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Introduction 

Jet propulsion fuel 8 (JP8) has recently been recognized by the Department of Defense (DoD) 
as the single largest chemical exposure for its personnel. The primary aim of the project is to 
conduct an epidemiological field study to examine the relationship between JP-8 fuel exposure 
and neurological functioning in military personnel. The research objectives include 1) 
determination of the individual service member's level of exposure to JP-8 components while 
c.:urying out his/her job tasks, as measured by specified biomarkers of exposure, and 2) 
examination of whether acute, or cumulative exposure to JP-8 over a work week is significantly 
associated with hypothesized neurobehavioral and neurophysiologic performance outcomes. 
The project has two phases: Tier I is to conduct onsite exposure assessment techniques to fully 
characterize JP-8 exposure parameters in the military occupational field setting required for the 
planned field study; Tier II is the conduct of the full-scale neuroepidemiology field study to 
examine predicted dose-response relationships. The field study is being carried out with military 
(Air Force) personnel. 

Body 

Due to administrative delays that occurred at the beginning of this project, a request to modify 
the timeline of the study Statement of Work (SOW) was submitted in March 2007. Thus, the 
current, approved SOW (Table 1) incorporates those modifications and reflects the timeline of 
relquired tasks. 

Table 1 Modified SOW, approved June, 2007 

Months Task 2 -Conduct planning steps, which include field site exposure measurements EJ Task 1 -Obtain all required administrative approvals. 

1-12 and samples analyzed. 
Task 3 -Convene Working Groups. 

Task 4 -Conduct Tier I phase. 
Task 5 -Carry out analyses of environmental/biological samples from Tier I phase. 

Year 2 Months Task 6 -Perform data management tasks to integrate multiple data sources for data 
13-24 analyses. 

~Months L__j 25-32 

Task 7 -Convene Workshop. 
Task 8 -Initiate Tier II phase. 

Task 9 -Complete analyses of environmental and biological samples (Tier II). 
Task 10 -Complete data analyses of exposure-outcome hypothesis relationships 

(Tier II). 
Task 11 -Prepare Final Report and manuscript(s). 

The project was funded November 1, 2005. The progress made during the first 8 months of the 
project was reported in the 2006 Annual Report. Specifically, Task 1, obtaining the required 
Army and Air Force administrative approvals, was completed, and progress on Tasks 2 & 3 
described. Progress made during months 9-20 of the project was reported in the 2007 Annual 
Report. Specifically, Tasks 2-5 were completed; Task 6 was in progress. Progress made on 
tasks outlined in the modified SOW for months 21 through 32 was reported in the 2008 Annual 
Report. Specifically, Tasks 6-8 were completed; Tasks 9-11 were in progress. Progress made 
on Tasks 9-11 was reported in the 2009 Annual Report. Specifically, Task 9 was completed; 
Tasks 10-11 were in progress. 

Progress made during the period 1 July 2009- 30 June 2010 is described below. Specifically, 
the majority of Task 10 is now completed; preparation of manuscripts (Task 11) is in progress. 
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The project is currently operating under an approved no-cost extension to 30 June 2011 to 
complete the remaining project tasks. 

As summarized in previous years' Annual Reports. Tier I phase data collection conducted in Jan 
2007 involved a total of 24 participants at one Air Force base (AFB). Tier II phase data 
collection was carried out with a total of 7 4 participants between January-April 2008 at three 
different US Air Force bases (AFB1: 25 Jan- 1 Feb 2008; AFB2: 28 Mar-4 Apr 2008; AFB3: 18-
2!5 April 2008). In brief, the study design involved recruiting participants from higher and lower 
exposure group categories (based on a priori job-type activities). Each participant was asked to 
participate in the study over a period of 6 work days, with his/her study participation starting on 
a Friday afternoon (Day 1) and continuing Monday morning through Friday morning (Days 2-6) 
the following week. Biological and/or environmental samples of JP8 exposure were collected 
from each participant every day, along with daily questionnaires and scheduled neurobehavioral 
task and postural sway testing. Laboratory analyses of all collected samples were completed by 
Dec 2009. 

Task 10: Complete data analyses of exposure-outcome hypothesis relationships (Tier 11)
ln PROGRESS (with most all completed). 
As described in last year's Annual Report, the data management steps to integrate the Tier II in
person questionnaire, neurobehavioral performance and postural sway data and environmental 
and biological sample results as needed for data analyses procedures, have been completed. 

Summary of analyses focused on exposure. Over the past year, linear mixed-effects modeling 
analyses have been performed to examine relationships between JP8 inhalation/air exposure, 
job tasks, and urinary metabolites over the workweek. One additional aspect of analyses has 
been to depict the considerable variation in exposure levels over a workweek (Figure 1 ). 

Figure 1. Levels of personal (geometric mean) air THC concentration (mg/m3) over the work 
week, by a priori exposure (high, low) groups 
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Summary of findings: 
Air levels of JPB components were significantly higher among the hypothesized higher 
exposure group 
Total hydrocarbon(THC) air levels were significantly different among job task categories 

• THC levels were significantly correlated with naphthalene levels in air 
Post-shift urinary 1-naphthollevels were significantly higher than pre-shift levels among 
the high exposure group 

• THC air levels were significantly associated with urinary 1-, and 2-naphtho/levels 
• Naphthalene air levels were slightly stronger predictors of urinary 1-,2-naphthollevels 

than THC air levels 

Summary of analyses focused on exposure-outcome relationships. Primary data analyses set to 
examine the hypothesized exposure-outcome relationship between measured exposure levels 
and neurological functioning (i.e., neurocognition, balance) have been completed, with 
additional data analyses for final manuscript preparations in progress. 

In summary, to examine the study hypotheses regarding occupational exposure to JP8 and 
neuropsychological functioning as part of Tier II, neuropsychological testing was conducted at 
the end of shift on the first day of the study (Day 1 Battery) and subsequently on at the start of 
shift on Day 2, Day 4, and Day 6 (Repeated Day Battery). The neurobehavioral task batteries 
(Table 2A & B) were designed to be feasible in a field study environment, given time and 
environmental constraints, and to provide appropriate and reliable measurements of 
performance in a repeat testing scenario. 

Table 2A. Neuropsychological Day 1 Battery: Task Descriptions 
Possible 

Domain Outcomes Score 
es sse sse easure ange e erence T t A d M d R Rf 

General 
Shipley Vocabulary academic #of correct 0-40 Shipley, 1946 

ability resp()nses 
Hooper Visual Organization 
Test Visuospatial #of correct 0-30 Hooper,2004 

ability responses 
Hopkins Verbal Learning 
Test: Verbal # correct, sum Brandt, 1991 

Total Recall learning_ of trials 1-3 0-36 
Verbal 

Number correct, Delayed Recall memory 
trial 4 0-12 

Delayed 

Verbal Recall!( Higher 
0-100 Retention(%) of recall score 2 memory or 3)*100 

Total True 
Recognition Verbal Positives -

0-12 Discrimination Index memory Total False 
Positives 

To increase experimenter reliability and facilitate administration and data management 
efficiency, several tasks are administered in a computer-assisted format (tasks from the 
Automated Neuropsychological Assessment Metrics (version 4, ANAM4) test battery, C-SHOP
ANAM4 2007). Other traditional paper-pencil neuropsychological tasks that focus on particular 
functional domains of importance, but not tapped via the computer-assisted tasks, were 

Proctor 6 



included. Also, at the time of each neuropsychological test session, participants were 
administered the Positive and Negative Affect Scale (PANAS) to assess current mood state, 
and completed the ANAM4 Sleepiness Scale. On Day 1, all participants were administered trial 
1 of the Test of Memory Malingering (TOMM), which is a simple 50-item visual memory test 
assessing cognitive engagement. It was administered for the purpose of excluding persons 
from the analyses who exhibit low levels of engagement in the objective cognitive tests. 
Previous research examining the sensitivity and specificity of the TOMM indicates that a score 
below 38 on trial1 of the TOMM suggests insufficient task engagement; in this study, no 
participant scored below 38. 

T bl 28 R a e epeate dD B ay * T kD attery' : as ·r escr1p11ons 
Test Domain Assessed Outcomes for Possible Score Reference 

Analyses Range 

ANAM4 Match to Sample Visuospatial ability, - Vincent et al., 
visual memory Throughput 2008 others 

ANAM4 Simple Reaction Time Attention, Throughput -
psychomotor ability 

ANAM4 Standard CPT Sustained attention -
Response time 

# NR (Omission) errors 
# FP (Commission) 

errors 
ANAM4 Finger Tapping Psychomotor speed -

Dominant hand Mean # of taps, from 
Non-dominant hand 2 trials 

Stuss et al, 
Auditory Consonant Trigrams Executive function, 1987; Strauss 

memory et al, 2006 
-9 s delay #correct 0-15 
- 18 s delay #correct 0-15 
-36 s delay #correct 0-15 

Total correct 0-45 
Wechsler, 

WAIS3 Digit Span Attention 1981 ; Strauss 
et al, 2006 

Forward # correct spans 0-16 
Backward 0-14 

Matthews and 
Grooved Pegboard Fine motor abilities Klove, 1964; 

Strauss et al, 
2006 

Dominant hand Time to complete 0-300 
Non-dominant hand 0-300 

*admm1stered on Study Days 2, 4, 6 (Mon, Wed, Fn mormngs) 

Summary of findings: 
Only subtle differences in neurocognitive functioning are noted in those persons with 
greater than 10 years of Air Force service and those currently working in jobs with higher 
JPB jobs (analyses of performances on the Day 1 battery) 
Overall, performance on most all cognitive task performances was observed to improve 
over the workweek 
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Significant patterns of association between JPB exposure and cognitive performance 
over the workweek were observed on tasks involving sustained attention (analyses of 
performances on the Repeated Day battery), but not observed on other tasks 
Minimal to no significant changes in balance parameters are observed over a work shift 

Task 11: Prepare Final Report and manuscript(s)-ln PROGRESS. 
Throughout this past year, the study team has been working on preparing manuscripts for 
publication, following our overall paper topic (based on study hypotheses) plan and sequence 
for submission. 

