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cubes algorithm. This was followed by application of a novel scale-invariant, multi-
material mesh-generation algorithm that produces a quality, nearly orthogonal
paving of biological geometries based on the concept of local scale. Finally, we have
developed efficient constitutive models for myocardium, papillary muscle, chordae
tendinae, cardiac valve tissue and coronary artery. Much work remains to be done.
However, we believe that a predictive computational model that links circulation to
respiration can become an important tool for predicting regional deposition of ul-
trafine particulates and site selectivity of atherosclerotic plaque formation. Funded
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406 IN VITRO 2-METHOXYACETALDEHYDE ADDUCT
FORMATION USED FOR PROTEOMIC-BASED GLYCOL
ETHER BIOMARKER DEVELOPMENT WITH SURFACE
ENHANCED LASER DESORPTION IONIZATION
(SELDI) ANALYSIS.

K. L. Cheever. Molecular and Genetic Monitoring, NIOSH, Cincinnati, OH.

The protein adduct formation of 2-Methoxyacetaldehyde (MALD, CAS 10312-
83-1) was tested as a potential biomarker of glycol ether exposure. MALD is a reac-
tive intermediate in the metabolism of 2-methoxyethanol 2ME, CAS 109-86-4), a
glycol ether known to produce reproductive effects in laboratory animals and is a
potential carcinogen. Bioactivation of 2ME is reported to occur via oxidation by al-
cohol dehydrogenase to MALD and subsequent aldehyde dehydrogenase to
methoxyacetic acid (MAA, CAS 625-45-6). Protein and DNA adducts have been
reported for 2ME, and MALD has been suggested as the likely source of macro-
molecular adduct formation. In the current study MALD, along with 2ME and
MAA were tested in vitro to evaluate adduct formation using human hemoglobin
or albumin. Surface Enhanced Laser Desorption Ionization (SELDI) with Time of
Flight mass spectrometry was used to detect adduct formation in 0.1 pg hemoglo-
bin or albumin incubates. The study showed that the reactivity of MALD with al-
bumin was several fold greater than for hemoglobin. The reaction of MALD with
the alpha-globin chain was greater than that of the beta-globin portion of hemoglo-
bin. After 3 hours the MALD-adduct levels for albumin > alpha-globin > beta-glo-
bin. The MALD adduct levels did not continued to increase further during the 24-
hour test period, and no corresponding adduct formation was noted for 2ME or
MAA. Tryptic digests of the proteins may be utilized for specific proteomic-based
biomarkers of exposure to glycol ethers.

Disclaimer: Mention of company names and/or products does not constitute en-
dorsement by the Centers for Disease Control and Prevention (CDC). The find-
ings and conclusions in this abstract have not been formally disseminated by the
National Institute for Occupational Safety and Health and should not be construed
to represent any agency determination or policy.

407 (2-METHOXYETHOXY)ACETIC ACID: A URINARY
BIOMARKER OF EXPOSURE TO JP-8 JET FUEL.

M. A. Butler', C.B.B’Hymer', K. L. Cheever', E. Krieg', C. A. Toennis', J. C.
Clark' and R. L. Gibson®. 'Biomonitoring and Health Assessment Branch, National
Institute for Occupational Safety and Health, Cincinnati, OH and”Armed Forces
Epidemiological Board, USAE Falls Church, VA.

