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Executive

Summary

m ericans spend more time than ever be-

fore inside of cars. W e drive to work, we

A

family vacation

drive to the sup erm arket, we drive to the

spo t. If we are go ing somew here,

chances are good that we are driving Peop le in

this coun try traveled more than 2.8 trillion miles

by autom obilein 1995, up half atrillion miles from

five years earlier and nearly doub le the nu mberof

miles driven in 1965 N ot on |ly are peop le driving

more miles, traffic and otherroadw ay delays m ean

that it often takes more time to go a sho rter dis-

tance. The average amoun t of time spent com -

muting to and from work has increased steadily

since the 1980 s, with agrowing nu mber of peop le

no w facing a daily drive time of thirty minu tes or
m ore each w ay.

M ost peop lerealize thatthere are risks associ-
ated with traveling by autom obile— drunk drivers,
road rage, and speeding ticketscometo mind. The
greatest con cern of drivers stuck in traffic is m ost
likely that they won 't get to their destination s on
time. Few peop le, ho wever, are con cerned abou t

the health effects of the air qu ality inside of their

cars. |f their though ts turn to the sub ject at all,
they are more likely to con sider air po llution an
“ou tdoo r” prob lem

This unprecedented survey of international

stud ies sho w s that air po Ilution m ay be even more

severe inside of cars than ou t. The results of 23

separate scientific studies conducted during the

1980 s and 1990 s reveal that in-car air po llution

levels frequently reach concentrations that m ay

threaten hu m an health. The repo rts sho w that the

air inside of cars typ ically con tains m ore carbon

m onox ide, benzene, toluene, fine particulate m at-

ter, and nitrog en ox ides than am bient air at nearhby

m on itoring station s used to calculate gov ernm ent

air-qualt y statistt c¢cs. In-carpollutionis often even

w orse than po llution in the air at the side of the

road.

T he air po llution accum ulating in the interior

of autom obilesconsists alm ostexclusively of gaso -

line and diesel exh aust. This tox ic soup of gases,

aerosols, and microscop ic particles includ es ben-

zene (a known carcinogen), carbon monoxide

(w hich interferes w ith the blood ’'s ability to trans-

port oxygen), particulate m atter (w hich studies

have associated w ith increased death rates), and a
ho st of other hazardou s chem icals.
Pub lic health officials frequ ently issue w arn -

ingsreported in local w eather broadcastsw hen con -

centrations of auto pollutants exceed healthful lev

els in the am bient air. The air qu ality inside of

cars is typ ically much worse. In-car benzene con -
centrations som etim esexceed concentrationsin the
C arbon m onox ide

roadside air by up to fou r fold.

con centration s m ay be more than 10 tim es high er
inside of cars than at the side of the road.
Elevated in-car po llution con centration s par-
ticularly endanger children,the elderly, and people
w ith asthm a and other respiratory conditions.
W hile it receives little attention , in-car air po llu-
tion m ay po se on e of the greatest m od ern threats

to hu m an health.



Recom mendations
W hile ind ividu als can take som e action s to re-

du ce in-car po llution levels— driving less, ensur-

ing thattheirvehicles are properly maintained, and

using pub lic transpo rtation w henever po ssible—

the main burden falls on the shoulders of

policym akers.

Initiatives to add ress this prob lem shou Id in-

clud e the follow ing

1). Federal, state and local gov ernm ents m ust

prov ide greater fund ing for pub lic transpo rtation

projects, especially in cities plagu ed by high lev-

els of traffic cong estion Tax incentives for ind i-

vidu als and em ploy ers shou |Id prom ote the use of
public transportation, w hile tax breaks thatencour-
age peop le to drive, includ ing

parking incentives,

shou Idb e ph asedou t.
2). The EPA must fix a major faili ng of its re-
centTier 2 ruleby requiring autom akersto develop
and sell zero-em ission s alternatives to gasoline-
and diesel-po wered vehicles.

3). The California Air Resou rces Bo ard m ust

preserve itszero-em issions-vehicle m andate,w hich

comesup forreview later thisyear. This prov ides

the greatest incentive for autom akers to actively

develop and sell nonpolluting carsthatdo notcon-

tribu te to in-car po llution prob lem s.

4). Until EPA add resses the issue of alterna-

tive vehicles, states shou Id op tto im plem ent C ali-

fornia LEV 2 em ission s rules, includ ing the ZEV

m and ate, rather than the federal Tier 2.
5). The EPA's final heavy du ty vehicles/diesel
rule, du e ou t later this year, mustinclud e steep re-

du ction s of PM and N O X emission s ou tlined in

the agency’'s propo sed rule. The final rule m ust

requ ire 100 % of diesel fuel to con tain low sulfur

levels (less than 10 pp m ) by 2007 The agency

mustno tgive in to indu stry dem and s for a leng th-
ened timeline or a ph ase-in of the low -sulfur fuel.

6). EPA must endits hist ory of repeated delays

and issue a tough m ob ile sou rce tox ics rule that
w ill sign ificantly redu ce new cars’' emission s of
benzene, toluene, 1,3 butadiene, xylenes,

ethy Ilbenzene, and other VOCs. This rule shou Id

includ e federal incentives for the develop ment of

zero-em ission vehicles.



SECTION ONE

INTRODUCTION

utom akers have come a long w ay in re-

centyearsin term s of improving the inte-

A

N early all new m od els com e equ ipp ed w ith stereo

riorcom fortand safety of the carsthey sell.

system s, dual airbags, tilt steering w heels, and

po w erlocks and windo ws. Fo rafew do Ilarsmore
a custom er can get heated leather seats, du al-zon e

clim ate con trol, a hand s-free cellular phon e,aCD

chang er, and po w er seats with memory to store
several positi on setti ngs. Some minivan models
even come with bu ilt-in television s and V CR s to

entertain passeng ers on leng thy trips.

A ll of thisinnovation hasgiven driversand pas-

seng ers a heigh tened sense of com fort and w ell

being inside their autom ob iles, even if the cond -

tion s ou tside happ en to be opp ressively hazy, ho t,

and hu mid. Driving on a cod e-red sm og day w ith

their windo w s sealed tigh tand their air cond ition -

ers set to high , some drivers may feel a ting e of

rem orse or gu ilt for their con tribu tion to the air

quality problem soutside of theircars,butitislikely

that few are seriou sly con cerned abou t their ow n

health or the health of their fam ilies aslong as they
are inside.
However,numerous studiesconducted overthe

past tw o decades ind icate that any sense of dis-

conn ection from the air po Ilution cond ition s ou t-

side is com pletely un w arranted. The truth is, the

qu ality of air inside cars is often much worse than

that of nearby am bient air sam ples or even the air

at the side of the road. H azardou s po llutants, in-

clud ing carbon m onox ide, vo latile organic com -

pounds,nitrogen oxides, and particulate m atter, ac-

cum ulate inside cars driving in m od erate to heavy

traffic. A erodyn amic effects of the mov ing ve-

hicles,com bined w ith the tendency of auto exhaust
pollutants to dissi pate quickly after emissi on, con -
centrates these chemicals and particlesin the midst
of the traffic flow in the roadw ay. In effect, cars
on bu sy roadw ays drive through an inv isible tun -
nel of con centrated po llutants. T he exterior shells

and ventilation system s of cars do little to divert

these pollutants or filt er them from the air entering

the car’'s interior, and thu s afford little protection

to the peop le driving th rough this tox ic tunn el.
These higherconcentrationsof pollutantscom -
monly detected inside autom obiles boost the over-
all exposure of drivers and passengersto anumber
of very dang erou s chem icals, includ ing benzene,

c arbon m onox ide, particulate m atter, and toluene.

M edical researchers havelinked many of these sub -

stances to seriou s health prob lem s, includ ing res-
piratory irritation, cancer, and prem ature death.
M any of these dangerous chemicals’ effects on

hum an health depend on aperson’scum ulative ex -
po sure, so each time a driver or passeng er is sub -
jected a high concentration of the pollutantismean-
ingful.

Thisrepo rt analyzes the results of 23 separate
studies published betw een 1982 and 1998 thatm ea-
sured the concentrations of particulate m atter, vola-
tile organic com pound s, carbon

m onox ide, nitro -

gen ox ides, and /or ozon e inside of autom ob iles.

M any of the stud ies also look ed at po llutant con -

centration s in am bient air sam ples, in the traffic

stream im m ediately ou tside of test vehicles, at the

roadside, in transit bu ses, on ligh trail cars, and in



subw ays. Several also specifically investigated the

expo sure of bicyclists and /or pedestrians to auto

po llutants. O f the 23 stud ies, 14 includ ed carbon

m onox ide measures, 11 con sidered variou s vo la-
tile organic com pounds (benzene,toluene, xylenes,
form aldehyde, etc.), fiveincluded particulate m at-
ter,fourincluded nitrogen oxides, and tw o included
ozone.

The results are consistent. A |l of the pollut-
antscommon to auto exhaustalso appear in the air

w ithin

autom obiles. For all except carbon mon-
oxide and the largest particulate m atter, concen -
trations are typically higher inside cars in heavy

traffic than other places— theroadside,nearby fixed

m easurem entsit es, and inside transit buses, trains,

and subways— where we might also expect the
presence of auto po llutants.
The purpose of this report is to educate the

pub lic and po licym akers. There are action s that

ind ividu als can take to protect them selves from

elevated in-car pollution levels. Firstand forem ost,

avo id driving w henever po ssible. W hen you are

able, take pub lic transpo rtation , w alk, orride a bi-
cycle. Second , avo id driving du ring heavy traffic
periods. The studiesconsidered by thisreportshow
that in-car po llution levels are high est w hen ve-

hicles are traveling on cong ested roads or passing

through busy intersections. Third, if you m ust

drive,w henever possible avoid following high-pol-

luting vehicles, such as diesel trucks and bu ses,

older model cars and sportutility vehicles,and out-

of-tun e vehicles w ith visible exh aust. The stud ies

ind icate that much of the po Ilution inside vehicle

cabins likely con sists of the exh aust from other

vehicles in the im m ediate vicinity.

Scientific studies beginning in the 1970s have

shown thatthe pollutants in automobile and diesel
exhaustreadily make their way into cars’ passen-

gercompartments. Often,the pollutantlevels

inside cars far exceed those in the ambient air or

atthe roadside.

R eal prog ress tow ards solving the in-car po |-

lution prob lem , ho w ever, can on ly com e through

chang es in existing pub lic po licies that encou rage

peop le to drive internal-com bu stion autom ob iles,

exacerbate traffic cong estion prob lem s, and allow

num erous high-polluting vehicles to rem ain on the

roads. Public officials need to realize that the
A m erican add iction to po lluting cars and trucks
po ses a nation al health crisis that m ust be agg res-
sively con fron ted and requ ires decisive and inno -
vative leadership. The con clusion of this repo rt
ou tlines several po licy initiatives that wou Id be-

gin to add ress the prob lem



SECTION TW O

PARTICULATE M ATTER

articulate m atter (PM ) po Ilution con sists of

P solids and liquid droplets of up to 10 mi-
crom eters in diam eter suspend ed in the air.

