322334 23 May 1991 605013  Al-Jubayl 229 303 268 730 962 45 <14 34 1112 1426 <07 0.7
5332661 7 Jut 1991 605016  Al-Jubayl 239 249 249 549 848 35 <15 31 930 1499 <03 06
5208620 29 Jut 1991 605017  At-Jubayt 151 152 125 558 459 36 <14 24 2590 1424 <05 08
5295163 20 Jun 1991 605011  Eskan Village 356 533 366 954 1120 9.0 «<it6 52 1367 1590 <04 0.6
5207461 | Aug 1991 605012  Eskan Village 79 123 67 741 292 29 <18 <18 425 1772 <07 0.8
5322339 23 May 1991 605003  Khobar 236 224 364 825 1381 54 <14 47 1853 <14 <05 05
5322318 2 Jun 1991 605004  Khobar 289 134 249 1331 1953 30 <16 26 3439 <16 <08 0.5
5208839 19 Jun 1991 605005  Khobar 220 267 254 965 993 43 <cl.8 3.1 1389 1781 <09 04
5208619 2 9 Jul19%1 605006  Khobar 169 132 156 2754 764 30 cl.2 22 3174 1193 <04 1)
K-27 1 Oct 1991 605007 Khobar 69 93 85 526 1286 <13 <13 1.7 3564 1343 <06 03
K40 1S Oct 1991 605008 Khobar 100 t03 102 562 728 1.7 <13 22 702 1462 <0.5 02
01H23/AS/SD-6 3 MNov 1993 605033  Khobar <58 53 92 742 1.1 <29 <29 <29 3769 <29 ct0 <08
01H2/3/AS/SD-T 4 Nov 1993 605034  Khobar <64 82 99 965 263 <32 <32 <32 2508 <32 <1 .2 <10
01H2/3/AS/SD9 4 Nov 1993 605035  Khobar <59 60 80 792 171 <29 <29 <29 4164 <29 <11 <09
O01H2/3/AS/SD-11 § Nov 1993 605036  Khobar <60 76 104 754 716 <30 <30 <0 1748 <30 <L.b <09
01H2/3/AS/SD-13 5 Nov 1993 605037 Khobar <57 78 88 588 83 <28 <2B <28 2997 <28 <i.0 <08
OIH2/3/AS/SD-14 6 Nov 1993  60503%  Khobar <63 84 .2 B69 456 <31 <31 <A1 3377 <31 <11 <09
01H2/3/AS/SD-16 6 Nov 1993 605039  Khobar <55 77 95 793 114 <28 <28 <28 3689 <28 <1 .0 <08
O1H2/3/AS/SD-17 7 Nov 1993 605040  Khobar <58 86 122 803 271 <29 <29 <29 3376 <29 <10 <09
OLH2/3/AS/SD-18 7 Nov 1993 605041  Khobar <55 86 101 829 126 <27 <27 <27 2963 <27 <10 09
01H2/3/AS/SD-20 7 Nov 1993 605042  Khobar <60 79 116 1060 319 <30 <30 <30 2383 <J0 <t | <09

* Resulls for bromine reported as pg/m-*




TABLE G-2-16. RESULTS OF WATER-EXTRACTABLE TOTAL AND HEXAVALENT CHROMIUM
(Cr-VI) ANALYSES FOR PM-10 FILTERS COLLECTED IN KUWAIT, ng/m3
AEHA Field RJ Lee Group Due Sample
Sample No. Sample No. Collected Location Site ~ Total Cr* Cr-V1
5334601 605019 20 Junm 1991 Al-Ahmadi cl.0 CO.5
5334638 605020 26 fun 1991 Al-Ahlnadi <0.8 <0.4
5339613 605025 20 May1991 us Embassy cl.1 <0.5
5248188 605026 17 Jun 1991 us Embassy <8.0 <0.5
5334603 605027 20 Jun 1991 us Embassy cl.9 <0.9
5295191 605028 5 Jun 1991 Military Hospital <2.7 co.4
5295153 605029 17 Jun 1991 Military Hospital Cli <0.6
KA-17 605032 12 Qect 1991 Military Hospital <0.7 co.4
5339621 60502 11 Jun 1991 Camp Thunderock cl.4 <0.7
5339672 605021 13 Jun 1991 Camp Thunderock c0.9 <0.4
5208922 605023 31 Jul 1991 Camp Thunderock «1.2 <0.6
KA-18 605024 12 Qct 1991 Camp Thunderock <l1.6 <0.8
X-H2/CT/AS/SD-43 605043 2 Nov 1993 Camp Thunderock cl.3 co.7
X-H2/CT/AS/SD-45 605044 3 Nov 1993 Camp Thunderock <l.4 co0.7
X-H2/CT/AS/SD-46 605045 3 Nov 1993 Camp Thunderock <l.3 <0.6
X-H2/CT/AS/SD-48 605046 3 Nov 1993 Camp Thunderock cl.3 <0.6
X-H2/CT/AS/SD-50 605047 4 Nov 1993 Camp Thunderock <1.2 <0.6
X-H2/CT/AS/SD-52 605048 4 Nov 1993 Camp Thunderock cl.3 <0.6
X-H2/CT/AS/SD-53 605049 5 Nov 1993 Camp Thunderock 1.3 <0.6
X-H2/CT/AS/SD-55 605050 5 Nov 1993 Camp Thunderock cl.3 <0.6
X-H2/CT/AS/SD-56 605051 6 Nov 1993 Camp Thunderock cl.3 co.7
X-H2/CT/AS/SD-58 605052 6 Nov 1993 Camp Thunderock cl.4a co.7
X-H2/CT/AS/SD-60 605053 6 Nov 1993 Camp Thunderock cl.3 <0.6
X-H2/CT/AS/SD-61 605054 7 Nov 1993 Camp Thunderock cl.5 CO0.8
X-H2/CT/AS/SD-62 605055 7 Nov 1993 Camp Thunderock cl.4 co.7
* Total water-exiractable chromium

G-2 -15




TABLE G-2-17.  RESULTS OF WATER-EXTRACTABLE TOTAL AND HEXAVALENT CHROMIUM
(Cr-VD) ANALYSES FOR PM-10 FILTERS COLLECTED IN SAUDI ARABIA, ng/m>

AEHA Field RJ Lee Group Dak Sample
Sample No. Sample No. Collected Location Site Total Cr* Cr-VI
5322375 604999 22 May1991 KKMC 5.3 co.4
5248123 605002 26 Jul 1991 KKMC <0.6 <0.3
5322334 605013 23 May1991 Al Jubayl <0.8 co.4
5332661 605016 7 Jul 1991 Al Jubayl <0.8 <0.4
5208620 605017 29 Jul 1991 Al Jubayl Co.8 co.4
5295 163 605011 20 Jun 1991 Eskan Vil «<0.8 co.4
5207461 605012 1 Aung 1991 Eskan Vil c0.9 <0.5
5322339 605003 23 May1991 Khobar <0.8 <0.4
5322318 605004 2 Jun 1991 Khobar <0.8 co.4
5208839 605005 19 Jon 1991 Khobar <0.9 Co.5
5208619 605006 29 Jul 1991 Khobar <0.6 C0.3
K-27 605007 1 Oet 1991 Khobar co.7 <0.4
K40 605008 1s QOet 1991 Khobar C0.8 co.4
01H2/3/AS/SD-6 605033 3 Nov 1993 Khobar 4.0 <0.8
01H2/3/AS/SD-7 605034 4 Nov 1993 Khobar <17 c0.9
01H2/3/AS/SD-9 605035 4 Nov 1993 Khobar <1.6 <0.8
01H2/3/AS/SD-11 605036 5 Nov 1993 Khobar <l.6 <0.8
01H2/3/AS/SD-13 605037 5 Nov 1993 Khobar <l.5 <0.8
01H2/3/AS/SD-14 605038 6 Nov 1993 Khobar <1.7 co.8
01H2/3/AS/SD-16 605039 6 Nov 1993 Khobar cl.5 <0.7
01H2/3/AS/SD-17 605040 7 Nov 1993 Khobar <1.6 <0.8
01H2/3/AS/SD-18 605041 7 Nov 1993 Khobar Cl.5 <0.7
01H2/3/AS/SD-20 605042 7 Nov 1993 Khobar <l.6 <0.8

o Total water-extracabie chromium
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TABLE 0-2-18. IDENTIFICATION AND RESULTS AsSOCIATED WITH PM-10 SAMPLES SELECTED FOR THERMAL/OPTICAL ANALYSIS
Dale R} Lee Group AEHA Lab PM-IO Cene. Organic Carbon Elemental Carbonate Total Carbon

Location Collected Sample  No. No. {g/m3) (ug/m3) (ng/m3) {ug/m3) (ng/m3)
KKMC 26 -Jul 1591 605002 Y8948 100.8 22  (2%) 1.8 (2%) 20 (2%) 6.0 (6%)
Khobar 23 May 1991 605003 Y214 433.6 56  (I%) 6.2 (1%) 95 (2%) 213 (4%)
Khobar 2 Jun 1991 605004 Y39 296.6 73 (2%) 306  (10%) 5.7  (2%) 436 (14%)
Khobar 19 Jun 1991 605005 Y4787 282.6 48 (%) 1.0 (4%) 6.1 (2%) 219 (8%)
Khobas 29 Jul 1991 605006 Y8946 215.6 62 (%) 174 (8%) 36 (2%) 272 (13%)
Khobar 1 Oc 1991 605007 23051 211.3 40 (2% 09 (<1%) 36 (2%) 85 {4%)
Khobar IS ckt 1991 605008 Zm 167.0 62 (A% 2.8 (2%) 1L (1%) 10, (%)
Khobar 3 Nov 1993 605033 SD-6 56.4 11 (&%) 1.6  (3%) 0.0 (0%) 49  (9%)
Khobar 4 Nov 1993 605034 SD-7 57.2 13 (6%) 13 (2%) 1.3 (2%) 59 (10%)
Khobar 5 Nov 1993 605036 SD-II 95.4 42 (4% 1.1 (1%) 41 (5%) 94 (10%)
Khobar 5§ Nov 1993 605037 SD-13 30.1 15 (12%) 1.7 {6%) 52 (18%)
Khobar 6 Nov 1993 605038 SD.14 74.8 60 (8% 1.8  (2%) 2.0 (B%) 929 (13%)
K hobar 7 Nov 1993 605041 SD-1S 41.6 46 (11%) 1.9 {4%) 0.0 (0%) 6.5 (15%)
Eskan Village 20 Jun 1991 60501 ¢ Y4769 697.5 200 (%) 2.2 (<1%) 3.2 (<i%) 254  (3%)
Eskan Village 1 Aug 1991 605012 Y9326 115.3 182 (%) 47 (4%) 0.7 (1%) 13.6  (12%)
Al-Jubayl 23 May 1991 605013 Y2101 338.7 631 (2%) 18 304 88 (3%) 269 (B%)
Al-Jubayl 7 Jul 1991 605016 Y6482 337.9 68 (2% 29.0 29% a.3 (2%) 4.1 (1%
Al-Jubayl 29 Jul 1991 605017 Y8947 175.1 46 (3% 149  (9%) 29 (2%) 224 (14%)

Ahmadi Hospital 20 Jun 1991 605019 Y5148 544.1 390 (T%) 198.5 (36%) 55 (%) 2430 (M%)

Ahmadi Hospital 26 Jun 1991 605020 Y5642 191.0 30 (2%) 7.8 (4%) 0.0 {(0%) 108 (6%)
Camp Thunderock 13 Jun 1993 603021 Y4401 188.0 75 (4%) 324 (17%) 28  (2%) 419 (A%)
Camp Thunderock 1} Jun 1991 605022 Y4469 365.7 81 (%) 122  {(3%) 70 (2%) 273 (%)
Camp Thunderock 31 Jul 1991 605023 Y9110 272.4 61 (2% 1.7 (%) 35  (1%) 113 4%)
Camp Thunderock 12 Oct 1991 605024 23712 232.4 56.5 (24%) 53.8  (23%) 0.0 (0%) 1103 @M%
Camp Thunderock 3 Nov 1993 605044 SD-45 56.2 44  (8%) 36  (6%) 0.0 (0%) 8.0 (14%)
Camp Thunderock 3 Nov 1993 605045 SD46 55.3 47  (8%) 36 {6%) 0.0 (0%) 8.3 (14%)
Camp Thunderock 4 Nov 1993 605047 SD-50 61.8 50 (8%) 23 ([4%) .2 (2%) 8.6 (14%)
Camp Thunderock 5 Nov 1993 605049 SD-53 28.2 30 (11%) 06 (%) 0.0 (0%) 1.7 (13%)
Camp Thunderock 5 Nov 1993 605050 SD-55 375 3.9  (10%) 0.5 (1% 0.0 (0%) 44 (M%)
Camp Thunderock 7 Nov 1993 405055 SD-62 45.5 54  (12%) 14 (3%) 0.0 (0%) 6.8 (15%)
U.S. Embassy 17 Jun 1991 605026 Y4397 612.7 94  {(1%) 1.8 (<1%) 158 (3%) 270 (4%
U.S. Embassy 20 Jun 1991 605027 Y5150 293.5 132 (5%) 50.5  (17%) 32 (1%) 66.9 (23%)
Military Hospital 17 Jun 1991 605029 Y4395 610.8 8.8 (1%) 17 (<1%) 176 (3%) 28.1 (4%)
Military Hospital 12 Oct 1991 605032 ZIT 121.6 26.0 (21%) 128  {(11%) 34  (3%) 42.2 (35%)




TABLE G-2-19. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1991 SAMPLES

AEHA Field  Dar

Sample No. Collected _Lab No.

AEHA RJ Lee Group
Sample No.

Sample
Location Site

QObservations/Comments

5339613 20May 1991 Y2li4

5322375 2 May 1991 Y2105

5322339 23 May 1991 Y2104

Y2101

5322334 23 May 1991

5322356 31 May 1991 Y3114

5322318 2Jun1991 Y3109

605025

604999

605003

605013

us Embassy,

Kuwait

KKMC,
Saudi Arabia

Khobar,
Saudi Arabia

Al-Jubayl,
Saudi Arabia

KKMC

SandxAmbna

Saudi Arabia

PM-10 concentration: 1105.7 ug/m?
Two filter (glass-fiber) _sections
received on 21 Oct 1993: (1) 7-W x
2-3/47, (2) 7-1/2" x 2-3[4"

Very heavy particle loading
Browa/gray color

PM-10 concentration: 923.5 pg/m3
Four filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-3/4" x
2-3/4", (2) -6-1/2" x 2-3/4", (3) 2-
1/4" x =1-1/2%, (4) 47 mm circular
secuon

Heavy particie loading

Brown colar

PM-10 concentration: 433.8 ug/m3
Three filter (glass-fiber) sections
received on 21 Q¢t 1993: (1) 5" x 2-
314", (2) 4-3/4" x 2-3/4" (with 47 mm
circular section removed), (3) 6-1/4" x
2-3/47

vay heavy paricle loading
Tan/brown color

PM-10 concentration: 338.7 ug/m>
Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 8” x 2-
3/4", (2) 8" x 2-7/8" (with a 47 mm
circle removed)

Very heavy particle loading

Dark gray coior

PM-10 concentration: 109.2 pug/m3
Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-3M4" x
3”. (2) 7-3/4" x 3” (with a 47 mm
circle removed)

Heavy particle loading

Gray color

PM-10 concentration: 296.6 ug/m>3
Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-3/4" x
3, (2) 7-3/4" x 2-3/4" (with 47 mm
circular section removed)

Heavy particle loading

Black color
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TABLE G-2-20. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1991 SAMPLES

AEHA Ficld

Sample No, Collectad

5248130

5295191

5207481

5339627

5243136

Date

AEHA RJ Lee Group Sample

lab No.

Sample No.