(2-Methoxyethoxy)acetic acid (MEAA), the major urinary metabolite of the deic-
ing agent 2-(2-methoxyethoxy)ethanol (diEGME) added to JP-8 jet fuel, was used
to measure exposure to JP-8 in air force personnel at six airbases in the United
States. JP-8 is a kerosene based fuel containing over 200 different compounds, in-
cluding aliphatics, aromatics, benzene, and naphthalene, all of which vary in con-
centration depending upon the specific batch of JP-8. DiEGME is always present
at 0.1 %. Post-shift urine specimens were obtained from personnel who performed
fuel tank maintenance and their attendants (high category, n = 98), fuel handlers
(moderate category, n = 38) and personnel with no direct JP-8 contact (low cate-
gory, n = 61). Urine containing a deuterated (2-butoxy)acetic acid internal standard
was extracted with ethyl acetate, followed by esterification to the ethyl ester. The
ethyl ester was extracted with methylene chloride and concentrated. Quantitation
was by a gas chromatograph equipped with a mass spectrometer. The mean urinary
MEAA level was significantly greater in the high (6.9, SD = 15.5 ug/ml) category,
as compared to the means of the moderate (0.4, SD = 0.9 ug/ml, p = 0.0024) and
low (0.1, SD = 0.02 pg/ml, p= 0.0002) categories. The maximum concentrations
of urinary MEAA were 110.0 pg/ml, 4.8 pg/ml, and 0.2 pg/ml and the percent of
measurements below the limit of detection (0.1 ug/ml) were 6%, 67%, and 97%
for the high, moderate, and low categories, respectively. This study demonstrated
that urinary MEAA can be used a biomarker of exposure to JP-8.

Disclaimers: Mention of company names and/or products does not constitute en-
dorsement by the Centers for Disease Control and Prevention (CDC). The find-
ings and conclusions in this abstract have not been formally disseminated by the
National Institute for Occupational Safety and Health and should not be construed
to represent any agency determination or policy.
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408 URINARY 2-BUTOXYACETIC ACID: DEVELOPMENT OF
AN EFFECTIVE GAS CHROMATOGRAPHIC TEST
METHOD FOR QUANTIFICATION.

C. B'Hymer and K. L. Cheever. BHAB, NIOSH, Cincinnati, OH.

A simple and effective general test method for 2-butoxyacetic acid (2-BAA) in urine
samples was developed. 2-Butoxyacetic acid is a metabolite and biomarker for ex-
posure to 2-butoxyethanol (2-BE), a glycol ether and is of concern because of the
general toxicity of this class of compounds. Glycol ethers have been frequently re-
ported to damage the male reproductive system, hematopietic system, and
fetal/embryonic development. Occupational exposure by these widely used glycol
ethers is likely, since they are readily absorbed through the skin. Specifically, 2-BE is
used as a component in paints, inks and common house hold cleaning products,
and is of interest to this laboratory for exposed populations. For the use of this test
on urine, specimens were first spiked with deuterated 2-BAA; the deuterated analog
was used as a procedural internal standard. The samples were extracted with ethyl
acetate, concentrated, and treated by acid catalyzed esterification to produce the
corresponding ethyl esters of 2-BAA. Subsequently, the ethyl ester derivatives were
extracted using methylene chloride and concentrated to produce the final solution
for gas chromatographic analysis. A mass selective detector (MSD) using a 50-m X
0.20-mm (id) HP-1 capillary column and a temperature program of 60 to 1500C
was used for the gas chromatographic measurement. Ion m/z 57 was monitored for
the ethyl ester of 2-BAA and ion m/z 66 was monitored for the internal standard. A
series of recovery studies using 1, 5, 10 and 20 pg/ml 2-BAA spiked urine samples
demonstrated good accuracy and precision; recovery varied between 100-102% of
theory. The limit of detection (LOD) was found to range from 0.005 to 0.015
Hg/ml for this analysis method.

Disclaimers: Mention of company names and/or products does not constitute en-
dorsement by the Centers for Disease Control and Prevention (CDC). The find-
ings and conclusions in this abstract have not been formally disseminated by the
National Institute for Occupational Safety and Health and should not be construed
to represent any agency determination or policy.

409 EXCRETION OF URINARY BIUREA IN WORKERS
EXPOSED AZODICARBONAMIDE.

J. Lee', B. Choi', J. Shin', B. Kim® and ].Jeongz. ! Center for Occupational Lung
Diseases, WAMCO, Ansan, South Korea and~ Occupational Safety & Health Research
Institute, KOSHA, Incheon, South Korea. Sponsor: L. Yu.

