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Controlling asthma through awareness and education
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APR 27 2009
Kim Espinosa
City of Merced - Planning Department CITY OF MERCED
678 W. 18% PLANNING DEPT.
Merced, CA 95340

Re: The Merced/Mariposa County Asthma Cealition Opposes the Proposed Wal-

Mart Distribution Center

Dear Ms. Espinosa,

The Merced/Mariposa County Asthma Coalition (MMCAC) is a community-based health
organization that is composed of a diverse membership of over 150 volunteer members
that seek to fulfill our mission of controlling asthma through awareness and education.
Since 1997, the coalition has implemented both clinical and environmental interventions
which help to reduce the prevalence of asthma in our community by working with schools,
health care professionals, policymakers and residents. MMCAC members have a proud
history of advocating for the strongest, most health-protective policies possible on the
local, regional and statewide levels.

Since plans for the Wal-Mart distribution center were first announced in August 2005, a
broad cross-section of Merced residents have expressed their concerns related to local and
regional air quality impacts from this project. In January 2007, MMCAC members voted
to formally oppose the project. We believed then that the project’s negative impacts to the
health and quality of life of Valley and local residents outweighed its employment
benefits. We still have serious concerns that the negative consequences of the project
on local residents most affected by the project’s impacts 1) are not adequately

" addressed and 2) are not adequately reduced to a less than significant level.

Put simply, we submit these comments because the health of our members and our

. community is directly affected by the project.

The most recent California Health Interview Survey (CHIS) shows that out of 51,000
Merced County residents diagnosed with asthma, 17,000 are children. In 2006, over 700
children visited local Emergency Rooms due to asthma-related illnesses. In 2007, at least
two Merced County residents died from asthma attacks (one pregnant, single mother in the
City of Merced and one mother in Los Banos). A recent study by Cal State Fullerton
Professor Jane Hall estimated that the public would save $5.8 billion in health costs if air
pollution in the San Joaquin Valley met federal health-based standards. We must do
everything in our power, and we ask you to do the same, to ensure Merced County
residents, especially children, are able to live, learn and grow up in a heaithy environment, .
which is why we oppose the proposed Wai-Mart Distribution Center.
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Air pollution is the number one environmental concern for the people of the Valley. It endangers the
health of residents, retards the growth of crops, and threatens the overall economy and quality of life in
the region. The economic benefits of the project should be studied and weighed against the economic
costs of its air quality impacts. As stated, we oppose the proposed WMDC due to both the negative
consequences to residents’ health and the burden that will be placed on the economy if 100% of the
pollution generated by the proposed project is not fully mitigated through proactive measures (locally
and regionally).

We have three main areas of ¢concern:

1. Assumptions made in the Draft Environmental Impact Review (DEIR) are based on confusing
and dubious studies.

2. The DEIR does not “identify and discuss all feasible measures that will reduce air quality
impacts generated by the project,” as requested by the Air District in their Notice of Preparation
letter and as required by CEQA.

3. The full extent of the Valley’s air quality public health crisis has not been taken into account on
all levels of planning.

The DEIR s underlying analysis is flawed and inadequate.

Despite the many pages of technical writing included in the DEIR, we are left with a number of
questions. We feel that the urgent reality our members experience in Merced County classrooms, living
rooms and emergency rooms is not adequately reflected in this document. Without a reliable set of
studies, we question the adequacy of any subsequent mitigation measures, permitting actions, or
voluntary agreement.

There are fundamental questions that still need to be answered.
How many trucks precisely will use the facility?

The WMDC’s Notice of Preparation released July 7, 2006, states that “The project is expected to
accommodate up to 900 tractor/trailer trips per day (450 in and 450 out).” However, there is no
reference to this number, nor does the DEIR at any point make reference to a maximum peak hour
number of truck trips. Instead, the authors of the studies rely on an e-mail communication from Lynn
McAlexander, Wal-Mart’s former Project Manager for Distribution Center Design. McAlexander’s e-
mail apparently states that Wal-Mart’s distribution center in Apple Valley generates an average of 644
truck trips per day.

A rough daily average of 644 truck trips does pot preclude a maximum of 900 truck trips in a day — an
additional 28.5% truck trips. This alone renders the 2010 and 2030 traffic studies and subsequent
mitigation measures flawed and virtually useless as a document to be used as the basis for such an
important decision.

o What would the project’s impact be if the traffic study studied the actual PM Peak Hour traffic
with the project? What further mitigation would be required if the actual number of PM Peak
Hour trucks were studied? If the suggested mitigation is inadequate for actual PM Peak Hour
traffic, what will happen?

o How many more idling trucks would sit at the intersection? How long would the trucks wait for
the stoplight to change? How much more carcinogenic diesel soot would students, teachers and
staff breathe?



o  Will traffic back up onto SR 99? If traffic backs up, or if the Mission and SR 99 intersection
becomes known as a problematic intersection, what other routes will trucks use to avoid 1t?

These, or similar questions can be asked of each intersection that the traffic analysis claims to study.
The studies that depend on a rough estimate of truck trips should be redone to include a peak hour
number of maximum truck trips, their associated emissions and further mitigation measures. These new
studies should not be speculative; they should instead provide an accurate assessment of impacts to an
already overburdened neighborhood.

Where will trucks using the Merced WMDC travel to and from?

The DEIR’s measurement of truck trips is internally inconsistent and appears to avoid a good faith
effort at full disclosure of impacts to Air Districts outside the San Joaquin Valley.

The DEIR again bases its operational emission estimates on an e-mail from former Wal-Mart Project
Manager for Distribution Center Design Lynn McAlexander. According to McAlexander’s data for trip
distances for the proposed project:

peration-related emissions of [Operation-related emissions of
riteria air pollutants and carbon dioxide
recursors

Average inbound{106.2 miles/trip “in the San 171.5 miles/trip “in and beyond the

I::lceivable truck Joaquin Valley Air Basin” San Joaquin Valley Air Basin”
ip distance etween the 49 existing Wal-  petween 49 existing Wal-Mart stores
art stores and existing DC in  and existing DC in Red Bluff or

Red Bluff or Porterville -~ {Porterville
Average 83 miles/trip “in the San Joaquin|109.1 miles/trip “in and beyond the
outhbound Valley Air Basin” to the 49 an Joaquin Valley Air Basin” to the
delivery truck  kxisting Wal-Mart stores 9 existing Wal-Mart stores
ftrip distance

We note that Table 4.2-7 shows a stunning amount of existing operational emissions contributing to
criteria air pollutants. Wal-Mart’s truck traffic that would travel to 49 existing stores, which would be
supplied by the Merced WMDC, will be responsible for 343 tons/year of NOx and 207 tons/year of
PM10.

'‘We need more information about three assumptions made in the DEIR’s operational emissions study.

1. The DEIR measures trip distance outside the San Joaquin Valley Air Basin when determining
CO2 emissions, but not for criteria air pollutants. If the trucks travel outside the San Joaquin Valley Air
Basin then the DEIR should a) state the attainment status of each Air District, b) estimate the amount of
emissions that will pollute each Air Basin as a result of this project, and ¢) contact each Air Basin for
comment. Any change in truck route from the Port of Oakland should be studied as well.



2. In order to understand how many miles trucks using the Merced WMDC would actually travel,
we would need to know which stores the distribution center is intended to serve. Please provide a list of
the 49 existing stores in the San Joaquin Valley Air Basin upon which the DEIR’s traffic studies are
based.

3. It is unclear why Inbound Receivable net emissions total precisely 0.0 TPY of all criteria air
pollutants and precursors. Even if all trucks using the Merced WMDC were already delivering goods to
the supposed 49 existing stores in the San Joaquin Valley Air Basin, the trucks still need to travel over
1 mile from SR 99 to the Gerard Ave. entrance. These emissions must be acknowledged, assessed and
appropriately mitigated. ‘

A full Health Risk Assessment needs to be conducted by trained Air District staff with community
inpuf.

We call for a full Health Risk Assessment (HRA) to be completed with specific attention paid to
the local area “sensitive sites” (Farmdale Elementary School, Pioneer Elementary School and
Weaver Middle School as well as the proposed school site in the area).

In order to adequately understand the health impacts infroduced by the project, a full Health Risk
Assessment that includes a study of cancer risk caused by off-site WMDC project traffic should be
conducted. The 7.3 in 1 million elevated cancer risk should not be dismissed as insignificant. The
DEIR should include concrete measures that will be taken to reduce this cancer risk to a minimum. as
low as feasible.

In order to assess the actual cancer risk introduced by this project, two additional sources of emissions
should be included:

1) Off-site traffic-related emissions generated by the project should be included. The proposed truck
route passes within approximately 1,000 feet from Pioneer Elementary school and appears to be
adjacent to a planned Weaver School District elementary school site between Childs Ave. and Gerard
Ave.

2) A thorough HRA, one that allows residents to understand the health risks posed to our community by
this project, would include a study of sensitive receptors’ exposure to Toxic Air Contaminants from
2030 traffic conditions projected to come about with the project.

We note that the project is less than half of the Heavy Industrial zoned land in southeast Merced that
was added to the City in 1997 as part of the Lyons Annexation. Other proposed industrial uses in the
Annexation area include a 350 megawatt peaking power plant and an industrial park on the eastern side
of Kibby and Childs Ave. The traffic study ignores the build-out of these uses and the cumulative
health impacts of all proposed projects.

The Public must be involved in the Air Impact Assessment, Rule 9510 and voluntary emissions
reduction agreement

The Coalition has several concerns about the Air Impact Assessment process as described in the DEIR.
The MMCAC requests to participate and consult with the San Joaquin Valley Unified Air Polution
Control District (STVUAPCD) as local stakeholders and experts on any voluntary agreement between
Wal-Mart and the SYVUAPCD.



Any agreement between Wal-Mart and the SJVUAPCD should be noticed and circulated for public
review and given ample time for comment by the public and relevant agencies. Specific details
regarding how mitigation is performed and monitored are a critical component of the decision-making
process. Simply stating that at some point in the future, dozens of tons per year of criteria air pollutants
will be mitigated is inadequate and inappropriately defers mitigation. Because we live in one of the
country’s most poliuted air basins with four times the National asthma rates, it is absolutely critical that
mitigation happen immediately (locally and regionally).

The MMCAC encourages the use of on-site mitigation that reduces actual emissions from vehicles
entering and exiting the Merced WMDC.

A majority of trucks using the Merced WMDC would be non-Wal-Mart trucks. We encourage
the development of an enforceable mitigation program that monitors e/ trucks using the facility.

Indirect Source Review (ISR) compliance and any voluntary agreement should constder that the
Merced WMDC, if approved, would operate in Merced for decades. For example, an off-site in-lieu fee
used to replace an agricultural pump with a seven- year lifespan is not an adequate mitigation measure
in itself. The STVUAPCD should require Wal-Mart to mitigate each type of criteria pollutant to
zero for the life of the projeet.

The DEIR’s claim that the STVUAPCD “has not identified mass emissions thresholds for operational
emissions of PM10 and PM2.5” is disputable. MMCAC members participated in the SIVUAPCID’s
process for writing the strongest possible State Implementation Plan (SIP) for attaining health
protective fine particulate standards. Even assuming that the DEIR’s estimate of 16.5 TPY of PM10
after ISR mitigation is accurate, it is inappropriate and dangerous to state that this is not worth
mitigating.

Given the extreme air quality public health crisis that our members experience on a daily basis,
the SIVUAPCD should require 2:1 mitigation per ton of pollutant.

If the City of Merced is going to monitor the voluntary agreement mitigation measures, we ask that the
SIVUAPCD and California Air Resources Board (CARB) staff train City of Merced staff in
appropriate fields to assist in gaining expertise in recognizing and mitigating criteria pollutants.

One such field could be training City public services staff to inspect heavy duty diesel trucks for proper
tags, compliance with idling regulations, etc. MMCAC members could be available to train City of
Merced staff in indoor and outdoor air quality conditions and related areas.

Finally, we again emphasize that localized coarse, fine and ultrafine PM emissions must be fully
accounted for and reduced to the maximum extent possible using the Best Available Control
Technology (BACT). If Wal-Mart chooses to pay an in-licu fee, we request 1) that PM emissions
be mitigated at a 2:1 ratio and 2) that on-site fees be directed towards helping Merced residents
cope with the real world health impacts of local PM emissions.

The DEIR should also discuss how this project may interfere with regional or countywide emission
reduction goals set under SB 375. These goals should be inciuded in the City of Merced’s updated
General Plan.



The City of Merced has been in the process of updating its General Plan for nearly two years. The
current City of Merced Vision 2015 General Plan, written in 1995-6 and approved in 1997, is out-of-
date. The City is out of compliance with the letter and intent of AB 170. This project contradicts the
“Toxic and Hazardous Emissions” section of the SIVAPCD’s 4ir Quality Guidelines for General
Plans.

As stated in the DEIR, Wal-Mart intends to “take advantage of the local labor force”. As a good-faith
commitment and in order to reduce the Vehicle Miles Traveled (VMTs) as required by SB 375, the
Wal-Mart Corporation must hire 90% of all WMDC employees from Merced County (residents who
live in Merced County prior to employment). Specific attention should be paid to Merced County’s
unemployed. If training is required for new employees, then the Wal-Mart Corporation must implement
a training program that will educate the majority of the unemployed labor force in Merced County on
the basics of the job and how to do it.

Wal-Mart must also pay for and provide alternative modes of transportation for its employees, such as:
¢ Purchasing carpool vehicles to create WMDC’s “Carless Commute™ which would serve
employees and the various shifis
Providing on-site services such as postal, banking services and showers for bicycle commuters
Providing and encouraging “Bike-to-Work™ days, weeks, seasons, etc.
Installing one state-of-the-art bike locker for every 20 employees

As discussed, the MMCAC supports full mitigation of project impacts in a manner that corresponds to
the project’s real world health impacts. Any voluntary agreement between Wal-Mart and the
SIVUAPCD should prioritize on-site measures that reduce the project’s air pollutants to a less than
significant level.

For example:

« No truck with an engine older than 2007 Model Year (MY) will be permitted to use the facility.
Wal-Mart staff will be required to submit monthly reports to City staff detailing the model year
of the trucks entering the facility.

o A fund will be created to retrofit or replace the trucks that will enter the project site.

o As a good-faith measure, Wal-Mart will need to purchase at least two PM2.5 forecasting
monitors to assist the STVUAPCD in “improving the health and quality of life for all Valley
residents through effective and cooperative air quality programs”.

If these are determined to be somehow infeasible or unacceptable, we request that funds be directed to
specific programs that create a healthier and more livable community for Merced residents directly
affected by the project’s impacts.

For example:

« Funds designated to hire three full-time nurses to staff Weaver and Pioneer schools and
administer a program that will help students live a healthy and successful life even in the most
polluted air basin in the U.S.

 Funds designated to staffing the urgent care facility in Mercy Hospital as well as training and
hiring additional respiratory therapists.

« Funds designated to assist southeast Merced residents in purchasing asthma equipment such as
inhalers and spacers.



 Funds designated to build publicly-owned infrastructure in southeast Merced that encourages
healthy exercise and community building. This could include a Community Center with the
most efficient, state-of-the-art Heating Ventilating Air Conditioning (HVAC) system.

« Funds designated to the Weaver School District to offset the cost of the site selection process of
a new school site.

« Funds to plant a perimeter of redwood, deodar cedar trees, and/or broad-leaf live oaks around
the 1.1 Million Sq. Ft. property and along the project truck route. These types of trees are
“highly effective in filtering some of the most toxic particles in auto exhaust.” (Sacbee / News:
Published May 6, 2008)

e Merced needs to move towards becoming more “green”, not “green washing” as Wal-Mart
seems to do. We need to be at the fore front of the green movement not lag behind. All of the
green issues with Wal-Mart need to be resolved before it moves forward.

¢ Wal-Mart should pay for the entire cost for all asthma, heart disease, allergy and cancer
treatment and medication for residents living within a two mile radius of the proposed Wal-Mart
Distribution Center who are diagnosed with the listed diseases or aiiments if diagnosis is given
on or after the start of WMDC construction.

s As Wal-Mart actively pursues community involvement, we request a management
representative from Wal-Mart be required to join the Merced/Mariposa County Asthma
Coalition with 80%attendance/annually of all meetings.

« In addition, Wal-Mart needs to be required to fly the Asthma-Friendly Air Quality flags in front
of their building and provide mandatory staff presentations explaining the importance of the
flag program and asthma education. The Merced/Mariposa County Asthma Coalition will be
available to provide the staff presentations.

Any mitigation measures as a result of this project should be binding with a clear timetable for
implementation and benchmarks to measure their success.

A measure stating that “the project shall include as many clean alternative energy features as possible
to promote energy self-sufficiency™ (2-17) is too vague. Please note, natural gas is not the Best
Available Technology for alternative energy and will also create a more localized, cumulative air
pollution burden on the area.

Mitigation Measure 4.2-2d states that “If, however, the additional measures listed below are
technologically or economically infeasible, the Applicant shall submit a written report to the City of
Merced Planning & Permitting demonstrating such infeasibility. Approval of this report shall be
received by the Applicant prior to receiving final discretionary approval of the project from the City of
Merced Planning & Permitting.”