Location Site

Observanons/Comments

4 Jun 1991

5 Jun 1991

10 Jun 1991

11 Jun 1991

11 Junm 1991

11 Jun 1991

Y3105

Y4374

Y3742

Y4469

Y4392

Y4461

605014

605028

605009

605022

605015

605018

Al-Jubayl,
Saudi Arabia

Military Hospital,
Kuwait

Eskan Village.
Saudi Arabia

Camp Thunderock,
Kuwait

Al-Jubayl,
Saudi Arabia

Ahmadi Hospital,
Kuwait

PM-10 concenmation: 360.7 pg/m>
Seven filter (glass-fiber) sections
received an 21 Oct 1993: (1) 3-3/4" x
1-1727, (2) 3-34" x 1-3/4", (3) 2-w
x 1-5/8%, (4) 2" x 1/3/4", and three
47-mm circular sections

Heavy particle loading

Black color

PM-10 concentration: 759.0 kg/m>
Two filter (glass-fiber) sections
received al 21 Oct 1993: (1) 7-1/2" x
2-178", (2) 7-12" x 2-7/8"

Very heavy particle loading

Brown color

PM-10 concennation: 176.1 u.g/m3
Four filter (glass-fiber) sections
received on 21 Oct 1993; (1) 2-3/4" x
27, (2) ~3-3/4" x 27 (3) ~4" x 2",
4)5" x 2

Heavy particle loading

Dark gray color

PM-10 concenuation: 365.7 ugjm3
Two filter (glass-fiber) sections
received on 21 O¢t 1993: (1) 7-3/4" x
1-7/8", (2) 7-3/4" x 1-7/8"

Heavy particle loading

Black color

PM-10 concentration: 1855 p.g/m3
Two filter (glass-fiber) sections
received on 21 QOct 1993: (1) ~7-1/47
x 2-7/8", (2) ~7-1/4" x 2-1/8"
Heavy particle lcading

Gray color

PM-10 ¢concentration : NA

Two filter (glass-Ober) sections
received on 21 Oct 1993: (1) 7-3/47 x
1-7/87, (2) 7-3/4" x 2"

Heavy particle loading

Black color

AEHA document states that this is
not a valid sample.
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TABLE G-2-21.. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-I0
IN KUWAIT AND SAUDI ARABIA - 1991 SAMPLES

SAMPLES CO

AEHA RJ Lee Group Sample
Sample No. Location Site

Observations/Comments

AEHAField Darm

Sample No. Collected  Lab No.
5339672 13 Jun 1991

5207488 14 Juyn 1991

5248188 17 Jun 1991

5295153 17 fun 1991

5208839 19 Jun 1991

5295163 20 Jun 1991

5334601 20 Jun 1991

Y4401

Y4763

Y4397

Y4395

Y4787

Y4769

Y5148

605021

605010

605026

605029

605005

605011

605019

Camp Thunderock, - PM-10 concentration: 188.0 pg/m>

Kuwait

Eskan Village,
Saudi Arabia

us Embassy,

Kuwait

Military Hospital,
Kuwait

Khobar,
Saixi Arabia

Eskan Village.
Saudi Arabia

AhmadiHospital.
Kuwait

Two filter (glass-fiber) sections
received on 21 Qct 1993: (1) 7-34" x
2-1/8°, (2) 1-3/4™ x 2-1/8"

Heavy particle loading

Black color

PM-10 concentraton: 955 pug/m>
Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) ~7-1/2
x 2”. () -7-w x 1-7/8"

Moderate particle loading

Dark gray color

PM-10 concentration: 6127 pg/m*
Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-14" x
3".(2)7-1/4* x 3”

Very heavy particle loading

Brown colar

- PM-10 concentration: 610.8 pg/m>

Two filter (glass-fiber) sections
received on 21 Oet 1993: (1) 7-1/4" x
2-7/87, (2) 7-12" x 2-7/8"

- Vay heavy panicle loading

Brown color

PM-10 concenmation: 2826 pg/m3
Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 8-w X
3°,(2) 8-1/4" x 3"

Heavy particle loading
Uniform, dark color

PM-10 concentration: 6975 ug/m?
Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-1/27 x
3", (2) 2-7/8" x 3"

Very heavy paricle loading

Brown color

- PM-10 concentration: 544.1 pg/m?

Two filter (glass-fiber) sections
received on 21 Qct 1993: (1) 7-3M4" x
3", (2) 7-3/4" x 3"

Very heavy particle loading

Black color
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TABLE G-2-22. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM- 10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1991 SAMPLES

AEHAField  Dare AEHA  RJ Lee Group Sample
Sample No. Collected  Lab No. Sample No. Location Site

5334603

5334604

5334638

5322399

5332661

5248123

QObservations/Comments

20 Jun 1991 Y5150 605027 US Embassy,
Kuwait

20 Jun 1991 Y5151 605030 Military Hospital,
Kuwait

26 Jun 1991 Y5642 605020 Ahmadi Hospital,
Kuwait

28 Jun 1991 Y5639 605001 KKXMC,
Saudi Arabia

7 Jul 1991 Y6482 605016 Al-Jubayl,
Saudi Arabia

26 Jul 1991 Y8948 605002 KKMC,
Saudi Arabia

- PM-10 concentration: 293.5 pg/m3

- Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-1/27 x
1-7/8", (2) 7-1/2" x 1-7/8"

- Heavy particle loading

- Black color

- PM-10 concentration: NA

- Two filter (glass-fiber) section
received on 21 O¢t 1993: (1) ~7-3/47
x 3", (2) 7-3/4" x 3"

- Heavy panicle loading

~ Black color

- AEHA document states that this is
not a valid sample

- PM-10 concentration: 191.0 pg/m3
Four filter (glass-fiber) sections
received on 21 Oct 1993: (1) 3” x 3.
(2) 5 x 2-7/8", (3) 3-1/4" x 2-71/8",
(4)5"x 2"

- Heavy particle loading

- Dark gray color

-~ PM-10 concentration: 60.9 |.|.g/m3

- Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-34 x
3". (2 7-58" x 2-7/8"

- Moderate particle Ioading

- Gray color

- PM-10 concentration: 337.9 pg/m3

- Two filter (glass-fiber) sections
received on 21 Qct 1993: (1) 8" x 3”.
)8 x 2-7/8"

- Heavy particle Icading

- Black color

- PM-10 concentration: 100.8 ug/m3

- Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7” X 2-
7/8-. (2) 7" x 2-1/8"

- Heavy particle loading

- Gray color
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TABLE G-2-23. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1991 SAMPLES

AEHA Field Date AEHA RJ Lee Group Sample
Sample No. Collected  Lab No. _ Sample No. _ Location Site Observations/Comments

5208978 26 Jul 1991 Y8945 605031 Military Hospital. ~ PM-10O concentration: NA
Kuwait - Two filter (glass-fiber) sections

received on 21 Oct 1993: (1) 8™ x 3"
(2) 8" x 2-3/4"

- Heavy particle loading

- Brown coloe

- AEHA document states that this is
not a valid sample

5208619 29 Jul 1991  YB946 605006 Khobar, - PM-10 concentration: 215.6 |.L‘g/m3
Saudi Arabia . Two filter (glass-fiber) sections
received on 21 Qet 1993: (1) 7-1/2" x
3. (2) 7-1/27 x 3~
- Heavy particle loading
- Black color
5208620 2 9 Jul 1991 Y8947 605017 Al-Jubayl, - PM-10 concentration: 175.1 pg/m3
Saudi Arabia - Two filter (glass-fiber) sections

received on 21 Oct 1993: (1) 7-3/4" x
2-7/8%, (2) 7-34" x 2-1/8" (with a 1~

5208922 3 1 Jul1991 Y9110 605023  Camp Thunderock, - PM-10 concentration: 272.4 ug/m’
Kuwait - Two filter (glass-fiber) sections
received on 21 Q¢t 1993: (1) 7-12"x
3.2 72" x 3"
- Heavy particle loading
- Brown color

5207461 1 Aug 1991 Y9826 605012 Eskan Village, - PM-10 concentration: 1153 ug/m:’
Sandi Arabia - Two filter (glass-fiber) sections
received on 21 Oct 1993: (1) 7-W x
3.@ 712 x3

- Moderate particle loading
- Gray color
K-27 1 Oct 1991 PO51 605007 Khobar, - PM-10 concentation: 211.3 p.g/m3
Saudi Arabia- - Two filter (quartz-fiber) sections

received on 21 oa 1993: (1) 3” x 8.
(2) 3" x 7-172° (with a 1" square
missing)

- Heavy particle loading

- Gray color
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TABLE G-2-24. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1991 SAMPLES

AEHA Field Dar AEHA  RJ Lee Group Sample
Sample No. Collected  Lab No.  Sampk No. _Location Site Observations/Comments
K-18 12 0ct 1991  Z3712 605024 Camp Thunderock, - PM-10 concentration: 232.4 u.g/m3
Kuwait - Two filter (quartz-fiber) sections
received on 21 Oct 1993: (1) 7-3/4" x
1-7/8", (2) 7-3/4" x 1-7/8" (with a 1”
square missing)
- Very heavy panicle loading
- Black color
K-17 12 Ocr 1991 23711 605032 Military Hospital. - PM-10 concentration: 121.6 ug/m3
Kuwait - Two filter (quartz) sections received on
21 Qet 1993: (1) 7-7/8"x 2-71/8",
(2) 7-7/8" x 3"
- Heavy particle loading
- Black color
K-40 15 0ct 1991 Z3713 605008 Khobar, - PM-10 concentration: 167.0 ug/m3
Saudi Arabia - Two filter (quartz-fiber) sections

received on 21 Oct 1993: (1) 7-1/27 x
2-3/47, (2) 7-3/4" x 3"

- Heavy particle loading

~ Gray color
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TABLE G-2-25. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1993 SAMPLES

AEHA Feld Daie AEHA RJ Lee Group Sample
Sample No. Collected Filter ID Sample No. Location Site Observations/Comments
X-H2/CT/AS/SD-43 2 Nov 1993 SD-43 605043 camp Thunderock, - PM-10 concentration: 23.8 pg/m>
Kuwait - 12 hr. sample
- 8" x 10” quartz-fiber filter received
on 18 Nov 1993
- Light particie loading
- Gray color

X-H2/CT/AS/SD-45 3 Nov 1993 SD-45

X-H2/CT/AS/SD-46 3 Nov 1993 SD-46

X-H2ACT/AS/SD-48 3 Nov 1993 SD48

O01H2/3/AS/SD-6 3 Nov 1993 SD-6

X-H2/CT/AS/SD-50 4 Nov 1993  SD-50

X-H2/CT/AS/SD-52 4 Nov 1993  SD-52

605044 Camp Thunderock, - PM-10 concenwration: 562 pg/m>
Kuwait - 12 hr. sample
- 8” x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605045 Camp Thunderock, - PM-10 concenuation: 553 pg/m>
Kuwait - 12 hr. sample
- 8 x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605046 Camp Thunderock, - PM-10 concentration: 27.8 pg/ms
Kuwait - 12 hr. sample
- 8” x 10” quarz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605033 Khobar . - PM-10 concenuation: 56.4 u.g/m3
Saudi Arabia - 12 hr. sample
- 8” x 10" quarz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605047 Camp Thunderock, - PM-10 concentration: 61.8 pg/m’
Kuwait - 12 hr, sample
- 8" x 10’ quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray cola

605048 Camp Thunderock, - PM-10 concenuation: 385 uym?’
Kuwait - 12 hr. sample
- 8" x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color
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TABLE G-2-26. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARARBIA - 1993 SAMPLES

AEHA Field Date AEHA RJ Lee Group Sampk )
Sample No, Collected Filter ID Sample N o . Locarion Site Qbservations/Comments
O1H2/3/AS/SD-7 4 Nov 1993  SD-7 605034 Khobar , - PM-10 concentration: 57.2 ug/m>
Saudi Arabia - 12 hr. ample )
- 8" x 10° quarez-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color
O1H2/3/AS/SD-9 4 Nov 1993 SD-9 605035 Khobar. - PM-10 concentration: 40.3 pg/m3

Saudi Arabia - 12 hr. sample
- B" x 10" quartz-fiber filter received
on 18 Nov 1993
Light particle loading
- Gray color

X-H2/CT/AS/SD-53 5 Nov 1993 SD-53 605049 Camp Thunderock, - PM-10 concentration: 282 ug/m3
Kuwait - 12 hr. sample
- 8" x 10” quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

X-H2/CT/AS/SD-55 5Nov 1993 SD-55 605050 CampThunderock, . PM-10 concentration: 375 pg/m>
Kuwait - 12 hr. sample
- 8" x 10" quare-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

01H2/3/AS/SD-11 5 Nov 1993 SD-11 605036 Khobar, - PM-10 ¢oncentration: 95.4 ng/m3
Saudi Arabia - 12 hr, sample
- 8" x 10" quarz-fiber filter received
on 18 Nov 1993
- Light particle loading
~ Gray color

O1H2/3/AS/SD-13  5Nov 1993 SD-13 605037 Khobar , - PM-10 concentration: 30.1 pg/m3
Saudi Arabia - 12 hr. sampie
- 8' x 10" quartz-fiber filter received
on 18 Nov 1993
- Light partcle loading
- Gray cola

X-H2/CT/AS/SD-56 6 Nov 1993 SD-56 605051 Camp Thundercck, - PM-10 concentration: 345 p.g/m3
Kuwait - 12 hr. sample
- 8” x 10” quarz-fiber filter received
on 18 Nov 1993
- Light panicle loading
- Gray color
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TABLE G-2-27. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1993 SAMPLES

AEHA Field Date AEHA RJLeeGroup  Sample
Sample No. Collected  Filter ID Sample No. Location Site Observations/Comments

X-H2/T/AS/SD-58 6 Nov 1993

X-H2/CT/AS/SD-60 6 Nov 1993

01H2/3/AS/SD-14 6 Nov 1993

01H2/3/AS/SD-16 6 Nov 1993

X-H2/CT/AS/SD-61 7 Nov 1993

X-H2/CT/AS/SD-62 7TNov 1993 SD-62

01H2/3/AS/SD-17 7 Nov 1993

SD-58

SD-60

SD-14

SD-16

SD-61

SD-17

605052 Camp Thunderock, - PM-10 concentration : 35.9 pg/m3
Kuwait - 12 hr. sample
- 8 x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605053 Camp Thunderack, - PM-10 concentration: 40.7 ug/m3
Kuwait - 12 br, sample
- 8 x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605038 Khobar, - PM-LO concentration: 74.8 pg/m>
Saudi Arabia - 12 hr. sample
~ 8" x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605039 Khobar , - PM-10 concentration: 31.8 pg/m3
Saudi Arabia - 12 hr. sample
- 8' x 10" quartz-fiber filter received
on 18 Nov 1993
- Light panicle loading
- Gray color

605054 Camp Thunderock, - PM-10 concentration: 36.4 pg/m3
Kuwait - 12 br. sample
- 8" x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle lading
- Gray color

605055 * Camp Thunderock, - PM-10 concenmation: 455 ug/m3
Kuwait + 12 hr. sampie
- 8’ x 10" quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color

605040 Khobar , - PM-10 concentration: 562 pg/m3
Saudi Ambia - 12 hr. sample
- 8" x 10” quartz-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color
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TABLE G-2-28. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED HIGH VOLUME PM-10
SAMPLES COLLECTED IN KUWAIT AND SAUDI ARABIA - 1993 SAMPLES

AEHA Field Dane AEHA RJLec Groyp Sampie
Sample No. Collected Filter ID Sample No. Location Site Observations/Comments
O1H2/3/AS/SD-18 7 Nov 1993 SD-18 605041 Khobar, - PM-IO concentration: 41.6 pg/m3
Saudi Arabia - 12 hr. sample
- 8 x 10’ quarez-fiber filter received
on 18 Nov 1993
- Light particle loading
- Gray color
01H2/3/AS/SD-20 9 Nov 1993 SD-20 605042 Khobar , - PM-1O concentration: 66.8 pg/m>
Saudi Arabia - 12 hr. sample

- 8" x 10” quartz-fiber filter received
on 18 Nov 1993

- Light parucle loading

- Gray color
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TABLEG-29. SUMMARY OF CCSEM/TEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR PM-10 SAMPLES COLLECTED AT
KHOBAR, SAUDIARABIA (WT.%)

8¢-¢-9

AEHA FieMd RI Cee Growp PM-10 Paicle 30e Range (fh)] —/—/— —m — —
Sample No. Date Collecied Sampie No. Coxc, 3 0014 475 1510 1030 > 30
5312339 28 May 1991 605004 4338 ] 41 15 34 -
53228 2 lun 1991 605005 956 108 11 17 15 57 —
5208839 19 Jur 1991 605006 16 34 19 7] —
5208619 2% i 199 605007 L3 2136 13 17 15 27 19
K-17 1 Ot 1991 P 17 ¥} {1 —
K40 15 Oct 199) 505008 167.0 6 36 9 29 -
01H2/YAS/SD-6 3 Nov 1993 605033 56,4 [ IS 6 55 18
01H2/3/AS/SD-1 4 Nov 1993 605034 57.2 10 2 14 u —_
O0IH2/ASSD-1] $ Nov 1993 10 25 A 41 —_—
0YH2//AS/SD-13 $ Nov 19931 605037 86.1 14 19 13 b} 22
OIHSA/AS/SD-14 & Nov 1993 N ’ 1 16 43 —
O1HS/}/AS-SD-18 7 _Nov_1993 605041 74.8 9 13 12 45 20

TABLEG-2-X. SUMMARY OF OCSEM/TEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR PM-10 SAMPLES COLLECTED AT
CAMP THUNDEROCK, KUWAIT (WT. %)

AEHA Ficld - — arie € Range — -
Sample No. Daie Colleciod Sample No. Conc. (ugimd) 0014 475 7540 1030 >3
5339627 1N Jua 1991 605022 365.7 13 33 16 38 —
5339672 13 Jan 1991 605021 1880 10 % 12 46 -
11208922 3N Jt 1991 605023 M4 23 31 1 43 -
K-18 12 Ot 1991 605044 232.4 14 : 56 -
X-H2/CT/AS/SD-45 3 Nov 1993 605045 56.2 14 1 27 16
X-H2/CT/AS/SD-46 3 Nov 1993 55.3 14 18 41 -
X-H2CT/AS/SD-50 4 Nov 1993 605047 61.8 10 3U 12 45 10
X-HS/CT/AS/SD-53 S Nov 1993 605049 282 15 17 11 37 10
X-HS-CT/AS/SD-55 $ Nov 1993 605090 37.5 17 38 13 33 -
X-H2/CT/AS/SD-62 7 Nov 1993 605035 45.5 13 18 10 34 —~




TABLE G-2-31. SUMMARY OF OCSEM/TEM PARTICLE-TYPE DATA FOR PM-10 SAMPLES COLLECTED AT KHOBAR, SAUDI ARABIA

Si-rich ant
AZHA Field RJ Lee Groop Mixed Clays Carkh - Cxich C<hais Miscellancous
Sample No. DaicCollocted Sample No. | Wi % (WPt} | Wi % (WPan) | Wi, % (WPat) | We. % (#Pan} | WL % (¥ Part)
1

512139 23 May 1991 605003 49 120 48 123 1 12 [ 10 1 8

2 Jun 1991 605004 26 53 40 11 16 7é 6 11

5208839 19 Jun 1991 605005 46 96 54 95 6 50 21 6 16
605006 29 82 94 LO 60 B " 4 11