Azodicarbonamide (ADCA), a causative agent of occupational asthma in plastics
and rubber industry workers, is an organic low molecular weight agent used as a
blowing agent in the manufacture of expanded foam plastics. ADCA is rapidly con-
verted to biurea and that biurea is then eliminated rapidly from all tissues through
urine. The urinary biurea has been used as biomarker of ADCA exposure, yet lim-
ited studies have been done. Accrodingly, we measured airborne ACDA in work-
place, urinary biurea, and total IgE in serum, and analyzed the relationship among
indices. The study population contained 14 exposed and 14 non-exposed workers
in a ADCA manufacturing plant. Urine samples were obtained at prior to shift (PS)
and the end of shift (EOS) on the survey day and blood samples collected on the
survey day. Analysis for biurea was achieved by oxidation of biurea to ADCA prior
to derivation with triphenylphosphine. The derivative wasextracted with
dichloromethane, and then evaporated. The dried sample was reconstituted in ace-
tonitrile, and quantified using HPLC. Total IgE in serum was analyzed via im-
munoassay. The mean of environmental ADCA was 1.553£1.930 TWA mg/ms,
and 80 percent among the collected samples were higher than 1 mg/m’, recom-
mend level of Health and Safety Executive. The mean of PS biurea, EOS biurea,
and total IgE were 0.1944.68 mg/g creatinine, 0.18+4.02 mg/g creatinine, and
163.78+4.09 1U/mL, respectively. There was significant correlation between the
urinary EOS biurea and the airborne ADCA (r=0.733, p<0.05) and PS biurea
(r=0.574, p<0.05) in the exposure group. From the results of simple regression
analysis about the urinary concentration of EOS biurea and that of ADCA in the
exposed group, coefficient of determination was 0.34 (p<0.05). There was signifi-
cant correlation between the urinary EOS biurea and the airborne ADCA. The uri-
nary biurea was an effective index as a biomarker of airborne ADCA in workplace,
despite the limitation of sample size and variables.

410 GENOTOXIC EFFECTS IN WORKERS EXPOSED TO
FUMES AND AEROSOLS OF BITUMEN (FAB).

B. Marczynskil, K. Foerster’, A. Spickenheuerl, M. Raulf-Heimsoth!, R.
Bramer',” D. Breuer’, J. Hahn®, B. Pesch', J. Angerer’, H. U. Kaefferlein' and
T. Bruening'. 'BGFA, Rubr-University, Bochum, Germany, *Institute of
Occupational Medicine, Friedrich Alexander University, Erlangen, Germany and
’BGIA, BG Institute of Occupational Safety, St. Augustin, Germany.

Recently, DNA damage in form of increased strand break frequencies could be de-
termined in white blood cells (WBC) of 66 workers exposed to FAB (Marczynski ez
al., Cancer Epidemiol. Biomarker & Prev. 15: 645; 2006). Meanwhile, 202 exposed
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Preface

This issue of The Toxicologist is devoted to the abstracts of the presentations for
the symposium, platform, poster discussion, workshop, and poster sessions of the
46™ Annual Meeting of the Society of Toxicology, held at the Charlotte Convention
Center, Charlotte, March 25-29, 2007.

An alphabetical Author Index, cross referencing the corresponding abstract
number(s), begins on page 449.

The issue also contains a Keyword Index (by subject or chemical) of all the
presentations, beginning on page 480.

The abstracts are reproduced as accepted by the Program Committee of the Society
of Toxicology and appear in numerical sequence.

Copies of The Toxicologist are available at $45 each plus $5 postage and handling
(U.S. funds) from:

Society of Toxicology
1821 Michael Faraday Drive, Suite 300
Reston, VA 20190

www.toxicology.org
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