L arge,dark PM m ay include sm oke and sootfrom

incom plete com busti on, though PM may also in-

clud e du st. These “coarse” particles along w ith

sm aller ones are known as PM 10. So-called “fine”

PM measures less than 2.5 microm eters in diam -

eter and can includ e particles so sm all that they

m ay on ly be seen using an electron microscop e.

These are kno wn as PM 2.5. Even the largest PM

particles are very sm all— the width of a hum an hair

averages abou t 70 microm eters. D iesel vehicles

are amajor sou rce of bo th coarse and fine PM po |-

lution

Health Effects of PM Exposure
Peop le have realized for centuries that sm ok e

and soo thave adv erse effects on hu m an health. In

1307 , King Edw ard | of Eng land proh ibited the

bu rning of sea coal in L ondon and several other

towns because, according to his roy al proclam a-

tion, “the airthere[w as] polluted over awide area,

to the con siderable annoy ance of the prelates,

m agn ates, citizens and others dw elling there, and

to the detrim entof their bod ily health.” The origi-

nal law im po sed heavy fines on tho se w ho fou led

the air with excessive amoun ts of PM ; du ring the

reign of Edw ard Il, w hich began later that sam e
year, violators of this early clean air stand ard be-

. . . 1
cam e subjectto physical torture or even execution.

Particulate m atter is arguably the m ostdanger-

ou s compon ent of autom ob ile exh aust. Particles

are sm all enough to infiltrate nasal, sinus, and bron-
chial passages w herethey can accum ulate and cal-
Fine PM

cify. can penetrate the deepest po rtion s

of the lung s and the very sm allest particles can be

absorbed into the bloodstream In thenose, throat,

and lungs, particulates act as extrem e irritants.
E xpo sure to even low levels of PM can cause na-
sal cong estion , sinu sitis, throat irritation , c ough -

ing ,wheezing , sho rtness of breath, and chest dis-

com fort. M edical stud ies have associated expo -

sure to elevated PM 10 levels with the agg ravation

of existing respiratory conditions, including

asthm a, and more serious medical problem s.

Several studies have linked exposure to el-

evated PM 2.5 levels to increased ho spital adm is-

sion s. One of the largest look ed at peop le insured

by K aiser Perm anente in Sou thern C alifornia. Fo r

every 10 microgram s/m eterz(mm 3) increase in PM

expo sure, ho spital adm ission s rose by 7% for pa-

tients w ith respiratory disease, 3.5% for patients

w ith acute respiratory illnesses,and 3% for patients

w ith cardiov ascular disease. A similar study by

the California Env iron m ental Protection A gency

. 3 . .
associated every 10 Mm increase in PM expo sure

levels to a2.5% increase in em ergency room Visits

and a 1% increase in mortality for people with

. 2
pn eum on la.

The so-called “Six Cities Study” by the H arvard



Heavy-duty diesel trucks are a prime culpritwhen itcomes to elevated in-car PM

levels. Several

studies found thatcars registered the highestin-car PM-levels when following these vehicles.

Schoo | of Pub lic H ealth found that test sub jects
expo sed to high er PM con centration s were 26 %
more likely to die prem aturely than sub jects ex -

posed to low erconcentrations.’ A study published
in 1995 by C.Arden Pope,etal.,of Brigham Young

University found that test subjects exposed to

high er levels of PM were 17 % m ore likely to die

prem aturely than tho se expo sed to lower levels.

Bo th of these stud ies accoun ted for the sub jects’

other ind ividu al risk factors and evaluated the ef-

fectsof PM exposure independently.4 Alltold, tens

of thou sand s of Americans die prem aturely du e to

PM expo sure each yea\r.5

O therresearch into the effectsof long-term PM

expo sure is relatively sparse. Preliminary results

ind icate a po ssible link betw een fine PM and can-

cer. Several studies have dem onstrated thatknow n

carcinogens,including severalcom monly found in

autom ob ile exh aust (see the section on V OC s, be-

10

low ), may latch onto fine particlesthatare breathed

into and accum ulate in the deepestrecesses of the

hum an respiratory system .
PM Exposure Studies

Europe,which proportionally has ahighercon-

centration of diesel vehicles on the road than the
U nited States, has prov ided the staging g round for
m ost of the stud ies on the expo sure of drivers, bi-
cyclists, and pedestrians to PM po llution

I'n 1995 , researchers Joop H . van W ijnen, et
al., in the N etherland s found levels of PM 10 in-
side vehicles on bu sy streets in A m sterdam rang -
ing from 90 to 194 Mm ° in tests condu cted du ring

M ay. In tests condu cted on cong ested high ways

w ith stop-and-go traffic,in-carPM 10 levelsranged
from 120 to 139 Mm *® Concentrations during tests

Mn °.

low er in tests con -

on a rural rou te rang ed from 71 to 166 In-

car levels of PM 10 w ere much



PM2.5 LeEveELs MEASURED IN THE 1998 CARB STuDY
M ean In-C ar M aximum In-Car A mbient R oadside

Typ e of Ro ad Car 1 Car 2 Car 1 Car 2 Alir M ean M ax .
Los Ang eles
A rterial, Non-rush hour 67.7 56 .4 86.0 71.7 63.5 nd nd
A rterial, Rush hour 41.0 32.9 53.1 45.1 48.0 52.9 102.8
Freew ay, Non-rush hour 54.7 44.9 59.0 47.0 33.3 nd nd
Freew ay, Rush hour 45 .4 32.1 56.0 38.9 32.1 44.7 76.0
Freew ay, Carpool lane 46.9 43.3 54.6 47.5 58.1 69.7 78.1
Sacramento
A rterial, Rush hour 9.6 9.7 10.3 16.4 10.8 5.8 18.7
Freew ay, Non-rush hour 14 .4 12.4 16.6 14.2 10.3 9.6 19.9
Freew ay, Rush hour 14.7 6.6 21.8 16.2 5.7 5.9 18.2
Rural 6.1 2.0 6.1 2.0 nd 3.1 4.2
Note: nd = no data available
Source: California Air Resources Board
ducted during January,ranging from 17 to 62 Mmn @ PM expo sure were different in the U nd erground
in the city, 14 to 48 Mm ® on a bu sy high w ay, and and at street level. The vast m ajority of the par-
16 to 38 Mm * on a rural rou te. The researchers ticles that com prised the PM in the sub way mea-
said that high er wind s and rainy w eather caused sured greater than 1 microm eter in diam eter, w hil e
the low er in-car PM 10 levels measured in Janu - theconcentrationsencountered by the cyclists w ere
ary.G mostl y in the 0.2 to 0.4 microm eter range. There-

A year later, researchers from M idd lesex U ni- fore, the sub w ay riders w ere expo sed to a greater
versity repo rted the expo sure of L ondon bicyclists volume of PM , but the cyclists riding in good

to vehicle-generated PM and com pared this to the

“The [autom obile] passenger

guality can be described as ‘un

Researchers T.J.

expo sure of com muters w ho ride the L ondon Un-
d erg round Fo r this stud y, the scientists m easured
exposure to PM of less than 5 microm eters in di-
am eter, a proven danger to hum an health and a

prime ingredient of diesel exhaust. A gain, the re-

sults show ed that w eather conditions had a great

bearing on test subjects’ PM exposure. Cyclists

studied during dry w eather on days w ithout wind

show ed exposure to PM 5 of 88.54 Mm?® How-

ever, data sets collected w hile the cyclists were

riding the sam eroutesin rainy orwindy conditions

sho w ed expo sure levels rang ing from 14 to 16 .49
rnm3 Riders of the U nd erground ,ho wever, were
expo sed to stagg ering ly high PM 5 levels of 708 .6
Mm Fu rther analysis sho w ed that the typ es of

w eather w ere expo sed to a greater nu m ber of total

compartment air

IRl

healthful

Ptak and S.L. Fallon

particles and to the typ es of particles most likely

to cause serious negative health effects. Over 90%

of the particles breathed by <cyclists were likely

com pon ents of diesel exh aust. The PM m easured

ontheUnderground more likely consisted of dust.’

A 1994 s tudy that look ed at the expo sure of

U .S.automobiledriversto PM similarly found that

m ore than 90 % of the particles found inside ve-

hicle passeng er com partm ents m easured less than

1 micrometer in diam eter. O veral, T.J Ptak and
Stephen L. Fallon measured average in-car PM
con centration s of 105 Mm ® du ring high way driv-

ing cond ition s, and con clud ed that “the passeng er
com partm ent air qu ality can be described as ‘un -
healthful.”” The high est expo sure to PM , predict-

11



Studies indicate thatoverall exposure to PM may be lower inside cars than outside, butconcentra-

tions of the mostdangerous fine particles in the in-car air often exceed those atthe roadside.

ably,occurred in testcars traveling on gravelroads

w ith their windows dow n. The second highest
expo sure occurred du ring city driving , w here the
in-car PM level was measured to be 133 Mm°.
Filt ering devices did litt e to help. C ars’ aircondi-
tioning system scanremove betw een 40% and 75%
of the largest PM , bu t remov e on ly 2% to 15 % of

the dang erou s particles less than 1 microm eter in
diam eter. A com m ercial interior air filter can re-
du ce the con centration of large particles by up to

90 % , bu t again has little effect on the con centra-

tion of the sm allest particles— redu cing them by

as little as 5%

In a 1998 California Air Resources B oards

stud y,P M w as theon lypo Ilutant that app eared at

sign ificantly low er con centration s inside of cars

than outside. How ever,PM measuring greater than
2.5 microm etersin diam eter accounted for the vast

m ajority of thisreduction. In airsam plesfrom fixed

12

m on itoring sites along the testrou tes, fine particu-

lates accoun t for from 37 4% to 64 % of the PM

In roadside air sam ples, fine particulates m ade up

from 56 .9% to 64 4% of PM Inside the test ve-

hicles, how ever,fine particlesw ere betw een 76.8%

and 97 .2% of all PM Thisind icates, as in the ear-

lier stud ies, that the cars’ ventilation and air con -

ditioning system s filter outsom e of the largestpar-

ticles, bu t do Ilittle to protect passeng ers from the
much more dang erou s fine particles.
The CARB study found high levels of PM pol-

lution inside of carsunder a variety of driving con -

dition s. On Sacramento rou tes, in-car PM 10 con -

centration s rang ed from 16 .5 to 30 .3 mm 3, w hile

PM 2.5 (which is a subset of the PM 10 figure)

ranged from 6.1 to 17.0 Mm °. In Los Ang eles, in-

car levels were even high er, rang ing from 45 .6 to

89 .1 Mm*® for PM 10 and from 41.0 to 83.0 Mm?

for PM 2.5.° (See chart, p. 11.)



SECTION THREE

VoOLATILE ORGANIC COMPOUNDS

olatli e organic compounds (V OCs), also
V known as arom atic hydrocarbons, com -
prise a class of po llutants released du ring

the com bu stion or evapo ration of solvents, paints,

glues, and fossil fuels. The exh aust of gasoline

and diesel autom ob iles con tains sign ificant con -

centration s of abou t tw o do zen V OC s, the m ost

important of which are benzene, 1,3-butadiene,

m & p-xylenes (typically m easured together), o-xy -

lene, ethy Ibenzene, toluene, and form aldehyd e.

These chemicals have the po tential to do seri-

ous harm to the environment and hum an health.