K019 29 Jul 1991 605007 48 93 47 129 3 19 <l 19 2 8
K40 51 Oc 1991 603008 36 33 18 5 40 1 4 13
DIH2Y/AS/SD-6 3 Nov 1993 605032 kH 13126 46 67 18 24 1 17 n 13
O1H2/3/AS/SD-7 4 Nov 199 605034 30 75 78 133 8 41 L 7 15 13
O1H2A/AS/SD-1§ $ Nov 1993 605036 18 5 14 7 nt | 7
O01H2/3/AS/SD-13 5 Nov 1993 605037 22 4 10 47 21 18 30 32
OLHS/3/AS/SD-14 6 Nov 1993 605018 19 39 70 158 3 9 S 28 3 8
O1HS/3/AS-SD-18 7 Nov 1993 605041 20 64 26 84 38 29 9 32 7 13
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TABLEO-2-32. SUMMARY OF OCSEM/TEM PARTICLE-TYPE DATA FOR PM-10 SAMPLES COLLECTED AT CAMP THUNDEROCK, KUWAIT

Si-rich and

AEHA Field R Lee Groap Mixed Clays Caqich C-rich C-chaia Misocllancous
Sample No. Daie Collcted  Sample No. | Wi % (#Part) | Wi % (WPant) § Wt.% (WPan)] Wi % (#Pan) | WL % (W Part)

5339627 11 Jun 1991 605022 45 46 4 27 3 " 1 7

5339672 13 Jun 1990 605021 37 1083 37 11282 14 55 8 rx) 4 7

5208922 31 Ju 1991 605023 21 136 47 97 6 42 <) 6 ] 16

K-18 12 Oct 1991 605024 70 149 14 41 35 149 3 10

X-H2I-CT/AS/SD45 3 Nov 1993 605044 18 52 24 k1. 'y 28 8

X-H2/CT/AS/SD-46 3 MNov1993 605045 54 123 41 m 8 17 b 22 4 12

, 605047 52 134 g 3 8

X-HS/CT/AS/SD-53 5 Nov 1993 605049 34 1m kP 79 2: 33 1 28 2 11

X-HS-CT/AS/SD-S§ 5§ Nov 1993 605050 50 37 7 13 25 11

!—H?_.!CTM,S!SM2 7 Nov 1993 605055 39 118 37 0% 12 25 [ 26 8 10




TABLEG-2-33. SUMMARY OF CCSEWTEM CARBON CHAIN AGGLOMERATE DATA FOR PM-IO .
SAMPLES COLLECTED AT KHOBAR, SAUDI ARABIA

AEHA Field PM- 10 Conc. Carbon Chain Agglomerates
Sample No. Date Collected ug/m3 ES/""3 %
4.4
5322339 23 May 1991 433.8 20.5 1.0
532018 2 Jun 1991 296.6 6.9
5208839 19 Jun 1991 282.6 1.9
5.4 3.8
K-27619 29 Oct 1991 2148 0.8 0.5
K-40 15 Oet 1991 167.0 22 13
56.4 1.6
01H2/3/AS/SD-7 3 Nov 1993 572 0.9 2.3
01H2/3/AS/5D-11 5 Nov 1993 95.4 1.2 1.3
01H2/3/AS/5D-13 5 Nov 1993 30.1 3.0 10.1
01H2/3/AS/5D-14 6 Nov 1993 74.8 5.2 6.9
OIQQZASED-IB 7 Nov 1993 41.6 4é 10.8

TABLE G-2-34. SUMMARY OF CCSEM/TEM CARBON CHAIN AGGLOMERATE DATA FOR PM-10
SAMPLES COLLECIED AT CAMP THUNDEROCK, KUWAIT

AEHA Feld PM-10 Conc. Carbon Chain Agglomerates

Sample No, Date Collected ug/m3 ug/m3 %
5339627 11 Jum 1991 365.7 13.9 3.8
§339672 13 Jua 1991 188.0 20.7 11.0
5208922 31 Jua 1991 N4 0.5 02
K-18 12 Oct 1991 2324 89.5 34.1
X-H2/CT/AS/SD-45 3 Nov 1993 562 5.1 9.0
X-H2/CT/AS/SD-46 3 Nov 1993 55.3 4.9 8.8
X-H2/CT/AS/SD-50 4 Nov 1993 61% 3.0 4.9
X-H2/CT/AS/SD-53 5 Nov 1993 282 1.2 8.2
X-H2/CT/AS/SD-55 5 Nov 1993 . 375 3.5 3.1
X-H2/CT/AS/SD-62 7__Nov_ 1993 45.5 7.8
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TABLE G-2-35. METALS AND BROMINE RESULTS FOR INDUSTRIAL HYGIENE SAMPLES, ug/filter

AEHA Field Sample AEHA RJ Lee Group

Sample No. Location Site Lab No. Sample No. V Cr Ni Zn St It G4 As Pb Sh Br
130-04 Khobar, Saudi Arabla Y1109 601456 <0.26 0.73 <0.36 0.46 <0.26 <0.39 <00 <0267 . 5 <10 <2}
130-10 Khobar, Saudi Amabia Yiii2 603679 <030 0.67 <042 064 <0.30 <0.45 <0.0 c0.30 <0.12 cl.2 <3l
T134-20 Camp Freedom, Kuwait NA 601426  <0.24 0.38 <0.33 0.52 <0.24 <0.35 <0.0: <0.24 0.1 | <094 <|I9
135-07 Field Blank NA 601429 <040 0.60 <057 0.29 <0.40 <0.61 <0.0 <040 <0.16 <1.6 <20
T136-04 Camp Freedom, Kuwait NA 601430 <0150 . 4 0 <0.21 0.58 <0.15 <0.22 <0.0 <0.15 0.25 <0.59 <15
137-11 Military Hospital, Kuwail Y1836 601460 <037 0.76 <0.52 0.46 <0.37 <0.56 <0.0<0370 .31 <1.5 <3l
T140-05 Burgan Oil field, Kuwait NA 601435  <0.20 041 <0.28 0.26 <0.20 <030 <0.0!t0.20 0.09 <0.B0 <12
140-11 Burgan Oil Field, Kuwait Y1837 603693 <0.25 061 <0.35 0.62 <0.25 <0.38 <0.0i <25 <0.10 <10 <28

OF/FB8/1| Field Blank 2539 1 603707 <0.28 052 <0.39 0.33 <0.28 <042 <0.0i<0.280.11 <1.1 <14




TABLE G-2-36. MERCURY RESULTS FOR INDUSTRIAL HYGIENE SAMPLES, ngffilter

AEHA Field Filter sample RJ Lee Group
Sample N o . Type* Date Collected Location Site Sample No. Hg
T127-11 PVvC 7 May 1991 Khobar, Saudi Arabia 603745 al.030
R133-17 PVC 13 May 1991 Camp Freedom. Kuwait 601425 <0.040
T133-18 PVC 13 May 1991 Camp Freedom, Kuwait 601406 <0.040
R134.21 PVC 14 May 1991 Camp Freedom, Kuwait 601427 <0.060
R136-03 PVC 16 May 1991 Camp Freedom, Kuwait 601408 <0.040
T139-11 PVC 19 May 1991  Camp Thunderock, Kuwait 601410 <0.060
R152-07 PVC 1 Jum 1991 Al-Jubayl, Saudi Arabia 603772 «<0.020
R157-08 PVC 6 Jun 1991  Burgan Oil Field, Kuwait 603783 <0.020
R31307 GF NA NA 603878 <0.020
F314-08 TEF NA NA 603876 Co. 020
NA NA NA NA Rgt Blk 4.010

® GF Glass Fiber: TEF Teflon: PVC Polyvinyl chloride
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TABLE G-2-37. IDENTIFICATION AND OBSERVATIONS OF AS-R%&W
SAMPLES COLLECTED ON 25 MM MCE FILTERS IN

INDUSTRIAL HYGIENE
AND SAUDI ARABIA

AEHA Field Daae AEHA Rl Les
Sample N o Coliected Lab No. Group
Sample No.

Sample
Location Site

Observations/Comments

01450
(SEM)

13001 10 May 1991 Y1107

601455
(SEM)

13003 10May 1991 Y1108

130-04 10 May 1991 Y1109 601456

(SEM)

13006 10 May 1991 Y1110 603677

601457
(SEM)
35699

13009 10 May 1991 YIIII

Khobar,
Saudi Arabia

Saudi Arabia

Khobar,
Saudi Arabia

Saudi Arabia

Saudi Arabia

- AEHA nom that container broken in
shipping

- Approximately 1/4 of the filter received
in a plastic petri dish on 2 Oct 1991

- Approximately 1/2 of the filter received
in the sample collection casseue on
12 Nov 1992

- Approximatedly 1/4 of the filter received
in a plastic petri dish on 19 Dec 1991

- Light tan color

- Moderate particle loading; most panicles
agglomerated

Approximately 1/2 of the filter received
in a plastic petri dish on 20 Dec 1991
- Approximately 1/2 of the filter received
in the sample collection cassette on
12 Nov 1992
- Tancolor
- Very heavy particle loading; most
parucles agglomerated

- Approximately 1/2 of the filter received
in a plastic petri dish on 20 Dec 1991

- Approximately 1/2 of the filter received
in the sample collection cassett on
12 Nov 1992

- Tan cola

- Fingerprints at edge of filter

- Vay heavy particle loading: most
parucles agglomerated

- AEHA notes that sample cassette not
closed compietely

- Approximately 7/8 of the filter received
in the sample collation cassette on
12 Nov 1992

- Tan colar

- Heavy particle loading

- Approximately 1/2 of the filter received
in a plastic petri dish on 20 Dec 1991

- Approximately 1/8 of the filter received
m the sample collection cassette on
12 Nov 1992
Light tan color

- Moderate to heavy particle loading. some
panticles agglomeraied
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TABLE G-2-38. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON25 MM MCE FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Feld  Dar AEHA RJ Lee Growp Sample

Sample No. Collected Lab N o . Sample N o . Location Site Observations/Comments
13010 10 May 1991 Y1112 603679 (SEM) Khobar, - Field Blank

Saudi Arabia - The entire filter received in the sample
collection cassette on 12 Nov 1992
- White color
- No particles observed

13301 13 May 1991 Y1621 600750 (SEM) Camp-. - Approximately 1/4 of the filter received
601451 (SEMI Kuwait in a plastic petri dish on 2 Oct 1991
35493 (TEM) - Approximately 1/3 of the filter received
in a plastic petri dish on 19 Dec 1991
- Approximately 1/8 of the filter received
in the sample collection cassette on
12 Nov 1992
~ Gray color
= Light to moderate particie loading

133M 13 May 1991 Y1622 603681 (SEM) Camp Freedom, - Approximarely 1/4 of the filter received
35551 (TEM) Kuwait in a plastic petri dish on 2 Oct 1991
- Approximately 1/4 of the filter received
in the sample collegtion casseue on
12 Nov 1992

- Light gray color
- Good particle loading
133-13 13 May 1991 Y1623 600752 (SEM) Camp Freedom, - Approximately 14 of the filter received
601452 (SEM) Kuwait in a plastic petri dish on 2 Qct 1991
35495 (TEM) - Approximately 1/4 of the filter received
35552 (TEM) in a plastic petri dish on 19 Dec 1991

- Approximately 1/8 of the filter received
in the sample collection cassetts on
12 Nov 1992 _

- Light to medium gray color

- Light particle loading

133-14 13 May 1991 Y1624 601458 (SEM) Camp Freedom, - Appmissmely 1/3 of the filter received
35492 (TEM) Kuwait in a plastic perri dish on 20 Dec 1991
Approximately1/80f thefilter received
in the sample collection casseti on

12 Nov 1992
- Gray color
- Moderate particle loading
134-12 14 May 1991 Y1833 603684 (SEM) Camp Freedom, - Approximately 1/4 of the filter recsived
35553 (TEM) Kuwait in plastic petri dish on 2 Oct 1991

- Approximately |1/a of the filter received
in the sample collection cassette on
12 Nov 1992

- Gray color

- Heavy particle loading
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TABLE G-2-39. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM MCE FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field

Sample No.

Date AEHA RJLesGroup sample
Collected Lab No.  Sampk No.  Location Site

QObservations/Comments

134-13 14 May 1991 Y1834 603685 (SEM) Camp Freedom, - ApprOXImater 172 of the filter received

134-19 14 May 1991 Y1625 600754 (SEM) Camp Freedom,

137-10

13711

13908

139-09

Kuwait

35700 (TEM) Kuwait

17 May 1991 Y1835 601459 (SEM) Military Hospital,

Kuwait

17 May 1991 Y1836 601460 (SEM) Military Hospital,

Kuwait

19 May 1991 Y1983 603689 (SEM) Camp Thunderock, -
Kuwait

in the sample collection cassene on
12 Nov 1992

- Black color

- Heavy parucle loading

- Field Blank

- Approximately 1/4 of the filter received
in plastic petri dish on 2 Oct 1991

- White color

- No particies observed

- Approximately 1/2 of the filter received
in a plastic petri dish on 20 Dec 1991

- Approximately 1/2 of the filter received
in the sample collection cassente on
12 Nov 1992

- Tan color

- Fingerprint at edge of filter

- Vay heavy particle loading. most
particles agglomerated

- Approximately 1/2 of the filter received
in a plastic petri dish on 20 Dec 1991

- Approximately 1/2 of the filter received
in the sample collection cassette on
12 Nov 1992

- Tan color

- Very heavy particle loading; many
particles agglomerated

Approximately 3/4 of the filter received
in the sample collection cassette on
12 Nov 1992

- Light tan color

- Light partcle loading

19 May 1991 Y1984 603690 (SEM) Camp Thunderock, - Ap;mnmatelym of the filter received
Kuwait

‘in the sample collection cassette on
12 Nov 1992

- Light gray color

- Moderate to heavy panicle loading

139-10 19 May 1991 Y1985 603691 (SEM) Camp Thunderock, - Field Blank

Kuwait

- Approximately 3/4 of the filter received
in the sample collection casseue on
12 Nov 1992

- whiucola

- No particles observed
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TABLE G-240. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM MCE FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Dar AEHA RJ Lee Group Sample

Sample No. Collected LabNo. Sample N o . Location Site ObservationsACommernits

139-16 19 May 1991 Y1986 603692 (SEM) Camp Thunderock, - Field Blank
Kuwait - Approximately 3/4 of the filter raceived

in the sample collection cassemte on
12 Nov 1992

- Whitecola

- Filter slightly tom

- No particles obssrved

140-11 20 May 1991 Y1837 600755 (SEMI Burgan Oil Field. - Approximately 144 of the filter recsived
603693 (SEM) Kuwait in a plastic petri dish on 2 Oct 1991
35554 (TEM) - Approximately 3/4 of the filter received
in the sample collection cassette on
12 Nov 1992
~ Light black color
- Fingerprint observed on filter surface
- Very heavy particle loading

140-12 20 May 1991 Y1838 600756 (SEM) Burgan Oil Field. - Approximately 14 of the filter received
603654 (SEM) Kuwait in a plastic pemi dish on 2 Oct 1991
- Approximately 1/S of the filter received
in the sample collection cassente on
12 Nov 1992
= Black color. some parucles lost
- Fingerprint observed on filter surface
- Very heavy particle loading

142-05 20 May 1991 Y1839 603695 (SEM) Not Available - Field Blank
- Approximately 1/2 of the filter received

in the sample collection casseue on
12 Nov 1992

- White color

- No particles observed

14206 22 May 1991 Y1840 601461 (SEM) Not Available - Field Blank

- Approximately 1/2 of the filter received
in a plastic pewri dish on 20 Dec 1991

- Approximately 1/2 of the filter received
in the sample collection cassette 0n
12 Nov 1992

- White color

- Very few particles observed

149M 29 May 1991 Y3069 601446 (SEM) Dammon Port, - Approximately 1/3 of the filter received
35491 (TEM)  Sawdi Arabia in a plastic petri dish on 19 Dec 1991
- Approximately /g of the filter received
in the sample collection cassente on
12 Nov 1992
- Gray color
- Moderate particle loading
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TABLE G-241. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM MCE FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Dase AEHA RJ Lee Group Sample
Sample No. Collected LabNo. Sample No, Locauon site ObservationsComments

152-17 1 Jun 1991 Y3070 601447 (SEM) Al-Jubayl, - Approximately 1/3 of the filter received
Saudi Arabia in a plastic petri dish on 19 Dex 1991
- Approximately 2/5 of the filter received
in the sample collection cassete on
12 Nov 1992
- Very light gray cola
- Heavy particle loading; most particles
aggiomeraied

152-18 1 Jun 1991 Y3071 601448 (SEM) Al-Jubayl, - Approximately 1/4 of the filter received
Saudi Arabia in a plastic petri dish on 19 Dec 1991

- Approximately 2/3 of the filter received
in the samplée collection cassette on
12 Nov 1992

- Very light gray color

- Moderate w heavy particle loading; most
parucies aggiomerated

152-33 1Jun 1991 Y3072 601462 (SEM) Al-Jubayl, - Approximately 173 of the filter received
35494 (TEM)  Saudi Arabia in a plastc petri dish on 20 Dec 1991
- Approximately 1/8 of the filter received
in the sample collation ¢assetts on

12 Nov 1992
- Very tight gray color
- Moderate particie loading
153-04 2Jun 1991 Y3073 601449 (SEM) Al-Jubayl, - Field Blank
Saudi Arabia - Approximately 1/3 of the filter received

in a plastic petri dish on 19 Dec 1991

- Approximately 1/3 of the filter received
in the sample collation cassete on
12 Nov 1992

- White color

- Very few particles observed
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TABLE G-242. SUMMARY OF CCSEM/TEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOB INDUSTRIAL HYGIENE SAMPLES
COLLECTED ON MCE FILTERS IN KUWAIT (WT. %)

AEHA Feld ' I Lee Group e Particle Size Range (1on] —

Sample No. Date Collccted Sample Location Sito Sample No. Q014 475 7510 1030 >
13301 13 May 1991 . Camp Freedom 601451735491 52 31 11 6 —
13302 13 May 1991 Camp Freedom 600751735551 46 kL 12 4 —_
133-13 13 May 1991 Camp Freedom 601452/35495 50 29 9 1) —_
133-14 13 May 1991 Camp Freedon 60145835492 40 42 8 10 —
1342 14 May 1991 Camp Freedon 603684/35553 48 34 7 s 7