We request that 1) if Wal-Mart submits such a written report it be made available for public review and
a reasonable amount of time be given to comment on such a report (30 days minimum), and 2) that
knowledgeable independent experts determine whether additional measures are truly technologically or
economically infeasible.

Thank you for taking our comments and recommendations seriously. As stated above, the
Merced/Mariposa County Asthma Coalition adamantly opposes the proposed Wal-Mart Distribution
Center due to the negative health impacts the project will create. As the process moves forward, we
urge the City to make the process as open, inclusive and accessible as possible to all Merced residents.
We have full confidence that if the City of Merced chooses to move forward and approve the project,



that the recommendations above will be implemented into an agreement between the City of Merced
(its residents) and the Wal-Mart Corporation.

Please contact us if you have any questions.

Sincerely, | )%ﬂ

Connie Muli, RN

Chair
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1.

2.

3.

10.

California Health Interview Survey (CHIS). Lifetime Asthma Prevalence. 2007; Available at:
http://www.chis.ucla.edu/.

California Office of Statewide Health Planning and DEvlopment (OSHPD). Patient Emergency
Department Databases, 2006.

Suglia, S.F., Gryparis, A., Wright, R.O., Schwartz, J., and Wright, R.J. (2008) "Association of
Black Carbon with Cognition among Children in a Prospective Birth Cohort Study”. American
Journal of Epidemiology, Volume 167, No. 3.
Moor, K, Neugebauer, R., Lurmann, F., Hall, J., Brajer, V., Alcom, S., and Tager, 1. (August
2008) "Ambient Ozone Concentrations Cause Increased Hospitalizations for Asthma in
Children: An 18-Year Study in Southern California". Environmental Health Perspectives, Vol.
116, Number 8
Mills, N.L, Torngvist, H., Gonzalez, M.C., Vink, E., Roginson, S.D., Soderberg, S., Boon,
N.A., Donaldson, K., Sandstrom, T., Blomberg, A., Newby, D. (September 13, 2007).
"Ischemic and Thrombotic Effects of Dilute Diesel-Exhaust Inhalation in Men with Coronary
Heart Disease". New England Journal of Medicine, Vol. 357, No. 11.

Gauderman, W.J., Avol, E., Gilliland, F., Vora, H., Thomas, D., Berhane, K., McConnell, R.,
Kuenzli, N., Lurmann, F., Rappaport, E., Margolis, H., Bates, D., and Peters, J. (September 9,
2004). "The Effect of Air Pollution on Lung Development from 10 to 18 Years of Age". New
England Journal of Medicine, Vol. 351, Number 11, pages 1057-1067.

Gauderman, W.J., Gilliland, G.F., Vora, H., Avol, E., Stram, D., McConnell, R., Thomas, D.,
Lurmann, F., Margolis, H.G., Rappaport, E.B., Berhane, K., and Peters, JM. (2002)

" Association between Air Pollution and Lung Funciion Growth in Southern California Children
- Results from a Second Cohort". American Journal of Respiratory Critical Care Medicine.
Vol. 166, pp 76-84.
Gilliland, F.D., Berhane, K., Rapparport, E.B., Thomas, D.C., Avol, E., Gauderman, W.J.,
London, S.J., Margolis, H.G., McConnell, R., Islam, K.T., and Peters, J.M. (January 2001).
"The Effects of Ambient Air Pollution on School Absenteeism Due to Respiratory Illnesses".
Epidemiology, Vol. 12, No.1.

Gauderman, W.J., McConell, R., Gillilland, F., London, S., Thomas, D., Avol, E., Vora, H.,
Berhane, K., Rappaport, E.B., Lurmann, F., Margolis, H.G., and Peters, .M. (2000).

" Association between Air Pollution and Lung Function Growth in Southern California
Children”. American Journal of Respiratory Critical Care Medicine. Volume 162, pp 1383-
1390.

"Merced/Mariposa County Asthma Coalition - Report to the Community on Asthma". Released
May, 2008.




® American Journal of Epidemiology - Vol. 167, No. 3
M © The Author 2007. Published by the Johns Hopk:ns Bloomberg School of Public Heaith. _DOI: 101093/aje/kwma0ns

All rights reserved, For permissions, please ¢-mall: jounals.permissions @ axdordioumals.org. Advance Aocess publlcahon November 15, 2007
: ; sy : "

?Deparhnent of Applied Mathematics, Unwers Crete, : G e
ad Channing Laboratory, Brigham and Women's-H pltal and Harvard Madlcal School Boston, MA.-... ...
‘ 4 Department of Soc:ety, Human Devetopment and Health, Harvard School of Public Health, Boston MA

: Bamggdm bli 2aaz;aacepré¢m}_,

While studies show that ultrafine an
systern, the possible neurodegensrative effect of air pollution remains Iarge[y unexplored. The authors examined
the refationbetween black catbort; & markerfor traffic-particies; and cognition-among 262 Boston, ‘Massachusetts,
.. children (meah age =8.7 years (standard deviation, 1.7)} in:a:prospective birth cohort study. (1986-2001): ‘Local

; “:;gblar,:k rbenevelswereestimated usmga vahdate@spauotemporal‘Ignd-usa#regresswn model{meampgedlct dl.

f, 0.56 pg/m? (standard d ; ). Wld Range Assessment of Mé

. carbon {per |nterquartlle-range increase) was associated with decreases in the vocabulary (--2. ,95% confidence .
-'mterval (Cl): —5.5, 1.1), rnatrices (—4.0,'95% Cl:'~7.6, —0.5), and composite intelligence quotient (—3.4; 95% Cl:
¢ =B6.6, ~0:3) scores-of the-Kaufman Brief InteHngemeTestanﬂwﬂh decreases on the visuzt subscalef &4—95ﬁ
Glés8i3,a01 0y and: engral Index (=3.9; =95%%C;~ e E , ;
ev rs 6f=b!ack carbqn p1 Jict

Itis well documented that air poltution is associated with be translocated from the lungs when they perietrate puirio-’
a number ‘of adVersa Ics uatory and cardmvascular heaIth nary txssu and cnter the capﬂlanes reachlllg other organs :

) of ultrafine parucle exposure. However the posmblé neuro- ticles to the Iymph nodes (5).

degencrative-effect of air-poilution-remains largely unex-- - Animal studies-have shownfhatn'ﬂ:aled pameies-eaan

. plored. The potentlal effect of translocation of paruc]es,_ ' trans]ocated from the respiratory system directly to'the cen-

. from other ans_has been documentcd e- - fralr _system. In rats, Oberdorster et al, (6) found
i b

T st Park Drive, Boston, MA 02215 (e-mail: sranco@hsph. harvard.edu)

" 280 '




Black Carbon and Cognition among Chitdren 281

; élliim after inhalation exposiire-of ulira ollow-up at the clinic, and who &yeats of - -
fine elemental carbon-13 particles. More recently, Elder age at the time were excluded. Ope thousand women were

et al. (4) confirmed that ultrafine particles can reach the eligible and enrolled, of whom 848 continued participation
brain, either through circulation or directly translocated to and delivered a live infant. In November 1996, new study
_ the olfactory nerve from the nose to the brain. ThlS raises the

up. All'active subjects

rotoxic effects of particulate matter have focused on patho- pate in the cognitive battery, and 218 chﬂd:en completed the
logic lesions that are generally present in neurodegenerative neurocognitive assessment. Notably, there were no signifi-
diseases (i.e., Parkinson’s disease and Alzheimer’s disease). -~ cant differences between those who participated in the cog-

Q. Researchers have proposed that damage mediated by the _ nhitive assessn_len: and those who d1d not thh regard to
y related‘ the oxidative’ stress P £ i ; _ R . ]

htomic brain inl 'ammauon (ie. nuclear” : ,
vation and inducible nitric oxide synthase productmn) and ‘Public Healih, Brigham and Women’s: Hospltal and the -
‘an acceleration of Alzheimer-like pathology (i.e., apoptotic. - Beth Israel Dedconess Medical Center. = = .-
glial white matter cells, nonneuritic plaques, neuroﬁbnllary In the longitudinal study, detailed data on racelethmc1ty .
tangles) among canmes chromcally exposed to Jhigh- levels and soc1oecononuc_posmon (based on matemal educauonal PP
e . - i . b

. paﬂnculate matter than in mice that were not exposed 8). T
humans, exposure to severe air pollution has been assocxated
w1th mcreased Ievcls of cyclooxygenase~2 an mﬂammatory

tign:of

eNito .dysfunctxon% R
6 Ehemokme expression it mlee;h# il i
.-dlrccﬂy linked to iitranasal exposure to ultrafine black car- C spauotemporal land-use. regressxon model to predict: 24—hour :
. bon, suggestmg a more general mﬂammatory response- (10) .. measures of traffic exposure using data from more than 80
-, Changes in cogpitive fanction have been shown to be asso- . locations in the Greater Boston area. Three quarters of the
clated w1th relatwely Jow sgs of heavy metal exposure monitoring sites were residential; the rest were commercial
y ‘produce some- of: thales:ons . 3 (

edow have also been ag llug By o
kel chwmd mﬂarm%atton and:oxidative stres LA defailed: descnptton of allisouire Xposiire:

- Taken together, these results suggested that further exam- - prowdled ‘elsewhere (13). Prcd.lctors mcluded in the regrcs—
mahon of possible associations between markers of traffic sion analysis were the black carbon level at a central sta-
pirticles and cogmtwc function would be worthwhile. Thus, tionary meonitor (to capture average concentrations in the
"tween black carbon from trafﬁc . area on that 'y), meteorologic condmons and other char

*"of socioeconomic Status and other environmiental factors densxty Wlthm 100 m, populatlon derisity, dlstance o the
" known to affect cognitive development. : - -nearest - major readway, -percentage -of -urbanization) at’

T s ’ ' ‘ a given location. A cumulative traffic density measure was
recordedonceper location. We used spline rcgrcssmnmcth .

The sample for these analyscs was drawn from partici- “lorigitude and latitude and captire addltmnal sanal vari--

pants in the Maternal-Infant Snioking Study of East Boston, ability that was unaccounted for after we included -oir de-

a prospective cohort smdy designed to evaluate the effects of terministic spatial pI'CdlCtOI'S in the mode] This approach is
tal, moke exposure o cluldhood . i

) ) I “tion onmall ‘of these factors for 2 114 ot _

:gestatmn) at.an urban commumty health. center in Boston, * .J:-:xposure days Separate medels were -fitted. for the warm -
Massachnsetts, between March 1986 and October 1992 ° (May—October) and cold (November—Apiil) seasons. The '
were eligible for enrollment. Women who did not speak R? value for the model {over both seasons) was 0.82, and

elthcr Enghsh or Spa.msh Who did not plan to have pedlalnc . the ‘cross-validated R between the daily measurements

2008 16728&286



282 Franco Suglia et al.

taken outside the residential locations and corresponding
predictions obtained from fitting the model to the data after
excluding data from a particular residential location was
(.36. For the purposes of these analyses, we used the aver-
age of the two seasons as a measure of average lifetime
black carbon exposure. If children moved during the study
period (n = 12), an average black carbon measore for all
addresses was calculated.

Cognitive measures

When the children were aged 8-11 years, a battery of
cognitive tests was administered, including the Kaufman
Brief Intelligence Test (K-BIT) and the Wide Range Assess-
ment of Memory and Learning (WRAML). The K-BIT is an
individually administered test of verbal and nonverbal in-
telligence (15). Two subscales, vocabulary and matrices,
comprise the test, as well 4s a composite intelligence quo-
tient (IQ) score. The K-BIT has acceptable correlation with
the widely used Wechsler verbal performance and full-scale
IQ scores (16); validation studies have been conducted for
children less than 7 years of age with normative data avail-
able (17). The WRAML. is 2 well-standardized psychomet-

ric instrument that allows evalpation of a child’s ability to

actively learn and memorize a variety of information (18,
19). The WRAML includes subscales on verbal memory,
visual memory, and learning and an overall general index
scale. It has been normed for children aged 5-17 years

among racially diverse groups, including minorities. All -

-easares are. expressed.as. standardized -scores, which rep-
resent the score of the individual taking the test relative to
scores obtained by children of the same age and gender in
the standardization sample. All scores have a mean of 100
and a st_andard deviation of 15.

PR

Tubacoo smoke exposure

At each clinic visit during pregnancy, mothers were asked
about their smoking status and the smoking habits of mem-
bers of their households. A urine specimen was obtained for
determination of a creatinine-corrected cotinine level, as
previously dotailed (12)- A mother was classified as never
smoking duting her pregnancy if she always reported that
she had never smoked on the standardized questionnaire and
each of her urinary cotinine levels was less than 200 ng/mg
creatinine (12): At any visit, :fthe—report of nonsmokmg—by“
the mother was contradicted by the urinary cotinine mea-
sure, the mother was classified as a current smoker for that
interval. Maternally reported postnatal exposure of the child
to secondhand smoke -was assessed by questionnaire-
{monthly through age 26 months, every 6 months between
ages 26 months and 4 years, and annually thereafter). Chil-
dren were considered to have been-exposed to secondhand
smoke i particular follow=up-interval if the mother re-
ported personat active smoking or active smoking by any

~other person living in the househeld. Posimatal secondhand
smoke was categorized as eqrly (occurring from birth
through-25-months of age) or-late—(26-months of-age or
older). The late secondhand smioke exposure category in-

cluded children exposed both early and late (54 children)
and late only (13 children), given that there were relatwely
few children in the latter category. Children’s exposure to
maternal smoking during pregnancy was highly correlated
with postnatal secondhand smoke exposure. Forty-two chil-
dren were exposed to prenatal tobacco smoke; among these
children, only two were not exposed fo secondhand smoke
after birth.

Blood lead level

Children in Massachusetts are mandated by law to have
blood lead testing annually, starting at 9 months of age, until
age 4 years, unless they are considered to be at high risk
(11vmg in pre-1978 housing that is deteriorated or undergo-
mg construction or having a sibling with lead pmsomng)
in which case they are tested annually until age 6 years.
Results are incorporated into the medical records at the
community health centers where the children obtain pediat-
ric follow-up. Using a standardized instrument, blood lead
levels were extracted from medical records at these health
centers by a physician blinded to the. study aims. Because
the children had varying numbers of blood lead measure-,.
menis which were dependent on their lead exposure (chil-
dren with higher lead exposure had more follow-up tests
than children with lower lead concentrations), we used the
highest blood lead level recorded up to age 6 years for each

chﬂd referred to hereafter as the “pealc blood lead level.”

Statistlcal ana[yses

{

A total of 218 children completed the cognitive assess-
ment, of whom 214 were successfully geocoded and as-
signed a black carbon measure. Eleven children were
removed from the data set before analysis because they
had black carbon values considered to be outlicts according
to the extreme studentized deviation model (20); in addition,
one child was missing information on sociéeconomic status.
This left 202 children for our analyses. Multiple imputation
was used to impute missing data on birth weight (seven
children) and blood lead level (12 children), Since black
carbon was being used as a surrogate for traffic particle
exposure, which includes more than just carbon pamcles,
it did not make sense for us to'report results on a unit miass
basis, Instead, we report estimated effects of predicted black
carbon level per interquartile-range increase. We conducted

- bivariaie analysesto determine the association between cog-

nitive outcomes and demographic and environmental mea-
sures of interest. We also tested for associations between
black carbon and environmental and sociodemographic
-markers. The-effect of predicted black carben on-cognition
was estimated by linear regression while adjusting for
child’s age at cognitive assessment, gender, race/ethnicity,
and maternal education (as a marker of sociceconomic sta-
-ts) {model 1). Fo-agsess the potential for-confounding; we

. examined the sensitivity of those results fo further adjust- .

ment for in-atero and postnatal secondhand tobacco smoke
exposure (model 2), birth weight (model 3), and blood lead

~level {model-4)- All analyses were conducted-in-SAS; ver-

sion 9.0 (SAS Institute, Inc., Cary, Norih Carolina).
Am.J Epidemiol 2008;167:280~286
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RESULTS

Among the 202 children in this study, 52 percent were
female and 57 percent spoke Spanish as their primary lan-
guage. Maternal educational level was less than high school
graduation for 42 percent of the mothers (table 1). The mean
age was 9.7 years (standard deviation (SD), 1.7), and the
mesan peak blood lead level was 8.5 pug/dl (SD, 6.1). Mean
scores on the K-BIT subscales were as follows: composite,
94,9 (8D, 13.9); vocabulary, 89.5 (SD, 16.3); and matrices,
101.4 (SD, 14.0). WRAMIL. mean subscale scores were:
verbal memory index, 84,7 (SD, 15.1); visual memeory in-
dex, 93.3 (SD, 13.8); learning index, 101.1 (SD, 15.0); and
general index, 91.1 (5D, 14.5). The mean annual predicted
black carbon level - was 0. Séﬁglm (8B, 0.13).