V OCs serve as ing redients in the chemical reac-

tion s that form g round -level ozon e, better kno w n

as sm og The EPA has design ated m any V O C s,

includ ing tho se typ ically found in auto po llution ,

as air tox ics or hazardou s air po llutants (H A Ps),

w hich are known or suspected to cause serious

health hazards. Bo th benzene and 1,3-bu tadiene

are kno wn carcinog ens, and other V OC s, includ -

form aldehyd e, are suspected carcinog ens.

ing

Cancer Agents

Itisdifficultto directly link expo sure to in-car

V OCs to any ind ividu al cancer case. However,

the carcinog enic effects of V O Cs are associated

w ith individuals’ cumulative exposures. W ith

peop le spend ing increasing am oun ts of time driv-

ing orriding in autom ob iles, elevated in-car levels

of carcinog enic V O C s con tribu te a grow ing po r-

tion of many ind ividu als’ cum ulative expo sure.

TheU.S.EPA classifiesbenzene asa®“‘known’
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hu m an carcinog en by all rou tes of expo sure,” and
m ultiple stud ies have link ed inh aled benzene to
the develop ment of leuk em ia. A dd ition al stud ies

suggestthatbenzene exposure may induce changes

in chromosomes, blood cells, and bone marrow

cells,though these results are notregarded as con -

clusive. M ost of the studies on benzene carcino-

genicity have looked atthe occupational exposure

of adults. The leukemia risk of children exposed

to benzene islikely much higher than thatof adults,

1 .
even at low er levels of expo sure. B ecause of its

status as a kno wn carcinog en, the W orld H ealth

Organization has set the acceptable hu m an expo -

sure level for benzene at zero.
EPA classifies bo th 1,3-bu tadiene and form al-
dehyd e as “prob able hu m an carcinog ens.” Ani-

m al and hum an studies, w hile notconclusive, have

sho wn that expo sure to 1,3-bu tadiene, includ ing

exposure by inhalation, m ay beresponsible forres-

piratory, bladd er, stom ach, lym ph atic, and blood -
related cancers. A ccording to the EPA “limited
hum an studies have reported an association be-
tw een form aldehyd e expo sure and lung and na-
soph aryng eal cancer. A nim al inh alation stud ies

havereported an increased incidence of nasal squa-

2 .
mouscellcancer.” Oneanim al study suggests that

ethyp enzene expo sure m ay be associated w ith the
form ation of tum ors. However, this study w as
extremely |limited and the few stud ies invo Ilving
hum ans have shown no elevated cancerrisks. EPA

says that with currently available inform ation,

ethy Ibenzene is “no t classifiable as to hu m an car-



(:inc)genicity."3 O ther VOCsmay also prom ote the

grow th of cancerou s cells in hu m ans, bu t con clu -

sive medical research is lacking

Non-Cancer Health Effects
Low -level exposure to the m ajority of V OC air

pollutants, including benzene, 1,3-butadiene,

ethy Ibenzene, form aldehyd e, and xy lenes, can ir-

ritate the eyes, no se, throat, and lung s. Sho rt-term

exposure to benzene m ay resultin drow siness, diz-

ziness, or headaches. Toluene acts on the central

nervous system and can cause short-term fatigue,

sleepiness, headaches, and nausea.

B oth anim al and hum an studies have associ-

ated the long-term exposure to benzene via inha-

lation w ith blood disorders,including aplastic ane-

mia,excessive bleeding , and the loss of antibod ies

and w hite blood cells. This final disorder can dis-

hibited atroph ied ov aries and testicles.®

Long -term expo sure to inh aled toluene can ir-

ritate the upper respiratory tract and result in

chron ic sore throats, nausea, skin cond ition s, diz-

ziness, headaches, and sleep disorders. The chil-

dren of m others expo sed to high levels of toluene

during pregnancy m ay exhibitattention deficitand

central nervou s system disorders. A link betw een
low er-level expo sure and these prob lem s is less
certain. So m e stud ies have sho wn that pregn ant

women expo sed to toluene have an increased v |-

nerability for spontaneous abortions, butthese stud -

. . 6
ies are no t con clusive.

A nim al and hum an studies have also shown
that long-term effects of the inhalation of
ethy Ibenzene, form aldehyd e, and xy lenes m ay in-
clud e prob lem s w ith reprodu ction and fetal devel-

opment. A dditionally, ethylbenzene exposure m ay

— The Wolrd Health Organization setthe acceptable

human exposure level for benzene at zero

ruptthe im mune system and m ake the individuals

chron ically expo sed to benzene more susceptible

to infection s includ ing influenza and the com m on

cold. W omen expo sed to elevated benzene con -

centration s for long period s of time have exh ib-

ited menstrual disorders and atrophied ovaries.

Limited studies suggestthatbenzene exposure can

redu ce fertility in women. Pregn ant anim als ex -

po sed to elevated benzene levels have produ ced

offspring with low birth w eights and dam aged bone

m arrow . Fetuses of anim als expo sed to benzene

have exh ibited delayed bon e form ation

L ong -term expo sure to 1,3-bu tadiene air po |-

lution m ay cause certain typ es of heart disease,

according to at least on e epidem iolog ical stud y.

A nim al stud ies have also sho wn that inh aled 1,3 -

bu tadiene m ay hind er fun ction ing of the respira-

tory and cardiovascular system s as w ell asthe liver.

A dd ition al anim al stud ies reveal that m others ex -

po sed to elevated 1,3-bu tadiene levels are more

likely to produ ce offspring w ith low body w eigh ts

and skeletal deform ities. A nim als that have in-

haled the po Ilutant in long -term stud ies have ex-
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adversely affectthe blood, liver,and kidneys,w hile
chron ic expo sure to xy lenes may result in chest
pain, reduced heart and lung function, and in-

creased heart palpitation.7

VOC Exposure Studies

The firststudies to m easure thelevelsofV OC s

within autom obile passenger com partm ents took
place in the late 1980 s and early 1990 s. These
evaluation s of cars on predo minantly urban roads

in Los Ang eles, Raleigh , Bo ston , and N ew York/

N ew Jersey found average con centration s of ben -

zene rang ing from 13 .6 to 50 .4 m/m ° Toluene

3

concentrations ranged from 33.3 to 158.0 m/m s

ethylbenzene from 5.8 to 11.6 m/m 3,m & p-xylene

20.9 to 154.0 My/m °, 7.3 to

16.0 M/m?

from o-xylene from

,and form aldehyde from 0.2 to 13.7m/

3

m The high con centration sin these rang escom e
ou tof on e of thetwo Los A ng eles stud ies for all of
the po llutants, except ethy Ibenzene and o-xy lene,
w hich the Los Ang eles stud ies did no t con sider.
The low con centration s in the rang es given com e
from the Raleigh and Bo ston stud ies for all of the



po llutants except form aldehyd e, w hich was mea-

sured at the low est average con centration in the

N ew York/New Jersey stud y. The research com -

pleted in Raleigh also repo rted average con centra-

9.9 My

3

tion s inside cars du ring high way driving

mzfor benzene, 34 .5 er/mzfortquene,BJ m/m

for ethylbenzene, 23.1 m/mzform & p-xylene,and

8.6 mlmzforo-xy lene. During subu rban driving ,

the New York/New Jersey study found average

concentrations of 13.4 MIm 3forbenzene,51.2 MI

mzfor toluene, 10 .1 mlmzfor ethy Ilbenzene, 29 .2

mlm ‘for m & p-xy lene, 12 .5 I‘Q/m3 for o-xy lene,
and 0.4 mlm ‘for form ald e hyd

e. In bo th of these

studies, in every case exceptthatof formaldehyde,
the in-carconcentrations w ere significantly higher

during urban driving than during suburban or high-

w ay driving

The New York/New Jersey study also sho w ed

thatim properly m aintained vehicles m ay have sig-

nificantly high er in-car V OC con centration s than

w ell-m aintained vehicles. A car in the test with a

m alfunctioning carburetor, under some driving

cond ition s, registered more than 12 tim es the ben-
zene, 5 times the toluene, 44 times the
ethy Ibenzene, 23 times the m & p-xy lene, and 40

tim es the o-xy lene found in aprop erly maintained

rban test rou te.’

car on the sam e subu

A H arvard Schoo | of Pub lic H ealth study pub -
lished in 1991 com pared in-car VOC con centra-
tion s to tho se m easured just ou tside the autom o-

bile passeng er com partm ent, at the roadside, and

atnearby fixed-site monitoring stations aw ay from

In-Car and Fixed-Site VOC Concentrations in Raleigh
450
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o
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o
£
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©
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(=}
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IS 150
100
50 I
0
Benzene Toluene M &p-xylene Totalof24 VOC s
Ecity in-car 13.8 59.1 39.5 424.1
Ecity Fixed site 2.4 12.1 7 91.3
Inlers(a(e In-car 9.5 32.4 22.3 233.5
Interstate Fixed site 1.6 4.5 3 31.5
BRrRuralin-car 1.5 5.2 3.7 53.2
EruralFixed site 0.7 1.8 0.8 14.8
Source: Chang-Chuan Chan, etal, Environmental Science and Technology, 1991 .
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theroadw ay. The projectalso looked atin-carV OC

concentrations atdifferenttimes of day and on dif-

ferent typ es of roadw ays. (See graph ic, p. 15 .)

Forbenzene,1,3-butadiene,toluene, m & p-xy -

lene, o-xylene, and most of the 19 other V OC s

m easured, con centration s in the autom ob ile pas-

sengercom partmentw ereroughly the sam e ascon-

centrations in the traffic stream im m ediately out-

side of the car. This was the case w hether the ve-

hicles w ere driven with the windo ws up or do wn

and with the ventilation system s on or off. In-car

concentrations w ere slightly low er w hen cars w ere

driven w ith their air cond ition ers on

The average in-carbenzene concentration (11.6
MIm 3) was 6.1 times high er than the average in

the am bient air at fix-site m easuring station s and

— Harvard researchers found

accounted for 21%

1.7 times high er than at the side of the road. The

m aximum in-car con centration of 42 .8

I‘H/m3

m um

benzene,
,wasnearly fivetimes higher than the m axi-

at roadside. The in-car 1,3-bu tadiene aver-

ageconcentration (3.3 nE/m 3)We152.8 tim es higher
than both the fixed-site m easurem entand the road-

side average. A gain the in-car maximum con cen -

tration (17 .2 m/m 3) w as significantly higher (14.3

10

times higher) than the roadside maximum .

In 1990 ,Lars Lofgren, et al., of the Ch alm ers
U niversity of Techno |ogy in Gotebo rg, Sweden,
conducted one of the first European studies to
m easure the levels of VO Cs inside automobile

passeng er com partm ents. The researchers found

total V OC con centration s inside cars du ring com -

m uter trips in heavy traffic rang ing from 200 to
3 . .

400 m/m . The researchers did no t con sider lev -

els of VOCs at the roadside or in the am bient air,

butdid determ ine thatin-car total VO C levelswere

6 to 11 times high er than levels measured inside

com m uter trains m aking the sam e trips.