8€-2-9

TABLE G-2-43. SUMMARY OF CCSEM/TEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR INDUSTRIAL HYGIENE SAMPLES
COLLECTED ON MCE FILTERS IN SAUDI ARABIA (WT. %)

ABHA Field RITee Geoup — Particle Size Range {pim)

Sample No. ample Location Site Sample No. 0.01-4 4-1.5 5-10 10-30 > 30
13009 10 May 1991 Khobar 6014375699 41 28 12 24 _—
14903 29 May 1991 Damman Port 60144635491 k1] 35 11 12 —
15233 1June 1991 Al Jubayl 601462735494 5¢ 9 —




$5-7-9

TABLEQ-2-44, SUMMARY OF CCSEM/TEM PARTI CLE- TYPE DATA FORINDUSTRIAL HYGIENE SAMPLES COLLECTED ON MCE
FILTERS IN KUWAIT
Sioich and
AEHA Fickd RJ Lee Group Mixed Clays Ca-rich Crich Miscellaneous
Samgple No.  Date Collected SampleLocation Site SampleNo. | WL % #Par. | Wi % #Part. | Wi % #Part | Wi % WNPan
Caup Freedom
13301 13 May 1991 Casnp Freedom 601451735493 61 120 3a 118 | L 1 4
13302 13 May 1991 600751735551 52 138 44 8) 3 s 1 2
133-13 13 May 1991 Camp Preedom 601452/33495 31 161 53 120 15 47 1 9
133-14 13 May 1991 Camp Freedom 601458735492 31 105 28 97 41 54 4 19
134-12 14 May 1991 60368435553 44 134 42 133 12 57 2 8
TABLE G-245. SUMMARY OF CCSEM/TEM PARTICLE-TYPE DATA FOR INDUSTRIAL HYQIENE SAMPLES COLLECTED ON MCE
FILTERS IN SAUDI ARABIA
Si-rich and
AEHA Ficld RJ Lee Group Mixed Clays Ca-rich C-rich Miscellaneous
SampleNo.  Date Coliected Samplc Location Sitc Sample No. | Wi % MPat, | Wi % #Par | We® #Part |We® #Part
130-09 10 May 1991 Khobar 60145735699 | 46 119 s4 134 | <1 17 — -
14943 29 May 1991 Damman Post 601446/35491 41 163 43 103 7 48 9 29
152-33 1 June 1991 Al-Jubayl 601462/33494 11 FE 86 202 3 31 1 10




TABLE G-246. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field

S le No. Collected

12708

R127-10

T127-11

T127.12

R130-05

T130-08

R133-05

Dae

RJ Lee Group
Sample No.

Sample

Location Site

Observations/Comments

7 May 91

7 May 91

7T May 91

7 May 91

10 May 91

10 May 91

13 May 91

600763 (SEM)

Not Available

603767 (SEM) Khobar,

603745 (SEM)

603755 (SEM)

603768 (SEM)

603761 (SEM)

Saudi Arabia

Khobar,
Saudi Arabia

Khobar,

Saudi Arabia

Khobar,
Sandi Arabia

Saudi Arabia

- Field Blank

- Entire filter received in the sample collection
cassette on 2 Oct. 1991

- White color

Small (~1pum) spherical particie clusters

observed

- Respirable Fraction

- Approximately 1/2 of the filter received in the
sample collection cassette 0n 12 Nov 1992

- Light gray color

- Light to moderate particle loading

- Total Fraction

- Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992

- Light gray color

- Very heavy particle [oading

- Total Fraction

- Approximately 3/4 of the filter received in the
sample collection cassette on 12 Nov 1992

- Light gray color

- Moderate particle loading with high
concentration in center of filter

Respirable Fraction

Approximately 3/4 of the filter received in the
sample collection cassette on 12 Nov 1992
off-white to very light pay color

Light particie loading

Total-

- Approximately 1/2 of the filter received in the
sample collection cassetie on 12 Nov 1992; tan
colar

Tan or yellow deposition .in center of filter

- Uneven distribution

600758 (SEM) Camp Freedom, - Respirable Fraction

Kuwait

- Entire filter received in sample collection
cassege on 2 Oct 1991

- Light gray color
- Lignt particle loading
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TABLE G-2-47. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Date RJ Lee Group Sampie
Sample No.  Collected Sample No. __ Location Site Observations/Comments
T133-06 13 May91 603775 (SEM) Camp Freedom. - Total Fraction
Kuwait - Enure filter received in the sample collection
cassette on 12 Nov 1992
- Light tan color
- Heavy panicle loading
R133-17 13May 91 601425 (SEM) Camp Freedom, - Respirable Fraction
Kuwait - Approximately 1/2 of the filter received in a

plastic petri dish on 19 Deg¢ 1991

- Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992

- Light gray color

- Vexy light particle loading

T133-18 13 May91 601406 (SEM) Camp Freedom, - Total Fraction
Kuwairt - Approximately 1/2 of the filter recelved in a
plastic petri dish on 18 Dec 1991
- Approximately 172 of the filter received in the
sample collection cassete 0N 12 Nov 1992

- Light gray color
- Light particle loading

R134-03 14 May 91 600759 (SEM) Camp Freedom, - Respirable Fraction
Kuwait - Entire filter received in sample collection
cassente 0N 2 Oct 1991
- Dark gray color
- Moderate to heavy panicle loading of fine
(<2.5um) particles; many agglomerated

particles observed
R134-07 14 May 91 600760 (SEM) Camp Freedom, - Total Fraction
Kuwait - Endre filter received in sample collection
cassette on 2 Oct 1991
- Dark gray color
- Moderate particle loading
R134-08 14 May91 603766 (SEM) EOD - Respirable Fraction
Safeholding, - Approximately 3/4 of the filter received in the
Kuwait sample collection cassette on 12 Nov 1992
- Light gray color

- Light to moderate particle loading

R134-16 14 May 91 603777 (SEM) Camp Freedom, - Respirable Fraction
Kuwait - Entire filter received in the sample collection
cassette on 12 Nov 1992
- Light 1o moderate gray color
= Light to moderate particle [oading
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TABLE G-2-48. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

RJ Lee Group Sample
Sample No. Location Site Observations/Comments

AEHA Feld Date

—Sample No. __ Collected
134-17 14 May 91
T134-20 14 May 91
R134-21 14 May 91
RI135-04 15 May 91
T13505  15May 9l
13507  15Mayo91

603776 (SEM) N ot Available -Field Blank
- Entire filter received in the sample collection
casseqe on 12 Nov 1992

White color
No particles observed
601426 (SEM) Camp Freedom, - Total Fraction
Kuwait - Approximately 1/2 of the filter received in a

plastic petri dish on 19 Dec 1991
Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992
Black colar

Very heavy particle loading: agglomerated
particles cover entire surface of filter

601427 (SEM) Camp Freedom, - Respirable Fraction
Kuwait - Approximately 1/2 of the filter received ina
plastic petri dish on 19 Dec 1991
Black color

- Heavy particle loading .

601428 (SEM) us Embassy. - Respirable Fraction
Kuwait - Approximawely 1/2 of the filter received in a
plastic perri dish on 19 Dec 1991
- Approximately 1/2 of the filter received in the
sample collection cassetre on 12 Nov 1992
Light gray eolor
Light particle |oading

601407 (SEM) US Embassy, Total Fraction
Kuwait - Appmsimasaly 172 of the filter received ina

plastic petri dish on 18 Dec 1991

- Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992

- Very light gray color

- Very light particle loading; particle chain
agglomezates observed

601429 (SEM) Not Available - Field Blank
- Appessssmly 1/2 of the filter received ina
plastic petri dish on 19 Dec 1991
Approximately 1/2 of the filter received in the
sample collection cassetre on 12 Nov 1992
- White to very light gray color
- No partcles observed
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TABLE G-2-49. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Date RJ Lee Group Sample
Sample No. Collected Sample No. Location Site QObservations/Comments

T135-11 15May 91 603760 (SEM) Camp Freedom, - Toml Fraction
Kuwait - Approximately 3/4 of the filter received in the

sample eollection cassette on 12 Nov 1992

- Very light gray color
- Light particle loading. uneven distribution

R136-03 16 May 91 601408 (SEM) Camp Freedom, - Respirable Fraction
Kuwait - Approximately 1/2 of the filter received in a
plastc peri dish on 18 Dec 1951
- Approximarely IL! of the filter received in the
sample collecrion cassette on 12 Nov 1992
- Black colar with fingerprints near edge of filter

- Very heavy paniicle loading
T136-04 16 May 91 601430 (SEM) Camp Freedom, - Total Fraction
Kuwait - Approximately 1/2 of the filter received in a

plastic petri dish on 19 Deg 1991
- Approximately 1/2 of the filter received in the
sample collection cassetts on 12 Nov 1992
- Black color with fingerprints at edge of filter
- Very heavy panicle loading

13701 17May 91 603751 (SEM) Not Avalable - Field Blank
- Entire filter received in the sample collection
cassetre on 12 Nov 1992
- White color
- Particlesabsent

T13702 17 May 91 600761 (SEM) Military Hospital, - Total Fraction
Kuwait - Entire filter received in the sample collecton
cassette on 2 Oct 1991
- Tan color
- Moderate to heavy partcle loading. some

parucles agglomerated

T137-03 17 May 91 600761 (SEM) Military Hospital. - Respirable Fraction
Kuwait - Entire flter received in the sample collection
cassette on 2 Oct 1991

- Tan color
- Moderate to heavy panicle loading: some
particles agglomerated
T138-03 18May 91 601431 (SEM) Military Hospital, - Toal Fraction
Kuwait - Approximately 1/2 of the filter received in a

plastic petri dish on 19 De¢ 1991

- Approximately 1/2 of thefilter received in the
sample collection cassette on 12 Nov 1992

- Very light gray color

- Moderate o heavy particle loading
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TABLE G-2-50. IDENTITFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Dae RJ Lee Group Sample
Sample No. Collected Sample No. Location Site

Qbservations/Comments

R138-07 18 May 91 601409 (SEM) Military Hospital,
Kuwait

T139-02 19 May 91 601432 (SEM) Ahmadi Hospital,
Kuwait

R139-03 19 May 91 601433 (SEM) Ahmadi Hospiral,
Kuwait

T139-11 19 May 91 601410 (SEM) Camp Thunderock,
Kuwait

R13P12 19 May91 401411 (SEM) Camp Thunderock,
Kuwait

139-19 19 May 91 601434 (SEM)  Not Available

Respirable Fraction

Approximately 1/2 of the filter received in a
plasuc petri dish on 18 Dec 1991

Light gray color

Moderate particle loading

Total Fraction

Approximately 1/2 of the filter recetved ina
plastic petri dish on 19 Dec 1991
Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992
Light gray color

Light particle |oading

i Fraction
Approximately 1/2 of the filter received in a
plastic petri dish on 19 Dec 1991
Approximately 1/2 of the filter received in the
sample collation cassette on 12 Nov 1992
Medium gray color
Vay lighr particle loading

Total Fraction

Approximately 1/2 of the filter received in a
plastic peurt dish on 18 Dec 1991
Approximately 1/2-of the filter received in the
sample collection cassette on 12 Nov 1992
white color

Very light particle loading

Respirable Fraction

Approximately 1/2 of the filter received in a
plastic petri dish on 18 Dec 1991

- Approximately 1/4 of the filter received in the

sample collection cassette on 12 Nov 1992
Very light gray color
Light particle loading

Field Blank

Appmximauly 1/2 of the filter received in a
plastic petri dish on 19 Dec 1991
Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992
White color

No particles observed
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TABLE G-2-51. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Date
Sample No. Collected

RJ Lee Group Sample
Sample No.  Location Siu Observations/Comments

T140-05 20 May 91

R140-06 20 May 91

R140-07 20 May 91

14209 22 May 91

R143-17 23 May 91

T143-18 23 May 91

R144-01 24 May 91

601435 (SEM) Burgan Oil Field, - Total Fraction
Kuwait - Approximately 1/2 of the filter received in a
plastc petri dish on 19 Dec 1991
Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992

- Black color
- Very heavy particle loading
601412 (SEM) Burgan Oil Field, - Respirable Fraction
Kuwait - Approximately 1/2 of the filter received in a

plasuc pewi dish on 18 Dec 1991

- Approximately 1/4 of the filter received in the
sampie collection cassette on 12 Nov 1992

« Very light gray color

- Light particle loading

603769 (SEM) Ahmadi Hospiral, - Respirable Fraction
Kuwait - Entire filter received in the sample collection
cassete on 12 Nov 1992,
- Outside of sampling cassette speckled with oil
droplets
- Medium gray coior
- Light to moderate panicle loading

603759 (SEM)  Not Available - Field Blank
- Approximately 3/4 of the filter received in the
sample collection cassette on 12 Nov 1992
- Light tan or yellow color in center of filter
- Particles observed on the filter

603782 (SEM) Al-Jubayl, - Respirable Fraction
Saudi Arabia - Approximately 3/4 of the filter received
in the sample collection cassette on 12 Nov
1992
- Vay light gray to whiwe color
- Vay light particle loading

603770 (SEM) Al-Jubayl, - Total Fraction
Saudi Arabia - Entire filter received in the sample collection
cassette on 12 Nov 1992
- vay light gray color
- Light o moderate particle loading

603765 (SEM) Damman Port, - Respirable Fraction
Sandi Arabia - Entire filter received in the sample collecton
cassette on 12 Nov 1992
- Light gray color
- Moderate particle loading
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TABLE G-2-52. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM WC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field
Sample No.

Daxc

RJ Lee Group

Collecied Sample No.

Sample
Location Site

Observations/Comments

T144-02

T145-05

R14506

R147-02

T147-03

T148-09

R148-10

24 May 91

25 May 91

25 May 91

27 May 91

27 May 91

28 May 91

28 May 91

603779 (SEM)

603752 (SEM)

603781 (SEM)

601436 (SEM)

601437 (SEM)

601413 (SEM)

601438 (SEM)

Damman Port,
Saudi Arabia

Damman Port,
Saudi Arabia

Damman Port,
Sadi Arabia

Damman Port.
Saudi Arabia

Khobar,
Saudi Arabia

Khobar,
Saudi Arabia

- Total Fraction

- Entire filter received in the sample collection
cassezze On 12 Nov 1992

- Light gray color

- Light to moderate particle loading

- Total Fraction

- Approximately 3/4 of the filier received in the
sampie collection cassette on 12 Nov 1992

- Medium to dark gray color

- Heavy particle loading

« Respirable Fraction
Approximasely 3/4 of the filter received in the
sampie collection cassette on 12 Nov 1592

- Light gray color

- Very light particle loading

- Respirable Fraction

- Approximately 1/2 of the filter received in 2
plastic petri dish on 19 Dec 1991

- Approximately 1/2 of the fitter received in the
sample collection casserte on 12 Nov 1992

- Light gray coior

- Heavy loading of fine agglomerated particles

- Total Fraction

- Approximately 1/2 of the filter received in a
plastic pemi dish on 19 Dec 1991

- Approximately 1/2 of the filter received in the
sampie collection cassette on 12 Nov 1992

- Gray color

- Moderate particle loading

- Total Fraction
Approximately 1/2 of the filter received in a
plastic petri dish on 18 Dec 1991

- Light gray color

- Light to moderate particle |oading

- Respirable Fraction

- Approximately 1/2 of the filter received in a
plastic petri dish on 19 Dec 1991

- Approximately 1/2 of the filter received in the
sampie collection cassette on 12 Nov 1992

« Very light gray to white color

- Very light particle loading
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TABLE G-2-53. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Date RJ Lee Group Sample
_Sample No. __ Collected Sample No.  Location Site Observations/Comments
T148-18 28May 91 603773 (SEM) Damman Port, - Tota Fraction
Saudi Ammbia - Entire filter received in the sample collection
cassette on 12 Nov 1992
- Gray color
- Moderate to heavy particle loading
R148-19 28 May 91 603780 (SEM) Damman Port, - Respirable Fraction
Saudi Arabia - Entire filter received in the sample collection
cassette on 12 Nov 1992
- Medium gray color
- Moderate w0 heavy partcle loading
T149-06 29 May 91 603757 (SEM) Damman Port. - Total Fraction
Sandi Arabia - Approximately 3/4 of the filter received in the
sample collection cassette on 12 Nov 1992
- Very light gray color
- Light particle loading
R149-07 29 May 91 603762 (SEM) Damman Port, - Respirable Fraction
Saudi Amabia - Approximately 3/4 of the filter received in the
sample collection ¢assette on 12 Nov 1992
- Light gray color
- Moderate particle loading
149-18 29 May 91 603746 (SEM) Not Available - Field Blank
- Approximately 3/4 of the filter recelved in the
sample collecuon cassets on 12 Nov 1992
- White color
- No particles observed
T150-04 30 May 91 601439 (SEM) Al-Jubayl. - Total Fraction
Saudi Arabia - Appruximarely 1/2 of the filter received in a
plastic petri dish on 19 Dec 1991
- Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992
- White to vay light gray color
- Light particle loading
R150-05 30 May 91 601440 (SEM) Al-Jubayl, - Respirable Fraction
Saudi Arabia - Approximately 172 of the filter received in a

plastic peti dish on 19 Dec 1991

- Approximately 1/2 of the filter received in the
sample collection cassetze on 12 Nov 1992

- White to very light gray color

- Light particle loading
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TABLE G-2-54. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field

Dat=

RJ Lee Group

Sample No. Collected Sample No.