Jn bivariate analyses (data not shown) of black carbon.and
cognitive measures, black carbon was associated with the
vocabulary, matrices, and composite subscales of the K-BIT
and the visual and verbal subscales and the general index of
the WRAML., Primary language spoken at home and mater-
nal education were associated with the cognitive measures
and black carbon. Children who primarily spoke Spanish at
home and children whose parents had a high school educa-
tion or less scored lower on the composite, vocabulary, ver-
bal, and general memory subscales &f the WRAML and
K-BIT. In addition, they-had higher predicted black carbon
levels than children who primarily spoke English at home

and whose parents had more than & high school education.

Marital status was.not.associated with.any of the cogaitive
measures or with black carbon. Thus, in multivariate anal-
yses, we adjusted for both parental education and primary
language spoken at home, as well as birth weight, blood lead
level, and in-utero and postnatal secondhand tobacco smoke
exposare,

In multiple linear regression analyses (tables 2 and 3), an
interquartile-range increase .in log black carbon predicted
a 2-point decrease (95 percent confidence interval (CI):
—5.3, 1.3) on the vocabulary scale, a 4.2-point decrease
(95 percent CI: —7.7, ~0.7) on the matrices scale, and
a 3.4-point decrease (95 percent CI: —6.6, —0.3) on the
composiie subscale-of the-K-BIT. Black-carborr-tevel-also
predicted a 1.1-point decrease (95 percent CI: —4.6, 2.3) on
the verbal learning scale, a 5.2-point decrease (935 percent
€k —3.6; 17) on the visaal leaming-seale; a-2. 7-point-de-
crease (95 percent CI: 6.5, 1.1) on the learning scale, and
a 3.7-point decrease (95 percent CI: —7.2, —0.2) on the
general index scale of the WRAML. Forther adjustment

for tobacco smoke exposure, birth weight, and blood lead

level did not attenuate these effect estimates.

DISCUSSION

In this prospective urban birth cohortstudy, long-term

concentration of black carbon particles from mobile sources
was associated with decreases in cognitive test scores, even
after adjustment for socloeconomic status, birth weight, to-
bacco smoke-exposure;-and blood lead level- Although our
linear regression-based analyses do not establish causation,
only associations, a number of features strengthen our find-
ings. Decreases in cognitive functioning were seen in verbal

Am J Epidemial 2008;167:280-286

TABLE 1. Demographic characteristics, environmental
exposures, and scores on cognitive subscale measures
{n = 202) in the Matemal-infant Smoking Study of East
Boston, 19862001

No. %  Mean (SD¥)

Demographic characteristics
Child’s age {years)
Child's gender
Male : 97 48.0
Female 105 520
Primary language spoken at home
English 87 4341
Spanish 115 58.9
Mother's educational level
Some college 37 183

High school graduauonftechmcal
school 81 401

Less than high school/no
graduation 84 416

Marital status
Marmied/living with someone 165 76.7
Separated/divorced/single 47 233

Medical history and environmental
. exposures

Tobacco exposure .
Nonsmoker ) F0 347
n-utero and SHS* exposure 42 208
Early SHS exposuret 23 114
Late SHS exposuref 67 33.2

Birth weight (kg)

Peak blood lead level (pa/dl)

- Black carboR-{pg/m>)
~ Cognilive subscales

Kaufman Brief. Intelligence Test
Composite
Matrices
Vocabulary

Wide Range Assessment of Memory
and Leaming

Verbal ' B84.7-{15:1}
Leamning 101.1 (15.0}
Visual - 93.3 (13.8}
91.1 {14.5)

97 (17)

3.35 (0.5)
85 (6.1)
0.56 (0.13)

84.9 (13.9)
104.4-(14.0)
89.5 (16.3)

General index

* 8D, standard deviation; SHS, secondhand smoke,
T SHS exposure before 26 months of age.
} SHS exposure at 26 months of age or older.

and nonverbal intelligence constructs as well as memory
constructs: Moreover, our results are consistent -in-that-we
noted decreases across all subscales, though not all associ-
ations between black carbon and cognitive subscales were
statistically sigrificant. )
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TABLE 2. Relation of predicted black carbon levels (average of summer and winter) at children's
residences to scores on subscales of the Kaufman Brief Intefligence Test In finear régresslon modeis
{n = 202), Maternal Infant Smoking Study of East Boston, 1986-20017

! Vaotabulary Matrices Camposite
Black carbon modet
: Estimate 95% Cl Estimate 95% €l Estimate 95% CI
Adjusted for demographic factors§ - 20 53 1.3 -42 -7.7,-07* -34 -66--0.3*
Adjusted for above factors + in-utero .
{fobacco smoke + secondhand smoke ~20 -53,14 -40 75 -04f* -33 —64, -0.1*
Adjusted for above factors 4 birth weight -2.0 -54,13 -40 -76,-05* -33 -65, -02%
-22 -58511 -40 -34 -6.6, -0.3*

Adjusted for above factors + blood lead level

7.6, ~0.5*

* p.< 0.05.

1+ Change in subscale score per interquartile-range (0.4-ug/m®) increase in log black carbon level.

# CI, confidence interval.

§ Adjusted for age, gender, primary language spoken at home, and mother's education.

These results are of comparable magnitude to results
found for other environmental neurotoxicants. For example,
ameng children; & H=pgfdt-increase-ir blood lead level has
. -been -associated with-adess-of 1-5 1Q points (21). Children

born to mothers who smoke 10 or more cigarettes per day
during-pregmancy- of 4*1@1;01::&9
(22). In our cohort, an mterquarule-ranga 0.4-pg/im’) in-
crease in log black carbon predicted a 3-point decrease in JQ
(K-BIT composite subscale).

There are several potential mechanisms that could be
contributing to the associations found in this study. First,
since black carbon comes almost entirely from traffic, these
particles are surrogates for alt waffic particles, and other
components of traffic particles may play a role. For exam-
ple, there is evidence that ultrafipe particles are translocated
up the olfactory nerve to the brain without entering the ung
(6). Ultrafine particles in the brain are probably associated
with increased oxidative siress, since that has been seen in
other tissues (23). The carbon particles themselves are
rarely pure carbon; they generally have transition metals
adsorbed on the surface. These metals have been shown to
induice oxidative stress in the lung (24-28). Other studies have

- also implicated traffic exposure in oxidative stress (29--31).
There is evidente that the oxidative stress and inflammation
induced by particles transiates systemically (30). For éxample,

exposure of rodents to concentrated air particles collected
from a busily trafficked roadway resulted in increased oxida-
-tive siress in the-heart as well as the lung<31). Other-studies,
-comparing animal -brains in areas of Moxico-City that-are
heavxly influenced by waffic bave reported histologic evi-
- dence-of-chronic ‘brain inflammation and an -acceleration
of Alzheimer-like pathology (7). Taken together, the current
body of knowledge suggests that inflasnmatory processes and

- increased oxidative stress (7) may play a role'in the mecha-
nism by which particles can have an impact on the nervous
system; however, additional work in this area of research
remains to be done.

While, to our knowledge, no other studies have exam,med
an association between air pollution and cognition, a few
have examined the role of traffic noise in cognition among
children (32, 33). In the RANCH project, a cross-sectional
study of 2,000 chiidren from thrée European cities (Madrid,
London, and Amsterdam), aircraft noise at home and at
school was associated with impaired reading comprehen-
sion (32). Road traffic noise, however, was not associated
with reading comprehension. It is possible that the associa-
tions found in our study could be attributable to traffic and/
or aircraft noise and not to black carbion; conversely, it is
also possible that the associations previcusly found between
road and aircraft noise and cognition are actually due to air

TABLE 3. Refation of predictad hlaék carbon levels (average of summer and winter) at children’s resldences to scores on
subscales of the Wide Range Assessment of Memoty and Learning in llnear regreselon models (7 = 202), Maternal Infant Smoking

Study of East Boston, 1986~2001+

| Verbal Visual Leaming General
Black catbon maodel :
Estimate  95% Clf  Estimate 95% Cl Estimate  95% C{  Estimate 95% CI
Adjusted for demographic factors§ -1 46,23 -52 -B§ -1.7* 27 6511 37 -72 -02*
Adjusted for above factors - in-utero '
) tobacco smoke + secondhand smoke -1.2 47,23 -53 -88-18 -26 -85 12 37 7.3, -0.1*
Adjusted for above factors + birth weight -13 47,22 -53 -88 -18* -28 -65 13 -38 —74,-02¢%
-13 —48,22 -54 -89 -19+ -28 -66,11 -39 —7.5, ~0.3*%

Adjusted for above factors -+ blood lead level

*p < 0.05.

+ Change in subscale score per interquamle-range {0.4-ug/m®) increase in log black carbon level,

4+, cordidence interval,

§ Adjusted for age, gender primary language spoken at home and mather's education.

Am J Epidemiol 2008;167:280-286
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pollutants, such as black carbon. Future studies may be de-
signed to distinguish traffic effects due to noise from those
due to pollution.

The current study had a number of limitations. As is
typical with longitudinal studies, there was a significant re-
duction in the sample available from the original cohort over
time. The nonparticipation of same subjects from the longi-
tudinal study may be seen as a limitation, although there
were no differences based on race/ethnicity, maternal edo-

cation, smoking status, birth weight, or blood lead level

when we compared children who had cognition assessed
with those who did not among the participants who re-
mained in follow-up. Thus, this is unlikely to have influ-
enced our findings. While we were able to adjust for
a number of factors associated with cognition and air pol-
lution, it is still possible that the associations found in this
study could be attributable to unmeasured or residual con-
founding, perhaps most notably from socioeconomic statas.
Sociceconomic status has been shown to be a determinant of
cognifive ability and achievement from early childhood
through young adulthood (34, 35). Furthermore, socioeco-
homic status can determine whether a family lives in close
_ proximity to roadways (36). In addition to adjusting for
mother’s éducational level, the present study was somewhat
restricted regarding socioeconomic status, given that all
families were recruited from one neighborhood health cen-
ter in Boston. This restricted the variability of incorae in this
-population, thereby reducing the potential -forconfounding.
Our measure of exposure was also subject to limitations.
While we attempted to capture biack carbon exposure from
all residential addresses, it is possible that we potentially
missed exposures incurred at school andfor other locations
. where children spend portions of their time. However, this
-potential misclassification of exposure was nondifferential
with respect to the outcome, and thus it is unlikely to ac-
count for the associations found. Furthermore, compared
with adults who work, children spend considerably longer
periods of time at home or in the vicinity of their home,
Furthermore, exposure studies using personal monitors in-
~dicate that home exposures arc the mest-important in pre-
- .dicting personal "exposure. (37). While .demonstrated in
adults, time activity studies indicate that children spend
more time at home and near home, making the finding rel-
evant (38). Other studies (39) have shown that residential
indoor concentrations of particulate matter of outdoor origin
are highly correlated with outdoor concentrations. In an-
other study (40), the personal exposures of the working
spouses of persons with chronic illnesses have besn shown
to bé-highly-correlated with their spouses” persomat-expo-
-sures. Taken-together, we believe these-stadics indicate-that
-personal-exposures-to. ambient particles are driven peimarily
by exposures incurred at home. Moreover, we attempted to
capture black carbon exposure from all residential addresses
when children moved.

Another limitation of this study is the use of predicted
exposure, rather than observed measurements taken outside
the residences of the study participants. Since the latter
approach is not practical in a large community-based study,
we decided-to use all available exposure data and advanced
‘modeling approaches to predict the missing exposure at the

Am J Epidemiol 2008;167:280-286

residences of the participants. This is an approach that has
become very popular in recent years. A potential statistical
issue that arises when using spatial-temporal predictions of
exposure rather than measured quantitics is that predicted
quantities are uncertain, and this could bias the resulting
health effect estimates. In a previous study, Gryparis et al.
(41) found that the use of predictions from spatial exposure
models induces a Berkson-type measurement error. This
results in unbiased parameter estimates for the association
between the predicted exposure and the observed health
outcome. However, the standard errors for the parameter
of interest might be incorrect. In such a case, we would
expect larger standard errors for the parameter of interest.

In summary, this is the first study to hiave found a consis-
tent relation between exposure to black carbon and reduced
neurocognitive functioning zcross a nurber of domains in
urban, community-dwelling school-aged childen. More
studies are needed to explore the potentially neurofoxic
effects of particulate matter, both to determine the possible
impact on cognitive development among children and cog-
nitive decline across the life cycle and to determine the
potential contribution of air poliutants to the development
and exacerbation of neurodegenerative diseases (Le.,
Parkinson’s disease, Alzheirner’s disease).
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Abstract

Background: Asthma is the most important chronic disease of childhood, The U.S. Environmental Protection Agency has
concluded that children with asthma continue to be susceptible to ozone-associated adverse effects on their disease.
Objectives: This study was designed to evaluate time trends in associations between declining warm-season 0,
concentrations and hospitalization for asthma in children. i
Methods: We undertook an ecologic study of hospital discharges for asthma during the high O, seasons in California's
South Coast Air Basin (SocCAB) in children who ranged in age from birth to 19 years from 1983 1o 2000. We used standard
association and causal statistical analysis methods. Hospital discharge data were obtained from the State of California : air
pollution data were obtained from the California Air Resources Board, and demographic data from the 1980, 1990, and 2000 i
iU.S. Census. SoCAB was divided into 195 spatial grids, and quarterly average O., sulfur dioxide, particulate matter with !
aerodynamic diameter < 10 pm, nitrogen dioxide, and carbon monoxide were assngned to each unit for 3-month periods ;
along with dermographic variables.

Results: O; was the only pollutant associated with increased hospital admtssmns over the study period. Inclusion of a
variety of demographic and weather variables accounted for all of the non-O,, temporal changes in hospitalizations. We '
found a time-independent, constant effect of ambient levels of O, and quarterly hospital dlscharge rates for asthma. We }
estimate that the average effect of a 10-ppb mean increase in any given mean quarterty 1-hr maximum O over the 18—year :
median of 87.7 ppb was a 4.6% increase in the same quarterly outcome.
Conclusions: Our data indicate that at current levels of O, experienced in Southern California, 0, contributes to an {
increased risk of hospitalization for children with asthma.
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Introduction

In terms of numbers, morbidity burden, and health care costs, asthma is the most important chronic disease of childhood,
with estimated medical care costs over $1 billion in 2005 (Wang et al. 2005). Based on its recent review of data on ozone-
related health effects, the U.S. Environmental Protection Agency (EPA) has once again concluded that children with
asthma constitute a group that is susceptible to O5-associated adverse effects on their disease (U.S. EPA 2006).
Hospitalization and visits {o emergency departments are major contributors to childhood asthma-related health care costs
and account for approximately 12% of care costs for asthma in children 5~17 years of age (Wanget al. 2005). Despite the
large number of studies on various asthma-related ouicomes {symptoms, lung function) in relation to ambient O, there are
relatively few studies on O5-related hospital discharges and emergency department (ED) visits in children with asthma; and
the results of these studies have not been consistent JU.S. EPA 2006 (Figures 7-8, 7-9)]. Mareover, these studies have
been concerned with associations between pollutant exposures over a few days before hospital admission and over
relatively short periods of calendar time.

Several studies illusirate findings based on short lag periods. White and colleagues (1994) reported that ED ws:ts for
asthma (116 years of age) to an Atlanta, Georgia, hospital increased by 37% on the 6 days in the summer of 1980 when
the maximum 1-hr O concentrations exceeded 110 ppb. A subsequent Atllanta-based ecologic study reported that
Medicaid claims for hosplial admissions for asthma decreased during the time of the 1986 Summer Olympic Games in
parallel with reductions of ambient O, concentrations (Friedman et al. 2001). The decline in 0, was attributed to the
marked decline in city traffic during the games, but associations with other mobile source emissmns were not evaluated in
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the regression models. A third study from Atlanta for the summers of 19931995 found similar associations with ED visits,
but these investigators could not separate effects due to particulate matter with aerodynamic diameter < 10 ym (PM, )
(Tolbert et al. 2000). An approximate 33% increase in ED visits for childhood asthma was repotted from eastemn Canada
on days when the 1-hr maximum exceeded 75 ppb over the years 1984-1892, an association that was independent of
concentrations of sulfate and total suspended particulates (TSP) (Stieb et al. 1996). Data from Washington, DC; Mexico
City, Mexico; and Madrid, Spain, support these findings of O -associated increases in ED visits, independent of poliens
and PM,, (Babin et al. 2007; Galan et al. 2003; Romieu et al. 1995).