Benzene levels

57.1 My/m?

erage con centration

inside autom obiles averaged
,nearly nine times high er than the av-

of 6.6 rn/m3

The study

m easured inside

the com m uter trains. found simil ar ra-

that

of car drivers’
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tios for toluene (99.9 m1m3in-car,8.l tim es higher

than in-train), ethy Ibenzene (17 .9 nE/m ¢ in-car, 8

tim es high er than in-train), m & p-xy lene (58 .9 I’B/

m ° in-car, 7.9 times high er than in-train), and o-

xy lene (23 .0 rn/m3 in-car, 7.9 times higher than

in-train).“ Lofgren and hiscolleaguesreported that

in-car con centration s for all of the V O C s reached

their peak during com m uter tripsm arked by heavy
traffic or frequent stops attraffic lightsbehind other
vehicles.

A second study published in 1991 by research-

ers from the H arvard School of Public H ealth com -

pared the expo sure to six different V OCs of auto-

m ob ile, sub w ay, bicycle, and pedestrian com m ut-

ers. (See graph ic, p. 17 .) The average con centra-

tion s of benzene, toluene, ethy Ibenzene, m & p-xy -

the daily com mute

total benzene exposure

lene,and o-xy lene w ere high erinside autom ob iles

than inside sub w ay cars or in the air breathed by

pedestrian or bicycle com muters. Fo rm aldehyd e

con centration s w ere sligh tly high er for pedestri-

ans and bicycle riders than for drivers and sub w ay

riders. Fo r benzene, the average con centration s

w ere: 17 .0 mlmzinsidethe cars (with amaximum

Mm%, 6.9 Mim?

maximum ), 10.6 nI/mzfor pe-

con centration of 64 in sub w ay

trains (13 .5 nE/m s

3

destrians (24 .2 rn/m3 maximum ), and 9.2 nE/m

for bicyclists (28 .0 I‘B/m3 maximum). For tolu-

ene, ethylbenzene, m & p-xylene, and o-xylene,

con centration s inside cars rang ed from 1.1 to 2.3

times higher than in subw ay cars, from 1.6 to 1.9

tim es high er than in the air breathed by pedestri-

ans, and from 2.0 to 2.4 times high er than in the

air breathed by bicyclists.

T his study look ed b eyond the con centration s

of the pollutants in different com muting environ-

m ents by con sidering bo th the levels of VOC ex-
po sure and the average leng th of time that com -
muters were expo sed. Thu s, autom ob ile drivers,

with an average com mute of 76 minutes, would

have to be expo sed to sign ificantly high er con cen -

trattons of VO Cs than subway com m uters, w ho
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Concentrations of benzene, a known carcinogen, reach

half times higher than in

t ook an average of 8 m inu tes getting to and from
work, to have a high er total expo sure. Fo r ben-
zene, ethylbenzene, m & p-xylene, and o-xylene,

thisw asindeed the case— the total exposure of au-

tom obile com mutersexceeded thatof subw ay com -

m uters despite the car drivers’' shorter com m utes.

Fortoluene and form aldehyde, how ever,thelonger

com muting ttme pushed the exposure of subw ay

riders sligh tly abov e that for auto com m uters. In

all cases, the total V OC expo sures for bicyclists,

w ith an average com mute of 54 m inu tes, and pe-

destrians, w ith an averagecom m ute of 47 minutes,

fell well below tho se of autom ob ile and sub w ay

commuters.

The Harvard study also m easured typical vV OC

levels in the com muters’ homes and offices. U s-

ing these data, the researchers determ ined thatthe

daily com m ute accoun ted for app rox im ately 21 %

of autom obile drivers’ benzene exposure each day,

with the com mute contributing from 13% to 20%

the air breathed by bicyclists, according

18

levels inside autom obiles nearly two-and-a-

to a Raleigh, NC, study.

of the drivers exposure to the other four V OCs

m easured in the study. Thus, the drivers were

breathing in m ore than one-fifth of the total amount

of benzene they inh aled ov er the cou rse of an en-

tire day du ring the on e hou r and fifteen m inu tes

they spentin their cars. Fo r train com m uters, the
trip to and from w ork accoun ted for 10 % of their
daily benzene expo sure and 11% to 13 % of other

V O C expo sure.'?

Three European studies published during 1995

and 1996 also com pared the expo sure to V OCsof
peop le using different typ es of transpo rtation I'n
the first, Joop H.van W ijnen, et al., m easured the
expo sure of autom ob ile drivers and bicyclists in
and around A m sterdam to V O Cs and other po llut-
ants on different typ es of roadw ays and at differ-
enttimes of the year. T he study also incorpo rated
the expo sure of pedestrians w alking along an in-
ner-city route during the sum m er. In-carexposures

to benzene, toluene, and xy lenes (these research-



ers did not differentiate betw een the different xy -

lenes) w ere consistently higher than the exposures
inner-

of bicyclists and pedestrians. Drivers along

city routes w ere exposed to average benzene con-
. . 3 .

centrations ranging from 43 to 74 nE/m , which

were 1.9 to 4.1 times high er than the con centra-

tion sin the air breathed by the bicyclists. Drivers’

expo sure to toluene was 2.2 to 3.9 times greater

than that of bicyclists, w hile their expo sure to xy -

lenes w as 2.0 to 3.8 times greater.

A nalysis of expo sure along rural rou tes w as

com plicated by the fact that the average con cen -

tration of benzene and xy lenes in the air breathed

by bicy clists fell below the study’'s minimum de-

3

tection level of 8 nE/m In-car average concen -

trations of benzene and xylenes during tests con -

ducted in M ay were 25 rn/m3 and 50 m/m 3, re-

spectively. Fortoluene,in-carconcentrations w ere

2.7 times high er than tho se in the air breathed by

bicyclists du ring tests condu cted in Janu ary and

6.5 tim es high er du ring the M ay tests.
Van W ijen, et al., note that w hile the in-car
con centration s of benzene, toluene, and xy lenesis

much high er than in the air breathed by bicyclists,

the actual expo sure of bicyclists to these po llut-

ants m ay app roach that of autom ob ile drivers du r-

ing trips of like du ration The reason for this is

that a bicyclist inh ales m ore than 2 times the vo |-

ume of air inh aled by a car driver ov er the sam e
period of tim e.t?
In the second Europ ean study of VOC expo -

sure,researchersconsidered personal-autom obil e,

bu s, sub w ay, and pedestrian com m uters in Paris.

inside cars

I‘B/m3 for ben-

These were sig-

The average con centration s of V OC s

in central Paris were 46

I’B/m3

nificantly high er than con centration s breathed by

on rou tes

zene and 260 for toluene.

other com muters. These concentrations ranged

from 12 to 25 mlmzforbenzene and 80 to 110 m/

3

m for toluene.

R esearchers also com pared in-car pollutantlev -

els of a gasoline-po w ered car and an electric ve-

hicle, w hich em itted no V OCs. The two vehicles

driving the same com muter route in and around
Paris registered relatively similar average in-car
con centration s of benzene,toluene, and fou r other

19

V OCs,leading theresearchersto conclude thatthe

vast m ajority of in-car VOCs come from the ex-

haust of nearby cars on the road. U sing data from

this and other stud ies, the researchers also deter-

mined that the com mute of non-smoking drivers

w ith no inordinate occupational exposureto V OC s

accoun ts for 20 -30 % of the ind ividu als’ total daily

4

1
expo sure to benzene.

The final Europ ean study look ed at the expo -

sure of Sw edish sub way and bu s riders to V OC s.

V OCs aver-
.7 I‘B/m3 on

3 .
on com muter trains.

The cumulative con centration of all

.3 m/m

com muter buses, and 93 m/m

aged 217 on local bu ses, 151

On comparable com muter routes, in-bus pollutant

concentrations averaged betw een 11.7 and 27.0 m/
m 3for benzene,w hilein-train concentrations w ere

from 1.8 to 3.1 ttmes lower. For all VOCs com -

bined, in-train concentrations w ere 2.0 to 3.5 tim es

. . 15
low er than in-bu s con centration s.

R esearch by the K yungpook N ation al U niver-
sity, Taegu , Sou th Korea, com pared person al ex -
posure to five V O C s (benzene, toluene,
ethy Ilbenzene, m & p-xy lene, and o-xy lene) du ring

personal-autom obile and buscom mutes along three

different subu rban-urban rou tes in that A sian city.

A verage in-car con centration s of each of the po I-

lutants were high er than average in-bu s con cen -
tration s on every rou te. The total average con cen -
tration of the five VOCs measured du ring urban

commuteswas 191.4 nE/m ‘inside the autom obiles

and 142 .8 nI/mzinsidethe bu ses. The con centra-
tion of benzene inside the carsw as more than 50 %
greater than the concentration inside the buses.
Con centration s of the other m easured VO Cs were
from 25 % to 37 % high er inside the cars than in-
side the bu ses. Co m paratively, results from tests
on suburban com mutes were similar, though, as

wemigh texp ect,in-car and in-bu s con centration s

6

of all the V OCs were sligh tly low er.’

The 1998 California A ir Resources B oard study

m easured 13 different V OC s inside a pair of cars

on a variety of roads in Los A ng eles and Sacra-

mento, immediately ou tside of the cars in the traf-

fic stream , and at the roadside. (See charts,p .20 -

21 .) In alm ost every instance, con centration s of

benzene, 1,3-bu tadiene, m & p-xy lenes, o-xy lene,



BENZENE LEVELS M EASURED

IN THE 1998 CARB STuDY

M ean In-C ar M aximum In-Car A mbient R oadside
Typ e of Ro ad Car 1 Car 2 Car 1 Car 2 Alir M ean M ax .
Los Ang eles
A rterial, Non-rush hour 16.7 13.9 19.0 14.7 6.6 nd nd
A rterial, Rush hour 14.5 12.5 20.7 14.9 2.8 5.2 8.5
Freew ay, Non-rush hour 14.4 12.5 15.1 12.8 3.9 nd nd
Freew ay, Rush hour 14.4 15.5 21.9 20.2 4.0 11.8 19.5
Freew ay, Carpool lane 12.7 17.4 14.8 18.6 3.0 11.2 12.5
Sacram ento
A rterial, Rush hour 12.1 11.2 15.2 13.9 2.9 5.0 5.9
Freew ay, Non-rush hour 6.5 7.2 7.4 7.6 0.9 1.0 1.4
Freew ay, Rush hour 10.3 13.9 13.9 15.9 1.4 2.6 5.3
Rural 3.1 2.0 3.1 2.0 nd 1.0 1.1
Note:nd = no data available.
Source: California Air Resources Board
ethylbenzene,toluene,and form aldehyde inside the car and roadside benzene concentrations w ere

test cars exceeded tho se m easured im m ediately at

the roadside and in the ambient air m easured at

. . 17 . .
rem ote fixed sites. The in-car con centration s of

all the VOCs generally were very similar to tho se

m easured in the traffic stream im m ediately outside

of the vehicles.

In the Sacram ento tests,the highestaverage in-

car con centration s of all the VO Cs occurred du r-
ing rush hou r on arterial and freew ay rou tes. A v -
erage in-car benzene con centration s on these run s
3 . .
rang ed from 10 .3 to 13 .9 nE/m , while roadside

m easurem ents du ring these tests revealed average

con centration s of 2.6 to 5.0 m/m W hile the in-

low eron ruralroads and freew aysduring non-rush

hou r, in-car con centration s still m easured 2 to 7

tim es greater than theroadside concentrations. For

toluene, averagein-carconcentrationsranged from

3.2 Mim
35 .4 M/m

R oadside m easures w ere 2.2rn1/m

in on e of the test cars on arural rou te to

on an arterial road du ring rush hou r.

on the rural
rou te and 12 .3 m/m along side the artery. Aver-
age m & p-xylene concentrations ranged from 1.8
m/m inside on e of the test cars on a rural road to

31 .0 M/m

ing rush hour.