R150-09

15105

T152-05

R152-06

R152-07

R152-08

R152-09

30 May 91

31 May 91

1Jun 91

1 Jun 91

1 Jun 91

1Jun 91

1Jyn 91

Sample
Location Site

Qbservations/Comments

603748 (SEM)

603758 (SEMI

603778 (SEM)

601441 (SEM)

603772 (SEW

603747 (SEM)

600757 (SEM)

Damman Port,
Saudi Arabia

Not Available

Al-Jubayl.

Al-Jubayl,
Saudi Arabia

Al-Jubayl,
Saudi Arabia

Al'] mylv
Sawdi Arabia

Khobar,
Saudi Arabia

- Respirable Fraction

- Entire filter received in the sample collection
-on 12Nov 1992

- Light gray colar

- Light o moderate particle loading

- Ficld Blank

- Entire Glter received in the sample collection
cassette on 12 Nov 1992

- whitecola

- No partcles observed

- Toml Fraction

- Approximately 3/4 of the filter received in the
sampie collection casseue on 12 Nov 1992

- Very light gray to off-white color

- Very light particle loading

- Respirable Fraction

- Approximately 1/2 of the filter received in a
plastic petri dish on 19 Dec 1991

- Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992

- Light gray color

- Very heavy panicle |oading, most particles
agglomerated

- Respirable Fraction

- Entire filter received in the sample collection
casserte on 12 Nov 1992

-Medium graycol a

- Heavy particle lcading

- Respirable Fraction

- Entire filter received in the sample collection
casseteon 12 NOV 1992

- Light gray color

- Light 1o moderate particle loading

- Respirable Fraction

- Entire filter received in the sample collection
cassente on 2 Oct 1991

- Gray color

- Heavy particle loading; most particles
agglomerated
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TABLE G-2-55. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Date RJ Lee Group Sample
Sample No. __Cotlected Sample No. __ Location Site Observations/Comments

15302 2 Jun 91 603753 (SEM) Not Available - Field Blank
- Approximately 172 of the filter received in the
sample collection cassets on 12 Nov 1992
- White color
- No particles observed

R155-08 4 Jun 91 601442 (SEM) Ahmadi Hospital, - Respirable Fraction
Kuwait - Approximately 1/2 of the filter received in a
plastic petri dish on 19 Dec 1991
- Approximately 1/2 of the filier received in the
sample collection cassette on 12 Nov 1992
- Very light gray color

- Light parucle loading
T155-09 4 Jun 91 601443 (SEM| Ahmadi Hospital, - Tatal Fraction
Kuwait - Approximately 1/2 of the filter received in a

plastic petri dish on 19 Dec 1991

- Approximately 1/4 of the filter received in the
sample coktion cassette on 12 Nov 1992

- Very Light gray color

- Light particle loading

R155-14 4 Jun 91 603749 (SEM) Al-Wafra, - Respirable Fracton
Kuwait - Entire filter received in the sample collection
cassette on 12 Nov 1992
- Gray color
~ Moderate 10 heavy particle loading

T155-15 4Jun 91 603750 (SEM) Al-Wafra, - Toral Fraction
Kuwaitt - Approximately 3/4 of the filter received in the
sample collection cassette on 12 Nov 1992
- Gray color
- Heavy particle loading

R156-01 5 Jun 91 603774 (SEM) Military Hospital, - Respirable Fraction
Kuwax - Entire filter received in the sample collection
cassette on 12 Nov 1992
- Off-white to light gray coler
- Light to modetate particle |0ading

R15607 5Jun 91 601444 (SEM) Al-Wafra, - Respirabie Fraction
Kuwait - Approximately 1/2 of the filter received in a

plastic petri dish on 19 Dec¢ 1991

- Approximately 1/2 of the filter recsived in the
sample collection cassette on 12 Nov 1992

- Medium gray color

- Moderare o heavy particle loading; some
partcles agglomerated
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TABLE G-2-56. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 37 MM PVC FILTERSIN KUWAIT AND SAUDI ARABIA

AEHA Field Dae
~Sampie N O Collecied

R156-13 S Jun 91
R157-04 6 Jun 91
R157-08 6 Jun 91
R157-11 6 Jun 91
T157-17 6 Jun 91

160-04 9 Jun 91

160-05 9 Jun 91

RJ Lee Group Sample

Sample No.  Location Site Observations/Comments
603756 (SEM) Amadi Hospital, - Respirable Fraction
Kuwait - Entire filter received in the sample collection
cassette on 12 Nov 1992
- Light gray color
- Light 10 moderate particle loading

Respirable Fraction

Approximately 1/2 of the filter received ina
plastic petri dish on 19 Dec 1991
Approximately 1/2 of the filter received in the
sample collection cassette on 12 Nov 1992

- Black color

- Very heavy particle loading

603783 (SEM) Burgan Oil Field, - Respirable Fraction
Kuwait - Entire filter received in the sample collection
cassette on 12 Nov 1992
- Light gray color
- Maoderate to heavy particle loading

601445 (SEM) Burgan OQil Field,
Kuwait

603763 (SEM) Burgan Oil Field, - Respirable Fraction
Kuwait - Entire filter received in the sample collection
cassetie an 12 Nov 1992
- Light gray color
- Moderate particle loading

603764 (SEM) Burgan Oil Field, - Total Fraction
Kuwait - Approximately 3/4 of the filter received in the
sampie collection cassette on 12 Nov 1992
- Dark gray color
- Heavy and uneven particle loading

603754 (SEM) Not Available, - Field Blank
Kuwait - Emtire filter received in the sample collection
cassette on 12 Nov 1992
- White colar
No particies observed

Field Blank

Entire filter received in the sample collection
casseue on 12 Nov 1992

- Filter badly damaged

- White color

- No parcles observed

603771 (SEM) Not Available
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TABLE G-2-57, SUMMARY OF CCSEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR INDUSTRIAL HYGIENE SAMPLES
COLLECTED ON PVC FILTERS IN KUWAIT (WT. %)

AEHA Field Sample RJLee Group ~ ------ Particle Size Range (pm)-----
Sample No. Date Coltecied Location Site Sample No, 14 4-1.5 1.5-19 10-30 > 30
T134.07 14 May 1991 Camp Freedom 600760 3t 48 4]

R135-04 15 May 199t US Embassy 601428 73 28

TI37-02 17 May 1991 Military Hospilal 600761 6 36 27 30 -
R137-03 17 ‘May 1991 Mithary Hospilal 600762 14 58 9 19 -
T138-03 18 May 1991 Military Hospital 601431 $7 K} 18 18 .
R138-07 18 May 1991 Military Hospilal 601409 64 23 17 3 -
R156-01 5 Jun 1991 Military Hospital 603774 36 [

R139-12 19 May 1991 Camp Thunderock 6501411 69 31 - -

T139-02 19 May 1991 Ahmadi Hospilal 601432 9 37 23 32 -
R155-08 4 Jun 1991 Ahmadi Hospital 601442 55 37 8 - .
TIS5-09 4 Jun 1991 Ahmadi Hospilal 601443 18 42 19 1]

R156-11 5 Jun 1991 Ahmadi Hospital 603756 i3 34 I 14

R140-06 20 May 1991 Burgan Oil Field 601412 63 27 18 12

RIS7-11 6 Jun 1991 Qil Field 5 -

T157-08 6 Jun 1991 Burgan Oil Field 603763 26 33 5 14 .
R156-07 S Jun 1991 Al-Wafra 501444 41 46 13 - -

TABLE 0-2-58, SUMMARY OP CCSEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR INDUSTRIAL HYGIENE SAMPLES
COLLECTED ON PVC FILTERS IN SAUDI ARABIA (WT. %)

AEHA Field Sample RJ Lee Group —_———— Particle Size Range (pm)-———————-
Sample No. Dale Cofected Localion Site Sampte No. 14 4-1.5 1.5-10 la-30 > 30
T127-12 7 May 1991 Khobar 603755 13 28 13 41 - -
T143-18 23 May 1991 Al-Jubay! 603770 41 16 12 -
R148-09 28 May 1991 Al-Jubayt 601413 2 28 2: 57 .
R148-10 28 May 1991 Al-Jubayl 601438 72 - . -
TI50-04 30 May 1991 Al-Jubayl 601439 7 30 36 2% -
R152-08 30 May 1991 Al-Jubay! 601747 86 46 14 4 .
Ti44-02 24 May 1991 Damman Pori 6037179 12 36 23 29 -
T47-03 27 May 1991 Damman Port 601417 17 44 32 7 -

Ti148-18 28 May 1991 Damman Port 603773 27 47 9 17
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TABLE 0-2-59.

SUMMARY OF CCSEM PARTICLE-TYPE DATA FOR INDUSTRIAL HYGIENE SAMPLES COLLECTED ON PVC FILTERS IN

KUWAIT
Si-rich and

AEHA Field Sample RJ Lee Uroup Mixed Clays Ca-rich C-rich Miscellaneous
Sample No. _ Date Collecled Localion Site Sample No. | WI|. % #Part. | Wi % 4 Part. | Wi % #Part. | W I. % #Pan.
TI34-07 14 May 1991 Camp Freedom 600760 43 74 46 64 6 9 5 19
R135-04 15 May 1991 US Embassy 601428 51 95 38 52 7 13 4 12
T137-02 17 May 1991 Military Hospital 600761 46 105 53 118 1 10 <] 9
R137-03 17 May 1991 Military Hospital 600762 33 96 66 140 [ 4 cl 5
T138-03 18 May 1991 Mi litary Hospital 601431 37 122 49 97 3 1 5
R138-07 18 May 1991 Military Hospilal 601409 64 155 k1 79 14 8 5 8
R156-01 5 Jun 1991 Military Hospilal 603774 44 110 51 114 | 2 12
R139-12 19 May 1991 Camp Thunderock 601411 45 87 48 %0 | 9 3 14
TI39-02 19 May 1991 Ahmadi Hospital 601432 55 T 60 49 < | 3 2 10
R155-08 4 Jun 1991 Ahmadi Hospital 601442 N 41 92 2 6 a
TI55-09 4 Jun 1991 Ahmadi Hospital 601443 63 143 36 77 9 <1 6
R1356-13 5 Jun 1991 Ahmadi Hospital 603756 4] | 148 38 120 1 4 10 8
RI14006 20 May 1991 Burgan Oil Field 601412 32 st 5 4 24
R157-11 6 Jun 1991 Burgan Oil Field 603763 1 B 62 1 13 3 5 12
Tt 57-08 6 Jun 1991 Burgan Oil Field 603783 3 113 68 155 < 3 1 7
RIS607 5 Jun 1991 Al-Wafra 601444 52 122 41 95 4 15 4 8

TABLE 0-2-60. SUMMARY OF CCSEM PARTICLE-TYPE DATA FOR INDUSTRIAL HYGIENE SAMPLES COLLECTED ON PVC FILTERS IN

SAUDI ARABIA
Si-rich and

AEHA Field Sample R} Lee Group Mixed Clays Ca-rich C-rich Miscellancous
Sample No. _ Daie Collected Location Site Sample No. | Wt. % & Part. | Wit. % #Part. | Wt % W#Pan.|wt % ¥ Pall
Ti27-12 7 May 1991 Khobar 603755 15 46 81 163 <1 1 4 15
Ti43-18 23 May 1991 Al-Jubay! 603770 43 101 49 tt6 8 19 <l 3
R148-09 28 May 1991 Al-Jubayt 601413 36 87 M 3 8 7 8
R148-10 28 May 1991 Al-Jubayl 601438 48 101 4 ne l 5 7 10
TI50-04 30 May 1991 Al-Jubayl 601439 3 12 86 188 3 20 7 23
RI150-05 30 May 1991 At-Jubayt 601440 22 30 76 151 | 1 4
RI 52-08 1 Jun 1991 At-Jubayt 603747 10 27 82 218 4 15 § 15
TI4402 24 May 1991 Damman Port 603779 7 39 M 162 ! 3 18
TI4T-03} 27 May 1991 Damman Port 601437 19 58 66 121 1 10 15
TI48-18 28 May 1991 Damman Port 603773 32 115 138 10 | 3




TABLE G-261. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field
Sample No. Collected Lab No.

Dac

AEHA  RJ Lee Group

Sample No.

Sample

Location Site

Observations/Comments

OF/AS/27

31 Ocr 1991

OF/AS/26 31 Oct 1991

OF/AS/44

OF/AS/45

OF/AS/46

OF/AS/47

31 0ct 1991

31 Oct 1991

1 Nov 1991

1 Nov 1991

Z5384

Z5385

Z5386

5387

Z5388

25389

603700 (SEM)

603701 (SEM)

603702 (SEM)

603703 (SEM)
46331 (TEM)

603704 (SEM)

603705 (SEM)

Oil Fields,
Kuwait

Oil Fields.
Kuwait

Oil Fields,
Kuwait

Oil Fields,
Kuwait

Qil Fields,
Kuwait

Oil Fields,
Kuwait

- Filter received on 11 Nov 1992
in two sections: 12 in the
sample collection casseue and 1/2
1aped to a plasdc pewi dish

- Heavy and non-uniform particle
loading

- rage amount of particles greater
than 100 pm (and) found in
cassette and on filter

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish

- Small brown spot observed on
the filter

- Backing pad was received cut in
half in the collection cassete

- Very tight particle loading with a
few sub-micron particles observed

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassette and 12
taped to a plastic pewi dish

- Very light particle loading

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish

- light particle loading

- Most of the particles ranging
between 1 and 10 um; some sub-
micron particles observed

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassete and 172
taped to 3 plastic petri dish

- Vay light particle loading

- Most of the particles observed
ranged from 5 o 10 wm in size

~ A small amount of sub-micron
particles observed

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassette and 12
taped to a plastic petri dish

- Light particle loading
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TABLE G-2-62 IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Dac AEHA  RJ Lee Group Sample_
Sample No.  Collected LabNo.  Sample No. Location Site Observations/Comments
OF/AS/48 1 Nov 1991 Z5390 603706 (SEM)  Oil Fields, - Filter received on 11 Nov 1992
Kuwait in two sections: 172 in the
sampie collection cassete and 1/2
taped to a plastic petri dish
- Light particle loading
OF/FB/31 NA 25391 603707 (SEMI Oil Fields, - Field Blank
Kuwait - Filter received on 11 Nov 1992

in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish

- A few panicles observed

OF/AS/56 2 Nov 1991 25392 603708 (SEM)  Oil Fields, - Filter received on 11 Nov 1992
Kuwait in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish
- Light particle loading; most of
the particle population ranging
between | and 10 pm
- Some sub-micron particles
observed
- Loading appears to be non-
uniform in areas

OF/AS/58 2 Nov 1991 25393 603709 (SEM) Qil fields. - Filter received on 11 Nov 1992
46336 (TEM) Kuwait in two sections; 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish
- Moderate particle loading
- Majority of particle population
between (.5 and 10 um

OF/AS/60 2 Nov 1991 Z53% 603710 (SEM)  Oil Fields, - Filter received on 11 Nov 1992
Kuwait in two sections: 1/2 in the
samiple collection cassetts and 1/2
taped to a plastic petri dish
- Light particle loading

OF/AS/66 3 Nov 1991 25395 603711 (SEM)  OQil Fidds. - Filter received on 11 Nov 1992
46340 (TEM) Kuwait in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish
- Light o moderate particle loading
- Majority of panicle population
< 10 um
- A high nunber of sub-micron

particles observed
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TABLE G-2-63. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Date AEHA RILeeGroup Sample
Sample No. Collected Lab No.  Sample No. Location Site Observations/Comments

QF/AS8/67 3 Nov 1991 25396 603712 (SEM) Oil Fields. - Filter received on 11 Nov 1992
Kywait in two sections: 1/2 in the
sample eollection cassette and
1/2 taped 1o a plastic petri dish
- Filier has an uneven disibution
of partcles
- Large particles observed adhering
to the walls of the cassene
- Macroscopic particles as large as
~200 pm also observed on filter

OF/AS/68 3 Nov 1991 25397 603713 (SEM)  Qil Fields, - Filter received on || Nov 1992
Kuwait in two sections: 1/2 in the

sample collection cassette and
1/2 aped 0 a plastic petri dish

- Moderate particle ioading

- Mgjority of particle population
ranging from 0.5 to 10 um

- A high number of sub-micron
parcles observed

QOF/A5/43 3 Nov 1991 25398 6037 14 (SEM) Oil Fields, - Filter received on 11 Nov 1992
Kuwait in two sections: 1/2 in the
sample collection casseue and
1/2 taped to a plastic petri dish
- Light particle loading
- Partcles were abserved on both
sides of the filter.

OF/FB/32 NA 25399 603715 (SEM)  Qil Fields, - Field Blank
46324 (TEM) Kuwait - Filter received on 11 Nov 1992
in two secrions: 1/2 in the
sample collection casseue and
1/2 waped w a plastic petri dish
- Light partcle loading

OF/AS/42 4 Nov 1991 25400 603716(SEM)  Oil Fields, - Filter received on 11 Nov 1992 1n
46330 (TEM) Kuwait wo sections: 1/2 in the sample

collection cassette and 12 taped w a
plastic pewi dish

- Moderare particle loading

- Magority of parucle population
ranging between 1 and 10 um

- Many sub-micron particles observed

- A portion of the filter was wrinkled
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TABLE G-2-64. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field

Sample No.

Daie

Collected Lab No.

AEHA

RJ Lee Group Sample
Sample No. Location Site Qbservations/Comments

OF/AS/28

OF/AS/69

OF/AS/50

OF/AS/29

OF/AS/70

OF/AS/41

MH/AS/52 6-7 Nov 1991

4 Nov 1991

4 Nov 1991

4 Nov 1991

5 Nov 1991

5 Nov 1991

S Nov 1991

Z5401

Z5404

25405

Z5407

603717 (SEM)  Qil Fields, - Filter received on 11 Nov 1992
46323 (TEM) Kuwait in two sections: 1/2 in the
sample collection cassene and 1/2
taped to a plastic petri dish
- Light to moderate particle loading
with particles tanging between
1 and 20 um
- Some sub-micron particles
observed

603718 (SEMI  Oil Fields. - Filter received on 11 Nov 1992 in
46342 (TEM) Kuwait two sections: 1/2 in the sample

collection casserte and 1/2 taped to
a plastic petri dish

- Light particle |oading .

