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East Bay Diesel Exposure

Project Goals o

Assess exposures to diesel exhaust in
impacted communities of the East Bay

Evaluate predictors of diesel exhaust
exposure

Compare exposures in parent - child pairs to increase
understanding of exposure patterns

Help evaluate the effectiveness of diesel regulations in California

Engage with community and policymakers about study results



Study Design

40 parent-child pairs in the East Bay
between January 2018 and February 2019
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25 families gave 1 urine sample per participant per round '

15 families gave 4 urine samples per participant per round



1-Nitropyrene (1-NP)

1-NP is the most abundant particle-associated nitro-polycyclic
aromatic hydrocarbon (PAH) in diesel exhaust

6-hydroxy-1-nitropyrene (6-OHNP) and 8-hydroxy-1-nitropyrene
(8-OHNP) are urinary metabolites of 1-NP
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Scheepers et al. 1995; Toriba et al. 2007



Sample Analysis

Urine Samples

1-NP metabolites
(6-OHNP and 8-OHNP)

Pyrene metabolite
(1-Hydroxypyrene)

Volatile organic
compound metabolites

UNIVERSITY of
WASHINGTON

Berkeley

Air Samples Dust Samples

1-NP 1-NP
2-NP 2-NP
2-Nitrofluoranthene 2-Nitroflouranthene

Black carbon



ARTICLE OPEN

W} Chock for updatas

The East Bay Diesel Exposure Project: a biomonitoring study of
parents and their children in heavily impacted communities

Caniel Sultanai®)', Duyen Ksuffnan'~, Rosemary Castoring”. Michasl H. Paulsen’®, Mussell Barfety'~, Kelsey Ranjbar’, Rabert B Gunier”,
‘ictor .ﬁgljrr\e' . Marins Hnw:rl.‘.'.. Matalia Garban’, Josephine DeGuzma n.s..JiunwenS hcs.. Regan Patterson 'E.. Charis topheer Simpsarl."..

Asa Bradman®™™ and Sara Hoover'

@ The Authos) 2023

BACKGROUND: Diese| eshaust {DE) expasunes pose concems for serous hesith effects, including ssthma and lung cancer, in

Califomis communities burdensd by multiphe steessars.

OBECTIVE: To evaluaie DE exposures in dispropostionately impaded communities using b

aduits and chilldren within and between families.
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expam ures, were measuned inourine samiples from parent-child paies. For 25 familles, we colleced single-day spot urine samples
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RESLATS: At beast one 1-WP metabolite was present in 96.6% of the urine sampies. Detection frequencies for 1-NP in dust and
indioor air were 97% and 74'%, respectively. Results from random effect models indicaied that kevels of the 1-NP metabalite &
Ihydineacy- 1-nitropyrene §§OHNF wer significantly higher in paments companed with their childnen {p-value = 0.005). Urdnary 1-HP
meetabeiite bevels were generslly higher during the fall snd winter monthe. Within-subjact varishility was higher than betwssn-
subject variabilty (—60% of total variance verss —30%, respectvely], indiating high shot-emm temposl variabilly.

IMPACT: Biomonkoding, coupbed with air monitaring, improves understanding of hyperbocal air poliution impacts. Results from
these studies will inform the design of effedive exposume mitigation stestegies in dkpoportionately affecied communities
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INTRODUCTION
Dol echavust {DHE) ecpemuress wary widedy in Californis, with bow-
noomie comimunitie:s and communities of aolor often expernien-
dng disproportionately higher exposures [1, 21 The hamiful
effects of DE, including asthmia, cancer, and cardiowasoular disesse
[3=71 can be exacerbaied by the multighe emvironmental, hestth,
and socisl stresors fsoed by thess @ommunities 8. Although
regulsions in California (13 OOR § 2025) hawve reduced emissions
from diesel-powered wehicles overall, recent studies have found
that heavily impaced aress, such as West Oaldand, experience
highly elevaied air palluion in neighborhoods near traffic, rail,
and maritme sounes [B-11].
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Californis Department of Public Health (DPHL The 5GP mviews
evidenoe for the degme of exposure, todcity, and the ability 1o
detect biomariers at levels relevant to the genersl populistion
when considering chemicals for the padodty list

Based on meviews of the sdentfic eotue (4, 12-17] and & sedes
of discussions with invied experts st 5GP meetings from 2008 1o
2016, meetabaoliees of 1-niteopyeene {1 -89 were identified 2 the most
viabl biomakes for DE exposures. 1-NP s preferentialy formed by
high-temperatume amibustion prooeses in diesel engines and is the
most abundant nitno-podromatic hydnocadan (PAH) abserved in