1.2 Mim

inside a test vehicle on an artery du r-

The averageroadside m easures w ere

8.9 My/m

and 3,respective|y.

ToLueneE LEvVELs MEASURED IN THE 1998 CARB STupDY
M ean In-Car M aximum In-Car A mbient Roadside

Typ e of Ro ad Car 1 Car 2 Car 1 Car 2 Alir M ean M ax.
Los Ang eles
A rterial, Non-rush hour 44 .4 32.8 53.9 38.2 23.2 nd nd
A rterial, Rush hour 37.0 30.1 49 .6 34.0 9.6 16.4 27 .4
Freew ay, Non-rush hour 38.8 33.0 42.3 37.5 39.9 nd nd
Freew ay, Rush hour 34.0 31.2 52 .4 39.7 19.0 43.9 70.5
Freew ay, Carpool lane 31.5 50.8 36.1 57.6 10.3 26 .4 28.8
Sacramento
A rterial, Rush hour 35.4 24 .4 45.9 27.7 8.2 12.3 14.8
Freew ay, Non-rush hour 13.1 15.3 17.0 15.7 5.8 6.2 9.3
Freew ay, Rush hour 32.0 24.1 38 .4 35.8 4.6 7.3 10.6
Rural 7.4 3.2 .4 3.2 nd 2.2 2.2
Note:nd = no data available.
Source: California Air Resources Board
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M&P-XyLENE LEVELS MEASURED IN THE 1998 CARB Srtupy
M ean In-C ar M aximum In-Car A mbient R oadside
Typ e of Ro ad Car 1 Car 2 Car 1 Car 2 Alir M ean M ax .
Los Ang eles
A rterial, Non-rush hour 35.5 23.7 43.6 27.3 9.4 nd nd
A rterial, Rush hour 28.8 22.4 40.6 24.9 5.3 9.9 14.8
Freew ay, Non-rush hour 26.9 27.7 21.5 23.4 5.7 nd nd
Freew ay, Rush hour 28.2 23.4 45.5 28.9 7.4 20.2 36.9
Freew ay, Carpool lane 23.6 31.0 28.9 31.0 5.2 18.3 20.6
Sacram ento
A rterial, Rush hour 31.0 19.8 38.2 22.1 5.0 8.9 10.9
Freew ay, Non-rush hour 12.6 11.0 12.7 11.0 1.8 2.6 3.5
Freew ay, Rush hour 24.7 21.2 30.1 26.7 2.7 4.9 8.0
Rural 5.3 1.8 5.3 1.8 nd 1.2 1.3
Note:nd = no data available
Source: California Air Resources Board
A verage in-car and roadside con centration s of rush hou r rou te recorded an average in-car con -

all VO Cstend ed to be high erin Los A ng eles than

in Sacram ento. Fo rbenzene,average in-car levels

ranged from 12.5 m/m *foravehicle on an arterial

road du ring rush hou r and for ano ther on a free-

w ay du ring non -rush hou r (the Los A ng eles tests

did no t includ e a rural rou te) to 17 .4 m/m for a
vehiclein the carpoollane of afreew ay during rush

hou r. Ro adside con centration s averaged from 5.2

to 11.8 m/m

vehicles on

D espite the factthaton e of the test

Los Ang eles arterial roads du ring rush

hou r po sted the low est average benzene con cen -
tration in the Los A ng eles tests, this vehicle’'s in-
car con centration w as still nearly tw o-and -a-half

tim es high er than the average roadside con centra-

tion The other vehicle on the sam e arterial non -

centration nearly three tim es high er than the road -

side average.

For toluene, average in-car concentrations

ranged from 30.1 to 50.8 ITQ/mg,w ith a peak mea-

surem ent of 57.6 m/m A verage ethylbenzene

concentrations ranged from 5.7 to 9.7 ITQ/mS, and

wereup to 2.8 timeshigherthan those m easured at

the roadside. M & p-xy lene in-car con centration s

averaged betw een 21 .5 and 35 .5 ITQ/m ¢ (up to 2.9

tim es roadside con centration s), w hile average o-

xylenein-carconcentrations w ere betw een 7.8 and

12.9 My/m

side).

(1.1 to 2.7 times high er than at road -

A verage in-car form aldehyde concentrations

rang ed from 7.2 to 19 .7 rT%/m
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SECTION FOUR

CARBON M ONOXIDE

arbon monoxide (CO),avery simple mol-

ecule con sisting of a sing le carbon atom

C

the air

and asingle oxygen atom ,prim arily enters

w e breathe as a gaseou s byp rodu ct of the

incom plete com bustion of hydrocarbon fuels, such

as gasoline and diesel. A newer mod el, prop erly

m aintained car em its about420 poundsof CO each

year, w hile a newer mod el, prop erly m aintained
SUV emits about 547 pounds over the same pe-
riod Older vehicles and tho se with m alfun ction -
ing emissions-control system s can create much
moreCO. A cold engine,w hetherornotitisprop-
erly m aintained, em its sign ificantly m ore C O than
a warm on e. Therefore, CO emission s and con -

centrationsin urban and roadside air are often much

high er du ring the winter mon ths than in the sum -
m er. N ationw ide,the exhaustfrom cars and trucks
accoun ts for abou t 60 % of the CO released into
the air. In m ajor urban areas, motor vehicles are
respon sible for up to 95 % of CO emission s. CO
disperses qu ickly in the air, so m od erate and high
levels of the gas are usually detected on Iy in areas
w ith significant motor vehicle traffic or w ithin

. 2
enclosed spaces w here it may accum ulate.

C O is high ly tox ic and po tentially deadly to

hu m ans and other anim als. Each year, more than

10 , 000 peop le in the United States seek m edical
attention or are incapacitated for at least on e day
du e to C O po ison ing Incidents in w hich peop le

com m it suicide by intention ally expo sing them -

selves to CO in car exh aust have received sign ifi-

cantcoverage in the mediaand popular culture and
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nu mber abou t 1,500 cases each year; itisless w ell

kno w n that an add ition al 1,500 peop le die from

unintentional autom obile-related C O poisoning an-

nu ally. (See graph ic, p. 24 .) A study by the N a-
tional Highw ay Traffic Safety A dm inistration
f ound thatin 1993 nearly on e-third of the acciden -

tal C O po ison ing s that resulted in fatalities and

w ere caused by autom obil e exhaust involved driv -

. 3
vehicles.

ers or passeng ers in m ov ing B etw een
1977 and 1988, more than 1,100 people in the
U nited States died du e to accidental expo sure to
CO while they were driving or riding in m ov ing

. 4
vehicles.

Health Effects of CO Exposure

A cute CO po ison ing occurs w hen inh aled C O

combines with hemoglobin in the bloodstream,

thereby preventing the hemog lob in from supp Ily-

ing oxyg en to the brain, heart, and other bod ily

organs and tissues. Low levels of CO, relative to

levels of oxyg en, in inh aled air can prov e high |y

toxic because CO binds with hem oglobin some 200

to 230 times more readily than oxyg en and , on top
of that, CO can alter hem og lob in so that it is no
long er able to deliver oxyg en to organs and tis-
sues. CO has no color, no smell, and no taste.

M oderate exposure may produce flu-like sym p-

tom s—-headaches, dizziness, and weakness—-in

healthy peop le. Therefore, m any peop le w ho suf-
fer non -fatal C O po ison ing prob ably rem ain un -
aw are thatthey have been expo sed to the gas. Itis
likely thatthe m ajority of cases of acute po ison ing
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Source: Morbidity and Mortality Weekly

Report, 1996.

go un treated and un repo rted, and the actual nu m -

berof poisonings certainly exceedsthe 10,000 cited
above.’

Con centration s of CO inside prop erly m ain-

tained cars rarely exceed federal or internation al

stand ards. H ow ever, acute po ison ing of vehicle

drivers and passengers m ay constitute lessof acon-

cern than the potential effects of chronic exposure.

The health ram ification s of long -term expo sure to
elevated CO levels are no t fully und erstood Pre-
liminary stud ies ind icate that regu lar expo sure to

even moderately elevated CO levels may carry

som e health con sequ ences, especially am ong the

elderly,people with cardiovascular diseasesor lung

dysfunction, and infants and unborn children.

M eanw hile,num erous scientific studies have dem -
on strated thatthe driver and passeng ersin amotor

vehicle po tentially breathe in much high er levels

of CO than peop le breathing no rm al, am bient air
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or even than peop le breathing air at the side of the

road w hile the car is passing by.
In-Car CO Exposure Levels
A tleast 15 stud ies condu cted du ring the 1980 s

and 1990 s measured and exam ined the con centra-

tions of CO inside vehicle passenger compart-

ments, and a number of these studies com pared

in-car CO levels to tho se measured at the road-

side, at rem ote fixed-site mon itoring station s, or

inside pub lic bu ses, sub way cars, or trains. The

research sho w sthat C O con centration sinside cars
consistently m easure higher than those atthe road -
side orinside othertypesof vehiclestypically used

for com muter transportation.

R esearchers first discov ered in 1978 that on e
of the strong est causal factors of elevated C O lev -
els in passeng er cars is other vehicles on the road;

this con clusion grew out of research dem on strat-



ing that cars on cross-coun try trips following di-

rectly behind high-polluting vehicles, such asolder

carslacking emissi ons-control system s, regist ered

sign ificantly elevated C O levelsin their passeng er

6 .
com partm ents. Since then,researchershavemea-

sured the interior CO con centration s of autom o-

biles driving in nu merou s cities around the world

and have con sidered such variables as road

typ e,

traffic cond ition s, vehicle speed, time of day, and

— Typicalin-car CO
those at a nearby outdoor site

com fort state” (i.e., windo ws up or do wn, vents
op en or closed, etc.).
In 1982 , W illiam B . Petersen of the U .S.Env i-

ron m ental Protection A gency and Rodn ey Allen

of Co mp-Aid, Inc., measured CO con centration s

inside carson com muterroutesin Los A ngeles and
com pared them w ith levelsjustoutside the vehicles

and atrem ote m on itoring station s nearby the com -

m uter rou tes. T hey found that CO levels inside

the test vehicles w ere nearly identical to tho se im -

m ediately ou tside the vehicles and w ere an aver-

age of nearly fourtimes higherthan levelsrecorded

atrem ote mon itoring station s. C O con centration s

w ithin vehicles traveling along these Los A ng eles

com muter rou tes w here high estw hen the vehicles

experienced heavy,stop-and-go traffic conditi ons.

Under these conditions, peak CO levels frequently

exceeded 40 ppm and som etimesexceeded 60 ppm .
H ow ever,thein-car con centration s for these com -

m uter rou tes never exceeded an hou rly average of

35 pp m Petersen and Rodn ey found that average

C O con centration s in cars w ith their windo w s up

w ere abou t the sam e as tho se w ith their windo w s

down. Similarly, opening orclosing the cars’ vents
had no significant effect on in-car CO concentra-
tions.’