- Particles ranging between 1 and
10 um with some sub-micron
particles observed

603719 (SEM)  Oil Fields, -~ Sample collection casseue
Kuwait received on 11 Nov 1992
- Filter missing from the collection
cassetre

603720 (SEM)  Oil Fields, - Sample collection cassette
Kuwait received on 11 Nov 1992
- Filter missing from the collection
cassetie

603721 (SEM) Oil Fields. - Filter received on 11 Nov 1992 in
4.6343 (TEM) Kuwait two sections: 1/2 in the sample
collection cassette and 1/2 taped o
a plastic petri dish
- Light to moderate particie loading
with particles ranging from sub
micron © 10 pm

603722 (SEM)  Oil Fields. - Filter received on 11 Nov 1992 in
Kuwait two sections: 1/2 in the sample
collection cassetie and 1/2 taped to
a plastic petri dish
- Vay light particle loading

603723 (SEM) Military Hospital, - Filter received on 11 Nov 1992 in
Kuwait two sections: 1/2 in the sample
collection cassette and 1/2 taped to 2
plastic petri dish
- Extremely light particle [oading with
particles ranging from 10 to 20 um
- Very few particles <10 um observed
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TABLE G-2-65. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Date
Sample No. Collected

AEHA ' RJLee Group Sample

Lab No.

Sample No. Location Site ObservationsAComments

UN/AS/33 6-7 Nov 1991

MH/AS/53 7-g Nov 1991

UN/AS/38 7-g Nov 1991

MH/AS/63 g-9 Nov 1991

UN/AS/7T3 89 Nov 1991

25408

25410

Z5411

25412

603724 (SEM) UN Building. - Filter received on 11 Nov 1992
46325 (TEM) Kuwait in two sections: 1/2 in Lhe
sample collection cassette and 1/2
taped to a plastic pemi dish
- Light particle loading
- Majority of particles ranging
betwesn 1 and 10 pm
- A small number of sub-micron
parucles observed

603725 (SEM) Military Hospital, - Filter received on 11 Nov 1992
46333 (TEM) Kuwait in two sections: 12 in the
sample collection cassette and 1/2
taped to a plastic petri dish
- Moderate 10 heavy particle
loading with particles ranging
from sub-micron to 20 pm

603726 (SEM) UN Building. - Filter received on11 Nov 1992
46327 (TEM) Kuwait in fwo sections: 12 in the
sample collection cassette and 1/2
taped to a plastic perri dish
- Moderate panicle loading
- Majority of partcles between 1
and 10 pm
- Some sub-micron particles
observed

603727 (SEM) Military Hospitd - Filter received on 11 Nov 1992
46337 (TEM) Kuwait in two sectons: 172 in the
sample eollection cassette and 12
taped to a plastic petri dish
- Moderare particle |oading with
particles ranging from sub-
micron 0 10 um

603728 (SEM)  UN Building, - Filter received on 11 Nov 1992
46346 (TEM) Kuwait in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish
- Moderate particle loading with
particles ranging from sub-
micron o 10 um
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TABLE G-2-66. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE
SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Daic AEHA RJ Lee Group Sample
_Sample No. __ Collected LabNo.  Sample No. _ Location Site Observations/Comments

MH/AS/64 9-10 Nov 1991 25413 603729 (SEM) Military Hospital, - Filter received on 11 Nov 1992
46338 (TEM) Kuwait in two sections: 12 in the

sample collection casseae and 1/2
taped to a plastic petri dish

- Light to moderate panicle loading

- Mgority of particles sub-micron
with remainder of population
ranging from 1 to 10 pm

MH/FB/74 NA Z5414 603730 (SEM) Military Hospital, - Field Blank
Kuwait - Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish
- Both sides of the filter have very
light particle loading

UN/AS/65 9-10Nov 1991 25415 603731 (SEM) UN Building, - Filter received on 11 Nov 1992
46339 (TEM) Kuwait in two sections: 1/2 in the

sample collection cassette and 1/2
taped to a plastic petri dish

- Majority Of particles sub-micron
with remainder of population
ranging from 1 to 10 pm

- Light 10 moderate particle loading

MH/AS/54 11-12 Nov 1991 25416 603732 (SEM) Military Hospital. - Filter received on 11 Nov 1992
46334 (TEM) Kuwait in two sections: 1/2 in the

sample collection casseue and 1/2
taped 1o a plastic petri dish

- Majority of particles sub-micron
with remainder of population
ranging from 1 to 10 um

- Light to moderate particle loading

UN/AS/55 11-12 Nov 1991 25417 603733 (SEM) UN Building, - Filter received on 11 Nov 1992
46335 (TEM) Kuwait in two sections: 1/2 in the

sample collection cassete and 1/2
tapeq to a plastic petri dish

- Light to moderate particle loading

- Majority of particles sub-micron
with remainder of populaton
ranging from 1 to 10 um

UN/M/37 12-13Nov 1991 25418 603734 (SEM) UN Building. - Filter received on 11 Nov 1992
Kuwait in two sections: 1/2 in the

sample collection cassete and 1/2
taped 1o a plastic petri dish

- Light to moderate particle loading

- Majority of particles sub-micron
with remainder of population
ranging from 1 to 10 um
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TABLE G-2-67. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE

SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field
Sample N 0 .

Date AEHA RJ Lee Group
Collectad Lab No. Sample No.

Sample

Location Site Observations/Comments

MH/FB/34

UN/FB/35

UN/FB/30

PS3/AS5/39 12-13 Nov 1991 Z5644

PS3/AS/51 13-14 Nov 1991 Z5645

P83/AS/51 U-14 Nov 1991 Z5645

603735 (SEM) Military Hospital. - Field Blank
Kuwait - Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassstte and 1/2
taped to a plasuc pewi dish
- vay light particle loading
- Some sub-micron particles
observed with the remainder of
the population ranging from
1w 20 um

NA Z5419

- Field Blank

- Filter received on 11 Nov 1992
in two sectons: 1/2 in the
sample collection cassetts and 1/2
taped to a plastic petri dish

- Very light particle loading

603736 (SEM) UN Building,
Kuwait

- Field Blank

- Filter received on 11 Nov 1992
in two secuons: 172 in the
sample collection cassere and 1/2
taped o a plastic petri dish

- Vay light particle loading

NA 25421 603737 (SEM) UN Building,

Kuwait

- Filter received on 11 Nov 1992
in two sections. 1/2 in the
sample collection casseue and 12
taped 10 a plastc petri dish

- Light to moderate particle loading

- Mgjority of particles sub-micron
with remainder of population
ranging from 1 1o 10 um

603738 (SEM) Khobar,
46328 (TEM) Saudi Arabia

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sampl e collection cassente and 12
taped to a plastic petri dish

- Moderate particle loading with
parucles ranging from sub-
micron o 10 um

603739 (SEM) I
4 6 33 20 Saudi Arabia

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sampl e collection cassetze and 1/2
taped to a plastic reu-i dish

- Moderate particle |oading with
particles tanging from sub-
micron to 10 pm

603739 (SEM) Khobar,
46332 (TEM)  Saudi Arabia
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TABLE G-2-68. IDENTIFICATION AND OBSERVATIONS OF AS-RECEIVED INDUSTRIAL HYGIENE

SAMPLES COLLECTED ON 25 MM PC FILTERS IN KUWAIT AND SAUDI ARABIA

AEHA Field Dar AEHA
Sample No. Collected Lab No.

RJ Lee Group
Sampie No.

Sample
Location Site

QObservationsComments

PS3/AS/61 14-15 Nov 1991 25646

PS3/AS/40 15-16 Nov 1991 Z5647

PS3/AS/7216-17 Nov 1991  Z5648

PS3/AS/71 18-19 Nov 1991 Z5649

PS3/FB/62 NA 25650

603740 (SEMI
49771 (TEM)

603741 (SEM)
46329 (TEM)

603742 (SEM)
46345 (TEM)

603743 (SEM)
46344 (TEM)

603744 (SEM)

Khobar,
Saudi Arabia

Khobar,

Khobar,
Saudi Arabia

Khobar,
Saudi Arabia

Khobar,
Sandi Arabia

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection casseue and 1/2
taped to a plastic pemi dish

- Moderate particle |oading with
panicles ranging from sub-
micron o 10 um

- Filter received on11Nov 1992
in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastic petri dish

- Light to moderate particle |oading

- Mgjority of particles sub-micron
with remainder of population
ranging from 1 to 10 pm

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection casseue and 1/2
taped 10 a plastic petri dish

- Moderate particle loading

- Mgjority of particles ranging
from 1 10 20 um with some sub
micron particles observed

- Filter received on11 Nov 1992
in two sections: 1/2 in the
sample collection cassette and 1/2
taped to a plastc pewi dish

- Moderate particle loading with
particles ranging from sub-
micron 0 10 pm

- Field Blank

- Filter received on 11 Nov 1992
in two sections: 1/2 in the
sample collection cassete and 1/2
taped o a plastic petri dish

- Light particle loading
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TABLE G-2-68. SUMMARY OF CCSEM/TEM AERODYNAMIC MASS DISTRIBUTION RESULTS FOR INDUSTRIAL HYGIENE SAMPLES
COLLECTED ON PC FILTERS IN KUWATT (WT. %)

AEHA Field RiTccGroup  — Pardcle Siie Rangé [pm) ——————
Sample No. Daiz Collecicd Sample Location Site Sample No. 0014 415 1510 10-30 >3
OFIAS/4T I Nov 199} 0il Fields 503705 10 39 17 34 —
OF/AS/48 | Nov 1991 oil Fields 803706 26 43 13 18 —
OF/AS/58 2 Nov 1991 oii Ficlds 603709 17 39 16 17

OF/AS/67 i

OF/AS/68 33NovNovI99119910il FieidsOid Ficlds 603713 1 n9 14 59 —_
OF/AS/42 4 Nov 1991 Oil Fields 603716 24 41 18 —_
OF/AS/14 18 17

OF/AS/69 4.4 Nav Nov 19911991 O 0il Ficlds Fields 603717 13 %19 13 43 2
OF/AS/10 S Nov 1991 Oil Fields a0 34 40 8 14 —
UNIASAD 6037124 bt}

UN/ASAB 6 Noi7 Nov199199UN BuildingUN Building 603726 19 it] 10 49 —
| f ' | ! ) . i k| —
UN/AST3 8 Nov 199} UN Building 603728 15 11 i3 22 —
UN/AS 65 9 Nov 1991 UN Building 607131 19 4% 17 16 _—
UN/AS/SS 11 Nav 1991 UN Building 6007113 14 36 15 35

UN/ASA? 12 Nov 1991 UN Building 603734 18 49 15 1t —
MHE/AS/S) 7 Nov 1991 Military Hospuial 603725 12 43 11 14 —_
MH/AS/63 8 Nov 1991 Military Hosptisl VI 16 39 13 32 —_
MH/AS/64 9 Nov 1991 Military Hosplial 603729 27 3% 16 18 —
MH/AS/34 41 Nov 1991 Military Hosptial 6031732 3 15 19 s —_

TABLE 0-2-70. SUMMARY OF CCSEM/TEM AERODYNAMIC MASS DISTR!IBUTION RESULTS FOR INDUSTRIAL HYGIENE SAMPLES
COLLECTEDON PCFILTERS IN SAUDI ARABIA (WT. %)

RS Lee Group
AEHA Rdd Sample No. ~  — Pariicle Size Ronge (pm)——
Sample No. Date Cotleciod Sample Location Site 0 014 415 7,510 10-3 > 30
PSI/AS/9 12 Nov 1991 Khobar Towers 601738 21 39 17 24 —_
PSI/AS/SE 13 Nov 1991 Khobar Towers 603739 LY | 2 13 17 —
PSI/AS/6] 14 Nov 1991 Khobar Towess 603740 P ¥ 1 13 16 31 —
PS3/AS/40 15 Nav 1991 Khobar Towers 63741 22 37 17 24 _
PS3}ASS2 16 Nav 1991 Khobar Towers 603142 11 45 7 27 —
PSYAS/ 18 Nov 1991 Khobar Towers 6031743 1s 315 2) 26 —




TABLE 0-2-71. SUMMARY OF CCSEM/TEM PARTICLE-TYPE DATA FOR INDUSTRIAL HYOJENE COLLECTED ON PC FILTERS IN XUWAIT

T Si-rich and
AEHA Feld RILecGroup | Mixed Clays Ca-rich C-rick Miscellancous
SampleNo, Dase Collecied Sample Location Sike _ SampleNo. | Wi % #Put | Wi % NPut | Wi % #Pat. | We © #Pan
OF/AS/T | Nov 1991 oil Fislds 603703 52 7] 39 62 5 } 4 17
OF/AS/48 | Nov 1991 Oil Ficlds 603706 5 130 13 58 18 66 6 7
OF/AS/58 2 Nov 1991 Oil Ficlds 603709 54 131 24 37 9 H 4 18
OF{AS/6T 3 Nov 1991 Oil Fields 603712 41 163 1s 47 24 72 2 9
OF/AS/68 3 Nav 1991 Oil Ficlds 603713 5 1 41 20 ¢ 5 7
OFfAS/A2 4 Nov 1991 oil Fii 603716 52 123 31 85 e 2 3 8
OF/AS/IE 4 Nov 1991 oil Ficlds 603717 5¢ 7 4 5i 8 12 2 s
OF/AS/69 4 Nov 199) O Piclds 603718 41 192 » 68 17 63 1 17
OF/AS{10 S Nav 1991 O\l Fickha 663721 3 81 | -3% 70 33 113 5 IS
UN/AS/33 & Nou 1994 UN Building 037U 12 18 46 34 38 (%) 4 9
UN/AS/8 7 Nw 1991 UN Building 603726 47 Ik} 1] 15 13 5l 8 21
UN/AS/T3 & Nov 1991 UN Buildiag 603728 33 L) el 11 13 " 13 21
UN/AS/6S 9 Nov 19 LN Building 803731 49 80 30 52 1) 8¢ 7
Q@ UN/AS/SS 11 Nov 1991 UN Building 603733 ¥ 1 | 32 61 | 2s 53 4 i
~N UN/AS/3? 12 Nov 1991 UN Building 603734 45 193 41 91 ? 45 7 14
)
a MH/AS/S3 7 Nov 1991 Miliary Hosplial 603728 45 98 4 92 8 51 16
~ MH/AS/63 8 Nov 1991 Military Hospital 603727 b 1) 100 n 15 11 66 b 0
MH/AS/64 9 Nov 1991 Military Hospiual 601729 34 5 30 72 17 76 9. 1}
MH/AS/34 11 Nov 1991 Military Hospi 603732 33 & 39 89 23 3 ! 19
TABLEG-2-12. SUMMARY OF CCSBM/TEM PARTICLE-TYPE DATA FOR INDUSTRIAL HYQIENE SAMPLES COLLECTED ON PC FILTERS
IN SAUD] ARABIA
Si-rich and
AEHA Field RILee Group |  Mined Clays Ca-rich C-rich Miscellancous
Sample No. _ Daw Collected Sampla Location Site Sampie No. | Wt.% #Pan, | We % #Pan. | Wi % #Part. | We & WPan
PSYAS/I9 12 Nov 1991 Khobar Towers 603738 24 b1 3s 78 28 147 ] 2%
PS3/AS/51 13 Nov 1991 Khober Towens 603739 45 89 26 n ta #3 1) U
PS3/AS/6 1 14 Nov 1991 Khobar Towers 603740 3 100 44 14 17 54 3 5
PSHAS/M0 15 Nov 1991 Ehober Towers 603741 12 95 46 103 15 - 52 ? 16
PSIAS/T? 16 Nov 1993 Khobar Towers 603742 34 67 56 115 7 31 ] 9
PS3AS/TI 18 Nov 1991 Khobar Towers 603743 .27 15 57 133 14 53 | 7
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FINAL REPORT
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HSHB- MR- H ( 40) 5 JAN 1954

MEMORANDUM FOR Chief, Health R sk Assessnent Branch

SUBJECT: Evaluation of Additional Kuwait HRA Sanples for
Depl et ed Urani um (DO)

1. Ref er ences:

a. Memorandum, USAEHA, HPD, HSHB-MR-HI, 13 July 1992,
subject: Evaluation oKuwait Ar Sanples for Radioactivity
(enclosure 1).

b. Menorandum USAEHA, HPD, HSHB-MR-HI, 6 August 1993,
subject: Evaluation of Oiginal Kuwait HRA Sanpl es for Depl et ed
Urani um (DU) (encl osure 2).

.G« Memorandum, USAEHA, RAB, HSHB-ML-RR, 15 December 1993,
subject: Results of Goss Al pha and G oss Beta Anal yses of
Kuwait Air Piltus, Project No. 27=-22-E24K (enclosure 3).

d. Title 10, CFR, 1993 rev, Part: 20, Standards for
Protection Against Radiation (U S. Nucl ear Regul atory

Commi ssi on) . .

e. International Conm ssion on Radiol ogi cal Protection
(ICRP) Report No. 23, Report of the Task Group on Reference Man,
1975.

f. CRC Handbook of Radi ation Measurement and Protection,
Section A, Volumell: Biological and Mathematical |nformation,
copyright 1982 by CRC Press, Inc.

g. National Council on Radiation Protection and Measurements
(NCRP) Report No. 95, Radiation Exposure of the U S. Popul ation
from Consunmer Products and M scel | aneous Sources, 1987.

2. Purpose. To provide a health physics evaluation of air
filter sanples collected in Kuwait and Saudi Arabia to assist in
fefforts i n dntum ning the potential health risks fromoil well
ires.