Wilicn of Ervirorrmertd Hasad® Hasind Rossmu g (CEHHA), Callfaria Erdrerments Proecliee Agercy, Cklard, 8 UE A Ervir il Head % | S s, Brarck,
Galifersda D g St of Puslle Hod 5, Rickomend] T8, LA "Wanter for Enedrorrr il Pl ek i CormmuniBy Hea B8 EERCH), Schel of Pl c Hadl b, Uk By of Calfarmia,
ik ey, 8, LKA Cprtman® of Ervirormentd amd Qoo Soral Healbb S resn, Schod of Pubiic Healts, Univesity of Wink m o, S eesle, WA, LUSA "Ervrommen sl Haad %
Lbrsvainry Brards, Cal lorria Do St of Pullic Healk, Rickmoed O, USA Departmand of Ol aed Ervireorm et Ergires ieg, Usieeisy of Cal e a, Bark ey, T4, LEL
o e vt of P Heaalt, LUnver sy of Callforia, e e, C& USE ®amal: abra dim e ucrms mosd b

At least one 1-NP metabolite was present in 97%
of the urine samples

Urinary 1-NP metabolite levels were generally
higher during the fall and winter months

Urinary 6-OHNP was significantly higher in
parents compared with their children

Children’s urinary 8-OHNP were weakly
correlated with 1-NP in air and dust

Air and dust 1-NP levels were higher in homes
with high CalEnviroScreen diesel PM score



Demographics

Parents
Gender identity %
Female 95
Male 5
Age: mean (SD) = 36.6 (7.9) years
20-35 47.5
36-50 47.5
>50 5
Race/Ethnicity*
American Indian/Alaskan Native or
Native Hawaiian/Other Pacific Islander 5
Asian 5
Black/African American 20
Hispanic/Latino 40
White 35
Prefer not to identify 2.5
Education
High school diploma, GED, technical/trade school 20
Some college 20
College/graduate degree 60
Income
0 - $25,000 20
$25,000 - $75,000 40
>$75,000 30
Prefer not to answer/don't know 10

Children

Gender identity %
Female 52.5
Male 47.5

Age: mean (SD) =4.7 (2.1) years
2-5 82.5
6-10 17.5

Race/Ethnicity*
American Indian/Alaskan Native or Native
Hawaiian/Other Pacific Islander 5
Asian 7.5
Black/African American 22.5
Hispanic/Latino 45
White 40
Prefer not to identify 5
Not reported 5

*Some individuals selected more than one ethnicity

One participant was a smoker




Analysis Aims

Aim 1: Examine Geospatial Predictors of
Diesel Exposure

Aim 2: Examine Predictors of Volatile Organic
Compound Metabolites



Aim 1: Examine Geospatial
Predictors of Diesel Exposure




Geospatial Prec
of Diesel Expos
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ure

Spatial characteristics such as
traffic volume, road density,
and population density have
been used to predict traffic-
related air pollution.

ArcGIS was used to create
individual spatial predictor
variables for each household.
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Geospatial Predictors

Buffer Radius

Description units (m)
Distance |- Major road
To - Bottleneck road log,, m NA
- Truck network road
Length of |- Bus route
- Major road
- Bottleneck road m 150, 350, 500,
1000, 2000
- Truck network road
- HPMS roads*
Traffic - All
Density |- Truck | 150, 350, 500,
- Heavy Vehicle VMT/m? 1000. 2000
- Combined truck and ’
heavy vehicle
Count of |- Permitted sources** 150, 350, 500,
count

- Bus stops

1000, 2000

*HPMS: Highway Performance and Monitoring System

**Number of sources with permits from BAAQMD to emit diesel exhaust




Statistical Analysis

Concentrations were log transformed
Urinary concentrations were adjusted for specific gravity

Linear regression models were used for associations between 1-NP in
dust and geospatial predictors

Mixed effects models were used for associations between 1-NP in air
and 1-NP metabolites and geospatial predictors

Models with metabolites were adjusted for season, income, candle use, sweep
frequency, grilled and bbqg food consumption, and presence of gas dryer and
washer in adults

Models with metabolites were adjusted for season in children
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Aim 2: Examine Predictors of
Volatile Organic Compound
Metabolites



Volatile Organic Compounds (VOCs) in EBDEP
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VOC Metabolites Measured in Urine ‘.,;,,,}//f@