Specifically, as the Tier II phase builds from information garnered in Tier I phase, we have 
focused on completing submitting for publication consideration a set· of 3 papers from Tier I and 
an overview report (that describes the OJENES project research approach and the knowledge 
gaps it addressing) (Table 3). In addition, 5 manuscripts from Tier II are in progress. 

T bl 3 L" t fOJENES a e . IS 0 . t manuscnp· s an d t t t curren s a us . 
Title or [Topic] Manuscript Status 

Overview The Occupational JP8 Exposure Neuroepidemiology Under internal review 
Study (OJENES): Repeated workday exposure and 
central nervous system functioning among Air Force 
personnel. 

Tier I 
Inhalation exposure to jet fuel (JP8) among US Air In press, JOEH 
Force personnel 
Urinary biomarkers of occupational jet fuel (JP8) Submitted 
exposure among Air Force personnel 
Biomarkers of exposure to jet fuel (JP8) in exhaled Under final internal review 
breath among Air Force personnel 

Tier II 
Characteristics of jet fuel inhalation exposure among Under internal review 
US Air Force personnel 
[JP8 exposure histories and neurocognitive In preparation 
functioning] 
(Repeated workday exposure to JP8 and changes in In preparation 
neurocoQnitive performances over a workweek[ 
[Workday exposure to JP8 and balance] In preparation 
(Repeated measures of urinary biomarkers of In preparation 
occupational jet fuel (JP8) exposure] .. 

"Additional analyses planned mclude exam1nation of glutath1one-S-transferase (GST) enzyme polymorph1sms and 
association with JP8 exposure and central nervous system functioning 

Also, in the past year, two abstracts from ISEE (Aug 2009, Dublin Ireland) meeting 
presentations have been published (and are included in the Appendix): 

> Smith KW, Proctor SP, McClean MD. Relationships between inhalation exposure, 
urinary and end exhaled-breath biomarkers among jet fuel exposed Air Force personnel. 
Epidemiology 2009; 20:S167. (from Tier I results) 

> Rodrigues EG, Merchant-Bema K, Smith KW, Proctor SP, McClean M. Characterization 
of jet fuel inhalation exposure and urinary metabolites in US Air Force personnel. 
Epidemiology 2009; 20:S60. (from Tier II results) 
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Key Research Accomplishments 

Below is a bulleted list of the accomplishments over this study period: 

a The Exposure Assessment Methodology Working Group, Neurology Working Group, 
and the Data Management and Logistics Working Group met on regular (monthly to 
quarterly) bases to discuss on-going data analyses and manuscript preparations. 

a Final analyses of biological samples collected during Tier II and sent to CDC have been 
completed. 

a The abstract focused on the Tier I air, urine, and exhaled breath findings was presented 
at the International Society of Environmental Epidemiology (I SEE) meeting (August 
2009) in Dublin, Ireland. 

a The abstract focused on the Tier II air and urine findings was presented at the ISEE 
meeting (August 2009) in Dublin, Ireland. 

a A manuscript describing Tier I has been accepted for publication in the Journal of 
Occupational and Environmental Hygiene (JOEH): Smith I<:W, Proctor SP, Ozonoff A, 
McClean MD. "Inhalation Exposure to Jet Fuel (JP8) Among U.S. Air Force Personnel. 

a Several other Tier I phase manuscripts and Tier II manuscripts are in various stages of 
preparation and submission (see above listing in Table 3). 

a Continuing Review Reports have been reviewed and approved by the USARIEM Human 
Use Research Committee (Feb 201 0), AFRL/Wright Site IRB (March 201 0) and VA 
Boston Healthcare System (Jan 2010). 

a The PI and several members of the study team have visited and/or communicated with 
AFBs involved (Fall 2009) to provide briefings of the preliminary results from the Tier II 
phase. 

Reportable Outcomes 

1. Reports, manuscripts, abstracts 

)> See Table 3 above for status of all project-specific papers and abstracts. 

)> Additionally, colleagues at CDC presented on the volatile organic compound (VOC) 
analysis method used in this study at the 2010 Society of Toxicology meeting in Salt 
Lake City, March 2010. 

o Alwis KU, Blount BC, Sheppard A, Proctor SP, Ashley DL. Simultaneous analysis 
of eleven VOC metabolites in human urine. Abstract published in The 
Toxicologist 2010; 114: 277-278. 

2. Degrees and research t raining opportunities 

)> Several Boston University School of Public Health (BUSPH) students (and a recent 
doctoral degree graduate, May 201 0) have served as integral members of the Tier II field 
study team and continue to conduct data analyses and prepare manuscripts for journal 
submissions. 

3. Collaborative funding applications related to work supported by this award 
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~ The PI is involved (at co-PI level) in a new project 'Measuring Naphthalene and 
Biological Markers of Exposure among Military Fuel-Worker Personnel: The 
Naphthalene Dosimeter Field Validation Study'. The goals of this study are to test and 
validate the ability of the Army Research Office- Small Business Innovative Research 
(SBIR) Program- developed naphthalene (wearable) dosimeter prototype instruments to 
efficiently and accurately measure workplace levels of naphthalene in (near) real time 
and to examine the extent to which the naphthalene exposure levels measured with the 
newly developed instrument correlate with environmental and biological indices of 
exposure to naphthalene. The project managers on the naphthalene dosimeter SBIR 
project are Dr. Janis Hulla, US Army Corps of Engineers and Dr. Micheline Strand, Army 
Research Office. This research validation study is funded by the Office of the Secretary 
of Defense (OSO) Chemical and Materials Risk Management Directorate to the Army 
Research Office (Dr. Strand, Contract Officer's Representative) and is implementing this 
project through the CDC Foundation, the Army Corps of Engineers (Dr. Hulla, Principal 
Investigator), NIOSH (Or. Snawder, Lead Investigator) and USARIEM (Dr. Proctor, Lead 
Investigator). 

:> In addition to the Army-funded SBIR project, there are currently five ancillary projects 
funded by the DOD, National Science Foundation, NIOSH (two) and National Institute of 
Environmental Health Sciences (Figure 2). The human subject validation research 
project is depicted in blue. 

Figure 2. Timeline for the Naphthalene Dosimeter SBIR Project and the five ancillary projects. 
dosimeter SBIR 
Proposed 
9tn6 

SBIR 
Solicited 2 SBIR Phase Is 

6/07 Awarded 12/07 .............................. --.. 
2 SBIR Phase Is evaluated for 
Phase II award, 9-11/08 

1 SBIR Phase II 
Awarded 1.2/08 

Antici~ated delh·e•·y 
of 15..:-2~ Jlrotot~·pe· 

dosameters 

•·· .. ···+----+·········+-----------· 
FY06 FYOi FY08 FY09 FYlO FYll 

malitaryfuel handlers biom~uker ... _ ..., _____ ..,.._ ___ +-------~ \'alidation, DOD-funded 12/08 

Extend capabilitv to PAHs & paver ... - - - - -
biomonitoring, NIOSH funded 9/09 

Oil field worker biomonitoring, ... - - - - ..,.._--------~ NIOSH funded 2/10 

Univ. California-Davis: military fuel handlers' ._ - - - -+----------+! biomarker extension, NIEHS funded 3/10 

Temple Univ: NSF-funded independent validation of dosimeter performance 
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)> An overview of DoD Naphthalene Dosimeter research has been presented in several 
Defense Knowledge Online website locations. A poster summarizing this work was 
presented at the 2010 Society of Toxicology meeting in Salt Lake City, March 2010. 

o Hulla, JE, Snawder JE, Proctor SP, Chapman GO. DoD impact assessment and 
management of naphthalene-related risks. Abstract published in The Toxicologist 
201 0; 114: 400. 

4. Related projects and collaborations initi ated 

)> The PI is currently serving as a member of the Naphthalene Dosimeter Advisory Group, 
chartered from the OSD, Chemical and Materials Risk Management Directorate 

)> The PI and Boston University Exposure Assessment team have provided collaborative 
assistance to the NIOSH Biomonitoring Research Team (Dr. John Snawder) in 
preparation of a new initiative to study and characterize workplace exposures via direct 
read monitors. 

)> The PI was invited to attend the MOMRP Pulmonary Health Task Working Group 
Meeting in June 2010 in Frederick, MO. This meeting and other DoD initiatives have 
focused increased attention on exposure assessment and biomarker efforts under 
operational conditions. 