Peter G . Flachsbart,etal.,reported even greater
elevation of in-car CO levels compared to levels

atrem ote m easuring centers for W ashington, D .C .-

area com muters in 1987. During 213 automobil e

trips along routes through the metro M aryland,

Virginia, and D istrict of Colum bia area, the re-

searchers m easured average in-car CO con centra-

ttons ranging from 9.1 to 22.3 ppm These com -

pare to an average am bient air CO level, calcu-

lated from m easurem ents at fixed station s near the

commuter routes, of betw een 2.2 and 2.3 ppm

Typ ically the in-car levels w ere abou tseven times

high er than tho se at the rem ote sites. CO levels

for carson on e of the design ated com m uter rou tes

in this study tend ed to be much high er inside cars

levels were seven times higher than

in Washington, DC

du ring evening com mutes, even though ambient

CO levelswere slightly low erin the evening. This

is because this rou te end ed the morning com m ute

and began the afternoon com mute in an indoor

parking facility. CO con centration s inside the ga-
rage averaged 20 .9 pp m in the morning and 94 .0
pp m in the evening A s previou sly mention ed, a
cold eng ine produ ces more CO than a warm on e.
M ultiple vehicle cold starts in the garage each
evening when many com muters began their trips

hom e at about the sam e ttme caused this extrem e

CO buildup inthe parking structure. Interesti ngly,
In-Car and Fixed-Site CO
Concentrations in Raleigh
15
10 7
£
o
Q
5
o
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Source: Chang-Chuan Chan, Environmental Science and Technology, 1991.




CO LevELs MEASURED

IN THE 1998 CARB STuDY

M ean In-Car M aximum In-Car A mbient R oadside
Typ e of Ro ad Car 1 Car 2 Car 1 Car 2 Alir M ean M ax.
LosAng eles
A rterial, Non-rush hour 4.2 4.6 31.0 13.0 0.8 nd nd
A rterial, Rush hour 4.2 4.4 48.0 11.0 0.0 0.6 7.0
Freew ay, Non-rush hour 4.4 4.5 39.0 20.0 1.3 nd nd
Freew ay, Rush hour 5.1 5.4 67.0 22.0 0.5 3.1 11.0
Freew ay, Carpool lane 3.5 4.9 12.0 22.0 0.0 3.6 10.0
Sacram ento
A rterial, Rush hour 2.3 3.0 16.0 14.0 0.0 0.4 8.0
Freew ay, Non-rush hour 1.4 3.5 19.0 15.0 0.0 0.0 1.0
Freew ay, Rush hour 2.1 3.1 17.0 52.0 0.0 0.3 4.0
Rural 0.7 0.4 22.0 6.0 nd 0.0 1.0
Note:nd = no data available.
Source: California Air Resources Board
the vehicles on this particular test run sho wed ex - low er at 4 pp m The researchers con clud ed that
trem ely elevated in-car CO levels du ring the en- this fact is du e to differing traffic densities, CO
. . . 9
tire first leg of their ho m ew ard com m ute, ind icat- dispersion patterns, and air turbu lence patterns.
ing thatresidu al CO from the high parking garage The California A ir Resou rces Bo ard, w orking

levels rem ained in the cars for a sign ificant partof

theircom mute home. Flachsbart, etal.,also found

acorrelation betw een the speed of a test car on the

commuterroute and

Increasing the vehicle speed from 10 to 60 m ph

8

decreased the average C O expo sure by 35 %

In 1991 , researchers from the D epartment of

Env iron m ental H ealth, Harvard Schoo | of Pub lic

H ealth, com pared in-car, ou t-of-car, and remote

fixed-site CO measurem ents for a variety of ur-

ban, interstate, and rural rou tes in and around R a-

leigh , N orth Carolina. (See graph ic,p.25 .) Over-

all, in-carC O con centration s rang ed from 1 to32

m ,with an average of 11.3 pp m Thiscompare

pp s

to levels of betw een 6 and 22 pp m with and aver-

age of 11.7 ppm on the im mediate exterior of the

car. M easurem ents at a nearby fixed site rang ed

from 1.7 to 5.5 ppm , with an average of 2.9 ppm

Thu s, the average in-car CO level equ aled nearly

97 % of the car exterior average and w as 3.9 times
the average for the am bient air. T his study f ound
that in-car CO levels on urban streets and inter-

state highw aysw erenotsignificantly different, w ith

m edian con centration s of 13 and 11 pp m , respec-

tively. The median concentration of CO inside

vehicleson  ruralroads, how ever,w as substantially

its average level of in-car C O .
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w ith scientists from the R esearch Triang le Insti-
tute in N orth Carolina, condu cted the mostrecent
and m ost tho rough project assessing C O con cen -

trattionsinside autom obiles. (Seechart this page.)

T his study m easured the con centration of po llut-
ants inside cars on variou s typ es of roads in and
near Sacramento and Los Ang eles. The CA RB
study included vehicles traveling under several dif-

ferentdriving conditions and com pared in-car pol-

lutant levels to levels just ou tside the test cars and

to levels at the side of the road. This differs from

the previou sly cited stud ies, w hich repo rted C O

concentrations from fixed-sit e monitoring stations

that w ere near test rou tes, bu t no t necessarily at

the roadside.
Sacram ento tests m easured in-car CO con cen -

trations on arterialroads during rush hour,on free-

w ays du ring rush hou r and non -rush hou r, and on
rural roads. Average levels in the m ain test car
ranged from 0.7 ppm on the rural runsto 2.1 ppm
on the arterial rush hou r run s. The roadside CO

concentration averaged O ppm forthenon-rush hour

freew ay run s and the rural run s, 0.3 pp m for the
freew ay rush hou r run s, and 0.4 pp m for the arte-
rial road rush hou r run s.

In Los Angeles, CARB ran tests on arterial



roads at rush hou r and non -rush hou r; freew ays at
rush hou rand non -rush hou r; and in car poo | lanes
of freew ays at rush hou r. Average in-car CO lev-
els rang ed from 3.5 pp m in the freew ay carpoo |
lanes to 5.1 pp m in regu lar freew ay lanes du ring

rush hou r. The average peak CO con centration in

the lead test car du ring the freew ay rush hou r run s

was 34.0 ppm ,compared to 26.5 ppm for freew ay

non-rush hour runs, and 9.0 ppm for freew ay

carpoo | lane run s. R esearchers analyzed video-

tapes of driving cond ition s du ring the variou s run s

to determ ine the causes of peak CO levels. N early

all of the peak con centration s occurred w hen the

testvehicle follow ed directly behind a heavily pol-

luting vehicle in dense traffic. The high est peak

CO con centration s occurred w hen the test vehicle

— The highestin-car CO concentrations

occurred when

cally resulted w hen the test car follow ed behind a

particularly dirty lead vehicle and w hen the test

car passed through extrem ely bu sy intersection s.
T he study f ound on ly a very sm all correlation be-
tw een m eteorolog ical effects, such as wind speed
and direction , and in-car CO con centration s. In-

teresting ly, the researchers repo rted thatthe speed

of the test vehicle had no association w ith interior
CO levels,ind epend entof other traffic cond ition s.
This sugg ests that other stud ies repo rting a link
betw een vehicle speed and in-car CO con centra-

tions m erely reflected the factthatcarstend to move

more slow ly in congested traffic w here interior C O

con centration s are likely to be high 1z

M exico City presents an interesting site for test-

ing of in-car CO con centration s, because the city

in the CARB study

the testvehicle followed an out-of-tune

delivery truck and an older-model sedan

w as follow ing an ou t-of-tun e delivery truck and

10

an older-m od el sedan.

Several international studies have also mea-

sured and evaluated the exposure of automobile

drivers and passengers to CO. A 1995 study of

pollutant levels inside cars driving typical com -

m uter routes in and around Parisreported average

in-car CO levels of 12 ppm in central Paris, 10

ppm along aroute from Paris to a western suburb,

and 9 pp m along a rou te from Paris to an eastern

subu rb. T his study also com pared in-car CO con -

centrations on similarroutestaken during the sum -

m er and the winter. In central Paris, CO con cen -

tration s averaged 15 .3 pp m in the winter and 9.7

ppm in the sum mer. The seasonal difference in

CO concentrations w as less pronounced in cars

traveling subu rban rou tes. The Paris study f ound

that C O con centration s at pedestrian sidew alks in

central Parisw ere approxim ately three timeslow er

1

than in the cars on the streets there.’

A 1997 s tudy by researchers at the U niversity

of N ottingh am found that drivers in that city in

England were exposed to average CO levels of

betw een 3 and 22 pp m H igh con centration s typ i-

is no toriou s for its autom ob ile-generated air po |-
lution in general and its high ambient CO mea-
sures in particular. R eadings at five fixed-site
m on itors around M exico City in 1991 yielded av -

erage CO con centration s of betw een 7.2 and 11.3

ppm R esearchers A drian A Fernandez-

Brem aun tz and M ichael R. A shmore repo rted in

1995 that drivers and passeng ers in cars driving

typ ical M exico City com m uter rou tes endu red an

average CO expo sure of 56 .1 pp m , m ore than five

tim es am bient levels. The elevationo f in-carC O

levels w as particularly pronounced during evening

commutes, with in-car CO levels averaging six

times those of am bient levels. During morning

commutes, CO levels within cars were abou t 3.5

tim es the am bient levels.

R esearchers exp lained thatthe high in-car CO

m easures in M exico City are based on several fac-

tors. First, the city is located in a valley that acts

as a sink to trap high levels of am bient CO . Sec-

ond, M exico has been slow erthan the U nited States

to enactautomobile emissionsregulations. Finally,

now thattighter em issionsregulations fornew cars

are in place, these do no t app ly to m any older cars
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on the road in M exico. Stud ies ind icate that the an effect. A vehicle traveling 55 kilom eters per
average age of a car on the road in M exico City is hou r had an interior CO con centration 36 % low er
11 years, and a high percentage of these older ve- than one traveling just 14 kilom eters per hour.

hicles are no t prop erly m aintained.'’

A 1992 s tudy m easured the interior and exte-

rior CO concentrations forcarsoncommuterroutes

in Riyadh, Saudi A rabia, and considered traffic
vo lum e, vehicle speed, the period of the day, and
wind velocity. Interesting ly, this study also m ade

m easurem entsinside of carsw hose occupantsw ere

sm ok ing cigarettes. The average CO expo sure of

nonsmoking com mutersranged from 30 to 40 ppm

du ring rush hou r period s, w hich am oun ted to 84 %

of levels m easured im m ediately ou tside of the ve-

hicles. Traffic vo lum e had the greatest influence

on test cars’ interior CO levels. Test carson aroad

serving 5,000 vehicles per hour exhibited CO con-
centrations 71% higher than those on the sam e road

serving 1,000 vehicles per hou r. Average interior

CO con centration s du ring non -peak traffic times

ranged from 10 to 25 ppm . Vehicle speed also had

28

A gain, ho w ever, this may be du e to the fact that

the slow er vehicle was op erating in heavier traf-

fic. Predictably, sm oking by autom obil e passen-

gers had a no ticeable effect on in-car CO con cen-

14

tration s. These levels often exceeded 100 pp m .