In contrast to the above results, several relatively recent European studies have not found these associations. Data from -
the APHEA (Air Pollution and Health: A European Approach) study from the period 1986—-1992 from Barcelona, Spain;
Helsinki, Finland; Paris, France; and London, UK, failed to find any association between ED visits and ambient O5 in
children < 15 years of age (Sunyer et al. 1997). However, these results were based on O4 concentrations throughout all
months of the year. Simitarly, a study in London, based on year-long data for 12 EDs over the years 19921994, also failed -
to find any association between ED visits and hospitalizations for asthma and ambient 05 concentrations for children from
birth to 14 years of age (Atkinson et al. 1999a, 1898b). B

California's South Coast Air Basin (S0CAB) has some of the highest concentrations of O in the U.S. [South Coast Air
Quality Management District (SCAQMD) 2006] and will continue to be a maijor area of noncompliance under proposed new
0. standards (U.S. EPA 2005). Mobile source emissions are the main source of precursors for O, generation {Fujita et al.
1992). Because O, and other pollutant levels, in general, have been declining over the past 25 years (SCAQMD 2003), this
area offers an excellent opportunity to study the relation between warm-season ambient O, concentrations and .
hospitalizations for asthma in a large population that spans urban and rural areas. Therefore, we uridertook an ecologic
study of hospital discharges for asthma in children from 0 (birth) to 19 years of age over the period 19832000 in the
SoCAB to evaluate the éffect of population-level O, exposure on asthma-related hospital discharge over time. Our
approach is based on conventional linear modeling with adjustment for temporal factors that could confound the causal
effect of interest. Our approach has several novel features: a) We used a very flexible, data-adaptive model fitting program .
that is based on multiple cross-validations {van der Laan and Dudoit 2003); b) pollutants other than O, could enter our
modeling at equivalent levels of complexity, as for O4. and c¢) we used marginal structural models (MS?VI) to suppott the
interpretation of population-level effects of O, on the outcomes (van der Laan and Robins 2002).

Methods :

Study area. The study area was the portion of California's SoCAB covered by the grids shown in Figure 1. The 20,000-km?
area extends from 34.6° latitude at its most northern reach to 33.2° latitudeat its most southern extent. It is bounded on the
west by —118.9° longitude and the Pacific Ocean, and extends to -116.8° longitude at its eastern end. We selected this
location because it contained many areas that consistently exceeded National Ambient Air Quality Standards for O, during
the 1980—2000 study period (U.S. EPA 2000). Nonetheless, the area aiso experienced marked reductions in 1-hr and 8-hr
maximum Q., concentrations over this time.

Ambient-po?!utant data and exposure methods. We estimated the population’s
exposure to O, nitrogen dioxide, sulfur dioxide, carbon monoxide, PM with
aerodynamic dqfameter £ 2.5 um (PM, ), and PM,, from ambient air quality
measurements obtained from a network of stations that began monitoring for most
of the pollutants before 1980. The number and locations of air monitoring stations
{Figure 1) varied over the study period. The number of stations with valid air quality
data in or near the grid in a given year varied from 45 to 55 for O, 33 to 41 for NO,,
28 to 39 for CO, and 9 to 56 for PM,,. We compiled quarterly average
concentrations of the 1-hr daily maximum O, and 24-hr average NO,, 80,, and CO |,
from hourly measurements of gases. We compiled quarterly average concentrations |; #¥#77s7
of the 24-hr average PM éo and PM, 5 from monthly averages of everyPsixth day :
PM, . measurements and daily, every third day, and 2-week average PM - R _
meégurements {Blanchard and Tanenbaum 2005). The air quality data w%a'?e ::g# E&%ﬁ% domain grid system

. A - - pollutant monitors and
complemented with quarterly average daily 1-hr minimum and 24-hr average oputation density. AQ, air quality
temperature and relative humidity data obtained from the SoCAB and Nationat pop Y. AL, arq )

Weather Service measurements (National Climatic Data Center, NOAA Sateliite Table 1.

and Information Service: hitp:/iwww.ncdc.noaa.govioa/ncde.htmi). T T " T
California PM, , data are not widely available before 1988. Special study PM,, SRR T T it i A
mass data avajlable in Burbank, downtown Los Angeles, Long Beach, Los e e
Alamitos, Costa Mesa, Azusa, Rubidoux, Peris, and Banning were used for 1985~ |5 : s oeiss

1987 (Solomon et al. 1988). Collocated PM,; and TSP data for 1988 through 1992 |, Eiina g

in Los Angeles, Orange, San Bemardino, and Riverside Counties indicated that T R

daily PM,, concentrations were correlated with daily TSP and, on average, were e

54% of TgP concentrations. The PM,, concentrations for 19801984 were
estimated from the TSP data based on this relation. PM,, ; data were available for
only 1994—2000. .

The study domain was divided into two-hundred 10 km X 10 km spatial grids that
covered the populated portion of the SoCAB, of which 195 were used. The
population, other demographic, and health outcome data were aggregated into the
orid cells [Supplemental Material, Figure S1 {online at

http:/Awww.ehponline.orgfmembers/2008/1 0497/suppl.pdfh]. The air quality and
meteorologic data were interpolated spatially from the monitoring statians o the grid
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cell centroids based on inverse distance-squared weighting. Maximum interpotation
radii of 50 and 100 km were used for pollutants and meteoro[ogic parameters,
respectively. Although 100% of the grids had an O, air quality station within 50 km,
73% of the grids had a station within 5-25 km of the grid centroids and 13% of grids
had a station located within the grid on average [see Supplemental Material (online
at hitp:/Awww. ehponline.org/members/2008/10497/suppl.pdf) for other pollutant
interpolation distances]. This interpolation approach worked reasonably well in this
application, because the spatial coverage in the SOCAB monitoring network is good
{typically, stations located 20-30 km apart}); and spatial gradients in monthly
average concenirations are modest.
Qur principal exposure of interest was 1-hr daily, maximum Q.. We chose this
measure, because the same 1-hr maximum standard was in %ace for most of the
study period; and the 1-hr maximum is the most commonly used metric in O
epidemiologic studies. Quarterly, average O, concentrations were fow and ?uowed
little variability from October through March fsee Supplemental Material, Figure S6
(online at http:/fwww ehpenline.org/members/2008/10497/suppl.pdf) for sample
quarters]. Therefore, we confined our analyses to April~June (quarter 2) and July-
September {quarier 3}, which consfitufe all months with the highest and most
variable O, concentrations.
Hospital Jrscharge and demographic data. Since 1983, hospltal discharges
{diagnoses, demographic data and medical payments) have been reported
semiannually by all hospitals licensed in California. Patient-level data were
extracted from a CD-ROM (Healthcare Information Resource Center, Sacramento,
CA) and included; patient age category, county of residence and 5-digit ZIP Code,
ethnicity, sex, major diagnostic category (pius four secondary), major procedure
(plus four secondary), quarter admitted, iength of stay, and hospital {D number
{Office of Statewide Health Planning and Development, data files e-mailed July
2003). We focused on quarterly hospital discharges for asthma [Infernational
Classification of Diseases, 9th Revision ({CD-9; World Health Organization 1975)
code 493, 1ICD-10 (World Health Organization 1893) code J45/46] listed as the first
discharge diagnosis for children and adolescents from birth through 19 years of
age. We included discharges in which the first listed diagnoses were acute sinusitis
(ICD-9 461; ICD-10 JO1) or pneumcnia (ICD-9 480483, 485-487; ICD-10 J10-
J18} and asthma was the second listed diagnosis, because we could not be sure of
the extent to which the presence of asthma actually led to the hospifalization [see
Supplemental Material (online at
hitp:/fiwww .ehponline.ora/members/2008/10497/suppl.pdf)}.
We obtained data from the U.S. Census Bureau's decadal surveys for years 1980,
1990, and 2000 [see Supplemental Material (online at
http-/Avww ehponiine.org/members/2008/10497/suppl.pdf)]. We reviewed aII
income, demographic, and residential data and selected covariates that were
‘considered likely to affect asthma morbidity and were likely to show spatial
clustering and temporg-spatial trends {graphs available on request from authors).
We selected 57 sociodemographic variables.
The finest spatial resolution for which hospital discharge data were avatlable was
the 5-digit postal ZIP code of the patient's residence; the patient's street address, 8-
digit ZIP code, or census block were not available. Population-weighted ZIP-to-grid
allocation factors were developed with geographic information system {(GiS) tools
~ for 19801984, 1995-1994, and 1995-2000. Separate allocations factors were
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Figure 2. Distribution of population
number by 400 quantiles of quarterly
1-hr maximum O, over quarters 2
and 3, 1983—200%
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Figure 3. Predicted proportions of
quarterly hospital discharges based
on a model that included only time
variables (friangles) and the model in
Table 4 that includes O, and the
demographic variables %squares) for
quarters 2 (A} and 3 (B).
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developed for males and femates for < 1 year and 1-19 years of age. [see Supplementai Material for details (online at

hitp:/fwww ehponline.org/members/2008/10497/suppl.pdf}].

Spatial allocation of demographic data to exposure grids was based on the smallest geographic unit for which census data
were available, We used GIS software (ArcGIS9; ESRI, Redlands, CA) to map the demographic data fo grids. Eight
population variables from 1980 and one population variable from 1990 and 2000 were renormalized after the spatial
allocation to insure consistency across census topics (e.g., population by race was normalized by the total population;
population by sex, age, and race was normalized for consisiency with population by race and population by sex).
‘Pepulation and other demographic parameters were estimated for the intracensus years by linear interpolation of the

gridded data for 1980, 1990, and 2000.

Data analysis. Data structure. The data consist of 195 geographic units (grids) with quarterly measurements from 1983
through 2001 that include 14,040 records and 72 quarters for children birth to 19 years of age. We calculated the
proportion of asthma-related hospital discharges as the number of asthma-related hospital discharges in each grid in each
quarter divided by the total population birth to 19 years of age in the corresponding grid and quarter After removal of nine

outliers, we used data for quarters 2 and 3 only (7,011 observations).

There were no missing values for the proportion of asthma-related discharges or quarterly O

Among the 47 covariates

considered, 35 had no missing values. Among the 12 remaining covariates, the proportion ol‘3 missing values ranged from

0.4% t0 6.2%.

Statistical modeis. We denote the ohserved data structure by O = [W—{71),A—{(71,Y-(72)] representing quarteriy
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measurements from time 0 fo 72 of the confounders, O, levels and proportion of asthma-related hospital discharges: a)
The history of O, is denoted by A—(71) = [A(0),...,A(71)], and A(f) represents the O, level measured at time £, b) the history
of asthma-related hospital discharges as a percentage of the total area-specific population is denoted by Y—(72) = {¥(1), -
..., Y(72)], and Y(f) represents the proportion of asthma discharges measured at time £ and ¢} the history of potential time-
dependent confounders of the effect of O4 on asthma-related hospital discharges is denoted by W—(K) = [W(0),... JK)),
where W{f} is a multivariate vector of potential confounders measured at time & sociceconomic and demographic variables,
co-pollutants, and meteorologic variables. '

Our modeling approach aims at the investigation of the effect of A(t— 1) on Y(#). In this study, the outcome at time YD)

_ and exposure at time ¢ — 1 [A(t— 1)] are actually measured during the same quarter, which does not violate the time-
ordering assumption on which are based valid causal inferences (the exposure precedes the outcome). Because we
consider the effect of O, on asthma-related hospital discharges collected during quarters 2 and 3 only, we thus have 36
outcomes of interest rat?ler than 72. :

A typical assumption that is often not stated explicitly is that the observed data consist of n independent and identically
distributed observations from the random variable O with distribution P. In this analysis, we make the assumption that the
observed data consist of n = 195 random variables O; that describe each spatial/geographic unit 7, i = 1,...,nn, @ach with
distribution P, Under this assumption, it follows that mutual independence between the random variables O,-, conditional on
the exposure regimen, is a reasonable approximation [see Supplemental Material for additional details {online at
hitp:/fwww.ehponline.org/members/2008/10497/supm pdf}]. :

We chose to investigate the effect of O, on the asthma-related hospital discharge proportion for quarterly exposure to Q,
only; that is, we did not consider the eﬁ?act of an O, history over multiple quarters. This decision was motivated by our view
that most of the effect of O could be captured by the exposure period of only one quarter—by estimation of the efiect of O4
during a given quarter on the outcome during that same quarter in the seasons with the highest levels of O,. Because the
experimental units are geographic areas rather than individuals, the population in the units was constantly changing over
the 18-year study period; however, within a given quarter, the population was relatively stable. Another reason for selection
of the short exposure period relates to power (sample size, n = 195) for identification of effects that extend over a longer -
exposure petiod (Neugebauer et al. 2007). _ .

We estimated this effect of O5 on the proportion of asthma-related hospital discharges with two approaches: the traditional
method of regression of the proportion of asthma-related hospital discharges on O, and confounder; and a method based
on history-restricted marginal structural models (HRMSMs) {Neugebaueret al. 200’?). In ¢ondrast to the usual MSM
approach, HRMSMs allow the investigator to specify the time interval over which the history of exposure is to be
considered—a critical issue for this analysis. ) ' _

For both approaches, working models considered were semiparametric linear models. The rationale for use of linear
models is presented in the Supplemental Material (online at http://www ehponline.org/members/2008/10497/suppl.pdf).
The deletion/substitution/addition (DSA) algorithm was used for all model selections required for the traditional approach
and the nuisance parameters in the HRMSM approach (Sinisi and van der Laan 2004). This is a data-adaptive model
selection procedure based on cross-validation that relies on deletion, substitution, and addition moves to search through a
large space of possible polynomial models. The criterion for model selection is based not on p-values but on a loss function
(empirical and cross-validated residual sum of squares). The DSA procedure is publicly available as an R package
(hitp:/iwww stat. berkeley edu/~laan/Software/). All 7,011 observations were provided to all DSA runs. The DSA assumes
that data are missing at random when searching for the best predictive linear mode! of the proportion of asthma-related
hospital discharges. ’ ' S
Traditional regression approach. The traditional approach to estimate the effect of A(f— 1) on Y{f) is to regress the
outcome, Y(f), on the exposure, A(t— 1), and all confounders. Potential confounders are: We—(f — 1) = [W(1),.... Wt - )]},
Y={t — 1), and A-(f— 1}. Under the assumption of no unaobserved confounders, this approach allows the investigation of the
effects of O, at each quarter, A(t— 1), on Y{#), conditional on the past confounders in the regression model. It is realistic to
assume that O, levels before quarter f[i.e., A—(t — 1)] do not affect the outcome in quarter £ thus, we did not consider them
as confounders. Simitarly, we did not consider past quarter discharges lie., Y=(t— 1)]. Among ali potential covariates W—(f
— 1), we only considered as potential confounders all same-quarter covariates W{f— 1) and only copoliutants and
meteorologic variables from the previous quarter and previous year included in W(t — 2) and W{t — 5). This aliowed us to
maximize control of possible long-term trends in other pollutants on the current quarter's outcome. Forty-seven remaining -
covariates were identified as potentiat confounders of the effect of O, at quarter { - 1 on the proportion of asthma-related
hospital discharges at quarter t. Among these 47 covariates, only 29 were considered in the analysis, based on their
univariate association with the proportion of asthma-related hospital discharges and O, levels [see Supplementai Material,
Tahle §1 (online at hitp:/iww.ehponline.org/members/2008/1 0497/suppl.pdf)]; this su%set of 29 potential confounders is -
denoted with W— X (f—1). ' :

We selected a pooled model for EY(DHIA(t — 1),We— X (¢ 1)] across time with the DSA [see Supplemenital Material (online
at http://www.ehponiine.org/members/2008/1 0497/suppl.pdf)]. The standard errors for the coefficients inthe selected model
were obtained with the generalized estimation equation procedure (semiparametric modeling with the independence
comelation siructure). _

This traditional approach does not answer directly our original question of interest: the population-level effect of A(f—1) on
Y(#); indeed, this method provides the estimate of the effect conditional on confounders W— X (f —1) which only
correspond with the population-level effect estimate of interest when confounders are not effect modifiers.

HRMSM. To obtain an estimate of the population-level, causal effect of O, on the proportion of asthma-related hospital
discharges, we applied an HRMSM (Neugebaueret al. 2007). HRMSMs have been developed to address situations where
only part of the exposure history is relevant [for details, see Supplemental Material (online at

http:/Avww ehponline.org/imembers/2008/10487/suppl. df)]. The exposure period considered is a single quarter as opposed
to the entire exposure history.
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.

We implemented two estimators of HRMSM causal parameters: the inverse probability of treatment weighted (IPTW) and
G-computation. Confidence intervais (Cls) and p-values for the two estimates were obtained with 10,000 bootstrap
iterations, where resampling was based on the 195 independent grids.

Results

Characteristics of the total poputation who resided in the study domain (Figure 1) over the 84 quarters (1980-2000) are
summarized in Table 1. For a summary of the characteristics of the population of asthma discharges from birth to 19 years
of age for quarters 2 and 3 for 1983-2000, see Supplemental Material, Table S4 (online at
hitp:/iwww.ehponiine.org/members/2008/10497/suppl. pdf).

O, concentrations declined steadily over the entire study period [Supplemental Material, Figure S8_a (online at

hitp:/imvww . ehponline.org/members/2008/10497/suppl.pdf)]. Median 1-hr maximum and 8-hr average median O3 for

quarters 2-3 declined across all grids (Figure 2). Median 1-hr maxima also declined in quarters 1 and 4 [Supplémental

Material, Table S5 {online at http:/mwww.ehponline.org/members/2008/10487/suppl.pdf)]. Substantial declines were seen
for the other pollutants as well [see Supplemental Material, Table S5, Figure S8_b (onfine at ‘
hitp:fiwww.ehponline.org/members/2008/10497/suppl.pdf)]. The distribution of the quarterly population was skewed toward
areas at the lower two-thirds of the quarterly O, distributions see Supplemental Material, Figure S9 (online at
http:/imvny.ehponline.org/members/2G08/1 049?!sunnl.pdf)]. During 1980-2000, 25.7% of the gridded, quarerly, average 1-
hr maximum O, concentrations exceeded the level of California’s daily 1-hr standard (30 ppb), and 8.2% exceeded the
federal daily 1-?1r standard of 0.12 ppm. For quarters 2 and 3 and years 1983 through 2000, 47.5% and 13.2% of the
quarteriy, average, 1-hr maximum O, concentrations exceeded the California and federal daily 1-hr standard, respectively
(California EPA 2008; U.S. EPA 2003).