3. Ceneral .

a. The Air Pollution Engineering Division (APED) inplenented
anair sanpling nmonitoring program to evaluate the potenti al
health risksfromoil well fires in Kuwait, Saudi Arabia, and
their environnent. An elenent ofthe health risk evaluation is
to determ ne the concentration of natural radionuclides (and
specifically DU released into the air fromthe oil well fires'.

H 2
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HSHB-MR-HI
SUBJECT:  Eval uation of Additional Kuwait HRA Sanpl es for
Depl eted Urani um (DU

b. The analysis and eval uation of tbe original air sanples
(reference la) foxr radionuclides did not include data fromtwo
areas of known troop concentrations (Canp Abdaly and the town of
Doha, both in the Emirate of Kuwait) during Operation Desert
Storm (reference |b).

(1) Twenty-seven samples from Doha (from both Canp
Thunder Rock and the UN Building sites) were sel ected and
anal yzed in orderto conplete the Health Ri sk Assessnent.

(2) The two sanples that were collected at Canp Abdaly
coul d not be analyzed due to the |lack of a known air vol ume drawn
through the filters.

4. Ar Pilter sample Eval uation.

a. The Radiochemistry Anal ysis Branch (RAB), Radi ol ogi cal
and Inorganic Chemstry Division, received and analyzed 25 air
filter sanples collected in Doha. The air filter sanples vere
col |l ected by APED.

b. Al air filter samples were analyzed for gross al pha and
gross beta-g- activities per unit vol une.

(1) The sanple results were revi ewed forthe potenti al
presence of DO. Since DUiIS an.alpha enmtter, anysanple with an
el evated al pha activity could be eval uated forthe presence of
DU. However, further i1sotopic analysis,in addition to the
initial radionuclide screening, would be required te positively
identify DU, through determination of percentages of abundance of
the various isotopes within the uranium radioactive decay series,

(2) If an analﬁsis of any sanple had indicated activity
statistically greater than the background sanples (nore than
three tines), then additional analysis, to include isotopic
identification, vould have km done. This condition was not net
for any of the airfilter sanples evaluated either in this study
or that in reference |a.

C. Since these samples were collected concurrently with the
roup evaluated in referencela, the same back%round st udy
%reference | a, paragraph 4b) may be used forthis current
eval uati on.
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HSHB-MR-HI _ o _
SUBJECT: FEvaluation of Additional Kuvait HRA Sanples for
Depl eted Urani um (DU)

N (1) The average background concentration for gross alpha
radi ati on was neasured to be 2.2 x 10" microcuries per milli-
liter (wei/ml) of air, with a sanple ramgefrom 6.7 x 10% uCi/ml
ofair to 4.1 x 10™ uci/ml of air.

(2) The average background concentration for gross beta
radi ation mMs neasured to be 3.7 x 10% uci/ml of air for gross
beta radiation, with a sanple rangefrom 1.2 x 10" uci/ml of air
to 6.0x 10" uci/ml of air.

d. The air filter sanpl es were analyzed as per reference 1c
(enclosure 3) .

(1) Anal yses shoved that the average gross al pha
activity was 3.1 x 10 uci/ml of air. Goss al Pha measur enent s
ranged from5.3 x 10" uci/ml of air to 7.5 x 10* uci/ml of air.

(2) The average gross beta was 3.6 x 10" uci/ml of air.
G oss beta neasurenents ranged froma4sx 10% gci/ml of air to
56 X 10" uci/ml of air.

(3) The average radionuclide concentrations of the
sanpl es vere consistentvith radi onuclidr concentrations measured
in the designated sanples collected for background deterninations
(average gross al pha radiation background of 2.2 x 10" uci/ml
and average gross beta-gamma of 3.7 x 10" uci/ml).

(4) The |l aboratory results of the air filter sanples
indicate no statistically significant differences betveen the
background sanples and the sanples collected to measure t he
rel ease of radioactivity into the air.

5. Exposure Assessment.

a. Tnn average radi onuclide concentrations obtained fromthe
laboratory anal yses of the airfilter sanples can be conpared
with those associated with the U S. dose limt for individual
members of the genual public (i.e., reference 14, paragraphs
20.1301 and 20.1302(b) (2), and Table 2, Appendix B of paragraphs
20. 1001- 20. 2402) .

(1) This dose limt (100 mlliremyear total effective
dose equivalent) and the associ ated radi onuclide effluent
concentration values are for the assessnment and control of
ioni zing radiation exposure tb nmenbers of the u.s. public.
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HSHB-MR-HI
SUBJECT:  Evaluation of Additional Kuwait HRA Sanpl es for
Depl eted Urani um (DU)

(2) The annual average concentrations of radioactive
material released in a gaseous effluent at the boundary of an
unrestricted area mnmust not exceed the values specified inTable 2
in order toconply with the dose limts fornmenbers of the
general public.

(?(? These concentration values are equivalent to

radi onucl i de concentrations whieh, If inhaled continuously over
the course of a year, would produce a Total Effective Dose

Equi val ent (TEDE) of 50 mllirem

(4) The concentration val ues for some radi onuclides of
interest are 6 x 10" uci/ml for uranium-238, 6 x 10 uCi/ml for
urani um 235, 5 x 10* uci/ml for uranium234, 6 x 10" uCi/ml for
potassium40, 9 x |o-" wCi/ml for uraniumnatural, 6 x 10" uci/ml
for thorium-232, and 1 x 10" uci/ml for radon-222 plus decay
products.

b. The gross radionuclide concentrations measuredin the air
filter sanples are vell belowthe radi onuclide concentration
val ues applicable to the U S. dose limit for the-general public.
As a theoretical exanple, if the average air filter sanple
radi onucl i de concentration égross alpha), 3.1 x 10" uci/ml,
were all urani um 238 (DU is 99. 7% uranium-238), and were inhal ed
continuously for a year, the Total Effective Dose Equival ent
woul d be less than the doselimt for the general public,
associated with the uranium-238 concentration value of 6 x 10"
#Ci/ml given in Table 2 of the reference.

6. Dose Assessnent.

In order to assess the health risk associated with a
speck radi onuclide, such as pu (99.7% uranium23%),, a worst
case estimate could assume (incorrectly) that the entire gross
al pha and gross beta concentrations neasured in the air filter
sanples are fromDU. For sucha theoretical scenario:

(1) In a single day, Reference Man (an internal
dosime model used for dose cal cul ations see reference |e)
woul d inhale 2.68 mcrograns of bu,which is a factor of 5.36
hi gher t han the average daily ai rborne intake of 0.5 micrograms
of urani um by Reference Man according to reference 1f, Table
5.5-45,

H-S




HSHB- FI R- H
SUBJECT: Evaluation of Additional Kuwait HRA Sanples for

Depl eted Urani um (DU)

(2) Even so, if Reference Man vue to breath these
concentrations for an entire year, the SOo-year Committed
Ef fecti ve Dose Equival ent (whol e bodr) woul d be 186 microrem
(extrapolated from reference 1f, Table 6.4=11).

(3) According to U S. radiation protection standards for
non-radi ati on workers, indivi dual members of the general public
may receive 100 mllirem (100,000 microrem) i n any given year
[reference 14, paragraph 20.1301i(a)(1)]}. Therefore, the 50-year
Commtted Effective Dose Equivalent given above is extrenely |ow
(186 microrem or 0.186 mlliremreceived over 50 years << 100
mlliremyear).

_ §4) I n perspective, a conparison between this S0-year
Commtted Effective Dose Equivalent (whole body) of 186 microrem
can be nade with the So0-year Cmmmitted Dose Equival ent (Iung
dose) of 100 microrem t0o 2000 microrem received by individuals
(estimated popul ation of 18,000,000) living within a lo-mle
radius of thirty 1,000 MW, oil-conbustion, electric generating
stations in the United States (reference |Q).

7. D scussi on.

a. It is understood that only two air sanples were taken at
Canp Abdaly due to the rapid departure of U S. Forces. Since
nei t her sample contai ned the necessary information to be
anal yzed, it is suggested that camp Abdaly be removed from
consideration in the Health R sk Assessnent (at |east fromthe
radi ol ogi cal standpoint).

b. Average background |evel s were neasured to be 2.2 x 10"
wci/ml of air for gross alpharadiation and 3.7 x 10" uci/ml of
air for gross bata radiation. Any dose assessnents cal cul ated
usi ng the measured radionuclide concentrations from the air
filter samples are well below U S regulatory limts for the
gener al public.

C.  This evaluation does not apply to subgroups such as tank

mai nt enance wor kers who prepared tanks W t h damaged DU shi el di ng
or injured soldiers with DU shrapnel in their bodies.

8.  Concl usions.
a No radiol ogical health hazards can appear to be

attributed to radioactive material detected on designated air
filter sanples fromthe APED air sanpling nonitoring program
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HSHB- HR- HI
SUBJECT:  Eval uation of Additional Kuwait HRA Samples for
Depl et ed Urani um (DU

Laboratory analyses of the air filter samples i ndicate that al pha
and beta-gamma activities, which also could suggest the presence

of DU, were notsignificantly different fromthe al pha and beta-

gama activities detected onthe background air filter sanples.

b. The airfilter sanple analyses inply that the
radi ol ogi cal health riskto the pop popul ation-at-large in Kuwait
and Saudi Arabia fromthe oil well fires, with their resultant
air quality, was no greater than that ef a conparabl e nature, and
\tNI_thI n dose limts, to individuals efthe general U S. popul a-
i on.

9. Recommendati ons. None.

10. Poi nts of contact are Mr. David Alberth and 1iLT Robert
FPriedman, Ext. 3502.

3 Encls ug E

as Chief, Industrial Health Physics
Branch
Heal th Physics Branch

CF:
DRES
DLS
c, HPD
C, MHPB
c, Tox
C, RAB
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HSHB- VR- HI (40) 13 JUL 1992

MEMORANDUM FOR Chi ef, Waste Disposal Engi neering Division

SUBJECT: Evaluation of Kuvait Air Sanpl es for Radicactivizy

1. References:

a. Menorandum USAEHA, HSHB- ME-S, 31 May 1991, subject:
Request for Assistance.

'b. Menorandum USAEHA, HSHB=-MR-H, 2 August 1991, subjec=:
Radi oactivity Rel eased in Burning Petrol eum in Kuwait.

c. Menorandum USAEHA, HSHB- M- RR, 18 March 1992, subjec=:
Results of Gross Al pha and G oss Beta Analyses of Kuwait Air
Filters, Project No. 38-26-K197 (enclosure 1 with attachnent).

d. National Council on Radi ation Protection and Measurenents
NCRP) Report No. 95, 30 December 1987, Radi ation Exposure of <he

(
U.S. Popul ation from Consumer Products and M scel | aneous Sources.

2. Purpose. The evaluation of air samples collected from the
Republic of Kuvait was performed to assist in your efforts zc
determ ne the potential health hazards fromoil well fires in =ze
Republic of Kuuait.

3. General .

a. The Air Pollution Engineering D vision implemented an air
sanpling nonitoring programto evaluatethe potential health
hazards fromoil well fires in the Republic of Kuwait ard izts
environment. An element ofthe health hazard eval uation was. %o
determ ne the concentration of natural radionuclidesrel eased inte
the air fromoil well fires.

b. There is very little radiological environmental data
avai |l abl e forestimating the concentrations of natural
radionuclides from the conbustion of oil inthe Republic of Kuwait.
However, fossil fuels (coal, oil and natural gas) as used by
i ndustry and the general public in United Statesof Anmerica,
releases radi onuclides asan unwanted byproduct which could |ead «=
an unvanted radi ati on exposure tothe general public andthe
envi ronment . Generally, t he radi onuclides of concern are
pot assi um 40 (X-40); the thorium series (Th); the uranium series
(Uy; radon-222 (Rn), and |ead-210 (pb?¥); howevar, specific
radi onucl i de determ nation vas not perfornmed because the detected
gross activities were too low to performthis procedure. Estimates
of natural occurring radionuclides in the earth's crust have been
made, however, the concentration of natural occurring radioruclices
varies quite widely in nature. Geographic |location and geclogical




HSHB-MR-HI )
SUBJECT: Evaluation of Kuwait Air sanples for Radicactivity

origin of soils as well asclimatic, and hydrol ogical history are
important in this regard.

3. Pat hway Analysis. As a result ofthe potential distribution of
natural radionuclides within the Kuwait environment from oil well
fires, the public could receive radiation exposure through

i nhal ation, through external exposure from radi oactive materials
deposited in the ground, through resuspension of this material into
the air, and through the movementofthe deposited radioactive
material within the terrestrial, aquatic and marine food chains.
The air sanple results indicate that only radiation exposure

t hrough inhal ati on shoul d be consi dered for this eval uation-

4, Air Sanple Eval uation.

a. The Radi ol ogi cal Anal ysis Branch, Radiological and
| norgani ¢ Chemistry Division recei ved and analyzed 174 air sanples
collectedin the Republic of Kuwait- The aiT sanples were
col l ected by the Air Pollution Engi neering Division. Al air
sanpl es were anal yzed for gross al pha and gross beta-gama
activities per unit volume of air.

b. The Air Pollution Engineering D vision identified 45 air
samples as background air sanples; Background air sanples were
collected from Eskan Riyahd; XxMc; and Eskan Village. Al of the
areas vere upw nd locationsfromthe oil well fires. The average
gross al pha activity forall background air sanples was 2.2 X 10"
microcuries per milliliter (uci/ml) of air. The gross al pha
activity for all background air sanples ranged froma | ow of
6.7 X 10% uci/mlof air to a high of 4.1 X 10" uci/ml of air. The
aver age gross beta=-gamma activity for all background air samples
vas 3.7 X 10" uci/ml ofair. The gross beta-gamm activity for
all background air sanples ranged from a low of 1.2 x 10" uci/ml
ofair to a high of 6.0 X 10™ uci/ml of air. Enclosure 1 has the
results of all background air samples-

e. The remaining129 air sanpl es werecol | ected downw nd in
t he smoke plune from the oil well fires. Al air samples were
anal yzed for gross al pha and ?ross bet a-gamma activities. The
average gross al pha activity for all air sanples was 2.2 X 10"
uci/ml of air. The gross alpha activity forall air sanples ranged
froma low of 7.6 X 10" uC/nl of air to a high of 5.7 X 10
uci/ml of air. The average gr 0Ss beta-gamma activity for all air
sanples was 4.1 X 10 uci/ml of air. The gross beta-gamma
activity forall air sanples ranged fromalow of 1.7 10" uCi/ml
if air to a high of 8.0 X 10" uci/ml of air. =2ncloszre 1 has xne
results of all downw nd air sanples.




HSHB~MR~-HI . -
SUBJECT: Eval uation of Kuwait Arsanpl es for Radioactivity

d. In general, the gross alpha and gross beta-gamm activities
observed inthe background air sanpl es and the air sanpl es
collected in the snoke plume fromoil well fires indicate that
there is no significant differences between the two groups of air
sanples. The gross al pha and gross beta-gamma activities detected
in air sanples collected fromthe smokeplune of oil well fires are
essentiallynatural background radiation. When we comparethe
rel ease of natural radionuclides fromoil well fires in Kuwait with
the release of naturalradi onuclides in the United States
environment, from the conbustion eof oil forthegeneration of
electricity the radionuclide released in the United States appears
to be higher (Reference paragraph 1id).

5. Conclusion. A review of the air sample data indicates that
there isno radielogicalhealth hazards resulting frem the oil well
fires in the Republic eof Kuwait.

6. Recomendat i ons. None. .

7. The point of contactfor this evaluation is H. Alen
H | smeier, exf. 3s02/3526.

:
e ‘"/
il AR
el HARRIS ZDGZ //~"
Cnief, Industrial Health pPaysics
Branch
Health Physics Division

b
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Results of Analyzing Air Filter Samplzs
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HSHB- MR-HI  ( 40) 6 AUG 1993

MEMORANDUM FOR Chief, Health R sk Assessnent Branch

SUBJECT: Evaluation of Oiginal Kuwait HRA Sanples for Depleted
Ur ani um ( DU)

1. Ref er ences:

a. Menorandum HSHB-MR-HI, USAEHA, 21 July 1993, subject:
Request for Depleted Uranium (DU) Sanpling Criteria for Kuwait
Gl Fires Health R sk Assessment Team

b. Menorandum HSHB-MR-HI, USAEHA, 12 July 1992, subject:
Evaluation of Kuwait Air Sanples for Radioactivity.

2. Analysis and evaluation of 190 air sanples out of approx-
imately 1000 applicable sanples (e.g., PM: particle size < 10
mcrons in-dianmeter) collected by the USAEHA Team were anal yzed
for gross al pha and beta radi oactive contam nation, but not
specifically for DU DU is primarily an al pha emtter and would
have been detected in such analyses. No radioactivity above
background | evel s was detected. There was no significant

di fference between the average concentrations of radioactivity
from sanpl es taken upwi nd from those taken downw nd.

3. The 190 selected air sanples were analyzed in March 1992. In
revi ewi ng the data by sanpling |ocation, since air sanplers were
pl aced where the troop concentrations were, the follow ng

i nformati on was obt ai ned:

# Samples Location # Samples Locatiion

41 Al Khobar 0 Canp Abdal y

7 Canmp Freedom 4 Eskan Ri hahd
10 Eskan Vil l age

21 camp 1
0 Ca Thunder-

27 Al Jubai | rock (Decha)

6 Jubai

24 Mlitary Hospital

33 KKMC

17 U S. Enbassy
190 Total Sanpl es

Eonel 2




HSHB-MR~-HI
SUBJECT: Evaluation of Oiginal Kuwait HRA Sanples for Depleted
Urani um (DU)

4. In order to utilize the available air sampling, data by troop
| ocation to address the risk of ionizing radiation fromthe
Kuwait oil fires for the Health Ri sk Assessnent, either the Canp
Abdaly and Canp Thunderrock | ocations should be deleted or nore
sanpl es should be counted from these two | ocations.