Other Commuters’ Exposure to CO

Several of the stud ies cited abov e com pared

the average CO exposure of autom obiledrivers and

passeng ers to tho se of other com m uters, includ ing
pedestrians, cyclists, and bu s, train, and sub w ay
riders. T he 1987 W ashing ton , D .C ., study f ound

that average CO levels exp erienced by pub lic bu s

riderswere abouthalf ofthose of autom obilecom -

m uters, ranging from 4 to 8 ppm. Average CO
levelsinside sub w ay carsw ere even low er— rang -
ing from 2 to 5 pp m. R esearchers found that the

average CO exposure forbusriderswas2 to 6 ppm




high er than levels of CO in the am bient air. So m e

sub w ay com m uters actually breathed air with CO

5

levelslow er than in the am bientair.”> The M exico

City stud iesrevealed similar trend s. (See graph ic,
p.28 .) The median CO con centration inside pub -
lic buses was 30.2 ppm, compared to 25.6 ppm

inside public trolleys,and 20.6 ppm on subw ay and

ligh t rail cars. These figu res com pare to a median

con centration of 57 .5 pp m in M exico City cars.

A verage in-bu s con centration s rang ed from 2.5 to
4 tim esthe am bientC O concentrations, w hile trol-

ley con centration s were 2.5 to 3.5 times am bient

con centration s and sub w ay con centration s rang ed

from 1.7 to 2.5 times those of the am bient air.'®

A 1995 research project conducted in and

around A m sterdam wused personal air sam pling

equipmentto measure the exposure of pedestrians,

bicyclists, and drivers on variou styp es of roads to

CO and other pollutants. A long an inner city route,

the person al expo sure to CO of autom ob ile driv -

ersaveraged 4.23 ppm as m easured by the personal

air sam pling devices (in-vehicle CO mon itoring
equ ipment repo rted som ew hat high er con centra-
tion s). Bicyclists' person al expo sure levels were
much low er, averaging 1.65 pp m E xpo sure lev-
els of pedestrians in a much sm all er ssudy sam ple
averaged 2.15 pp m A long a rural rou te, CO ex -

posure wasvery low for both drivers and cyclists.17
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N ITROGEN

SECTION FIVE

O XIDES

itrog en diox ide (N O ) is the best kno wn
2

N

lutant und

of the nitrogen oxides (N O ) and hasbeen
X

list ed by the U .S. EPA asacriteria airpol-

er the Clean Air Act. N O contributes
X

to the form ation of ground-level ozone and acid

rain. Chemical reactions involving N O in auto
X

exh aust can lead to the creation of acidic particu-

late m atter (see the section on P M abov

e).

Health Effects of NO Exposure

D irect expo sure to N O can irritate the eyes,
X

no se, throat, and lung s, and can exacerbate respi-

ratory diseases, includ ing asthm a and influenza.

NOx expo sure can also redu ce the capacity of the
lungs to resist infectious viruses and bacteria,
w hich cou Id lead to increased incidence of colds,
influenza, and pn eum on ia. Stud ies have associ-

— The average NO exposure of
X
was 370 ppb,compared to 130 p

on a city street

ated exposureto concentrations of lessthan 30 parts

per billion (ppb) with hyperactivity of airw ay

muscles,and exposures aslow as 15 ppb can cause

nasal irritation and a cough R esearch has corre-

lated exposure to higherconcentrations, around 80

ppb , w ith increased incidence of respiratory infec-

tion s and sore throats. Ch ildren regu larly expo sed

to N O levels of around 80 ppb m ay be more likely
X

a

p

come down with colds and miss days of school *

NO Exposure Studies
X

Chang-Chuan Chan, et al., of the Harvard

Schoo | of Pub lic H ealth m easured in-car nitrog en
dioxide(NOZ) on urban roads and interstate high -
ways of betw een 8.0 and 196 .0 ppb , w ith an aver-
age con centration of 87 .3 ppb Unfortun ately, this

s tudy did no t com pare the in-car N O levels with
2

roadside oram bientairlevels. Theresearcherscon-

clud ed thatin-car

N O levels were similar for ve-
2

hicles on urban roads and on interstate high ways.2

A moreuseful study for com parative pu rpo ses

is on e by Joop H.van W ijnen, et al., w hich exam -

ined the expo sure of bicyclists, car drivers, and

pedestrians in A msterdam N O and

2

to other I-

po

lutants. R esearchers found in-car NO <con centra-
2

person driving a car

b for a person bicycling

tion s, m easured via person al air sam pling devices,
rang ing from less than 31 ppb on a rural rou te up
to 144 .5 ppb on arou te thatinclud ed a tunn el. On
the rural rou te, the con centration of N O in the air

2
breathed by bicyclists averaged 47 ppb Oninn er-
city testing rou tes, average in-car N O concentra-
2

tionsranged from less than 31 ppb up to 90.8 pphb.

Bicyclists on inner-city routes were exposed to



average N O concentrationsranging from 49.6 ppb
2

to 81 .4 ppb Pedestrians w ere expo sed to an aver-

age N O <con centration of 55 .3 ppb Theresearch-
2

ers found that the expo w as

sure of drivers to N O
2
on ly sligh tly high er than that of bit:y(:lers.3

A n earlier study of pedestrians and bu s com -

mutersin Hong Kong found that on-bus NO con-
2

centration s averaged abou t 76 ppb , com pared to

average roadside con centration s of 50 ppb Aver-

age in-bu s con centration s of NO,which m akes up

about 90% of automobile N O em issions, were
X

m ore than 3 times high er than average roadside

con centration s. The researchers determ ined that

the air qu ality on city bu ses violated H ong K ong s

A ir Quality Objective for NO du ring atleast 10 %
2

of the measurem ents, w hile roadside N O levels
2

exceeded the O bjective in lessthan 2% of the mea-

surem ents.

Finally, a 1989 report by the Transport and

Ro ad Research L abo ratory in Berkshire, Eng land ,

isinteresting because it con siders expo sure to no t
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A study conducted in Hong Kong found that NO
2
concentrations inside transit buses exceeded those in

the air breathed by pedestrians by 50% .

justNOZbutaIIformsofNOx Thisstudy reported
thatthe average expo sure of a person driving a car
am oun ted to 370 ppb , com pared to 130 ppb for a
person bicycling on a city street.’



SECTION SIX

O zoONE

zone is a molecule consisting of three
O bound oxygen atom s. E xisting in the
stratosph ere, ozon e protects us and other

life form s on E arth from the destructive ultravio-

let rays of the sun. Ground-level ozone, a

byp rodu ctof the internal com bu stion eng ine, con -

stitutes the prim e ing redient of urban sm og and is

high ly harm ful to hu m an health. Cars and trucks

do notdirectly emitozone. Rather,V OCsand N O
X

in auto exh aust react w ith sun ligh t to create the
po llutant. B ecause sun ligh t and heat play a cru-
cial role in the form ation of ozon e, sm og levels

are typically highest during the sum m er m onths.

Health Effects of Ozone Exposure

O zon e is high ly caustic and prolong ed expo -
sure to elevated levels can dam age lung tissues,
exacerbate existing respiratory diseases, and de-
crease lung fun ction Sho rt-term expo sure can re-
sultin chok ing , cough ing ,bu rning eyes,and nasal
and respiratory irritation R epeated ozon e expo -
sures can diminish the body's abilt y to fight off
respiratory infection s and m ay be link ed to scar-
ring of lung tissues. Several stud ies have link ed
elevated ozon e expo sure to increases in visits to
ho spital em ergency roo m s by peop le with respira-

tory com plaints. In fact, m eta-analysisof avariety

of studiesindicates thathospitalizations for asthm a,

pneumonia, and chronic obstructive pulmonary
disease increase by 6% tol0 % for every 50 ppb
increase in peak ozon e expo sure.

D ifferentpeople may have very differentreac-
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tion s to the same level of ozon e expo sure. Fo r
example, 10 % to 20 % of ind ividu als m ay exp eri-
ence a l1l2 % decline in lung fun ction follow ing on e
to tw o hou rs of expo sure to 120 parts per billion
(ppb ) ozon e. A few ind ividu als m ay exp erience a
38 % decline in lung fun ction follow ing six and a
half hou rs of expo sure to 80 ppb ozon e. Ch ildren,
the elderly, and peop le with existing respiratory

diseases,such as asthm a,tend to be m ostadversely
effected by ozone. Studies have also found a pos-

sible link betw een increased death rates and expo -

sure to elevated ozone levels, especially among in-

dividu als ov er the age of 65 z

In-Car Ozone Exposure Studies

D espite the profound health im plications of

ozon e, the con centration of ozon e inside vehicles

has no t been well stud ied. From I|lim ited research,

it app ears that ozon e ison e of the few autom ob ile

exhaust-related pollutants forw hich concentrations

tend to be low er inside vehicles than in the am bi-
entair. There are severalreason s for this. First, as
noted above, autom obiles do not directly em it
ozon e, bu tthe po I[lutantis formed du ring a chem i-
cal reaction invwo Iving sun ligh t and other com po -
nents of auto exh aust. Because the m ajority of in-
car air po llutants con sist of the exh aust of nearby
vehicles, itis likely thatthe exh aust enters the au-

tom obile passenger cabin before significant

amountsof ozone are formed. Second,ozone tends

to qu ickly react with N O, the primary com pon ent

of NO , which is likely to be presentin high con -
X



centrations in air surrounding a busy roadw ay.

Third, ozon e tend s to decay w ithin the auto pas-

seng er com partm ent. N on etheless, in-car ozon e

concentrations m ay still reach significantlevels and

further tests wou Id seem to be in order.

In 1991, Chang-Chuan Chan et al. of the

H arvard Schoo | of Pub lic H ealth repo rted that the

average ozon e con centration inside test vehicles

driving com muterroutes near Raleigh, North C aro-

lina, was 15.4 ppb, with a maximum concentra-

tion of 8 .0 ppb The high est in-car ozon e con -

centrations occurred during afternoon

A m bientairmeasurem ents taken ata fixed site near

driving.
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thecom muterroute averaged 52.8 ppb with amaxi-

mum of 123 .0 ppb Unfortun ately, the researchers
did no t m easure ozon e con centration s in the road-
w ay or at the roadside.’

International Tech-

In 1995, Ted R.Johnson of

nology Corp.conducted a study w hich determ ined

the ratio of ozon e detected inside test vehicles on
roads in and around Cincinn ati, O hio, to that de-
tected ou tside. Unfortun ately, John son do es no t

reportthe actual ozone concentrationsbutonly that

concentrations inside the test vehicles were ap-

prox im ately on e-third of tho se ou tside.”



SECTION SEVEN

CONCLUSION

tud ies condu cted ov er the pasttw o decades

con clusively dem on strate that the shell of

S

seng ers

an autom ob ile do es little to protect the pas-

inside from the dang erou s air po llutants,

including respiratory irritants, neurological agents,

and carcinog ens, com m on |y found in the exh aust
of gasoline and diesel vehicles. In fact, the levels
of expo sure to m ost auto po llutants, includ ing po -

tentially deadly particulate m atter, volatile organic

c o m pound s, and carbon m onox ide, are generally

much high er for autom ob ile drivers and passen-

gers than atnearby am bientairmonitoring stations
or even at the side of the road.