The median 1-hr and 8-hr maximum average O, levels were highly correlated (r= 0.99) (Table 2). During 1980-2000, 0,
concentrations showed moderate correlation wi?h PM,  and iittle correfation with the other pollutants. O, and PM,; are
correlated on a quarterly averaging time, because wind-blown dust and resuspended road-dust emissions cause relatively
high PM,, levels during the dry season when O, levels also are high. : - :
In the conventional regression model, the identical model was selected when O, was forced into the madel or when the
DSA was free to chodse any variable (Table 3). Of the seven [of 29; see Supplemental Material, Table S1 (online at

http:/fiwww.ehponline.org/members/2008/10497/suppl.pdf)] other variables selected into the models, none was another

poliutant (Table 3) {see Supplemental Materiai for details of model selection {online at
http:/iwww.ehponline.org/members/2008/10497/suppl.pdf)]. Thus, it is unlikely that the association is confounded by ather
pollutants. In addition, time was not selected as a main effect or interaction variable—an observation indicating that the unit
effect of O; on the proportion of asthma-related discharges was constant over the study period, despite the decline in the
levels of O, and all other pollutants measured. The estimated effect of a 10-ppb increase in the quarterly average 1-hr
maximum O, was 1.4 discharges per 105 age-eligible population (95% ClI, 0.71-2.09 per 105 population). The final model
was used to predict the proportion of discharges at the median O3 concentration (87.7 ppb) over all grids and all quarters.
(3.12X 10-4). A 10-ppb increase above this level is estimated to lead to a 4.6% increase in the proportion of discharges
(3.26% 10-4). : .
To determine the extent to which time conttibuted to confounding; the DSA was run first only with time variables. When the
time variables selected by the DSA were forced into a model that also forced in Q,, into the same model, no other variables
were selected by the DSA. This indicates that the demographic variables included in the models in Table 3 were capturing
the overall temporal confounding related to population demographic and other unmeasured time-varying factors. This is
seen clearly in Figure 3.The model with only time variables shows a clear temporal trend in hospital discharges. In contrast,
the model with O, and demographic variables shows a nearly constant proportion of hospital discharges over the study
quarters. ‘ .

To provide population-fevel estimates of pollutant effects, we used G-computation and IPTW to fit an HRMSM. Treatment
models (models that relate cofounders to quarterly O, concentrations and include other confounding variables) on which
IPTW estimation relies [Supplemental Material (online at hitp:/www.ehponline.org/members/2008/10497/suppl.pdf)]
demonstrated that the experimental treatment assignment assumption was not tenable. We applied a diagnosiic tool to
assess the bias in the IPTW estimator due to the experimental treatment assignment (ETA) violation (Wang et al. 2006)
and showed a 76% bias in comparison to the G-computation estimate (Table 4). Therefore, we relied on the G-computation
estimator. The interpretation of the MGM parameter estimate is as follows: If, contrary to fact, the population experienced a

10-ppb increase in quarterly O,, then hospital admissions would increase by 1.4 X 10% age-eligible poputation at any given

quarter. This would represent the same effect estimated by the conventional regression analysis. In other words, the
results from the MSM and conventional analyses, in this particular analysis, give identical parameter estimates because
there are no interaction terms in the conventional model.

Discussion _

The most recent U.S. EPA synthesis of ambient O, health effects concludes that children with asthima suffer acute adverse
health consequences at current ambient levels of 5 (U.S. EPA 2006). Among these adverse outcomes, asthma-related
hospital discharges are based on some of the least consistent data (see Figure 7-9, U.S. EPA 20086). In some studies,
asthma discharges are not separated from other respiratory diseases of childhood (e.g., Bumett et al. 2001). Although
some of the inconsistency likely relates to differences in populations and pollutant mixtures, some of it also could relate to
the relatively short time periods (Atkinsonet al. 1999a, 1999b) and special circumstances (Friedmanet al. 2001) under
which the data were coliected and the inability to separate O, efiects from those of other poliutants (Tolbertet al. 2000) The
present ecologic study addresses these problems through evaluation of the relation between hospital discharges for
asthma for infants, children, and adolescents and changes in warm-season ambient O, concentrations in a large,
ethnically/racially diverse region of Southeri California over 18 years (1983-2000). This region has seen changing
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pollutant levels and population structure over both time and space during the study period. Of note is the decline in the
percentage of native-bom residents, from 40% in 1980 to 30% in 2000, and the decline in the percentage who listed their
primary racefethnicity as Caucasian, from approximately 80% in 1980 to approximately 60% in 2000 [see Supplemental
Material for additional details {online at hitp://www.ehponline.org/members/2008/10497/suppl.pdf]. _

QOur data indicate that, despite consistent and substantial declines in ambient warm-season O concentrations in the area
of study (Figure 3A), there has been a time-independent, constant effect of ambient levels of 83 on quarterly hospital
discharge rates for asthma. For example, we esfimate that the average effect of a 10-ppb mean increase in mean quarterly
1-hr maximum O over the 18-year median of 87.7 ppb was a 4.6% increase (point estimate) in quarterly hospital

discharges for asthma (increase from 3.12 to 3.26 X 104 age-eligible population) over a time peried in which the median
age-eligible population was approximately 4 million persons. Moreover, from a regulatory policy perspective, if the national
8-hr maximum were set at 75 ppb instead of 70 ppb (~ 6.6 ppb difference in the 1-hr max}, our resulis suggest that there
could be an excess of O,-season, asthma-related hospital admissions for children in the study area of approximately 3.0%
{point estimate) above what could be expected at a more protective standard. Further, our data indicate that the Q.-related
asthma discharges (the poliutant mixture remaining the same) would be affected by changes in demography that !i?(ely will
occur: and caution needs to be exercised in terms of extrapolation into the future.

Several features of our analysis strengthen the quantitative estimates and the apparent lack of time dependence of the O,
effect: '
First, we used a very fiexible, multiple cross-validation modet fitting algorithm in which the constraints on the model were as
follows: &) maximum model size of 10 variables; b) maximum power of any individual variable (includes time) of 3; and ca
maximum of two-way interactions between the 29 covariates considered, such that the sum of powers of each covariate in
the interaction term is = 3. Thus, the flexibility of the models allowed the description of complex associations between
changing demography, meteorologic conditions, and all temporal confounders for which time was a surrogate. A direct by-
product of this flexible model fitting is that the form of the O;—hospital discharge relation was free to take any polynomial
form over time. This approach is similar in flexibility to model fitting with spline functions. ‘

Second, the 24-hr concentrations of PM,,, NO,, and CO could enter the modei at equivaient leveis of complexity as O,
and any other covariate and in interaction with fime. Thus, we did not start with the a priori assumption that warm-season
05 would be the only or the most important component of the four pollutants for which we warm-season data. . o
Third, we ran our analysis 10 separate times, each time with a different split for cross validation. (equivalent to 50 spiits of
the data). All model runs selected O, and no other pollutant, and the identical model with covariates was selected 8 of 10
times (Table 3). . :
Fourth, we used an MSM approach to investigate the marginal (population-level) effects of O, on the outcome (Robins et
al. 2000). This approach approximates what would have been observed if we could have randomized all of the spatial units
at each time point to a quarterly mean O, concentration. The results of this analysis indicated that the conventional
statistical association model, in this particutar analysis, was equivalent to the G-computation estimates of the HRMSM. -
parameters—an observation that is not surprising, given that there were no interactions in the association model.
Therefore, under certain assumptions noted above, the O, parameter (Tabie 3) can be interpreted as a causal,
unconditional (i.e., not stratum specific) population-level e?fect estimate. In other words, if, contrary to fact, the median
quarterly average 1-hr maximum increased by 10 ppb in ali geographic units, the quarterly average hospital discharge rate
would be expected to increase by 1.4 discharges/1 0% age-eligible population. This causal interpretation relies on the
counterfactual framework embodied in HRMSMs (Neugebaueret al. 2007), particularly the assumption of no unmeasured
confounders. The fact that, in our analyses, the association between O, hospital discharges can be interpreted further as
the population-level effect estimate of O4 based on the G-computation estimator of an HRMSM relies on the critical
assumption that the conventional associational model selected with the DSA algorithm is correctly specified (particularly
the absence of interaction terms between O, and covariates), the assumption of correct model specification is embodied in
all analyses of observational data. The inference for this causal effect estimate was obtained by bootstrap (without
consideration of additional variability introduced by the model selection procedure as is the case with virtually all reports of
conventional analyses). We are exploring altemate causal estimators of causal parameters that do not rely on the ETA
assumption to validate the resulis presented in this paper to further verify the validity of the inference, and a preliminary
assessment of this latter analysis is supportive. The full results of this alternative analysis are the subject of a subsequent
paper.

Finally; the results demonstrate that the addition of O4 and demographic variables to our analyses removed ali of the time
frend in the hospital discharge data (Figure 3). Finally, although we included discharges with a primary diagnosis of
pneumonia or acute sinusitis, we do not think that this has biased our resutts. Our estimate of the median quarterly
discharge rate for asthma is at the lower end of such estimates for all or part of the age range that we included {National
Center for Health Statistics 2004). '

It is difficult to compare our results with other studies because we used a different ime reference—3-month intervais—in
contrast to a daily ime metric in most other studies (Burnettet al. 2001; Friedmanet al. 2001). The most important factor
that govemed the choice of the time metric related to the fact that, for practical purposes, 0O, is an outdoor pollutant whose
indoor concentrations are determined by household ventilation (open windows, use of air conditioners) (Gonzales et al.
2003). Because people of alt ages spend most of their days indoors (Wiley et al. 19914, 1991b), we reasoned that a 3-
month interval, based on typical pattems of O, concentrations to which people would be exposed during their times out of
doors, would provide a more stable population-level estimate than would be the case for shorter time intervals, such as
days or weeks. Several consequences stemmed from this choice. Because most studies of the health effects of short-term
exposures to O, indicate that O, impacts on health occur within a few days after exposures (Galanet al. 2003; Mortimer et
al. 2002), we di?i not feet that it was justified to lag population exposure by 3 months (i.e., one quarter). Therefore, we
related O, concentration in a given quarter fo hospital discharges in that quarter. On its face, this would appear to violate
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the requirement for preservation of temporal sequence. However, given that we used average hospital discharges at the
end of a quarter, this choice is valid. Furthermore, each of the 195 spatial units was assigned its spatially specific average
quarterly discharge rate and O, concentration, and the data were treated as a repeated-measures problem over the 36
quarters; we have accounted for differences in the mean exposure over space and time. In this regard, some daily time-
series studies may have violated the temporaiity assumption in that their designation of lag 0 often includes the day of
hospital admission. To be sure that longer-term trends for other pollutants did not confound our O, exposure estimates, we
considered previous quarter and previous year PM, 4, NO,, and CO.

The potential for spatial correiation to result in incorrect variance estimates for exposure outcome measures in time series
studies of health effects of air pollutants has been noted (Ramsay et al. 2003a, 2003b). Although we did not perform a
time-series analysis, we did address the issue of spatial correlation by not assuming that the data for each unit are
obtained from independent draws from a common distribution but rather from each of 195 distributions whose similarity can
be explained by close geographic proximity, conditional on the exposure regimen, and thus the independence assumption
is reasonable. -

Although we report the results as "O,-related effects," 0O, is likely to be the best marker (of the pollutants available for
analysis) for the gaseous oxidant species produced by the complex photochemistry that occurs in the SoCAB during the
warm months of the year and involves oxides of nitrogen and hydrocarbons, largely from mobile source emissions. O., is
the most abundant oxidant in the urban atmosphere; however, the mixture also includes peroxyacetylnitrate, hydrogen
peroxide, organic peroxides, and the hydroxyl, hydroperoxy, and many organic peroxy radicals (Atkinson 1997). Several
epidemiologic studies have shown that the oxidant properties of ambient air coniribute fo adverse health outcomes in
persons with and without asthma (Grievink et al. 1998; Romieu et al. 1998, 1988, 2002). For example, Romieu et al. (2002)
studied asthmatics in Mexico City and demonstrated that among the poliutant measurements for 80,, PM,,, NO,, and O,
04 was most closely associated with decrements in lung function in children and were reversed by antioxi&ant vitamin
supplementation. Relevant o our study, the effects were most marked in those with severe asthma-—the pool of subjects
out of which hospital admissions are most likely to occur. The findings in these studies have been supported by controlled
O, exposure studies in which subjects were placed on diets supplemented with antioxidant vitamins and vegetable oils
(Samet et al. 2001) and studies of airways reactivity after controlled O, exposure (Trenga et al. 2001).

In summary, we conducted exhaustive analyses to address many of the outstanding issues related to reported associations
"between 03 and use of hospital services for asthma. Although additional work is ongoing to buttress the causal
interpretation that we have given to our resuits, our data support and extend other observations that ambient O, (highly
oxidant, ambient, warm-season environments) causes increases in hospital admissions in children with asthma. Moreover,
the linearity of the relation that we observed indicates that these excess asthma hospital discharges can be expected to
continue at levels of air quality experienced in southern California.
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ABSTRACT

BACKGROUND -

Exposure to air poliution from traffic is associated with adverse cardiovascular events,
The mechanisms for this association are unknown. We conducted a controlled expo-
sure to dilute diesel exhaust in patients with stable coronary heart disease to determine
the direct effect of air pollution on myocardial, vascular, and fibrinolytic function.

METHODS - .

In 2 double-blind, randomized, crossover study, 20 men with prior myocardial infarc-
tion were exposed, in two separate sessions, to dilute diesel exhaust (300 ug per cubic
meter) or filtered air for 1 hour during periods of rest and moderate exercise in a con-
trolled-exposure facility. During the exposure, myocardial ischemia was quantified
by ST-segment analysis using continuous 12-lead electrocardiography. Six hours after
exposure, vasomotor and fibrinolytic function were assessed by means of intraarte-
rial agonist infusions.

RESULTS
During both exposure sessions, the heart rate increased with exercise (P<0.001); the
increase was similar during exposure to diesel exhaust and exposure to filtered air
{P=0.67). Exercise-induced $T-segment depression was present in all patients, but
there was a greater increase in the ischemic burden during exposure to diesel exhaust
{(—22+4 vs. —8+6 millivolt seconds, P<0.001). Exposure to diesel exhaust did not ag-
gravate preexisting vasomotor dysfunction, but it did reduce the acute release of en-
dothelial tissue plasminogen activator (P=0.009; 35% decrease in the area under the
curve),

CONCLUSIONS

Brief exposure to dilute diesel exhaust promotes myocardial ischemia and inhibits
endogenous fibrinolytic capacity in men with stable coronary heart disease. Qur find-
ings point to ischemic and thrombotic mechanisms that may explain in part the ob-

servation that exposure to combustion-derived air pollution is associated with adverse .

c._‘ardiovascular events. (ClinicalTrials.gov number, NCT00437138.)
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{(WHO) estimates that air pollution is re-
sponsible for 800,000 premature deaths

worldwide each year.? Short-term exposure to air

_pollution has been associated with increases in car-

diovascular morbidity and mortality, with deaths
due to ischemia, arrhythmia, and heart failure.?
In a large cohort study from the United States,
Miller et al. recently reported that long-term ex-
posure to air pollution increases the risk of death
from cardiovascular disease by 76%.* These asso-
ciations are strongest for fine particulate air pol-
lutants (particulate matter of less than 2.5 um in
zerodynamic diameter [PM, 1), of which the com-
bustion-derived nanoparticulate in diesel exhaust
is an important component.* Substantial improve-
ments in air quality have occurred in the developed
world over the past 50 years, yet the association
between PM, ; and mortality has no apparent
threshold and is evident below current air-quality
standards.’

Preclinical models of exposure to particulate air
pollution demonstrate accelerated atherosclerotic
plaque development® and increased in vitro? and
in vivo® platelet aggregation. Epidemiologic and
observational clinical studies suggest that expo-
sure to air pollution may worsen symptoms of
angina,? exacerbate exercise-induced myocardial
ischemia,®% and trigger acute myocardial infarc-
tion.*>* These clinical findings are limited by
imprecision in the measurement of pollution ex-
posure, the effect of potential confounding envi-
ronmental and social factors, and the lack of
mechanistic data.** Controlled exposures to air
pollutants can help address these shortcomings by
providing a precisely defined exposure in a regu-
lated environment that facilitates investigation
with validated biomarkers and surrogate measures
of cardiovascular health. Using a carefully charac-
terized exposuie system, we have previously shown
that exposure to dilute diesel exhaust in healthy
volunteers causes lung inflammation,** depletion
of airway antioxidant defenses,'¢ and impairment
of vascular and fibrinolytic function.*

To our knowledge, there have been no con-
trolled exposures in patients with coronary heart
disease, an important pepulation that may be par-
ticularly susceptible to the adverse cardiovascular
effects of air polfution. We assessed.the effect of
inhalation of dilute diesel exhaust on myocardial,
vascular, and fibrinolytic function in a population
of patients with stable coronary heart disease.