)> The PI was invited to attend the scientific symposium entitled "Assessing Potentially 
Hazardous Environmental Exposures among Military Populations" at USUHS in May 
2010. The meeting was sponsored by the Armed Forces Health Surveillance Center 
(AFHSC) and the Uniformed Services University of the Health Sciences (USUHS). 

Conclusions 

There has been substantial progress over this funding period. With the completion of the final 
stage of the project (publication of study findings), the study will provide important occupational 
health and exposure assessment information concerning JP8 in repeated workday settings. 

As stated in the recent report (National Research Council, 2003), field research studies that 
combine the in-depth assessment of on-the-job exposure levels with concurrent assessment of 
adverse health effects are needed and will contribute significantly to the knowledge of the 
subclinical effects of both acute and chronic exposure to occupational solvent exposures. 
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Appendix 

ISEE 2009 Abstracts 
• Smith KW, Proctor SP, McClean MD. Relationships between inhalation exposure, urinary and 

end exhaled-breath biomarkers among jet fuel exposed Air Force personnel. Epidemiology 2009; 
20:S167. 

• Rodrigues EG, Merchant-Soma K, Smith KW, Proctor SP, McClean M. Characterization of jet fuel 
inhalation exposure and urinary metabolites in US Air Force personnel. Epidemiology 2009; 
20:S60. 

SOT 2010 Abstracts 
• Alwis KU, Blount BC, Sheppard A, Proctor SP, Ashley DL. Simultaneous analysis of eleven VOC 

metabolites in human urine. The Toxicologist 2010; 114: 277-278. 
• Hulla, JE, Snawder JE, Proctor SP, Chapman GD. DoD impact assessment and management of 

naphthalene-related risks. The Toxicologist 2010; 114: 400. 
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ISEE-0485 

Association Behveen Cotinine and Metals in Matcr·nal and Cord Blood in 
Non-Smoking Mothers 

Ting-Wen Wen, and Pau-Chung Chen, Institute of Occupational Medicine 
and Industrial Hygiene, Collage of Public Heal!h, National Taiwan 
University. Taipei. Taiwan. 

Background and Objective: Environmental tobacco smoke (ETS) 
contains over 4000 compounds, including numerotL~ heavy and trace 
metals such as arsenic, lead, cadmium, and selenium. Smokers have been 
reported to have higher blood lead and cadmium levels than do 
nonsmokers . The objective of this study was to explore the association 
between cotinine and metals in maternal and umbilical cord blood in non
smoking mothers. 
Methods: The study population consisted of 328 postparn1m women 
collected from four hospitals and clinics in northem Taiwan. We 
interviewed them by a structured questionnaire after delivery and collected 
maternal and umbilical cord blood at birth. Cotinine in blood as an 
indicator of ETS was analyzed by using HPLC-MS/MS and the metals 
were analyzed by Agilent 7500 C inductively coupled plasma mass 
spectrometry (ICP-MS). We examined the association between cotinine 
and log10 traJJSformed metal levels by linear regression models. 
Result: After adjusting for maternal age and education, there were negative 
association between cadmium ({3 ± SE = -0.00005 ± 0.001 I, ?
value = 0.961), antimony ({3 ± SE = - 0.00026 ± 0.0007, ?-value = 0.689) 
and barium ({3 :!: SE = -0.004!4 ± 0.0025, ?-value = 0.095) and cotinine in 
maternal blood. In umbilical cord blood, a negative association was found for 
antimony ({3 ± SE = - 0.00113 ± 0.0005, ?-value = 0.020) while positive 
associations were shown for thorium ((3 :!: SE = 0.00237 ± 0.001 1, ?
value = 0.028) and uranium ({3 :!: SE = 0.00307 :!: 0.00 I 5, ?-value = 0.046). 
Conclusions: Although cotinine were associated with some metals in 
blood, environmental tobacco smoke may not be the major source of 
metals in the non-smoking population. 

ISEE-0488 

Relationships Between Inhalation Exposure, Urinary and End Exhaled
Bre~th Biomarkers Among Jet Fuel Exposed Air Force Personnel 

Kristen Smith,*t Susan Proctor,t and Michael McClean,* *Boston 
Universily School of Public Health, Boston, MA . United States; and tUS 
Army Research Institute of Environmental Medicine, Natick. MA. United 
States. 

Background and Objective: Jet propulsion fuel 8 (JP8) and similar jet 
fuels are widely used by the US military and commercial airline industry, 
resulting in widespread occupational exposures that could potentially 
cause adverse neurological health effects. The objectives of this study 
were to characterize JPS exposure by examining exhaled-breath 
biomarkers between a priori designated exposure groups and assessing 
relationships with both inhalation exposure and urinary biomarkers. 
Methods: Air Force (AF) personnel (n = 24) were recruited from an 
active USAF base into low, moderate, and high a priori designated 
exposure groups. Exhaled-breath samples were collected over three 
consecutive work-days and analyzed for benzene, toluene, ethylbenzene, 
xylene (BTEX), hexane, and naphthalene. Urine samples were collected 
concurrently and ana lyzed for 1- and 2-naphthol. Breathing-zone air 
samples were collected over the work-shift and analyzed for total 
hydrocarbons (THC), BTEX, and naphthalene. Linear mixed effects 
models were used to evaluate the exposure data. 
Results: The geometric mean post-shift exhaled-breath concentrations for 
participants io the low, moderate, and high exposure g roups were <6.5 
ug/m3

, 9.0 uglm3
, and 10.4 ug/m3 for hexane; results for BTEX were 

similarly ordered. Exhaled-breath naphthalene concentrations were 
excluded from the analyses due to a low limit of detection. In post-shift 

<r> 2009 Lippincott Williams & Wilkins 

exhaled breath samples, exposure group was a significant predictor of 
hexane (P = 0.0 I), ethylbenzene (P < 0.000 I), m-/p-xylene (P < 
0.000 I ), and o-xylene (P < 0.000 I) with levels increasing across the low 
to high exposure groups. In pre-shift exhaled breath samples, exposure 
group was also a significant predictor of ethylbenzene (P = 0.01), m-/p
xylene (P = 0.005), and o-xylene (P = 0.01). Post-shift exhaled-breath 
hexane aud BTEX measurements were weakly to moderately correlated 
with THC measured in personal air (r = 0.1-0.5) and moderately 
correlated with post-shift urinary 1- and 2-naphthol (r = 0.4-0.6). 
Conclusion: Exhaled-breath concentrations increased across the low to 
high a priori designated exposure groups and were correlated with urinary 
biomarkers. 

ISEE-0489 

Effects of Household Use of Cleaning Products on Birth Weight 

Lidia Casas,*·t Jan Paul Zock,*·t Mar Alvarez-Pedrerol,*·t Monica 
Guxens,*·t and Jordi Sunyer,* *Centre de recerca en epidemiologia 
ambiental (CREAL), Barcelona, Spain; and f/nstitul Municipal 
d 'fnvestigaci6 Medica (!M!M). Barcelona, Spain. 

Background and Objective: Associations between frequent use of 
household chemicals during pregnancy and wheezing and diarrhoea in 
offspring have been reported, but there are no studies on the effects of 
such exposures on birth weight (BW). The aim of this study is to assess 
the association between the use of domestic cleaning products during 
pregnancy and BW. 
Methods: In the Spanish longitudinal INMA-Sabadell birth cohort study, 
619 pregnant women were followed fi·om the first trimester of pregnancy 
until delivery. Birth outcomes were obtained from clinical records of 617 
newborns (234 weeks of gestation). The usc of cleaning products in the 
home was obtained from an interviewer-led questionnaire administered at 
the third trimester of pregnancy. Associations between the use of cleaning 
products and BW were evaluated using multivariable linear regression 
models adjusting for sex, gestational age, mother's height, weight and 
number of previous pregnancies. 
Results: The median BW was 3288g (interquartile range 2970 to 3520g). 
The most commonly used cleaning products were glass cleaners (77%), 
bleach (74%), furniture polishes (42%) and ammonia (25%). Women who 
used bleach had newborns with a higher BW (mean difference 87g; 
95%CI 17 to 152). Similar results were found for ammonia (mean 
difference 60g; 95% CT - 11 to 130). The association between bleach and 
BW remained apparent after additional adjustment for tobacco smoking 
during pregnancy, maternal education and employment in cleaning work 
(mean difference 71g; 95%Cl: -3 to 146) and showed a dose-related 
trend (mean difference 62 and 96g for frequency of cleaning :S I and >I 
time/week, respectively). Other products were not associated with BW. 
Conclusions: Household use of bleach during pregnancy was associated 
with a higher BW. We hypothesise that a higher degree of disinfection of 
the living environment could be beneficial for foetal development. 

ISEE-0492 

Initial EnroUment of Asthmatic Children in a Woodstove Inter-vention 
Study 

Curtis Noonan, Tony Ward, and Emily Weiler, University of Montana, 
Missoula, MT, United Stales. 