Similarly, drivers’ expo sures to these po llut-

ants significantly exceed the significantexposures
endured by bicyclists, pedestrians, and public tran-

st riders. The amount of time A mericans spend

in their cars isincreasing — no ton |ly are they driv -

ing more miles, bu t they are taking long er to get

w herethey wantto go. Several of thein-carpol u-

tion stud ies also con sidered po llution expo sure in

other env iron m ents and found that a person w ho

com mutesto and from work in acar each day m ay

am ass nearly a qu arter of his or her total daily ex -

po sure to VO Cs, PM , and other po Ilutants du ring

tho se few hou rs he or she spend s in the car.

Increased exposure to the pollutantsin auto ex -

haust can produ ce seriou s health prob lem s. B en-
zene is a kno wn carcinog en, w hile several other
V OCs and some form s of very fine PM are likely

cancer agents. N early all of the pollutants covered

by thisrepo rtcan irritate the eyes, no se, and respi-

ratory system s of peop le expo sed to them They

also may hind er the develop ment of fetuses and

infants. StudiesindicatethatCO ,V OCs, NO ,and
X

P M can suppress the im mune system , making
peop le more vu Inerable to colds, influenza, and
other respiratory infection s. B reathing elevated

con centration s of PM in the air has been con clu-

sively link ed to increased ho spital adm ission s and

m ortality. Stud ies also ind icate thatchildren, w ho

breathe aproportionally greater volum e of air based

on body w eigh t than adu Its, and peop le with pre-

existing respiratory cond ition s, includ ing asthm a,

face even greaterrisks than the general public from

expo sure to elevated levels of auto exh aust.

Policy Recom mendations

Thereis no easy way toreduce thelevels of in-

car auto po llution expo sure. Federal regu lation s

require a significantminim al airflow from the out-

side of the car to the interior, even w hen the vents

are closed. In the California A ir Resou rces Bo ard

in-car pollution study, the low est airexchange rate

for a vehicle sitting still with the vents set to low

w as 1.8 air chang es per hou r (ach). A n airchang e

am oun ts to the com plete exchang e of the air in-

side the vehicle w ith air from the ou tside. The air

exchang e rate increases w ith vehicle speed; that

is, the faster a vehicle is mov ing , the faster the air

from the ou tside isvented inside, even if the vents

are closed. A t55 milesper hou rwith the vents set
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on low, the air exchang e rates in the C A RB s tudy
rang ed from 13 .5 to 39 .0 ach. Thu s, a complete
air chang e occurred on ce every 1 % to 4 % min-
utes. Predictably, the rates w ere even high er with

the vents op en.

Stand ard filters do no t sign ificantly clean the

air entering a car’'s passeng er cabin. A nu mber of

the in-car po llution stud ies m easured the con cen -

tration s of po llutants in the traffic stream just ou t-

side of the test cars and found thatthe in-car levels

w ere nearly identical. VvV OCs, CO, and N O are
X

microscopic gases and aerosols, able to easily pass

th r ough any filter that perm its the exchang e of air.

One exception is coarse particulate m atter, som e

of which autom ob ile ventilation system s are able

to filter ou t. How ever, filters can do little to stop

the sm allest of the fine particles, the on es m ost

injuriou s to hu m an health.

The stud ies sho w for all of the sign ificantauto
exh aust po llutants that elevated in-car levels are
m ost closely associated w ith: 1). Cong ested traf-
fic cond ition s, and 2). The prox im ity of high po |-
luting vehicles, such as older-model cars, light

trucks, diesel trucks and buses, and out-of-tune

vehicles.
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Get People Outof Their Cars
O ne step tow ards m itigating the problem of in-

car air po llutants w ou Id be redu cing the am oun tof

congestion on highw ays and urban and arterial

roads. Ro ad con struction is no tthe answ er. Sev-

eral studies indicate that building new roads or

w idening existing roads does little to alleviate con-

gestion— m ore roads or bigger roads just bring
1 . . .

m ore cars. A mericansnow drive more miles each

year than ever in the past. Since 1960 , the total

nu mber of milesdriven per year has tripled, w hile

the nu m ber of miles traveled on local transit sys-

tem s has on ly sligh tly increased. Peop le use auto-

m obiles for morethan 86% of local tripsand nearly

80 % of long -dista\ncetrips.2 It is crucial to break
this add iction to the autom ob ile, and on e solution
is pub lic transpo rtation On aper-passeng er basis,

a single-person automobile emits 209 ttmes more

V O Csthan atransittrain and 10.5 times m ore than

a transit bu s. Similar figu res app ly for other air

po llutants. (See graph ic, this page.) A side from

thereduced em issions associated w ith public trans-

portation, an increase in ridership of trains and

buses would reduce traffic congestion and allevi-

ate one of the factors responsible for high in-car

pollution levels. There is also an added bonus.



A ccording to the in-car po llution stud ies, passen - these high-polluting vehicles with more benign

gers on transit bu ses and trains are typ ically ex- alternat ves.
po sed to much lower levels of 03, N Ox, V O C s, EPA has made great strides tow ard cleaning
and fine PM than automob ile drivers and passen- up new cars w ith its Tier 2 rule pub lished late last
gers. year. The Tier 2 regu lation s will eventually result
Federal, state, and local gov ernm ents m ust do in new cars that are up to 75 % cleaner than tho se
m ore to prom ote the use of pub lic transit. G ov - being produ ced tod ay. N ew spo rt utility vehicles
ernm ent spend ing on road con struction and m ain- and other ligh t trucks will be up to 95 % cleaner,
tenance currently dw arfs spending on public trans- on ce the final ph ase of the rule takes effect. The
portation. A dditionally, federal tax incentives per- Tier 2 regu lation s are also im po rtant because they
mit em ployers to write off up to $155 per month w ill ensure thatthe cleaner cars will have low -sul-
per em ployee for parking reim bursem ent U ntil fur gasoline,w hich they need to function properly.
1998 , bu sinesses cou Id no t dedu ct com pensation One failing of the Tier 2 rule, ho wever, is that it
for em ployees’ public transportation expenses. does nothing to promote the development and
N ow, atransitdedu ction do es exist, bu titam oun ts m arketing of zero-em ission cars and trucks, such
to less than half of the parking allow ance— $60 as electric vehicles no w in produ ction and fuel-
per em ploy ee per m on th.> simil ar dis pariti es ex - cell vehicles no w in develop ment.
ist in state and local tax statutes. This is no sm all Fo rtun ately, the federal regu lation s allow the
m atter— gov ernm ent parking sub sidies m ay total states to choo se betw een Tier 2 and the C alifornia
betw een $108.7 and $199.3 billion dollars peryear.4 em ission s stand ards, w hich includ e a zero-em is-
This inequ ity prov ides an incentive for com m ut- sion s-vehicle m and ate. The California ZEV m an-
ers to choo se their autom ob ilesov erpub lic trans- daterequires autom akersdoing business in the state
po rtation op tion s. to ensurethat10% of their salesare ZEV sby 2003.
Federal, state, and local gov ernm ents need to The ZEV m and ate com es up forreview every tw o
increase app rop riation s for pub lic transit projects, years w ith the nextreview schedu led for Septem -
especially in areas such as Los Ang eles, W ashing - b er 2000 . Itis crucial that the C alifornia Air Re-
ton,D C,San Francisco-0O akland, M iam i, C hicago, sources B oard stave off pressure from the
and D etroit, w here road cong estion and traffic de- autom akers and m aintain a strong ZEV mand ate.
lays are epidemic. They also shou Id rem ov e tax N ot on ly wou Id this help relieve the prob lem of
incentives that encou rage peop le to drive to w ork elevated in-car po llution levels, butitwou ld also
and replace them with greater incentives for em - help alleviate am bient air smog prob lem s and re-
ployers who promote public transportation and du ce autom ob iles’ produ ction of carbon diox ide
em ployeesw ho choose to leave theircarsathom e. and other greenhou se gases that con tribu te to glo -

bal warming.

Put Cleaner Cars on the Road Cu rrently, several states in the N ortheast, in-

T he second po licy respon se to the in-car po |- clud ing M assachu setts and N ew York, have de-
lution problem should involve governmentsupport cided to adop t the California stand ards, includ ing
forvehicle technologiesthatdo notchoke the other the ZEV mand ate, using the federal Tier 2 stan-
cars on the road with tox ic fum es. R esearchers dard as a backstop . Other states, such as N ew Jer-
realized du ring the first stud ies of in-car po llut- sey and Penn sylvania shou |Id do the same. Imple-
ants that the very high est interior po Ilution con - m enting the California ZEV mandate in these large
centration s often occurred w hen atestvehicle fol- new -car m arkets w ou Id create a sign ificantincen -
low ed a high-polluting vehicle,such as an im prop- tive for autom akers to develop and sell zero-em is-
erly m aintained car or a diesel truck. The second sion s vehicles. This wou Id allow all the drivers
arm of a po licy respon se to the prob lem of in-car on theroad to breathe a little easier. W hile the in-
pollution should encourage the replacement of car po llution stud ies found that drivers of electric



vehicle exp erienced nearly the sam e in-car po Illu-

tion levels as drivers of tradition al cars, this is be-

cause the EV s were op erating in traffic filled w ith

po lluting vehicles. If a high er percentage of the
cars in the traffic ssream produced zero em issi ons,
in-car air qu ality for all vehicles w ou Id surely im -

prove.

D iesel vehiclesemit alarge portion of the dan-

gerousroadw ay exhaustthatoften poisonsthe pas-
sengercom partments of other vehicleson theroad.

Thein-car po llution stud ies ind icate thatlevels of

PM <can be up to eigh t times high er within a car

follow ing a diesel truck or bu sthan the air atroad -

side. Separate stud ies have link ed expo sure to el-
evated levels of PM to increased ho spitalization
and prem ature death, and po ssibly to cancer. EPA
isnow in the process of finalizing a rule that will
clean up PM emission s from new diesel vehicles
by 90 % in 2007 However, the agency is und er

strong pressure from engine manufacturers and fuel

com panies to weaken the final rule. One of the
m ost con tentiou s issues ino Ives the sulfur con -
tentof diesel fuel. Fo r cleaner diesel techno log ies
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to work, clean fuel must be available. Itis critical

that EPA m aintain a strong diesel rule thatrequires

100 % o fdiesel fuel tob e low -sulfur (less thanl0
ppm ) prior to 2007. Also, EPA should alter the
final rule to encou rage the develop ment of even

low er polluting alternatives,include zero-em ission
technologies.

Finally,according to atim etable setby the 1990

revision of the Clean A ir A ct, the EPA is du e to
propo se regu lation s con cerning cars’' em ission s of
m ob ile sou rce air tox ics, w hich includ e m any of
the VOCsmention ed in thisrepo rt. The EPA pub -
lished a study on the toxics’' health effects and
emissions trends in 1993, but has not yet taken
regulatory action. EPA delays led to a law suit

w hich set a Septem ber 1999 deadline for the pro-

mulgation of a proposed rule. However, the

A gencyob tained an extension from the cou rt and

still has no t acted. The EPA must end the delays

and issue a strong mobile source toxicsrule to lim it

the high ly hazardou s autom ob ile and diesel truck
em ission s of benzene, toluene, 1,3 bu tadiene, xy -
lenes, and other mob ile sou rce tox ics.
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