METHODS

SUBJECTS

Twenty men with stable coronary artery discase
participated in this study, which was performed
with the approval of the local research ethics com-
mittee, in accordance with the Declaration of Hel-
sinki, and with the written informed consent of
all participants.

All the men had proven coronary heart disease,
with a previous myocardial infarction (>6 months
before enrollment) treated by primary angioplasty
and stenting, and were receiving standard second-
ary preventive therapy. Men with angina pectoris
(Canadian Cardiovascular Society class 22), a his-
tory of arrhythmia, diabetes mellitus, uncontrolled
hypertension, or renal or hepatic failure, as well
as those with unstable coronary disease (acute
coronary syndrome or symptoms of instability -
3 months before enrollment), were excluded.
All eligible volunteers were invited to a prestudy
screening for exercise stress testing; subjects who

.were unable to achieve stage 2 of the Bruce pro-

tocol or who had marked changes on an electro-
cardiogram (left bundle-branch block, early ST-
segment depression >2 mm) and those in whom
hypotension developed were excluded. Current
smokers and men with asthma, substantial occu-
pational exposure to air pollution, or an intercut-
rent illness wexe also excluded from the study.

STUDY DESIGN E

Using a randomized, double-blind, crossover study.
design, we evaluated the subjects in two 8 a.m.
sessions at least 2 weeks apart. In each session,
the subjects were exposed to controlled amounts
of dilute diesel exhaust or filtered air. Each sub-
ject was exposed for 1 hour in an exposure cham-
ber, as previously described.'* During each expo-
sute, the subjects performed two 15-minute periods
of execrcise on a bicycle ergometer separated by
two 15-minute periods of rest. For each subject,
the ergometer workload was calibrated to achieve
a ventilation of 15 liters per minute per square
meter of body-surface area to ensure a simiiar ex-
posure on both occasions. The workload was con-
stant for both exposures and was equivalent to
stage 2 of the Bruce protocol (range, 110 to 150
watts; 5 to 7 metabolic equivalents). All subjects
were fitted with 12-lead Holter electrocardiograph-
ic monitors (Medical Lifecard 12 Digital Holter
Recorder, Del Mar Reynolds). In accordance with
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previous exposure studies in healthy volunteers,
vascular asséssments were made 6 to 8 hours af
ter exposure to diesel exhaust or filtered air.?

DIESEL-EXHAUST EXPOSURE
The diesel exhaust was generated from an idling
Volvo diesel engine (Volvo TD45, 4.5 liters, 4 cylin-
ders, 680 rpm) from low-sulfur gas-oil E10 (Preem),
as described previously.?® More than 90% of the
exhaust was shunted away, and the remainder di-
futed with filtered air heated to 20°C {relative hu-
midity approximately 50%) before being fed into a
whole-body exposure chamber (3.0 m by 3.0 m by
2.4 m) at 2 steady-state concenttation.

The chamber was monitored continuously for
pollutants, with exposures standardized with the
use of nitrogen oxide concentrations to deliver a
particulate matter concentration of 300 ug per
cubic meter (median particle diameter, 54 nm;
range, 20 to 120). There was little variation be-
tween exposures in the mean (FSE) number of
particles (1.26+0.01x10° particles per cubic centi-
meter) or in the concentrations of nitrogen oxide

' (4.450.02 ppm), nitrogen dioxide (1.01+0.01 ppm),

nitric oxide (3.45+0.03 ppm), carbon monoxide
(2.9£0.1 ppm), and total hydrocarbon (2.840.1
ppm). The predominant polyeyclic aromatic hydro-
carbons (approximately 90% of the total) were
phenanthrene, fluorene, 2-methylfluorene, diben-
zothiophene, and different methyl-substituted
phenanthrenes. Ouly 2 minor fraction of polycy-
clic aromatic hydrocarbons (3.5%) was associated
with particulate matter: 0.04% total particulate
matter and 0.06% particulate-matter organic frac-
tion. The concentration of particulate matter of
less than 10 pm in aerodynamic diameter (PM,)
in the exposure chamber exceeded the WHO air-

" quality standard of 50 ug per cubic meter by a

factor of 6, and the nitrogen dioxide concentra-
tion exceeded the WHO standard of 0.105 ppm by
a factor of 10,32

VASCULAR STUDY-

All subjects underwent brachial-artery cannulation
with a 27-standard wire-gauge steel needle. After
a 30-minute baseline saline infusion, subjects were
given infusions of acetylcholine at rates of 5, 10,
and 20 ug per minute (endothelium-dependent va-
sodilator, Clinalfa), bradykinin at rates of 100,
300, and 1000 pmol per minute {endothelium-
dependent vasodilator that releases tissue plasmin-
ogen activator [+-PA], Clinalfa), and sodium nitro-
prusside at rates of 2, 4, and 8 ug per minute

Table 1. Baseline Characteristics of the 20 Subjects with Coronary Heart

Disease.”
Charadteristic Vélue
Age (yr) 60x1
Smoking history (no. of subjects)
Nonsmoker 12
Former smoker &
Current smaker 0
Hypertension (no. of subjects) &
Height (cm) 17316
Weight (kg) 7943
Body-mass index 27x1
Time since index infarction (ho) 354
Coronary angiograpHic findings
No. of diseased vessels
1 13
p 6
3 1
Culprit lesion {no. of subjects)
Left anterior descending coronary artery 14
Circumflex coronary artery 4
Right corc;nary artery
Cholesterol (mg/dl) -
Total <1736
LL 100+8
HDL 4312
Triglycerides (mg/dl) 128+23
Fasting glucose {mg/dl} 102+6
Medications (no. of subjects)
Aspirin ’ 20
Statin 13
Beta-blocker 15
ACE inhibitor or angiotensin-receptor blockerf 4

* Plus-minus values are means +SE. The body-mass index is the weight in kilo-
grams divided by the square of the height in meters. LDL denotes low-density
lipoprotein, HDL high-density lipoprotein, and ACE angiotensin-converting
enzyme. To convert the values for cholesterol to millimoles per liter, multiply
by 0.02586. To convert the values for triglycerides to millimoles per liter, mul-
tiply by 0.01129. To convert the values for glucose to millimoles per liter, mul-

tiply by 0.05551.

* ACE inhibitor therapy was withdrawn 7 days before each vascular study. All
other regular medications were continued throughout the study.

{endothelium-independent vasodilator, David Bull
Laboratories); each infusion was given for 6 min-
utes. Infusions of the three vasodilators were
separated by 20-minute saline infusions and given
in a randomized order. Therapy with angioten-
sin-converting—enzyme inhibitors was withdrawn
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Table 2. Effect of Exercise on Heart Rate and ST Segment in the 20 Subjects
during Exposures to Filterad Air and Diesel Exhaust.*

Filtered Diesel
Characteristic Air Exhaust P Valuej
Exercise phase 1
Heart rate — bpm
Baseline 63:+2 612 0.24
Maximum 8743 8613 Q.67
Maximum ST-segment change (V)
tead Il —28+13 —56+10 0.03
Lead V, -28£10  —41£12 0.18
Lead V. —14+8 —33+9 0.04
Change in ischemic burden [mVsec)
Lead 1| =115 —23+4 0.004
Lead V, -13+5 -2116 0.04
Lead V, —413 1214 0.01
Exercise phase 2
Heart rate (bpm)
Baseline 6712 652 035
Maximum 91x3 . 87+3 012
Maximum ST-segment change {4V}
Lead II ~17+15 —49x12 0.006
Lead V, 1812 —41+13 0.04
Lead V, “756 2810 002
Change in ischemic burden {mVsec) ' ‘
Lead i -8s6  -22z4 0.0007
Lead V, —11+5 —20+£6 0.02
Lead V, —213 —12+5 0.006

* Plus—minus values are means +SE; mVsec denotes millivelt seconds.
T P values were calculated with Student's t-test. i

7 days before each vascular study, because it aug-
ments bradykinin-induced release of endothelial
t-PA.** All other medications were continued
throughout the study. '
Forearm blood flow was measured in both
arms by venous occlusion plethysmography with
the use of mercury-in-Silastic strain gauges, as
described previously.?® Heart rate and blood pres-

~ sure in the noninfused arm were monitored at in-

1078

tervals throughout each study while the subject
was in the supine position, with the use of a semi-
automated, noninvasive oscillometric sphygmoma-
nometer,

FIBRINGLYTIC AND INFLAMMATORY MARKERS
Blood (10 ml) was withdrawn into acidified buft-
ered citrate (Stabilyte tubes, Biopool International)

M ENGL) MED 357:11

for t-PA assays and into citrate (BD Vacutainer) for
plasminogen activator inhibitor type 1 (PAI-1) as-
says. Plasma +PA and PAT-1 antigen concentrations
were determined by means of enzyme-linked
immunosorbent assays {TintElize +PA, Biopool
EIA; Coaliza PAT-1; and Chromogenix AB). Serum
C-reactive protein concentrations were measured
with an immunonephelometric assay (BN 1I neph-
elometer, Dade Behring).

DATA ANALYSIS .
Electrocardiographic recordings were analyzed
with the use of the Medical Pathfinder Digital 700
Series Analysis System (Del Mar Reynolds). ST-seg-
ment deviation was calculated by comparing the
ST segment during each 15-minute exercise test
with the average ST segment for the 15-minute
period immediately before the start of the expo-
sure. The $T-segment amplitude was determined
at the J point plus 80 msec. The ischemic burden
during each exercise test was calculated as the
product of the change in $T-segment amplitude
and the duration of exercise. Leads II, V,, and V,
were selected a priori for §T-segment analysis to
reflect separate regions of myocardium. The max-
imum ST-segment depression and ischemic bur-
den were determined for these leads individually
and as a composite.

Plethysmographic data and net +PA release were
determined as described previously.2%2¢

STATISTICAL ANALYSIS

Continuous variables are reported as means *SE.
Analysis of variance with repeated measures and
a two-tailed Student’s ttest were performed as ap-
propriate with the use of GraphPad Prism software.
A two-sided P value of less than 0.05 was consid-
ered to indicate statistical significance,

RESULTS

Subjects were all middle-aged men with predom-
inantly single-vessel coronary artery disease (Ta-
ble 1). They reported no symptoms of angina and
had no major arrhythmias during exposure or in
the subsequent 24 hours.-

MYOCARDIAL ISCHEMIA

The heart rate increased with exercise during ex-
posures to diesel exhaust and filtered air (P<0.001
for both comparisons with the baseline rates; P=
0.67 for the comparison of rates during exposure
to diesel exhaust and during exposure to filtered
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air) (Table 2). Myocardial ischemia was detected-

during exercise in all subjects, with greater max-
imum $T-segment depression during exposure to
diesel exhaust than during exposure to filtered air
{Table 2 and Fig. 1A and 1B) (P<0.05). The ische-
mic burden induced by exercise was greater dur-
ing exposure to diesel exhaust (Fig. 1C).

VASOMOTOR FUNCTION

There were no significant differences in resting
heart rate, blood pressure, or baseline blood flow
in the noninfused forearm between or during the
two study visits. Although there was a dose-depen-

dent increase in blood flow with each vasodilator

(P<0.001 for all comparisons), neither endothelium-
dependent nor endothelinm-independent vasodi-
latation was affected by inhalation of diesel ex-
haust (Fig. 2). Comparison of these data with the
findings in a contemporary reference population
of healthy male volunteers (mean age, 53+4 years)
showed impaired vasodilatation in response to
acetylcholine (P=0.02) but not to sodium nitro-
prusside (Big. 2).

FIBRINOLYTIC AND INFLAMMATORY MARKERS

There were no significant differences in basal plas-
mna concentrations of &PA (10.5+1.0 and 9.5+1.0 ng
per milliliter, respectively) or its endogenous in-
hibitor, PAT-1 {18.8+3.0 and 17.0+2.0 ng per milli-
liter, respectively), 6 hours after exposure to either
diesel exhaust or filtered air. Likewise, leukocyte,
neutrophil, and platelet counts and serum C-reac-
tive protein concentrations were not altered at
6 or 24 hours by exposure to diesel exhaust or fil-
tered air. Bradykinin caused a dose-dependent in-
crease in plasma t-PA concentrations (data not
shown) and net t-PA release (Fig. 3) in the infused
arm {P<0.001 for both comparisons) that was sup-
pressed after exposure to diesel exhaust (P=0.009;
35% decrease in the area under the curve),

DISCUSSION

We have demonstrated that transient exposure to
dilute diesel exhaust, at concentrations occurring
in urban road traffic, exacerbates exercise-induced
myocardial ischemia and impairs endogenous fi-
brinclytic capacity in men with coronary heart dis-
ease. These findings provide a plausible explana-
tion for the epiderniologic observation that exposure
to air pollution is associated with adverse cardio-
vascular events.

N ENGLJ MED 357:11
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Figure 1. Myocardial ischemia during 15-Minute Intervals of Exercise-
Induced Stress and Exposure to Diesel Exhaust or Filtered Air in the 2¢
Subjects.

Panel A shows the average change in the heart rate and in the ST segment
in lead Il. Panel B shows the maximum ST-segment depression during in-
halation of diesel exhaust as compared with filtered air (P=0.003), and
Panel C shows the total ischemic burden during inhalation of diesel ex-
haust as compared with filtered air (P<0.001); the values in Panels B and C
are averages of the values in leads I, V,, and V. In all three panels, red in-
dicates exposure to diesel exhaust, and blue exposure to filtered air. T bars
denote standard errors, and mVsec millivolt seconds.

Concentrations of particulate matter can regu-
larly reach levels of 300 pg per cubic meter in
heavy traffic, in occupational settings, and in the
world’s largest cities.? A major proportion of this
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Figure 2, Forearm Blood Flow 6 to 8 Hours after Exposures to Diesel
Exhaust and Filtered Air.

Values for infused (solid lines) and noninfused (dashed lines) forearm
blood flow are shown for 17 subjects after exposure to diesel exhaust {red)
and after exposure to filtered air (blue), as well as for a reference popula-
tion of matched healthy controls (orange), during intrabrachial infusion of
acetylcholine or sodium nitroprusside. P<0.001 for dose response to both
drugs in the infused arm. Among the 17 subjects, P=0.54 for exposure to
diesel exhaust versus filtered air during infusion of acetylcholine, and
P=0.56 during infusion of sodium nitroprusside. For the comparison of the
subjects with healthy controls, P=0.02 during acetylcholine infusion, and
P=0.72 during sodium nitroprusside infusion.

mass is attributable to combustion-derived nano-
particles from traftic, ranging from 20% at remote
monitoring sites®? to 70% in a road tunnel.2* Ex-
posure to 300 ug of particulate matter per cubic
meter for 1 hour increases a person's average ex-
posure over a 24-hour period by only 12 ug per
cubic meter. Changes of this magnitude occur on
a daily basis, even in the least polluted cities, and
are associated with increases in the rate of death
from cardiorespiratory disorders.2® Our model is
therefore highly relevant, in terms of both the com-
position and the magnitude of exposure, to the
assessment of short-term health effects in men,

Given potential safety concerns, we recruited
patients who had stable and symptomatically well-
controlled coronary heart disease, with good exer-
cise tolerance on formal stress testing. The study
participants were closely monitored throughout
the exposure and reported no adverse effects. De-
spite similar changes in the heart rate doring ex-
posure to diesel exhaust and to filtered air, we
documented asymptomatic myocardial ischemia
that was increased by a factor of up to three after

1080 N ENGL j MED 357,11
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inhalation of diesel exhaust. This reproducible ef
fect was present despite extensive use of mainte-
nance beta-blocker therapy in patients without
limiting angina. Thus, we have established that
inhalation of diesel exhaust has an iminediate,
proischemic effect, and we believe this provides
an important mechanism for the observed in-
crease in myocardial infarction in the hour after
exposure to traffic.?

Small areas of denudation and thrombus de-
position are commeon findings on the surface of
atheromatous plaques and are usually subclinical.
Rosenberg and Aird have postulated that vascular-
bed-~specific defects in hemostasis exist and that
propagation of coronary thrombosis is critically
dependent on the local fibrinolytic balance.?s The
magnitude and rapidity of +-PA release from the
vascular endothelium regulate the generation of
plasmin and thus determine the eﬂficacy of endog—
enous fibrinolysis. '

We have previously reported impaired +PA re-
lease in healthy volunteers 6 hours after inhalation
of diesel exhaust, although this effect was not seen
2 hours after exposure.’” We have now confirmed
similar reductions in acute +PA release 6 hours
after inhalation of diesel exhaust in patients with
coronary heart disease. This delayed effect on
endogenous fibrinolysis cannot explain our find-
ings of immediate myocardial ischemia but is
consistent with the observations of Peters and
colleagues, who reported a second peak in the
incidence of myocardial infarction 5 to 6 hours
after exposure to traffic.!® Preclinical thrombotic
models also lend support to our findings. Nem-
mar and colleagues reported that in a hamster
model, instillation of diesel-exhaust particulate
into the lungs increases venous and arterial throm-
bus formation at sites of vascular injury.?” Taken
together, these findings indicate an important
thrombotic effect of diesel-exhaust inhkalation that
may promote coronary thrombosis.