Background: This study utilizes in-home woodstove interventions to 
assess the impact of indoor biomass smoke on asthmatic children. Initial 
enrollment efforts, methodologies, aod the descriptive characteristics of 
the first cohort of participants are described here. 
Methods: Asthma screening surveys were administered to school children 
(o = 1,185) to identifY subjects. Baseline indoor air sampling and health 
measures were conducted during the winter of 2008/09. Air sampling 

www.epidem.com I SI67 



Abstracts Epidemiology • Volume 20, Number 6, November Supplement 2009 

ISEE-0487 
Quantification or :Silort Tem1 Effects of Pollen Counts and Sentinel 
Botanic Garden Observations on Pollinosis Symptoms: A French Panel 
Study 

Gai!lle Pedro!J.Q, * Christelle LE Grand, • Marie-Therese Guillam, • 
Alain Meunicr,t Daniel Rivicre,t Claude Figureau,t Michel Thibaudon,§ 
Angeline Vinat,* Yann Dubrcil,~ Dominique Chevallier,, 
Laurent-Charles Antoinc,1 Odile Morin,, and Claire Segala,* *SEPIA-Sante, 
BAUD. France; fDRASS Pays de Loire, NANTES. France; /Ville de 
Nantes, NANTES. France: §Reseau National de Surveillance 
Aerobiologique. LYON, France; and fAEROCAP44, NANTES. France. 
Background and Objective: In recent decades, numerous epidemiological 
studies investigating the change of prevalence of pollinosis showed an 
increase in the occurrence of this disease all over the world. In order to 
explain this phenomenon and to build a specific prevention tool, a sentinel 
botanic garden was realized in Names city (France). The objective of this 
study was to explore shon term relationsh ips between pollinosis 
symptoms and e ither grass pollen counts or pollen observations in this 
garden. 
Methods: 81 volunteers suffering fi'om pollinosis and living in Nantes 
metropolis area were recruited by allergy physicians. The panel took place 
while the grass pollen season (March to July 2007). Daily number of 
plants in flower was collected by botanists and daily pollen counts were 
measured by a central stationary sampler. Daily symptoms of 
rhinoconjunctivitis (eye, nose, throat, respiration) were reponed in a diary 
by volunteers as well as pollinosis treatment intake. 

Marginal (GEE) and mixed models were realized to explore short term 
effects of pollen covariates on pollinosis symptoms and treatment intake. 
Models were adjusted for confounding variables (rime trend, meteorology, 
pollution levels) and took lags and autocorrelation into account. 
Results: The response rate was excellent: 97%. Most of the volunteers 
wen: treated by antihis1aminic and immunotherapy. A positive and 
significant association between prevalent pollinosis symptoms and gmss 
pollen count.~ was shown for nose (OR= 1.043; 95%CI [ 1.026 - 1.060)) 
and eyes (OR= 1.035; 95%CI [1.018- 1.052)) symptoms. Short tenn 
effects of pollen observations were also observed in the period before the> 
pollen grass peak for total symptoms (OR= 1.02; 95%Cl [1.00 1.05)). 
Conclusion: Short tem1 effects of grass pollen on pollinosis symptoms 
were clearly showed and quantified. Those results provide information for 
better prevention and care of pollinosis and have contributed to the 
establishment of a new panel study rcali7~d in 2009. 

ISEE-0491 0 
Characterization of Jet Fuel Inhalation Exposure and Urinary 
Metabolites in U.S. Air Force Personnel 
Ema Rodrigues. • J<jan Merchant-Soma, t Kristen Smith, tt Susan Proctor,~ and 
Michael McCican,t *lfurvard School of Public 1/eu/th, Boston, MA. United 
States; f Boston University School of Public Health, Boston, MA, United 
States; and /U.S. Army Research Institute of Environmenwl Medicine. 
Natick. MA. United States. 
Background and Objective: Jet propulsion fuel-8 (JP-8) is the primary 
jet fuel used by the U.S. mi litary, collectively consuming about 2.53 
billion gallons annually. Previous repons suggest that JP-8 is potentially 
toxic to the immune, respiratory, and nervous systems. The objectives of 
this study were to evaluate inhalat ion exposure to JP-8 as well as 
absorption of JP-8 constituents among U.S. Air Foree (USAF) personnel 
while performing job-related tasks. 
Methods: Seventy-three full-time USAF personnel from three active bases 
were categorized a priori as having low (n = 35) or high (n = 38) 
exposure to JP-8 based on job title and tasks. Personal a ir samples were 
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collected from each panic1pant during four com.ecutive workdays using 
air pumps and sorbent tubes. 

Using gas chromatography/mass spectrometry, charcoal sorbent tubes 
were analyzed for benzene, ethylbenzene, toluene, xylenes. and total 
hydrocarbons (TliC) while Chromosorb® tubes were analyzed for 
naphthalene. Pre- and post-shift urine samples were also collected from 
each worker each day and analyzed for I- and 2- naphthols. 2-, 3-. and 9-
hydroxyflourene, 1-, 2-, 3-, and 4-hydroxyphenanthrene, and 1-
hydroxypyrene. Linear mixed-effects models were used tO explore the 
association between inhalation exposure and post-shift urinary metabolites, 
adjusting for creatinine and pre-shift urinary concentrations. 
Results: THC air concentrations were significantly different between tbe 
exposure groups (2.6 vs. 0.5 mg/m3

, P < 0.0001). Similar differences 
were observed for the other analytes measured in air. Among the high 
exposure group. post-shift urinary 1- and 2-naphthol levels were 
significantly higher than pre-shift levels (both P < 0.05). Inhalation 
exposure to THC was significantly associated with post-shift urinary !
naphthol (13 = 0.21, P < 0.0001), 2-naphthol (13 = 0.11, P = 0.0006) and 
2-hydroxyflourene levels (ll = 0.08, P = 0.005). Naphthalene air 
concentrations displayed similar significant associations with post-shift 
urinary !-naphthol (fJ = 0.26, P < 0.000 l) and 2-naphthol levels 
(ll = 0.13, p < 0.0001). 
Conclusion: USAF personnel experience inhalation exposure to JP-8 
which is associated with absorption of JP-8 constituents while performing 
normal job-related tasks. 

lSEE-0498 
A Panel Study on Epigencties. Markers of O:ddative Stress, and Lung 
Function Among Children witb Respiratory Disease Exposed to 
Industrial Air Pollution 
Annibale Bi~&eri,*'t Dolores Catelan,•·t Valentina BoUati,t Riccardo Pistell~§ 
Franca Rusconi,1 Fabio Barbone,*• Pier Alberto Bertazzi,t and 
Andrea Baccarelli ,t *University of Florence. Florence, Italy; f/SPO. 
Florence. Italy; /University of Milun, IRCCS OMPMRE Foundation. 
Milan. Italy; §Sacro Cuore University. Rome. italy: fAnna Meyer 
Pediatric Hospital, Florence. Italy; and **University of Udine. Udine. 
Italy. 

Objectives: To study DNA mo.:thylation. exhaled nitric oxide (FeNO), 
lung function (FEVJ) in children with respiratory symptoms exposed to 
industrial air pollution. 
Methods: A panel study of 39 children aged 8 11 years followed on 
2007/12- 200814 was conducted in Vallc-del-Mela (Sicily-Italy), a High 
Risk Area (55504 inhabitants) with oil refineries and enerj,ry plants. 
Symptomatic ch ildren were screened by moditied ISAAC questionnaire 
(2506, 89.5% responders). The 39 selected children were divided into 9 
groups matched by school, monitored for 7 consecutive days. DNA 
Methylation was measured on nasal mucosa cells collected by swab, tv.-ice 
per subject on day fourth and seventh of the same week. Personal PM2.s 
active, N02, S02 passive sampling were done on ()ne child witness of a 4-
child group. Ambient PM25 monitor, meteo station, passive N02 S02 samplers in 21 schoolyards were used. Diaries filled in by parents 
recorded symptoms, therapy, indoor sources. Data were analyzed with 
mixed models controlling for confounders. 
Results: Average daily ambient PM25 was 23.0 /Joglm3

, weekly ambient 
S02 over 20 11-g/rn3 in th ree locations. Average daily (90 percentile) 
personal PM2.s was 44.5 (86.6), S02 17.7 (32.8). Effect measures were 
expressed for I 0 11-g/m3 increase of pollutant concentration. 

We found FEV1 reduction - 4.3% (90% Confidence Interval - 6.1; 
- 2.6%) for S02 lag2 (P < 0.01). FeNO increment 10.8~. (3.2-18.4%) for 
S02 \agO I (P "' 0.022); a decrease -1.0% of global DNA Methylation 
(Aiu elements 90% Cl - 2.0; 0.6%) and - 4.1% of iNOS (-7.8; 
-0.4%) for SO~ lagl2: - 1.8% (- 3.0: -0.6%) of iNOS for PM2.s lagl2. 
DNA Mcthylati()ll of interleukin 6 position wa~ reduced when FEV 1 was 
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1297 INVESTIGATION OF THE NEUROTOXIC 
MECHANlSMS INVOI,VED rN BETA-AMYLOlD 
DEPOSITION IN PSAPP MICE. 

