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Table 2. Summary Statistics for Personal 1-NP Concentrations (pg/m3)

INTRODUCTION

METHODS

Epidemiological and toxicological studies have demonstrated that exposure,
both acute and chronic, to diesel exhaust (DE) is associated with a variety of
health effects, mostly targeted to the cardiovascular, immunological, and
respiratory systems. 1-Nitropyrene (1-NP) is a nitro-polycyclic aromatic
hydrocarbon (NPAH) and has been used in a number of studies as a unique
marker for DE. In addition, metabolites of 1-NP can be detected and quantified in
urine and have been shown to be associated with elevated exposures to DE.

The study cohort is a healthy Mexican population (the “Subjects”), and a healthy
U.S. population (the “Controls”) serves as the unexposed population. Subjects live
in Tijuana, BC and frequently commute across the SY border for work or school in
South San Diego . Controls live, and work or go to school in South San Diego.

Walk-in-line pedestrians crossing the U.S.-Mexico border northbound at the San
Ysidro (SY), CA Port of Entry (Fig. 1) may be at risk of experiencing high
exposures to traffic-related pollution, specifically DE. Pedestrians wait in line for
extended periods of time and stand within 10 feet of diesel buses idling in highly
concentrated traffic. The primary goal of this study is to develop critical
information on the extent of exposure to DE in a vulnerable population where
data is currently lacking. Investigation of DE exposure as a result of border
delays and other possible risk factors will be used to support the
recommendations of the local community group, Casa Familiar, and to provide
information to the SY Community Group as well as the SY Smart Border
Coalition, ensuring that the redevelopment planning already underway by the
U.S. Government takes into account community concerns, while providing
quantitative data on the benefits of reducing border delays.

Data Collection: Ninety-one participants were enrolled for this study (79%
subjects; 21% controls) and all self-classified as Mexican. Questionnaires and
urine samples were collected from all participants. Of the subjects, the following
were collected: 54 personal 24-hour 1-NP filter samples; 17 at-home indoor and
outdoor 1-NP filter samples; and 35 days of 1-NP, CO, PM2.5 and ultrafine
(<0.1um) area monitoring at the border. Of the controls, 15 personal 24-hour 1-NP
filter samples and 4 at-home indoor and outdoor 1-NP filter samples were
collected.
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RESULTS

Mean ± SD

Range

Subjects

0.85

1.66 ± 2.49

<0.02 - 12.83

Controls

0.15

0.21 ± 0.22

<0.02 - 0.86

P*
<0.001

* p-value for Mann-Whitney U-test comparing subjects and controls

Table 1: Descriptive Information for Study Participants for Personal 1-NP

Age (Mean Yrs) ± SD

BMI ± SD

N (%)

Subjects

26 ± 9

29 ± 8

54 (78)

Controls

34 ± 12

28 ± 9

15 (22)

Laboratory analysis of 1-NP: 1-NP filters were spiked with an isotopically labeled
internal standard then extracted using methylene chloride. Extracts were then
quantified for 1-NP using a two-dimensional high performance liquid
chromatography (HPLC) with tandem mass-spectrometry (MS/MS)method.
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Median*

CONCLUSIONS
1. Personal Exposure to DE measured with 1-NP
• Personal 24-hour 1-NP results indicate a 5.6 -fold elevated DE exposure for border
commuters (median 0.85 pg/m3, IQR 1.57) in comparison to the U.S. residents
(median 0.15 pg/m3, IQR 0.247) (U=152, p<0.001) . These findings suggest:
a) High DE exposure may consequently set up conditions for responses such as
decreased health among the border commuters
b) Measures to reduce border wait times would significantly reduce risk of high
exposure to DE among the border commuters
2. Seasonal Variation of 1-NP
• The data indicate that there is a 4.5 fold increase of 1-NP concentration during the
heating season (October 1 – February 28) in comparison to the non-heating
season. We suggest this finding may be interpreted in two ways:
a) Winter inversion layers may be trapping DE near the ground
b) Photolytic degradation appears to be the principal degradation route for
NPAHs found in atmospheric PM suggesting that the atmospheric half-life of
1-NP may be longer in the winter.

CONTINUING WORK
3. Regression modeling using personal 1-NP filter samples
• Determinants of exposure
• Contribution of microenvironments to exposure
4. Urine analysis for 1-NP metabolites using a HPLC-MS/MS method
5. Exposure modeling using border, and at-home indoor and outdoor filter 1-NP samples
6. Community education about DE exposure at the SY border via the expertise of
community collaborator Casa Familiar
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Figure 1: U.S.-Mexico border at San Ysidro, CA. A) San Ysidro Port of Entry
indicated by red “X” B) Pedestrian pathway northbound indicated by red arrow
C) Proximity of pedestrian pathway to diesel bus lane and 24 vehicle lanes D)
Study Participants wearing personal monitoring equipment for 1-NP collection

Figure 2: Seasonal Variation of Personal 1-NP. Comparison of samples
collected in heating (n=45) vs non-heating (n=24) season. Mann-Whitney
U-test of median values indicates statistical significance (U=253, p<0.001)
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