Although we found important adverse effects of
diesel exhaust on vascular fibrinolytic function,-
we did not detect an effect on vasomotor func-
tion. However, vasomotor function was assessed
6 hours after exposure and 5 hours after we docu-
mented an increase in the ischemic burden., We
have previously demonstrated that exposure to
diesel exhaust impairs vasomotor function in
healthy volunteers.’” This effect was most marked
at 2 hours but was still present 6 hours after ex-
posure. Therefore, we cannot exclude the possibil-
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ity of a detrimental vasomotor effect in patients
at an earlier point in time. '

Patients with coronary heart disease are known
to have impaired endothelial function,*® and we
confirm the presence of endothelial dysfunction
in our patients. This may have hindered our abil-

- ity to demonstrate a further impairment of vas-

cular function after exposure t6 diesel exhaust.
In addition, we performed our assessments while
the subjects were taking medications that are
known to inflvence endothelial vasomotor func-
tion.? Furthermore, Brook and colleagues report
ed that air pollution does not have an effect on
endothelium-dependent vasodilatation.*

We have identified two distinct and potentially
synergistic adverse cardiovascular effects of air
pollution in patients with coronary heart disease.

These effects may contribute to the increased in-

cidence of myocardial infarction after exposure to
traffic. However, the precise mechanisms by which
diesel-exhaust inhalation induces these ischemic
and thrombotic effects have not been established
in our study and will need to be determined in
future work. '

Qur findings are consistent with epidemiologic
studies showing associations between ambient
particulate air pollution and increased myocardial
ischernia during formal exercise testing.*%'* Myo-
cardial ischemia occurs as a consequence of re-
duced myocardial oxygen supply, increased de-
mand, or both. We hypothesize that oxidative
‘stress and microvascular dysfunction in the re-
sistance vessels of the myocardium may, in part,
explain the adverse ischemic effects of exposure
to dilute diesel exhaust. In vitro studies, animal
models, and studies of exposures in humans have
clearly established the oxidant and preinflamma-
tory nature of combustion-derived particulate
matter.3® Indeed, the pattern of vascular dysfunc-
tion in our previous studies suggested that oxi-
dative stress and reduced nitric oxide availability
may play a role in mediating the adverse vascular
_ effects of diesel-exhaust inhalation.?”

Diesel exhaust is a complex mixture of gases
and particles, and from our findings, we cannot
rule out 2 nonparticulate cause of the adverse car-
diovascular effects. However, on the basis of epi-
demiologic studies,* particulate matter is thought
to be responsible for the majority of the adverse
health effects of air pollution.?® This view is sup-
ported by the recent pbservations of Miller and
colleagues, who found that cardiovascular out-
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Figure 3. Release of Tissue Plasminogen Activator
{t-PA) Antigen 6 to 8 Hours after Exposures to Diesel
Exhaust and Filtered Air in 17 Subjects.

As compared with filtered air (blue), inhalation of die-
sel exhaust {red) reduced the net release of t-PA anti-

gen {calculated as the product of farearm plasma flow
and the difference in t-PA concentratlons betweer the

two arms) by 35% (P=0.009).

comes were strongly associated with long-term
exposure to particulate matter but not with gas-
eous pollutants.® Ambient nitrogen dioxide can be

considered a surrogate for pollution from traffic,

but it has little adverse effect in controlled-cham-
ber studies, even at the exposure levels in our
study.3* We therefore suggest that the cardiovas-
cular effects described here are mediated primar-
ily by the particulates in diesel exhaust and not

by its other components. This argues for the use

of diesel-exhaust particle traps to limit the adverse
health effects of traffic emissions. However, the
causative role of particulates must first be defini-
tively established, and the efficacy of particle traps
confirmed. '

Brief exposure to dilute diesel exhaust increas-
es myocardial ischemia and impairs endogenous
fibrinolytic capacity in men with stable coronary
heart disease. Our findings suggest mechanisms
for the observation that exposure to combustion-
derived air pollution is associated with adverse
cardiovascular events, including acute myocar-
dial infarction. Environmental health policy inter-
ventions targeting reductions in urban air pollu-
tion should be considered in order to decrease the
risk of adverse cardiovascular events.
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Conciusions The results of this study indi;:ate that cument levels of air poliution have chronic, adverse effects on lung development in children
from the age of 10 to 18 years, leading to clinically significant deficits in attained FEV, as children reach aduithood.

There is mounting evidence that air pollution has chronic, adverse effects on pulmonary development in children. Longitudinal studies conducted in Europelgé
and the United States*=9 have demonstrated that exposure to air poflution is associated with reductions in the growth of Iung fumction, strengthening earlier
evidence?®%1%:11:12 haged on cross-seciional data. However, previous Jongitudinal studies have followed young children for relatively short periods (two io
four years), leaving unresolved the question of whether the effects of air pollution persist from adolescence into adulthood. The Children's Health Studyl?
enrolled children from 12 southern California communities representing a wide range of exposures to ambient air pollution. We documented the children's
respiratory growth from the ages of 10 to 18 years. Over this eight-year period, children have substantial increases in lung function. By the age of 18 years,
girls’ lungs have nearly matured, and the growth in lung function in boys has slowed considerably, as compared with the rate in earlier adolescence.X* We
analyzed the association between long-term exposure to ambient air pollution and the growth in lung function over the eight-year period from the ages of 10 to
18 years. We also examined whether any observed effect of air pollution on this eight-year growth period results in clinically significant deficits in attained
lung function at the age of 18 years.

Methods
Study Subjecis

In 1993, the Children's Health Study recruited 1759 fourth-grade children (average age, 10 years) from elementary schools in 12 southern California
communities as part of an investigation of the long-term effects of air pollution on children's respiratory health. %112 Data on pulmonary function were
obtained by trained field technicians, who traveled to study schools annually from the spring of 1993 through the spring of 2001 to perform maximal-effort
spirometric testing of the children. Details of the testing protocol have been published previously.12 We analyzed three measures of pulmonary function: forced

-
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vital capacity (FVC), forced expiratory volume in the first second (FEV,}, and maximal midexpiratory flow rate (MMEF). Pulmonary-function tests were not

performed on any child who was absent from school on the day of testing, but such a child was still eligible for testing in subsequent years. Children who
moved away from their recruitment community were classified as lost to follow-up and were not tested further. From the initial sample of the 1759 children in
1993, the number of children available for follow-up was 1414 in 1995, 1252 in 1997, 1031 in 1999, and 747 in 2001, reflecting the aitrition of approximately
10 percent of subjects per year.

A baseline questionnaire, completed at study enfry by each child's parents or legal guardian, was used to obtain information on the children's characteristics,
including race, presence or absence of Hispanic ethnic background, level of parental education, presence or absence of a history of asthma diagnosed by a
doctor, exposure to maternal smoking in utero, and household exposure to gas stoves, pets, and environmental tobacco smoke. Questions administered at the
time of annual pulmonary-fimction testing were used to update information on asthma status, personal smoking status, and exposure fo environmental tobacco
smoke. The distribution of baseline characteristics of all study subjects and of two subgroups defined according to the length of follow-up (all eight years or
less than eight years) is shown in the Supplementary Appendix (available with the full text of this article at www.nejm.org). The length of follow-up was
significantly associated with factors related to the mobility of the population, including race, presence or absence of Hispanic ethnic background, presence or
absence of exposure to environmental tobaceo smoke, and parents' level of education. However, the length of follow-up was not significantly associated with
baseline Iung function or the level of exposure to air pollution, suggesting that the loss to follow-up did not differ with respect to the primary variables of
interest.

The study protocol was approved by the institutional review board for human studies at the University of Southern California, and written informed consent
was provided by a parent or legal guardian for all study subjects. We did not obtain assent from minor children, since this was not standard practice when the
study was initiated.

Air-Pollution Data

Air-pollution—monitoring stations were established in each of the 12 study communities and provided continuous data, beginning in 1994. Each station
measured average hourly levels of ozone, nitrogen dioxide, and particulate matter with an aerodynamic diameter of less than 16 pm (PM;,). Stations also

collected two-week integrated-filter samples for measuring acid vapor and the mass and chemical makeup of particuiate matter with an acrodynamic diameter
of less than 2.5 um (PM,, ). Acid vapor included both inorganic acids (nitric and hydrochloric) and organic acids (formic and acetic). For statistical analysis,

we used total acid, computed as the sum of nitric, formic, and acetic acid levels. Hydrochloric acid was excluded from this sum, since levels were very low and
close to the limit of detection. In addition to measuring PM, 5, we determined the levels of elemental carbon and organic carbon, using method 5040 of the

National Institute for Occupational Safety and Health.!* We computed annual averages on the basis of average levels in a 24-hour period in the case of PM,,
and nitrogen dioxide, and a two-week period in the case of PM, , elemental carbon, organic carbon, and acid vapor. For ozone, we computed the annual

average of the levels obtained from 10 a.m. to 6 p.m. (the eight-hour daytime average) and of the one-hour maximal levels. We also calculated long-term mean
pollutant levels (from 1994 through 2000) for use in the statistical analysis of the lung-function outcomes.

Statistical Analysis

The outcome data consisted of the results of 5454 pulmonary-function tests of 876 girls and 5300 tests of 883 boys over the cight-year period. We adopted a
two-stage regression approach to relate the longitudinal pulmonary-function data for each child to the average air-pollution levels in each study community.

The first-stage model was a regression of each pulmonary-function measure (values were log-transformed) on age to obtain separate, community-specific
average growth curves for girls and boys. To account for the growth pattern during this period, we used a linear spline model!4 that consisted of four straight
lines over the age intervals of younger than 12 years, 12 to 14 years, 14 to 16 years, and older than 16 years, constrained to be connccted at the three "knot”
points. The model included adjustments for log values for height; body-mass index (the weight in kilograms divided by the square of the height in meters); the
square of the body-mass index; race; the presence or absence of Hispanic ethnic background, doctor-diagnosed asthma, any tobacco smoking by the child in the
preceding year, exposure to environmental tobacco smoke, and exercise or respiratory tract illness on the day of the test; and indicator variables for the field
technician and the spirometer. In addition to these covariates, random effects were included to account for the multiple measurements contributed by each
subject. An analysis of residual values confirmed that the assumptions of the model had been satisfied. The first-stage model was used to estimate the mean and
variance of the growth in lung fimciion over the eight-year period in each of the 12 communities, separately for girls and boys.

The second-stage model was a lizear regression of the 24 sex- and community-specific estimates of the growth in fung function over the eight-year period on
the corresponding average levels of each air pollutant in each community. Inverses of the first-stage variances were ineorporated as weights, and a community-
specific random effect was included to account for residual variation between communities. A sex-by-poliutant interaction was included in the model to
evaluate whether there was a difference in the effect of a given pollutant between the sexes, and when this value was nonsignificant, the model was refitted to
estimate the sex-averaged effect of the pollutant, Pollutant effects are reported as the difference in the growth in lung function over the eight-year period from
the least to the most polluted community, with negative differences indicative of growth deficits with increasing exposure. We also considered two-pollutant
models obtained by simultaneously regressing the growth in lung function over the eight-year period on pairs of pollutants.

Tn addition to examining the growth in lung fanction over the eight-year period, we analyzed the FEV, measurements obtained in 746 subjects during the last
vear of follow-up (average age, 17.9 years) to determine whether exposure Lo air pollution was assoeiated with clinically significant deficits in attained FEV,.
We defined a low FEV as an atfained FEV | below 80 percent of the predicted value, a criterion commonly used in clinical settings to identify persons who are
at increased risk for adverse respiratory conditions. To determine the predicted FEV, we first fitted a regression model for observed FEV/ (using log-
transformed values) with the following predictors: log-transformed height, body-mass index, the square of the body-mass index, sex, race or ethnic group,
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asthma status, field technician, and interactions between sex and log-transformed beight, sex and asthma, and sex and race or ethnic group. This model
explained 71 percent of the variance in the attained FEV level. For each subject, we then computed the predicted FEV, from the model and considered

subjects to have a low FEV if the ratio of observed to predicted FEV | was less than 80 percent. Linear regression was then used to examine the correlation
between the community-specific proportion of subjects with a low FEV, and the average level of each pollutant from 1994 through 2000. This mode] included

a community-specific random effect to account for residual variation. Regression procedures in SAS softwarel® were used to fit all models. Associations
denoted as statistically significant were those that yielded a P value of less than 0.05, assuming a two-sided alternative hypothesis. '

Results

From 1994 through 2000, there was substarnitial variation in the average levels of study pollutants across the 12 communities, with relatively little year-to-year
variation in the annual levels within each community (Figure_1). From 1994 through 2000, the average levels of ozone were not significantly correlated across
communities with any other study pollutant (Table 1). However, correlations between other pairs of poliutants were all significant, ranging from an R of 0.64
{P<0.05} for nitrogen dioxide and organic carbon, to an R of 0.97 (P<0.001) for PM, ; and organic carbon. Thus, nitrogen dioxide, acid vapor, and the

particulate-matter poliutants can be regarded as a correlated "package” of poliutants with a similar pattern relative to each other acfoss the 12 communities.

Figure 1. Mean (+SD) Annual Average Levels of Pollutants from 1994 through 2000 in the 12 Study Commuaities in Southern

Ei‘iiiﬁnﬁlﬂ légrhhéii%ﬁ California.
Fua i Siedllid | AL denotes Alpine, AT Atascadero, LE Lake Elsinore, LA Lake Arrowhead, LN Lancaster, LM Lompoc, LB Long Beach, ML
- H . ! Mira Loma, RV Riverside, SD San Dimas, SM Santa Maria, and UF Upland. O, denotes ozone, NO,, nitrogen dioxide, and PM,,,
' Efjﬁgi_ﬁ-.e, I ;:l;ii ZLE and PM, ; particulate matter with an aerodynamic diameter of less than 10 pm and less than 2.5 um, respectively.
Yiew larger version
(29K):
fin this window] .
{in a new window}

View this table: Table 1. Correlation of Mean Air-Pollution Levels from 1994 through 2000 across the 12 Study Communities.
[in this window]
[in a new window]

Among the girls, the average FEV increased from 1938 ml at the age of 10 years to 3332 ml at the age of 18 years, yielding en average growth in FEV| of
1344 ml over the eight-year period (Table 2). The corresponding averages in boys were 2082 ml and 4464 ml, yielding an average growth in FEV, of 2382 ml
over the eight-year period. Similar patterns of growth over the eight-year period were observed for FVC and MMEF (Table 2).

View this table: Table 2. Mean Levels of Growth in Pulmonary Function during the Eight-Year Study Period, from 1993 to 2001.
[in this window]
[in a new window]

Although the average growth in FEV, was larger in boys than in girls, the correlations of growth with air pollution did not differ significantly between the

sexes, as shown for nitrogen dioxide in Figure 2. The sex-averaged analysis, depicted by the regression line in Figure 2, demonstrated a significant negative
correlation between the growth in FEV, over the eight-year period and the average nitrogen dioxide level (P=0.005). The estimated difference in the average

growth in FEV over the eight-year period from the community with the lowest nitrogen dioxide level to the community with the highest nifrogen dioxide level,
represented by the slope of the plotted regression tine in Figure 2, was ~101.4 mL

Figure 2. Community-Specific Average Growth in FEV, among Girls and Boys During the Eight-Year Period from 1993 to 2001
Plotted against Average Nitrogen Dioxide (NO,) Levels from 1994 through 2000.