M Dhanaseka.rnn, M. Ahuja and V. Suppiramaniam. l'bamurcal Scimw, 
Ha"i.wn Sd10o/ ofPiumnacy. A11btmt, AL 

Introduction: Amyloid·beta is endogenously formed neuronal JX1'tidc which has 
been pro"ed ro have a au..J rdarionship with neurodegenerarion in Alzheimer's 
disease (AD). MAP kinase, CREB, ERK and pCREB have played a ''ita! role in 
memory regulation. 11tc present srudy cmploy~d PSAPP mice expr~>int; the 
"Swedish" amyloid precursor protein and M 1461. presenilin-1 (PSAPP) mutations 
tO study rhe cellular mechanisms nod biomarker> involved in Af3 toxicity in relation 
ro the loss of memory. Experimental Procedure...: PSAPP mice and non-transgenic 
controls (eight months old) were subjected ro behavioral and biochemic:tl studies. 
Brains were dissected, hippocampus and correx were removed. Behavioc.U experi
ments such as Y-ma1.c ;md open field were performed along wirh Af3 deposition ( 1-
40 and 1-42). Enzymatic acti\'ityofbetasccretase JS well a. the alteration in the cd· 
lular signaling pathways (ERK MAP kinase, STAT and CREB pathways were 
analyzed by multiplex microbeads method. AN OVA and Dunnett's rest "ere used 
to compare the ~ulu with non-rransgenic mice. Rc:.ulrs aJtd Conclusion: This 
srudy reveals the alrerarions in behavioral and cellular p roce.scs that occur due to 
N{ deposition in PSAPP transgenic mice. PSAI'I' mice exhibited significant A{l 
deposition (1-40 and 1-42) and behavioral deficit.\ (y-mazc and Open field) com
pared to the control non-transgenic mice. Uera-scctct:tse activity'""-' significantly 
increased in the PSAPP mice in the cortex and hippocampus. The kinases such as 
ERK MAP kin4Se. JNK, p70S6 kinase exhibited do" n regulation in the transgenic 
animals. Orner cellular biomarkers such as STATS, STAT and CREB also showed 
the same trend. Adminisrr:nion of exogenous Ajl peptide has also shown to induce 
characteristic neurodegenerarion in the hippocampus. However. dte cellul:tr mech 
ani.~rns differ as compared ro the endogenous deposition of All. The study of thc~e 
cellular processes and their changes can divulge import3nt target.~ that could be uti
lir.~:d for newer drug discovery. Acknowledgcrnenr: Alzheimer's A~sociation gr:tnr 
(N I RG-08-9 1816) 

1298 NEONATAL EXPOSURE OF MALE RATS TO 
BISPHENOLA IMPAIRS EXPRESSION OF SERTOL.I 
CElL JUNCTIONAL PROTEINS IN THE TESTIS. 

S. S. Sal ian, T. Doshi and G. Vanage. N11ti01111! Cmu-r for Prrdiltical &produrtit•r 
llnd Gmetic Toxicology. Natioltllflllftitme for RnrllrciJ ;, Rrprodu.crivt! Hraltb 
(JCMR), Mumbai. Mabam.rhrra, India. 

Sel'toli ceU jwt~tional protein> (SCJP) (viz. adhesion, g:•p :md right jwtCtions) .ere 
imporranr for spermatogenesis and pcmorbarions in t'Xpression of these proteins are 
associated with impairments in process of sperm production. Bisphenol A (BPA) is 
an endocrine disrupter th3t has b<X'fl asso<:iated with impaired sperma10gcnesis. 
Ho\\-ever the mechanistic basis of impaired ;permarogenesis is unknown, whether 
BPA is a Scrroli cell to>icant has nor ycr been fully mvesrigared. The pr=nr srudy 
was undertaken to decipher the effects of neonatal cXJ>OSure of male rats to BPA on 
the testicular exp~ion of SCJ P during developmcm. Ncxmatal male rats were~ s.c 
injected with 2.4 ltglday (300 ~tgikg bw) of BPA in ses:J.me oil from postn3tal day 
1-5 and controls received vehicle. lmmw!Ohistochcmical loc.1lizarion for Conncxin 
43 (Cx-43, gap junctionol), Zona Occludin-1 (Z0-1, right junctions) and N-cad
herio (adherens junction) was ctrried out on testicu lar tissue sections obtained 
from PNDs 15, 30. 45 and 90 of rats exposed to the lowest dose of BPA(2.4 
ftg/day) that impaired fertility. A significant reduction in the expression of Cx-43 
(PND 45 and 90) and mcreases in the expression ofN-cadherin (PND 45 and 90) 
and Z0-1(PND 90) were observed in the testes of rats exposed neor12tally to BPA. 
lmeresringly, there was an altered expression pattern ofCx43 amongst the slour,hed 
cells in the testes of the experimental rats as compared w controls. Neonatal expo· 
sure ofBPA to rats has the porencial ro induce perru rborions in SC)P. These perrur
bations may be one of rhe conrriburing F.tctors rhat lead to impairments in sper
matogenesis in the exposed animal• ancJ can be used as p<>tcnrial biomarkers lCJ 
study BPA- induced cA-ecrs on testes. 

1299 DETECTING BIOMARKERS Of CHRONI C ARSENIC 
EXPOSURE BY USING SEt 01-TOF-MS PROTEI N Clll P 
TECHNOLOGY. 

L. Zhao1, D. Slln1• Y. Gao 1, Y Wci1, Y. Li1, \VI. Wei', H. Feng1 andY. Din&'· 
1 Tlu Cmru for 1;;,d~mir Di1rase Control, CIJimr CDC. Harbin Mt•dicial Unilfntity. 
Harbin, CbilllllllldJDrpnrtm~m ofComm1111ity Mnlirinr, Mrrctl' Univmity Sd1ool 
ofMtdicine, Moton, Gil. 

Background: Chronic exposure to high levels of inorganic arsenic that is naturally 
present in drinking water in certain geographic regions has become a major public 
health concern in China. In this study we med surface...,nhanc:cd laser 

dcsorpcion/ioni1.ation rime-<>f-Uight mas~ >pectromerry (SF.LDI-TOF-MS) to de
term ine if arsenic exposure in drinking water could induce serum protein changes 
and to idenrify new protein biomarkers f<>r chronic arsenic exposure. Mtlhods: A 
rota! of 178 >ubjecrs were selected in three groupo ba.<ed on ar>cnic exposure levels 
in drinking water (3.2±2.5 l'g/L. 22.1±4.7 ~tg!L, and 177.6:t23.8 f!gfL, respec
tively). Serum proreomic profiles were anaiJ7.ed by SEI.DI-TOF-MS with a CM I 0 
Protein Chip. Di:tgno>tic model was constructed by decision tree algorithm in a 
training set with 120 subjecrs and validated in a resting set with oth"r 58 subjeas. 
ResultS: Rclari"e intensities of 41 protein pe:tlcs were found differently among three 
groups. A panel of r,,.e protc.-ins with mass-to-charge ratio (mh) of 2872.48, 
612 1.42, 7580.58. 9432.56 and 5552.66 wa; <el.,cred to build the diagnostic 
model. Amons rhcM~ markers, the 2872.48 Da and the 7580.58 Da were signifi
cantly up-regulnt(-d o r down-rcgulatC".d only in the group of subjecu exposed tO 
177.6:t23.8 J.ISIL of nrsenic. The 6121.42 D:t and the 5552.66 D:t were signifi
cantly down-regulated in the grollps with ar>cnic exposu re levels of 22.1:4.7 JAg/L 
and 177.6:23.8 ftg/L. The 9432.56 Da content was the lowest in the group ex
posed to 22. I :t4.7 J.lgfL of ai'S<!nic. The power to detect differences among three 
groups in the testing ser was n-aluared wtth the sensitivity of80.00%-86.67%. and 
the specificity of !16.67%-95.35%. Conclusion: Exposure to 22.1:t4.71!ll/L of ar
senic in drinking water is enough to c:>use changes in serum protein p..Oi"iles. This 
proteomic technology showed very promising in detecting level; of arsenic exposure 
and discovering new biomarkers. 

1300 EFFECTS OF ORAL ADMINISTRATION OF 
PIOGUTAZONE, SODIUM SACCHARIN OR SODIUM 
0-PHENYLPHENATE ON Ti lE EXPRESSION OF 
ONCOMODUUN IN THE BLADDER EPITHEUUM OF 
MALE F344 RATS. 

M. Yokohira1• M. Wei~. H. Wanibucbj2, .s..suw.ki\ K. L. PenniJtgton1, .S. 
Kakiucb j-Kjyota1, I, 1.. Arnold' and S. M Cobcn1• 11'mhology &MicrobiOVJf!J\ 
U11iversity iifNrbmskil Mtditwl Cmur. Omaha. NE. J Dtpartmmt of Parbology. 
Osaka City Unir•miry Mtdical Scbool. Osalta, Os11k,z, japa11111td-'Dtpamnmt of 
Expaimmllll Parbology am/ hiiTIOr Biology. Nagoya Ciry UniM"sity Graduatt Sclwo/ 
of Mtdical Scimm, Nagoya, Aichi, japan. 