Adults Children
Detection Geometric Mean Detection Geometric Mean
Parent Compounds Analyte
Frequency (ng/g) Frequency (ng/g)

_ CEMA 98% 90 99% 140

Acrolein
HPMA 98% 220 99% 340
Acrylonitrile CYMA 81% 2.3 87% 1.9
MUCA 90% 52 97% 110

Benzene

PMA 31% * 36% *

1,3-Butadiene MHB3 92% 3.7 97% 6.5
Crotonaldehyde HPMM 100% 190 100% 330
Isoprene IPM3 73% 3.7 82% 53
Propylene oxide HPM?2 93% 35 98% 52
Ethylbenzene/ MADA 99% 150 99% 210
styrene PHGA 90% 130 89% 140
2MHA 72% 14 81% 22

Xylene
3 & AMHA 98% 72 98% 120

* Not calculated: proportion of results below limit of detection was too high to provide a valid result
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Statistical Analysis

Concentrations were adjusted for creatinine to compare to NHANES

Concentrations were adjusted for specific gravity and log transformed
for associations

Mixed effects models were used for associations with

Models with geospatial predictors were adjusted for season, income, candle use,
and presence of gas dryer in adults

Models with geospatial predictors were adjusted for season in children

City was grouped into Richmond, Oakland, and Other to ensure a more
even distribution



Correlations of VOCs

Xylene:
Ethylbenzene/
Styrene:
Propylene oxide:

Isoprene:
Crotonaldehyde:
1,3-Butadiene:

Benzene:

Acrylonitrile:

Acrolein:

2MHA
PHGA
MADA
HPM2

IPM3
HPMM
MHB3
PHMA
MUCA
CYMA
HPMA
CEMA

0.76

0.76

0.63

0.79

0.68

0.7

o

HPMA
CYMA
MUCA
PHMA
MHB3

HPMM

IPM3
HPM2
MADA

PHGA
2MHA
34MH

Ethylbenzene/styrene metabolites (PHGA
and MADA)

Isoprene (IPM3), acrylonitrile (CYMA) and
1,3-butadiene (MHB3) metabolites

Acrylonitrile metabolite (CYMA) and xylene
metabolites (2MHA)

Acrolein metabolites (CEMA and HPMA)



Comparison to NHANES
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Comparison to NHANES
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Some Sources of Significant VOCs

HQC\

VOC Metabolite Sources
Acrolein CEMA Combustion of petroleum-fyels and blogllgsel; fried or burnt
food; fungicide and pesticide
Benzene MUCA Natural compon.ent of gasoline ar]d crud.e'0|l; component of
automobile exhaust; plastics; additive to paints
Naturally produced by plants, animals and bacteria; production of
Isoprene IPM3 vehicle tires; synthetic rubber; component of automobile
exhaust
Propylene Fumigant; production of polyurethane plastics and liquid for
g HPM?2 .
Oxide electronic cigarettes
Production of plastic, synthetic rubber, resin, and other consumer
Ethylbenzene . :
Styrene MADA products; component of automobile exhaust; ethylbenzene is

also natural component of coal tar and petroleum




Demographic Associations with VOCs in Adults

Household
Income

Participants with the
lowest income had:

M Total VOC metabolites

™ Xylene metabolites
(2MHA, 3 and 4MHA)

B 0AKLANDN

City of
Residence
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Participants who lived in

Oakland compared to
Richmond had:

M Total VOC metabolites

Race and/or
Ethnicity

After adjusting for city of
residence, Black participants
had:

™ Xylene metabolite (2MHA,
3 and 4MHA)

P Benzene metabolite
(MUCA)



Predictors of VOCs

Candle use
in the past 3 days

é

L

M Total VOC metabolites
in adults and children

N Benzene metabolite
(MUCA) in adults

1 Isoprene metabolite
(IPM3) in adults

Gas stove use
in the past 3 days

b b

%% %
7

1 Ethylbenzene/styrene
metabolite (MADA) in
children

N Benzene metabolite
(MUCA) in children

Gas washer and gas
dryer in the house

" Ethylbenzene/styrene
metabolite (MADA) in
children

™ Total VOC metabolites
in adults: gas dryer only
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Conclusions

1-NP in dust and air were significantly

associated with geospatial predictors of traffic
1-NP metabolites in urine were positively associated
with length of major roads

VOC metabolites were associated with
Demographic variables
Gas appliances and candle use
Traffic density and length of major roads

East Bay Dlesel Exposure
PrOJect |
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