5. It is understood that limted sanpling was done at Canp
Abdaly due to the rapid departure of U S. Forces; however, over
120 air sanples were collected at Canp Thunderrock (Deha). The
Heal th Physics Division reconmends that, if these sites are to be
included in the BRA, nore sanples from Canp Abdaly be counted and
approxi mately 30~40 nore sanples from Canp Thunderrock be

counted. To be consistent with the analyses already conpleted

t hese extra sanpl es shoul d be counted for gross al pha/ gross beta
contam nation. Discussion- with the Chief, Radiochem stry

Anal ysis Branch, RICD, DLS, indicates that this in-house analysis
will cost approximately $1,465 and take approximately 2 nonths to
provide | aboratory analysis results to the Health Physics

Di vi si on. If isotopic uranium analysis is perforned (this is not
the recommended option) on all of the sanples previously
anal yzed, use of an outside contractor will be necessary. By

using an outside contractor, it wll cost $22,500 and take
approximately 6 = 12 nonths.

6. Qur basic conclusion for the Kuwait Health Assessnment Report
renai ns: "No radi oactive contam nati on above background |evels
was detected in the air sanples analyzed for gross al pha and beta
radi ati on, which would include radiation from pu. There was no
significant difference between the average of concentrations

taken upwi nd from those taken downwi nd." Aver age background
l evel s were neasured to be 2.2x10™ microcuries per nilliliter of
air for gross alpha and 3.7x10™ microcuries per nilliliter in

air for gross beta radiations, which is well below regul atory
concern. There was negligible risk to the DOD population-at-
large in Kuwait from any 1onizing radiation risk due to the oil
fires. This does not apply to subgroups such as tank mai ntenance
vorkers who prepared tanks with damaged DU shielding or soldiers
injured with DU shrapnel in their bodies.




2age do. R
(2/07/93
Nesuits of mnalyzing Air Filter Jampias

Lak Filtar APED 2BF Installation Yoluse Weight Rlpha LLZ Jetz LLD  Alzha 5t Alpha Unc Bets et Beta une
Nusber  Nuaber Fiiename (froa AR 55) (8*3) (g} ‘uCi/al} [=Cifal) lpfi/ei)  (efifed) (wlifaly  (mlifai.

Y11 0T Lasp Abdaly 9.4 [.79507 BRR 234
7T S24B1a3 Laap dbpdaly 0.0 4.03%7 =R R
74362 il i Lasg Thundaer Jock 169,52 L Q80T LEE-i: Liz-ls

da

T4el3 ey Cazp Taunger Secx L9TT.0 g.32u1s rEeid LapEels .
YATTT SISRRTI Cazp Thusder Reck 14975 0,528 L TE-1E LLEE-l .
¥EI3L Tosae0h ramp Thunder oot 15147 ), 723 LL9E-34 2SR o
¥IiE SIIRLIT Tazo Thunser Rosk iS06.2  G.IE250 LLEE-1¢ 2 :-
EETY b L el Cazp Thundzr Rack 2082.5  0,2791¢ | 3E-1i 1.EE-0 L
YEgel-quy TIORITS Safs Thunder Rock 208Z.% 057810 ,3E~id 1,3E-i% . :

YEGAZ TITAES0 VOTEIVOLLIST lazz Thunder o i L AT LR i,55-1s o7 LLIE-
¥iag? SIH9I89  VCTHIVOLLDBF  Casp Thunder Rocx 154.. 2 0.76526 1,9E=153 I, 4E-!4 l.ET-id 2.E-
10074 208928 VCTHIVOL.IBF N Zuilding 1345.9 0.27414 L.7E-14  2.iE-18 1,7E-12 T.eE-1s
IGTe-dug TINES2S  VOTHIVOLLIBF N Buildiag 1366, % 0.27416 L.7E-14  25E-i4 2.02-1+ I,IE-E
0787 53284 VOTHIVOLLIZF Gl Y. Ruilding 249.8 9,07364 3.ZE-13  1.b62-i4 8.3E-13 3.2-15 LR
o780 SI3L676  VCTHIVOL.DBF  U. M. Building 2185.8  1,9357TS 2.3E-14  1.BE-1$  4.4E-13  T.iE-14 1.7E-12
17530 5208678  VCTHIVOL.DBF UM 3uilding 193.7 0.33430 1.ZE-14 {.9E-14 4.TE-14 2.22-14 1.8E-!
279 3208686  VCTEIVOL.DBF UK Buildiag 1307.2 0.12905 1.46-14  2.7E-13  J.TE-14 .34 z

(2739-dup ST0RE9:  VOTHIVOLLIBF  UN Buildiag 201.2 LA2963 LLAE-14 LTE-i4 LTET-b 0 LIE-L
eI053 5208670 9201.6  1.86980 44515 428415 TLTE-IE S TE-iS
23358 KA-4 1160.56  0.07932 L.8E-i4  3J.0E-i4 LTE-18 LLBE-14
73390 Ka-10 1206.7  0.17985 1.96-14¢  I.0E-i4  2.4E-14  I,1E-i4
FEN-13 Ka-22 VCIHIVOL.DZF UM 3uildiag 173.9  0.24718 L 4E-14  2.1E-i¢ LaE-id 1LIE-G

!
14158 ¥A-30 VCTHIVGL.DST UM Building 1861.4  0.13997 1 1E-18 L9Ee1f L0E-14 LGE-ld JE-it
HE KT VCTHIVOL.DBF LN Buildiag I738.4  0.16700 L2E-14  Z.OE-14  4.3E-14 2E-ld 3E-14
HIEE K- YOTHIVOL.G5F  UN Burldiag i846.9 0,132 L IE=4  1.E-d &0E-13 LoE-i4 sE-13
47T K-iT VCTHIVOLLOSF UM 3u:lding 7817 0,088 LIE-14 L 5.
e FID9 LIRS i S
ST nen 1938.2 4 203 gy o 7.
TR FE B3%.0  G.0010 LIE-I L3Rt A







HSHB- M_- RR
SUBJECT: Results of G oss A pha and Goss Beta Anal yses of
Kuwait Air Filters, Project No. 27=-22-E24K

. . a
12. Al results listed in _the enclosure have been reported to
two significant figures. This has been done to facilitate report
generation and elimnate manual transcriptions of the data.

13. Poi nt of contact for additional information is
Mr. Ronald J. swatski or Ms. Prances Szrom extension 5-398

r]

dé%”x}ijz¢;f¢tﬂ'
- =W
Encl RONALD J. SWATSKI

Chi ef, Radi ochemi stry
Anal ysi s Branch







HSHB-ML-RR  (385-11g) I{-’: DEC1993

MEMORANDUM FOR Chi ef, Health Physics Division (1LT Fri edman)

SUBJECT:  Results of Goss Alpha and G oss Beta Anal yses of
Kuwait Air Filters, Project No. 27-22-E24K

1. The additional gross alpha and gross beta anal yses of 26 ar
filters fromKuwait are conplete. The results of these analyses
are listed in the enclosure.

2. The methodol ogy enployed in the air filter anal yses was an
adapt ati on of our G oss pha and G oss Beta in Soil procedure.
An aliquot of eachair filter was countedfor al pha and beta
particles. Average alpha and beta filter background count rates
were subtracted-fromthe gross al pha and beta particle count
rates. Then, alpha and beta counting efficiencies were assigned
and al pha and beta activities cal cul ated based on the vol une of
air that was drawn through the filter.

3. Average al pha and average beta filter background count rates
were subtracted from each sanple's gross al pha and gross beta
count rates respectively. The average count rates forthe filter
backgrounds were determ ned by averagi ng several alpha and beta
count rates of aliquots fromunused filters. These filter
background aliguots were the sane size, shape and area as the
actual filter aliguots counted for each sanple.

4. Al pha and beta counting efficiencies were based on the weight
of particulate matter deposited on the filter aliguot. Basing
the efficiencies onthe particulate matter weight conpensates for
sel f-absorption in the particulate matter

5. The particulate matter weight on the filter aliguot was
calculated by multiplying the weight of particulate matter on the
entire filter (fromvalidated APED dBase files) by the percent of
the filter counted. The percent of filter counted was determ ned
by dividing the area of the filter aliguot by the filter's tota
active area (area over which particulate matter was deposited).

6. Since several destructive analyses, such as netals anal yses,
had been perforned on portions of each filter prior to us
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receiving the filters, we could not directly measurethe size of
the entire filter's active area. The entire filter's active area
was estimted based on neasurenents of unused filters. Based on
these neasurenents, We estimated that the filters active areas
were approxi mately 22.9 cmby 18 cm |f this estimation is
i nappropriate for any filter thenthe results listed in the
encl osure for that filter are incorrect and nust not be used
If necessary, results wll be re-calculated after we are
furnished with actual entire filter active areas.

7. Listed in the enclosure are filter information and results.
Filter i nformati on was conbi ned from vali dated APED dBase fil es,
an MAB spreadsheet file, and RAB instrunent files. The
information was used to calculate the results listed in-the

encl osure.

8. Duplicate analyses were perforned on approximately 10% of the
filters. Two aliquots were analyzed fromthe sane filter as
descri bed above. Results of duplicate filters areindicated in
the encl osure by appending the suffix "dup®™ to the | aboratory
nunber. The duplicate analysis is listed imediately follow ng
the original analysis. For example, | aboratory nunbers Y6461 and
Y6461-dup refer to the original analysis and the duplicate

anal ysis of Y6461, respectively.

9. Several filters were counted for which data did not exist in
the APED files. Therefore, a filenane does not appear in the
"APED DBF Fil ename" columm of the enclosure. The volunmes and
weights, if listed for these filters, were calculated from
information recorded on the filter envel opes.

10. Information to calculate the air volune of filters ¥2111 and
Y2779 was not listed on the envel opes. Therefore, results could
not be calculated and are indicated in the various result colums
by "ERR".

11. Results listed include the alpha lower limt of detection
(Alpha LLD), beta lower Iimt of detection (Beta LLD), al pha
activity (Al pha Act), alpha counting uncertainty at the 95%
confidence interval (A pha une), beta activity (Beta Act),

and beta counting uncertainty at the 95% confi dence | evel

(Beta Unc). Al result units are mcrocurie per mlliliter of
air (uci/ml).
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7. Points of contact within the Health Physics D vision are
M. David Alberth or 1LT Robert Friedman, x-3502.

HARRLS EDGE
Chief, Industrial Health Physics
Branch
Heal t h Physics Branch
CF.
DRES
DLS
C, HPD
C, MPB
C, TOX







DEPARTMENT OF THE ARMY
U. S. ARMY ENVIRONMENTAL HYGIENE AGENCY

ABERDEEN PROVING GROUND. MARYLAND <21010=5422

atry 10
ATTEWTION OF

HSHB-ME

FINAL REPORT
KUWAIT OIL FIRE HEALTH RISK ASSESSMENT
NO. 39-26-L192-91
5 MAY - 3 DECEMBER 1991

APPENDIX I
RESPONSE TO COMMENTS ON
INTERIM KUWAIT OIL FIRE HEALTH RISK ASSESSMENT

1. PURPOSE. This appendix addresses all comments received concerning the Interim
Kuwait Health Risk Assessment report. Appropriate references are cited where necessary.
For clarity, each entity which provided comments is identified with the heading as listed on
the comments received. The comments have not teen grouped or in any way altered.
(Please note that graphs provided by reviewers have been reproduced so as not to alter their
initial X and Y axises values.) The reader should notice that several review groups have
provided similar comments which are repetively answered in their respective section.

2. COMMENTS FROM REVIEWERS AND RESPONSES FROM THE USAEHA.

A. UNTIED STATES ENVIRONMENTAL PROTECTION AGENCY
Environnental criteriaand AssessmentOffice (MD-52)
Research Triangle Park, North Carolina 27111

February 24, 1993

Major William Legg

U.S. Environmental Hygiene Agency
Building E-167

Aberdeen Proving Ground, MD 21010-5422

Dear Major Legg:
Enclosed please find a set of EPA review comments on the draft U.S. Army Kuwait Oil Fire
Health Risk Assessment (No. 39-261192-91) forwarded last fall for review by pertinent EPA

units. My apologies for the long delay in finally getting these comments off to you, but as
noted in our past few phone conversations, higher priority immediate EPA demands (e.g.,
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budget preparation/submittal tasks) have preempted our being able to wrap up review of the

subject Kuwait Oil Fire Risk Assessment. The enclosed comments integrate inputs not only

from my ECAQ/RTP staff and myself but also from several other EPA units, e.g., AREAL

(our atmospheric monitoring/modeling lab) and our fellow OHEA Human Health Assessment
Group (HHAG) in Washington, DC.

Our comments focus first on some general issues/concems regarding (1) organization/
structure of the draft risk assessment materials and recommendations for reorganizing the
structure to make it more understandable; and (2) aspects regarding PM exposures as
probably the single most significant potential health risk to evaluate. Other specific
comments then follow the general ones and deal with more specific issues, wording
corrections, etc.

We hope you find the EPA comments to be helpful in revising/improving the subject Kuwait
Oil Fires assessment materials. Please feel free to contact me (Phone: 919-541-4173; FAX:
919-541-5078) for further clarification/assistance on the matter.

Sincerely yours,
Lester D. Grant, Ph.D.
Director, Environmental Criteria and Assessment Office

Enclosure

USAEHA response: Noted.

U.S. EPA REVIEW OF U.S. ARMY INTERIM KUWAIT OIL FIRE HEALTH RISK
ASSESSMENT (No. 39-26-1 192-91)

I. BACKGROUND

The U.S. Army undertook this health risk assessment (HRA) to characterize the risk, both
cancer and non-cancer, to U.S. DOD personnel and Allied troops and civilians exposed to
the environment affected by the oil fires during and after Operation Desert Storm. The
project consisted of three main areas: (1) an environmental monitoring effort, with a
subsequent HRA; (2) an industrial hygiene sampling study; and (3) a biological surveillance
initiative. Upon their completion, the three studies will be incorporated into one report. The
present review focuses on the monitoring effort and corresponding HRA. Insufficient data
and discussion were provided to allow review of the other two efforts. The industrial
hygiene survey was to characterize the occupational exposures of DOD personnel who had
potentially high risk exposure to oil fire emissions. Results and data interpretation by the

1-2
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U.S. Army of the biological surveillance initiative will not be available until the final HEW is
released. For the monitoring effort, ambient air sampling was conduct4 from #ay 5
through September 15, 1991 in both Kuwait and Saudi Arabia. The analyses and conclusions
of the present draft report reviewed are based on those data. Samples collected from
September 16 through December 2, 1991 will be analyzed and reported in the final HRA.
The draft report draws the following main conclusions from the environmental monitoring
and HRA effort:

A. Health Risk Assessment

The data presented for the criteria air pollutants are single average values for particulates,
nitrogen dioxide, and sulfur dioxide for all of Kuwait and for all of Saudi Arabia. Based on
these single average values, the report concludes that the "magnitude of exposures was low
compared to recognized occupational health standards. “The total predicted non-cancer risk
from non-criteria air toxics pollutants was calculated by summing hazard quotients calculated
for individual contamimants of concern. This summation resulted in a Hazard Index (HI).
The HI’s for all pathways and routes of exposure range in value from one to four. The
majority of non-cancer risk comes from the inhalation of metals, in particular chromium,
which represents over 99 percent of the risk. This chromium contamination is believed to be
from natural and anthropogenic sources, and not from the oil fires.

The total predicted excess cancer risk estimated to result from human exposure to the Persian
Gulf environment ranged from 2x10-7 to 5x10-7. These cancer risk levels are below the EPA
range of concern of 10-4 to 10-6. Also, there is little difference in the cancer risk levels
estimated for any of the sites monitored.

B. Air Pathway Analysis

Based on the analyses thus far, only tbe magnitude of human exposure has been determined.
The frequency and duration of exposure will be addressed in the final HRA.

Oil fire pollutants may not have made a significant contribution to a degradation of the
pre-war air quality. Comparison of these data with historical air quality data indicates that
the air quality at ground level at some sampling sites was better in 1991 than in previous
years, for some pollutants.

Mean concentration values for organic compounds were found to be comparable to levelsin
Houston and Philadelphia. Generally, concentrations of polycyclic aromatic hydrocarbons
were a or below detection limits. While high levels of particulate matter were measured,
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such levels are considered “normal” for this area of the Middle East. Relatively high
concentrations of naturally occurring metals associated with wind blown surface soils were
observed.

Regional air quality trends were more strongly influenced by site-specific factors such as
terrain, geography, atmospheric dispersion, source characteristics, chemical fate, and
meteorology, and were not as strongly influenced by the extent of contamination of the
sources.

C. Seil Pathway Analysis

The few increases in concentrations of metals that occurred are probably not fire-related, but
are of natural or anthropogenic background.

USAEHA response:  Noted.
II. REVIEW COMMENTS

A. General Comments

In general, the draft report, as now written, is a cumbersome assemblage of data, on which
lengthy calculations have been executed, but out of which only-limited information has been
distilled. Additionally, the organization of the report is very erratic, appearing as if the
report is a compilation of various sections prepared by different authors and without any
comprehensive editing.

It is recommended that consideration be given to reorganize the next version of the report to
treat relevant topics in the following ideal sequence, so as to enhance its logical flow and
improve understanding of reported information:

USAEHArespénsesequencing of the discussions in this report follow the
guidelines set forth in the EPA document “Risk Assessment Guidance for Superfund Volume
| Human Health Evaluation Manual (Part A) , EPA/540/1-89/002, December 1989.” This
methodology was chosen for its acceptance in dealing with human health risk in the scientific
and engineering communities. Specific responses are provided for the following sub-
discussions.
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