Currently there are no reliable marker; for arly detection of urinary bl~dder cancer. 
Recent studies have shown that expression of the oncomodulin gene is increased in 
urothdium from r:tts treated with various bbddcr carcinogens. Pioglit01.one is a 
PPARy agonist which induces rat bladder tumors. We administered pioglitazone in 
O.So/o mcthylcellulose (MC) inrragastrical ly (i.g.) ro evaluate the level of oncomod
ulin expre.~sil)n in 1'344 rat urinary bladder epithelium. Sixry male F344 r:trs were 
randomi1.cd into 4 groups of 15 rats each and rreared for 4 weeks with: I) ronrrol 
diet and daily MC i.g.: 2) control diet and 16 mglkg pioglitazone in MC i.g.; 3) 
dier containing 7.5% sodium saccharin (NaSac) and MC i.g.: or 4) dicr containing 
2.0% sodium o-phenylphenare (NaOPP) .tnd MC i.g. R:f-PCR was employed to 
derccr expression of oncomodulin in the urothelium. Light microscopy. SF.M, and 
immunoh~•ochcmic:tl detection of BrdU were used to examine cytotoxic and pro
lifer.uive urothelial effects. Expression of oncomodulin was significantly increased 
in NaSac or NaOPP-treared groups compared to controls, but not in rhe pioglira
zone group. All rest chemicals induced supcrlicial necrosis by SEM a11d increoscd 
BrdU labeling index indicarivc of increased cell proliferation. fn vitro, PPARy ago
nisrs induced differentiation in rat urorhdial cells (MYP3). decreased proliferation, 
and decreased Mcomodulin expression. Unlike NaSac and NaOPP, piogliw.one 
did not induce an increase in oncomodulin expres>ion, possibly related to its com
peting effects of. I) indirectly increasing urorhelial proliferarion by inducing pro
duction of urinary solids, and 2) decreasing proliferation due to direct effects on 
urothdial PPARy. 

Ci-, 
1301 SIM ULTANEOUS ANALYSIS OF ELEVEN VOC 

METABOLITES IN HUMAN URINE. 

U. Alwis1, B. C. Blount1, A. N. Sheppard'. S. P. Proaorl and D. LAshley'. 
1Cmtrnfor Diu~m Gmtml and Pm:mtion, Atlanta, GA 1111d2U.S. A~ RnrarriJ 
lnstiluuofEtll'inJummtal Medidnr, Natit-lt, MA,. Sponsor.~. 

Volatile organic compounds (VOG) arc ubiquitous in the environment, originat
ing from many differem natural and anthro(>Ogenic rcsour=, including tobacco 
smoke. Long-term exposure to cermin VOCs may increase the risk fl)r cancer. birth 
defects, and neurocognirive impairment.11terefore, VOC exposu re is an area of sig
nificant public health concern. We developed a reversed-phase high performance 
liquid cluornarography coupkd with electro-sp,...ty ionizarion tandem mass spec
trometry (LC-ESIIMSMS) method to quanrify urinary VOC metabolites as bio
markers of exposure. In the current mcthcxl we moniror N-acc:ryi-S-(2-hydrox
)'ethyi)-L..cy.teinc (HEMA). N-accryi-S-(3-hydroxypropyi)-L-cysteine (HPMA). 
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$-{!-hydroxy-3-butcn-2-yi}-N-Acetyl-L-cystcinc (M HBMA), N-acecyi-S-{3.4-dt
hydroxybutyi}-L-cysteine {DHBMA), N-acetyi-S-(2-carboxyethyl)-L-t:yneine 
(CEMA), and N-acetyi-S-(phen)'l)-l-cysteine (PMA). N-Acetyi-S-{benzyi)-L-cys
teinc (BMA), 2-thioxochiawlidinc-4-carhoxylic acid CITCA), N-Acctyi-S-(N
methylcarhamoyl)-L-cysteine (AMCC), N-Acetyi-S-(2-carbarnoylethyl)-L-cysteinc 
(AAMA) and N-Acetyi-S-(trichlorovinyl)-L-C)•Steinc (TCVMA) in human urine. 
Thc.~e analyrcs :~rc membolices of 1.3-butadicnc (MHBMA. DHBMA), benzene 
(PMA). toluene (BMA), acryhmide (AAMA), CJrbon di,ultlde (TTCA), N,N-di 
mcrhylformamidc {AMCC}. acrolein (CEMA. HPMA), recrachloroerhylene 
(TCVMi\), acrylonitrile, vinyl chloride, and ethylene oxide (H EMA}. For matrix 
spike c.xperirnents che mean accuracy rJJJges !rom 98- 107% and the mean percent 
difference ranges from 0.43-9.54%. The limit of deroo:ion ranges from 0.01-0.21 
!!g/L By >piking urine with pur. isomer> and rcttntion time imcrprenuion, we 
could identify che correct dia.stereoisomer of MHBMA in human urine as S-(1-hy
dmxy-3-buten-2-yi)-N-Acetyl-I,C)'lteine. We applied this method ro 690 urine 
$.1m pies collected (I 0 samples each) from 25 smokers and 44 non-smokers (catcgo
riud ba.ed on blood 2,5-dimethylfuran lcvds} to find that smokers have signif1-
candy elevated levds of AAMA, CEMA, DHBMA, HEMA, HP!o.V. and PMA. 

1302 TOXICOGENOMIC IDENTTFTCATTON OF 
BIOMARKERS OF ACUTE RESPIRATORY EXPOSURE 
TO SENSITIZING AGENTS. 

C l'uchcu-Ha.•ron1, l.. B. Copcland1, E. Boyk.in2 and M.D. Ward'. 1Cu"ict1lum 
in Toxicology, Univmity ofNortb Carolina, Cb11prl Hill. NC and2 NHE£RL, U.S. 
EPA. RtStnrr:h Triangft Park, NC 

All<'rgy induction requires mulcipl<' c:xposures to an agenr. Therefore che develop
ment of high-throughput or in vitro JS>ays for cffeuivc screening of potential sensi
ti7.crs will require the identification of biomarker~. The goal of rhis preliminary 
nudy was to identify potencial biomarkers that differenriate the respon-"" to allergc:n 
vs non-Jllergen agents foUowing an acute exp<»urc in na'i\·c individuals. Female 
BAI B/c mice received a single intratracheal aspiration exposure ro Merarhi1ium 
ani~opliae crude antigen (MACA) or bovine serum albumin (BSA) in Hank's 
Balanced Salr Solution {H BSS) or HBSS alone. Mice were sacrificed alTer I, 3, G. 
12. I R and 24h. Bronchoalveolar lavage Auid (IMLF) was evaluated to determine 
total and differential cellularity, total protein conccntrOtion and LDH activity. 
RNA was isolated from lung tissue for microarmy analysis and RT-PCR. MACA 
.tdmini>tratiun induced a rapid increase in HALF ncutrophils, lymphocytes, 
eosinophils and total protein levels •~ compared to BSA or HBSS. Microarray 
:tnalysis dcmonsrrarcd differential expi'C.ISion of gcn<'S involved in C)'tokine produc
tion, signaling. infl:unmarory cell recruitment, adh..-.ion and activation in 3h and 
12h MACA-tre:lted samples as compared to BSA or HBSS. Further Statistical and 
pathway analylies allowed identification of • I 00 candidate biomarker genes. Eleven 
genes ""'e sdecrc:d for further assessment by qR'I: PCR. Of rhese. 6 demonstr:llcd 
persistently inc=sed expression (Cell~. Ccl22, Cd7. CxdiO, Cxcl2. Saal). whil~ 
C3Jrl incr=ed from 6-24h. In conclusion. J singl~ respiratory exposure of mice to 
an all~rgcnic mold extract induces an inAammarory response which i~ distinct in 
phenotype and gene expression from tl1e r.sponse to a control protein. Validation 
of these biomarker genes wirh additional :tllcrgcn~ and irriranrs is in progr.ss. 
Biomarkers identified in these analyoe• will mcilira te imprO\•tmcnr.s in screening 
methods. (Supported by VNC/EPA Cooperati,•c Training Agreement 
CR8332370 I. This abstract does not rcAcct EPA policy). 

l 303 DEPLETION Of. KUPFr:ER CELLS AS A MECHANISM 
FOR INCRfASED SERUM ENZYMES. 

P. Kou-Taylor, R. Giovanelli, C. T.tbor, L.. Obert, S. Sadis. H. Runnels, B. 
lh:Jl and M, Lawton. Pjiur. Groton, (.7: 

In dinial StUdies, evalw.rion of certain >erum enzymes is routinely performed in 
order ro assess tl1e possibility of rissu~ injury•. For example, an increase in the serum 
lcvd of rhc ~nzyme alanine aminotranSferase (AI.; f) is a sensitive indicator of hcpa
tiri~. llowever, d1anges in sready stare level~ of certain serum enzymes may reflect a 
change in either their rare of rdca;e ro the blood;rrcam or in their clearance from 
the bloodstream. Since the rurnovcr of many serum enzymes ocwrs via receptor 
mediated endocytosis by Kupffer cell> (K('~} in the li ver, it is possible rhar inhibi
tion or depletion of KCs may also con1rihute to >CI'um enzyme elevation. In order 
l<l better underst'.md the role of KC< in ;crum cnqme clearance, KCs were depleted 
from rat liver using intra-venous injection of clodronate (CLO} liposomes. KC de
pletion was monitored using immunohistochemistry with antibodies to EO 1 and 
ED2. which detect immarure and mature (EO I) or just mature (ED2} KCs. ED2-
po~itive cells were und<.>tecrablc ar 24 hours, with repopulation evident a.r 72 hours. 
and ncar to b:t.«:·linc lcvds by 8 days post CLO administration. The serum levels of 
AI.:J: aspan:ue an1inocransferase (ASI'), crc:uine kinase (CK}, gluramare dehydro
gen:ue (GLOH), and !aerate dehydrogenase (l DH) AIT were measured ar 4, 8. 24. 
48, 72, 96 hours, and 8 days post admininwion of CLO liposomes. The maximal 
incn:a.sc: was 8x at 8 hours for CK, and 4x. I Ox, and 25x at 24 hours for ASf, 
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GLDH, and LOH, respectivdy with minimal changes in ALT. The increases in 
serum enzymes were inversely correlated to decreases in IC\•els of KCs and returned 
to baseline by day 8. Histopathology of liver, hearr, and skeletal muscle was normal 
and no changes to troponin I were noted, suggesting that CLO adminiStration did 
nor CJuse direct injury to these tissue.. These data further demonsr::rate the role of 
KCs in serum <OZ)'rne clearance aJ>d support anorher mechanism for serum enzyme 
elevation thar is nor related tO liver or muscle injury. 

1304 ANALYSIS OF LYMPHOCYTE SUBSETS fN PERIPHERAL 
BLOOD Al'v!ONG EXJ'OSED WORKERS AND PATIENTS 
WITH HYPERSENSITIVITY DERMATITIS INDUCED BY 
TRICHLOROETIIYLENE. 

Y. Dai', Y. Teng1, J. Yil, W 7..hou2, H. Dong'. X. Huangland Y. Zhcng1. 
I Nmional hwillltr for O«r~patwnal H~altb mJ PoiSIJn Onurol, Chit~ unur for 
/)iJfaJf Comrol and ""vmtion, &ijiug, 01i11a 11nd 2 H01piJai for Orcuputional 
/)israsr Omtrof ofSIJmzhm, Sbtn::l•m. G~tnngtkmg, Cbi1111. Sponsor:~· 

Trich loroethylene (TCE) is an imporl.dnt indumial chemical and is widely tL~<-d. 
TCE is considered co have immune toxicity. hypersensitivity dermatitis have been 
described among workc:rs exposed w TCE. T he smdy consisrs of 16 patients with 
hypersensitivity dermatitis, 30 healtl1y TC1~-cxposcd worker~ and 28 healthy work
ers unexposed to TCE. The lymphocyte subsers including CD4+ T cell, CDS+ T 
cell, B cell. NK cell, CD8+CD28+(-} T cell were measured in addition to me Man
dard blood count analyses. All of me subject$ in 3 groups were frequency matched 
by :tge and sex. The results sho"'~ that the absolure counts of lymphncyre, T cell, 
CD4+ T cell, CDS+ T cell, CD8+C028- T cell were significantly increased in pa
tients with hyf'<'rsensitivity dermatitis compared with TCE exposed workers and 
unexposed workers, meanwhile, no signifiet.nr differences in counts oflymphocyte. 
T cell, CD4• T ccll were demonstf31ed between exposed and unexposed groups. 
CD4+1CD8• rario and CD8•CD28+1 CD8•CD28- rario were significantly de
creased in both groups of hypersen5itiviry dermatitis and TCE exposed workc:u 
compared with unexposed group, borJ1 rJtios were similarly in hypersensitivity der· 
maritis case and TCE exposed group$. The count ofNK cell among 3 groups was in 
the increa.s<-d tendency of w>exposed control group >exposed group> case group, 
3Jld the difference was significant!)'. No significant ditTercncc in count of B cell bC>
twccn 3 groups was found. The~c data provide evidence chat occupational exposure 
ofTCE causes change oflymphncyre subsets, especially T lymphocyte subsets. The 
counrs of lymphocyte. T cell and C04+ T cell might be biomarkers for screening 
cases with hypersensitivity dermatitis frorn TCE-exposed workers. 

1305 GROUP SPECIFIC COMPONENT: URINARY 
BIOMARKER OF SUBCLINICAL RENAL lNJURY IN 
NEPHROTOXIN MODELS. 

C. Mau2y, J. Frey, V. C han, R. Pitsch and I~ Shiyanov. Applied Biotuhnology 
Brnncb-HtmJttll Ejfic"tivmm Dirutortttt, Air Forrr Rm.zrrh l..abomtory, Wright
Pnumon AFB, OH. Sponsor: I Schlag~r. 

Uri ne proreomics a.nal)'Sis by in -house efforts have idcnrificd Group Specific 
Component (GSC), also ailed Vitamin 0 bind ing protein, as a potential bio· 
marker to early subclinical kidney degradation. To modd subclinical renal toxin in
jury. low levels of D-serine were used to induce kidney damage at the proxim:al 
srraighr rubules. Male Fisher 344 rats were dosed imraperironeally with control (0), 
200, or 500 mg/kg 0-serinc in 0. 9% saline and urine collected pre-do;e and at 
rimed increments post-dose. Renal damage was verified by histopathologial =· 
ination of kidney tissue. Peptides based on rar GSC protein sequence were synthe
si>.cd and used as antigens for polyclonal antibody devdopmenr. Western blots 
using polyclonal GSC 1242 rested ~nsr urine from D-serinc dosed rats demon
strated a srrong signal as early as 12 hours postdose to a 52 kDal protein a.~ well a5 a 
-70 kDal protein. An examination of control urine demonstrated very low levels of 
the 52 and 70 kDal protein with background sigr10l from secondary antibody alone 
negligible. GSC 1242 immunostaining of kidney tissue from animals dosed ar 0 
and 500 mJllkg 0-serinc confirmtod 1hat GSC protein is strongly induced in d1c 
kidney after dosing. To examine the CSC response to renal glomerular d:unagc 
rAther than the proximal rubu le injury. urine samples from a rat study using 
puromycin were examined. The response ofGSC in rhis nephroroxin model signif
icantly increases ar 96 hours post-dose, and is ;ecn at high levels up to 168 hour> 
post-dose. Interesting, an examination of differential RNA cxpres$on of dosed ver
sus conrrol kidney demonstrated that GSC expre$Sion dccrc:tses upon nephrotoxin 
exposures. These pre-~':llidation studio on rat group specific componenr indicate 
mat ir is present in the urine at low levels which dramatically increase upon expo· 
~ure to both puromycin and 0-S<:rine, an indication lhar GSC rcsponK is not lo
afiZ<Od to proximal rubule darnag~. 



w·•s collected prio r ro dosing and at 12 hour intervals for a weal of 168 hours. Urine 
samples were assayed by £ U SA for clusrerin, retinol b inding protein (RBP) 4, 
heme oxygenase (HO)- I, osrcopontin (OPN), Yb I (mu) glut:tthione $-transferase 
(GST ), o. glutathione S-traosferase (a.GST), metalloproteinase rissu~ inh ibitor 
(TIMP)- 1 a nd ~2-m icroglobulin. Neut ro phil gelarinase-associared lipocalin 
(NGAL) and kidney inj ury molecule- ! (Kim- I) were assayed by Meso Scale 
Discovery (MSD) Multi-Spot® Assay. Biomarker lcve.ls remained consr:mr for con
rrol animals chroughour the rime course. However, for :u1imals dosed with 200 and 
500 mg/kg D-serinc, sign ificant increases were observed wich peaks at 12 hours 
post-dose (HO-I. Yb I GST and aGST), 24 hours post-dose (clusrerin, RBP4. 
TIMP- 1 and 1~2-microglobulin), 96 hours post-dose (Kim- I and NGAL) or 120 
hours post-dose (OPN). Bio markers retttrned to baseline levels at 36 hours (Yb I 
GST and aGST),"' 48 holtrS (1-10- 1, [32-microglobulln, TJM P-1, d usrerin and 
RBP4) or;, 168 hours (NGAL, Kim- I and OPN). Gene expression studies were 
also conducted in control and dosed kidney tissue, and significant increases in nan
scription were. seen in mosr biomarkers ex:tn1incd. RBP4. however] denlonstr.ued 
signific:mdy lower expression upon nephroroxin exposure. Expression profiles indi
c:uc that th is p rotein set differed in maximal response tint<'S. T heir colk-crivc detec
tion in uri ne is a potential noninvasive str-.it<!b'Y to determ ine <-arly onset oflow level 
subclinical kidney damage in response to roxi n exposures, ultimately k-:uli ng ro de
velopment of rapid field mo niroring for che predicdon of health hazards associated 
with d 1emical exposu re. 

1879 TRANSPLACENTAL DISTRIBUTION OF METALS AND 
THEIR INTERACTIONS ASSESSED BY 
BIOMONITOIUNG rN MOTHER/CHILD PAIRS. 

H Kafferlejo 1, R. Kopp ' ·>. £. G urwinski 1, M. Ku mbarrski2 and I BrUning'. 
1 BG FA · Rubr UniJ•ersit;l BQc/JUm, Gemumy and 2 Ut~ilterJity of Dui.rburg-Essm, 
Essm. Germm~y. 

Exposure of che fetus ro (heavy) metals has been associated with adverse health out
come-s including developmental toxicity. However. few data exist on the rr.mspla
cemal passage of merals and their interaction with each orl1er in the maternal-fera l 
uni t. In our study, venous and umbil ical cord hlood samples from 50 mother/child 
pairs were sn1d it-d for exposure to multiple heavy metals, essential minerals and 
trace elements. Smoking starus was assessed by cotinine in urine. l=d (Ph) showed 
the h ighest median concentration of heavy metals in maternal samples (1 1.5 !Jg/L) 
followed by nearly equal conc~ntrations of meJ·cury (Hg, 0.44 ~-tg/L) and cadmium 
(Cd, 0.34 ~-tg/L}. Smokers showed h igher Cd levds than non-smokes (0.73 vs. 0 .29 
!!g/L. 1'<0.00 I). Slightly bur signilicanrly lower levels of Ph were observed in fetal 
blood ( I 0.3 )tg/L, 1'<0.004), whereas Cd was strongly reduced (0.05 1tg/L) . In con
trast, higher concentrations of Hg were detected in fetal samples (1.48 )tg/1., 
P<O.OOOI). Seleniwn (Se) and iron (Fe) showed a si milar distriburio n in che mater
nal/feral u nit as observed for Pb, whereas the d istribution of manganese (Mn) was 
similar to Hg. Copper (Cu) and Zn were strongly reduced in the ferus and d istri
bution was more similar to Cd . Linear regressic)n analysis revealed positive associa
t·ions between maternal and fetal concentrations for Pb, Mn and Hg (P,s:O.O 14). No 
associations between maternal and feral blood were found for Cd, C u, Fe and Z n. 
Exposure to heavy metals (single or in combination) d id nor influence che levels of 
essential m inerals such as Zn. In conclusion, the placer!fa provides a barrier for Cd, 
Cu and Zn, whereas Fe, Ph and Sc enrer rhe fetal environmem unaffected. Mn and 
Hg are unequivocally transported m rhe fetus resulting in increased exposures com
pared to rhe mother. Howt•ver. homeostasis of e.~senrial dements remains unaf
fected by exposure to heavy metals at low exposures. Overall, our results contribute 
to the risk assc:;.~menr of heavy metals and adverse health C)urcome in the most vul
nerable popu.lation , the ferus. 

1880 SURVEILLANCE FOR SYSTEMIC EfFECfS OF METALS 
AND OTHER MATERIALS REL£ASED FROM RETAIN ED 
Et\tlBEDDED FRAGMENTS IN U.S. SOLDIERS. 

K S Squibb'. J. Gaitens1, C. Dorsey'. J. Ccnreno2 and M, McDiarmid'. 
1 University of Maryland Sc/JQol of Medic in~. Baltimort, MJ) and 1Division of 
Biopl,ysica/ Toxicofog;\ Arm(d Forr:es hmituH ~f /'atho/i,gy. \f!asbit~gwn, DC. 

Conc<'rn has heightened regarding lo ng term ht'31th effects associated with embed
ded fragmentc< in sold iers. In rhe past, fragments embedded in muscle ris.sue were 
thought to be relatively inert, however recent work has shown that veterans with 
embedded depleted uraniu m (DU) fragments h:~ve dcvarcd blood and urine ura
nium levd~ mo re tha n 18 years after injury involving DU mu ni tions during chc 
first Gulf War. This finding is supported by studies showing rele.ase of metals from 
certain types of medical im plants. To better undersr.and and p revent health prob
lems resulting from retained meral and non-metal fragments in sold iers, the 
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Department ofVercr-ans AfF.:tirs has esmb lishcd a p rogram charged with developing 
clinical m:u1agemenr guideli nes for embedded fragments. These will be based on re
sults from analysis of fragment coment, healrl1 surveillance and biomoniroring of 
veterans with prolonged systemic exposure to chemicals released from fragment 
material over rime. Chemical cha racterization of over 400 removed frasments has 
shown rhar most are metal alloys (83%) wh ile others are different rypes of organ ic 
material, plastics, wood and stones. Based on rl1is information and knowledge of 
rhc toxicity of metals, a biomoniroring protocol utilizing primarily urine has been 
developed to characterize ~ysremic exposure ro the following carcinogenic and cyto
toxic merals: Al, As, Cd, Cr, Co, C u, Fe, Mn, Ni, Pb, U, \YI and Zn. Cusromized 
health surveillance and managemem guidelines will be developed for veterans wirh 
ch ro nically elevated c.xcrerion of specific metals usi11g biomarkers of potential ef. 
fects of the mer,tl(s) of concern. Biomonitorcng promcols for compounds released 
from non-metall ic fragment materials, such as isocyanate, phchalares and acrylics, 
will continue robe developed as our knowledge of rhe breakdown of fragments em
bedded in muscle tissue increases. Supported by Dtpartmmt ofVttn-am A/foin and 
thr Armed FQrm !mtitwe of Pllthology 

'Y-
m 1881 DOD IMPACT ASSESSMENT AND MANAGEM£NT OF 

NAPHTHALENFrRELATED RISKS . 

.L..J::M!;!1, !. E. Snawderl, S. f' Proctoil and G D Chapman~. 1SPK-ED-EC. 
U.S: llrmy Corps (If Engineers, Sacramemo, CA, CA, .lBionwniwring 7~am, National 
blSiitwe for OccupatimTill Sttftty and Health, Cincinuati, OH. 3Military 
!'(rformance Divisior~, U.S. Army Rnemr:h !nsdtutt QfEnuiroummtaf Mrdicine, 
Natick. ME mul <Military lnftrtious Di.rtasf Resmrr:IJ Program, U.S. Army Medical 
Researcb and Mnttriel Comma11d, FQrt Dttrick, MD. 

The Department of Defen•c Chemica l and Materials Risk Management 
Direcroratc is using a scan-watch-action process to idenriJY, rank and manage risks 
associated with emerging COntaminants. Naphthalene is characterized as a likely 
human carcinogen by che NTP and in rl1e tPA's most recent draft hcalch risk as
sessment. Thus, naphthalene-related environmental healch regulations are evolving. 
The potential impacts have been assessed. using multi -criteria decision :utalysis, for 
five of che Department's functional a reas. One of che areas of concern is exposure ro 
naphthalene among fud h:ul<llers. To determine wherher these exposures present 
unacceptable risk, the Army Research Office awarded a Small Business I nnovarive 
Research Project for the development of a miniature real-rime naphthalene sensor. 
N IOSH's Biomoniring Team and lm·estigarors from the Army Researcl1 Institute 
for Environmental Medicine, UC-Davis and che Army Corps of Engineers are col
laborating o n a second DOD-funded project. This project will validate rhe proto
type sensor as a dosimeter by defining correlations between measw-ed expoSltre.~ and 
biomarkers of exposures to-be-collected from milirary fuel handlers. To dare, naph
thalene specifici ty v.~rl1 sensitivity ofO. 5 mg/m3 has been demonstrated and defini
tion of the fi rmware chemomecria; is underway. lmplem~nration of che human 
subjects research p rotocol is pending insritttrional review boards' approval . 

1882 EFFECTS OF STYRENE CO-EXPOSURE ON 
FORiviATION OF I, 3-BUTADIENE D ERIVED N7-
GUANINE ADDUCT$. 

M. T. T hompson' . S. Goel 1, L M. Hallbergl, L!L.~rsJ2, I A Swenberg·1 and 
~1 • 1 Enviroument.allllld Oa-uptlli(JJia/ Hr.a/tb, Univmity of Arkansas {or 
Medical Srimus, little RQck, AR, 2PrtVmtive A1edicine aud Community Hctdtb, 
Univ<nity ofTexas Mfdical Bmt~ciJ, Galt•estQII, TX muJJEnvironrnental Scimces & 
Engineering. UrJivmity (If Nortb Camlina n1 Chnpei Hi/~ Chapel Hill, NC. 

Protein and DNA adduct.~ have been widdy applied for monitoring che internal 
dose of reactive compou nds and metabolites after environmental or occupational 
exposures. Formation of DNA ar1d p rotein adducrs correlate well with external ex
posu res in rodents and human studies. A recent srudy in huradicnc (B D) exposed 
workers demonstrated that SO-specific protein adducrs corrdarc with external BD 
exposure (R2 • 0 .6) in BD monomer workers and nor in BD-styrene polymer 
workers (R2= 0.08), despite the Facr chat the BD exposures were 3-fold higher in 
the polymer workers. Styrene co-exposure was 14-fold high<:r in the polymer work
ers rl1:u1 in the mo nomer workers. lr is suggesred char styrene co-exposure effects 
BD metabolis m, since borl1 arc merabolizcd by P450 2cl ro DNA reactive cpox
idcs. Subsequent i11 vitro studies showed inhibition of P450 2e I activity by styrene 
oxide. We report herein the efFects of styrene co-exposures on che formation ofN7-
guani ne adducrs in vivo. Femalt B6C3FI mice were exposed to filtered air, 20 ppm 
BD. 250 ppm styrene or 20 ppm BD plus 250 ppm styre ne for 6 h /day, 5 
days/week for 2 weeks, .A rn~th<xl was d~ovdoped for simul[aneous quanrirntion of 
the isomeric N7-hydroxybuten-guanine (N 7-HB-Gua), N7-trihydrox:yburan-gua-