View larger version
(7K):

fin 2 new window]

Estimated differences in the growth of FEV,, FVC, and MMEF during the eight-year period with respect fo all pollutants are summarized in Table 3. Deficits in
the growth of FEV | and FVC were observed for all polhutants, and deficits in the growth of MMEF were observed for all but ozone, with several combinations
of outcome variables and polfutants attaining statistical significance. Specifically, for FEV, we observed significant negative corfelations between the growth in
this variable over the eight-year period and exposure to acid vapor (P=0.004), PM,, 5 (P=0.04), and elemental carbon (P=0.007), in addition to the above-
mentioned correlation with nitrogen dioxide. As with FEV , the effects of the various poliutants on FVC and MMEF did not differ significantly between boys
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and girls. Significant deficits in FVC were associated with exposure to nitrogen dioxide (P=0.05) and acid vapor (P=0.03), whereas deficits in MMEF were
associated with exposure to nitrogen dioxide (P=0.02) and elemental carbon (P=0.04). There was no significant evidence that ozone, either the average value
obtained from 10 a.m. to 6 p.m. or the one-hour maximal level, was associated with any measure of Iung funcfion. In two-pollutant models for any of the
measures of pulmonary function, adjustment for ozone did not substantially alter the effect estimates or significance levels of any other pollutant (data not
shown). In general, two-pollutant models for any pair of pollutants did not provide a significantly better fit to the data than the corresponding single-pollutant
models; this was not surprising, given the strong correlation between most pollutants,

View this table: Table 3. Difference in Average Growth in Lung Function over the Eight-Year Study Period from the Least to the Most Polluted
fin this window] Community.
{in a new window]

The association between pollution and the growth in FEV | over the eight-year period remained significant in a varicty of sensitivity analyses (Table 4). For
example, estimates of the efiizct of acid vapor and elemental carbon (model 1 in Table 4) changed little with adjustment for in-utero exposure to maternal

smoking (model 2), presence in the home of a gas stove (modet 3) or pets (model 4), or parental level of education {model 5). To account for possible
confounding by short-term effects of air pollution, we fitted a model that adjusted for the average ozone, nitrogen dioxide, and PM,, levels on the three days
before each child's pulmonary-function test. This adjustment also had little effect on the estimates of the long-term effects of air pollution (model 6). Table 4
also shows that the effects of pollutants remained large and significant in the subgroups of children with no history of asthma (model 7) and those with no
history of smoking (model 8). The effects of pollutanis were not significant among the 457 children who had a history of asthma or among the 483 children
who had ever smoked (data not shown), although the sample sizes in these subgroups were small. Model 9 demonstrates that the extremes in pollutant levels
did not drive the observed associations; in other words, we found similar effect estimates after eliminating the two communities with the highest and lowest
levels of each pollutant, Finally, model 10 shows the effects of pollutants in the subgroup of subjects who underwent pulmonary-function testing in both 1993
and 2001 (i.e., subjects who participated in both the first and last year of the study). The magnitudes of effects in this subgroup were similar to those in the
entire sample (model 1), suggesting that observed effects of pollutants in the entire sample cannot be attributed to biased losses to follow-up across
communities. These sensitivity analyses were also applied to the other pollutants and to FVC and MMEF, with similar results.

View this table: Table 4. Sensitivity Analysis of the Effects of Acid Vapor and Elemental Carbon on Growth in FEV, over the Eight-Year Study Period.
[in_this window]

{in a new window]

Pollution-related deficits in the average growth in lung function over the eight-year period resulted in clinically important deficits in attained lung function at
the age of 18 years (Figure 3). Across the 12 communities, a clinically low FEV | was positively correlated with the level of exposure to nitrogen dioxide

(P=0.005), acid vapor (P=0.01}, PM, fPﬁ0.0Z), PM, 5 (P=0.002}), and elemental carbon (P=0.006). For example, the estimated proportion of children with a
low FEV, {represented by the regression line in Figure 3) was 1.6 percent at the lowest level of exposure to PM, ; and was 4.9 times as great (7.9 percent) at
the highest level of exposure to PM, ; (P=+0.002). Similar associations between these pollutants and a low FEV, were observed in the subgroup of children with
ne history of asthma and the subgroup with no history of smoking (data not shown). A low FEV | was not significantly correlated with exposure to ozone in any

group.

Figure 3. Community-Specific Proportion of 18-Year-Olds with a FEV, below 80 Percent of the Predicted Value Ploited against the
Average Levels of Pollutants from 1994 through 2000.

The correlation coefficient (R} and P value are shown for each comparison. AL denotes Alpine, AT Atascadero, LE Lake Elsinore,
LA Lake Arrowhead, LN Lancaster, LM Lompoc, LB Long Beach, ML Mira Loma, RV Riverside, SD San Dimas, SM Santa
Maria, and UP Upland. O, denotes ozone, NO., nitrogen dioxide, and PM, , and PM, 5 particulate matter with an aerodynamlc

diameter of less than 10 pm and less than 2.5 pun, respectively.

View larger version
(22K}
[}1 this window]

Discussion

The results of this study provide robust evidence that hing development, as measured by the growth in FVC, FEV ), and MMEF from the ages of 10 to 18 years,
is reduced in children exposed to higher levels of ambient air pollution. The strongest associations were observed between FEV, and & correlated st of
pollutants, specifically nitrogen dioxide, acid vapor, and elemental carbon. The effects of these pofiutants on FEV'; were similar in boys and girls and remained

significant among children with no history of asthma and among those with no history of smoking, suggesting that most children are susceptible to the chronic
respiratory effects of breathing polluted air. The magnitude of the observed effects of air pollution on the growth in lung function during this age interval was
similar to those that have been reported for exposure to maternal smokinglZ-18 and smaller than those reported for the effects of personal smoking, 1712

Cumulative deficits in the growth in lung function during the eight-year study period resulted in a strong association between exposure to air pollution and a
. clinically low FEV, at the age of 18 years, In general, lung development is essentially complete in girls by the age of 18 years, whereas in boys it continues into

their early 20s, but at a much reduced rate. It is therefore unlikely that clinically significant deficits in iung function at the age of 18 years will be reversed in

http://content.nejm.org/cgi/content/full/351/11/1057 3/30/2009
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either girls or boys as they complete the transition into aduithood. Deficits in lung function during young adulthood may increase the risk of respiratory
conditions — for example, episodic wheezing that oceurs during a viral infection.2® However, the greatest effect of pollution-related deficits may oceur later in
life, since reduced lung function is a strong risk factor for complications and death during adulthood 2122-22.24.25,26.27

Deficits in lung function were associated with a correlated set of pollutants that inciuded nitrogen dioxide, acid vapor, fine-particulate matter (PM, 5), and

elemental carbon. In southern California, the primary source of these pollutants is motor vehicles, either through direct tailpipe emissions or downwind physical
and photochemical reactions of vehicular emissions. Both gasoline- and diesel-powered engines contribute to the tons of polutants exhansted into southern
California's air every day, with diesel vehicles responsible for disproportionate amounts of nitrogen dioxide, PM, 5, and elemental carbon. In the current study,

however, we could not discern the independent effects of pollutants because they came from common sources and there was a high degree of intercorrelation
among them; similar difficulties have also been encountered in other studies of lung function and air-pollutant mixtures.*22:28.22.30 gince ozone is also formed
during photochemical reactions involving fuel-combustion producits, one might expect ozone to be correlated with the other study pollutants and therefore to
show similar associations with lung function. However, the Children's Health Study was specifically designed to minimize the correlation of ozone with other
pollutants across the 12 study communities. Thus, although ozone has been convineingly livked to acute health effects in many other studies, 1! our results
provide little evidence that ambient ozone at current levels is associated with chronic deficits in the growth of lung function in children. Only a few other
studies have addressed the long-term effects of ozone on lung development in children, and resulis have tieen inconsistent.2! Although we found little evidence
of an effect of ozone, this result needs te be interpreted with caution given the potential for substantial misclassification of exposure to ozone. 232

The mechanism whereby exposure to pollutants could lead to reduced lung development is unknown, but there are many possibilities. Our observation of
associations between air pollution and all three measures of lung function — FVC, FEV, and MMEF — suggests that more than one process is involved. FVC

is largely a function of the number and size of atveoli, with differences in volume primarily attributable to differences in the number of alveoli, since their size
is relatively constant.3 However, since the postnatal increase in the number of alveoli is complete by the age of 10 years, pollution-related deficits in the
growth of FVC and FEV, during adolescence may, in part, reflect 2 reduction in the growth of alveoli. Another plausible mechanism of the effect of air

pollution on lung development is airway inflammation, such as occurs in bronchiolitis; such changes have been observed in the airways of smokers and of
subjects who lived in polluted environments. 2338

A strength of our study was the long-term, prospective follow-up of a large cohort, with exposure and outcome data collected in a consistent marmer throughout
the study period. As in any epidemiologic study, however, the observed effects could be biased by underlying associations of the exposure and outcome to
some confounding variables. We adjusted for known potential confounders, including personal characteristics and other sources of exposure to pollutants, but
the possibility of confounding by other factors still exists. Over the eight-year follow-up period, approximately 10 percent of study subjects were lost to follow-
up each year. Attrition is a potential source of bias in a cohort study if loss to follow-up is related to both exposure and outcome. However, we did not see
evidence that the loss of subjects was related to either baseline lung function or exposure to air pollution. In addition, we cbserved significant associations
between air pollution and lung growth in the subgroup of children who were followed for the full eight years of the study, with effects that were similar in
magnitude to those in the group as a whole, thus making loss of subjects an unlikely source of bias.

We have shown that exposure to ambient air pollution is correlated with significant deficits in respiratory growth over an eight-year peried, Ieading to clinjcally
important deficits in lung function at the age of 18 years. The specific poliutants that were associated with these deficits included nitrogen dioxide, acid vapor,
PM,, 5, and elemental carbon, These pollutants are products of primary fuel combustion, and since they are present at similar levels in many other areas 3128 we

believe that our results can be generalized fo children living outside southern California. Given the magnitude of the observed effects and the importance of

“lung function as a determinant of morbldlty and mortality during adulthood, continued emphasis on the identification of strategies for reducing levels of urban

air pollutants is warranted.
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Association between Air Pollution and Lung Function
Growth in Southern California Children

Results from a Second Cohort

W. James Gauderman, G. Frank Gilliland, Hita Vora, Edward Avol, Daniel Stram, Rob McConnell, Duncan Thomas,
Fred Lurmann, Helene G. Margolis, Edward B. Rappapori, Kiros Berhane, and John M. Peters

Department of Preventive Medicine, University of Southern California, Los Angeles; Sonoma Technology Inc., Petaluma; and

California Environmental Protection Agency, Sacramento, California

A cohort of 1,678 Southern California children, enrolled as fourth
graders in 1996, was followed for 4 years to determine whether
the growth in lung function of the children was associated with
their exposure to ambient air poliutants. These subjects comprised
the second cohort of fourth grade children participating in the
Children’s Health Study. Significant deficits in lung function growth
rate were associated with exposure to adid vapor, NO,, partides
‘with aerodynamic diameter less than 2.5 pm (PM;5), and elemen-
tal carbon. For example, the average annual growth rates of maxi-
mal midexpiratory flow and forced expiratory volume in 1 second
were reduced by approximately 11% (p = 0.005) and 5% (p =
0.03), respectively, across the observed range of acld exposure.
Exposure to acid vapor was also associated with reductions in the
ratio of maximal midexpiratory flow to forced vital capacity (p =
0.02), whereas exposure to ozone was correlated with reduced
growth in peak flow rate (p = 0.006). Larger defidits in lung func-
tion growth rate were observed in children who reported spend-
ing more time outdoors. These findings provide important replica-
tion of our previous findings of an effect of air pollution on lung
function growth that were based on the first fourth-grade cohort
from the Children's Health Study (Am J Respir Crit Care Med
2000;162:1383-1390).

Keywords: lung function growth; children; air pollution

In a recent report, we described an association in children be-
tween long-term exposure to outdoor air pollutants and re-
ductions in the growth of lung function (1). The data were ob-
tained from the Children’s Health Study (CHS), a 10-year
investigation of children’s respiratory health in 12 Southern
California communities. On the basis of data on 1,498 children
who entered the CHS as fourth graders in 1993 and who were
followed for 4 years until 1997 (Cohort 1), we found a nearly
10% reduction in the growth rate per year of FEV,; and maxi-
mal midexpiratory flow (MMEF) in the most polluted com-
munities compared with that in the least polluted communi-
ties. The pollutants linked to these reductions were particles
with aerodynamic diameter less than 10 pm (PM;o), PM,5,
NO,, and inorganic acid vapor. We were unable fo disentangle
the independent effects of these pollutants due to their high
degree of correlation across comimunities. No significant asso-
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ciations were observed between lung function growth and
ozone. Two other studies, one conducied in Austria (2) and
the other in Poland (3), have also reported associations be-
tween ambient air poflutants and lung function growth in chil-
dren. Collectively, these studies strengthen earlier evidence
(4-7) that long-term exposure to air pollution can produce
chronic health effects. _

The design of the CHS has provided us the opportunity to
attempt replication of our earlier findings. In 1996, we enrolled
a second cohort of 2,081 fourth grade children (Cohort 2) from
the same 12 study commmunities. Data collection protocols
were the same as those used for Cohort 1. This report focuses
on the relationship between air pollution and lung function de-
velopment of the children in Cohort 2 over the 4-year period
from 1996 to 2000. Side-by-side comparisons of pollutant-
effect estimates from Cohorts 1 and 2 wilt also be provided.

METHODS
Study Subjects

Details of the CHS commumity selection, subject recruitment, and
study design have been published previously (7, 8). Cohort 2 consisted
of 2,081 fourth grade children (average age, 9.9 years) enrolled in
1956 from 12 Southern California communities. Baseline information
for each child, including medical history and housing characteristics,
was obtained via questionnaires filled out by a parent or guardian. In
the spring of 1996, and every spring thereaffer, a team of CHS field
technicians traveled to study schools to measure participants’ lung
function. A rolling-seal spirometer (Spiroflow; P.K. Morgan Ltd., Gilling-
ham, UK) was used to obtain up to seven maximal forced expiratory
maneuvers on each child. A more detailed description of the pulmo-
nary function testing protocol has been reported previously (7). A to-
tal of 1,678 children had at least two pulmonary function tests (PFT)
from 1996 to 2000 and had complete data on all adjustment variables
(described below). Qutcome measures analyzed in this report include
FVC, FEV|, MMEF (also known as FEF,s 7sy), the Tatio MMEF/
FVC, and peak expiratory flow rate (PEFR). The study protocol was
approved by the institutional review board for human studies at the
University of Southern California, and consent was provided by par-
ents for all study subjects.

Air Pollution Data

Air pollution monitoring stations were in place in each of the 12 study
communities for the duration of subject follow-up, and pollution lev-
els were monitored continuously throughout each study year. Stations
measured hourly concentrations of ozone (Qs), PMyg, and NO, and
obtained filter-based 2-week integrated samples for measuring PM, 5
and acid vapor. The latter included both inorganic (nitric, hydrochlo-
ric) and organic (formic, acetic) acids. For statistical analysis, we cre-
ated an acid vapor metric as the sum of nitric, formic, and acetic acid
concentrations. Hydrochloric acid was excluded from this sum be-
caus¢ the concentrations over a 2-week period were very low and
close to the detection Limit. In addition to measuring PM, 5 mass, we
determined concentrations of elemental carbon (EC) and organic car-
bon (OC) using the NIOSH 5040 method (9). The PM, 5 filter was also

analyzed for concentrations of nifrate, sulfate, and ammonium, but
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these levels were so highly correlated with PM, s mass across commu-
nities that we chose not to include them in this report. We computed
the annual average of the 24-hour (O3, PMyg, NO,) or Z-week (PM,5,
EC, OC, acid) average concentrations. For O, we also computed the
annual average of the 10:00 a.m. to 6:00 r.m. average. Analogous hour-
specific averages for PM;q and NO, were not used, as they were highly
correlated with their corresponding 24-hour averages. We computed
the mean over 4 years (1996-1999) of the annual average concentra-
tions in each community and used these in the statistical analysis of
lung function growth.

Statistical Analysis

To investigate the relationship between lung function growth and air
pollution, we applied the same analylic approach as that previously
applied to Cohort 1 (1). The data consisted of 7,106 PFT obtained
over the 4-year period on 1,678 study subjects. We used a 3-level re-
gression modeling approach to investigate variation in king function
growth across the 12 communities in relation to variation in average
air quality, with adjustment for individual and time-varying covari-
ates. Details of each regression model are given below.

The first model was a linear regression of 7,106 log-transformed
Iung function measures on age, to estimate each subject’s intercept and
growth slope. This model included adjustment for time-varying covari-
ates, including height, body mass index, subject report of doctor-diag-
nosed asthma and cigarette smoking in the previous year, report of re-
spiratory illness and exercise on the day of the test, and interactions of
each of these variables with sex to allow for male-female differences.
The models also included barometric pressure, temperature at fest
time, and sets of indicator variables for field technician and spirometer.

The second model was a linear régression of the 1,678 person-spe-
cific adjusted growth slopes from the first model on a set of cormu-
nity indicators, to obtain the mean growth slope for children in each of
the 12 communities. Adjustments were made for person-specific co-
variates, including sex, race/ethnicity, and baseline report of asthma.
Residuals from both the first and second linear regression models sat-
isfied the model assumptions of normality and homoscedasticity.

The final model was a linear regression of the 12 community-aver-
‘age lung function growth rates on 4-year community-average poliu-
tion level. The parameter of interest was the slope from this third re-
gression, which was reported as the difference in estimated percent
growth rate per year between the most and the least poliuted commu-
nities. Negative pollutant-effect estimates indicate reduced lung func-
tion growth with increased exposure. The pollutant-specific range from
the least to the most polluted community was used for scaling to facil-
itate comparison of effect estimates among different pollutants. Each
pollutant was analyzed separately for its relationship to lung function
growth, and scatterplots were used to display the relationships graphi-
cally, We also estimated the effect of each pollutant after adjustment
for each of the other pollutants, by regressing the community-average
growth rates on pairs of poliuntants.

A single mixed model that combined all three of the aforemen-
tioned regression models was used to estimate poltutant effects and to
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test hypotheses. The MIXED procedure in SAS (10) was used to fit
the models. A two-sided alternative hypothesis and a 0.05 significance
level were assumed in all testing. The primary analyses used all study
subjects. However, we also conducted separate analyses in strata de-
fined by time spent outdoors, as this factor was believed a priori to be
fmportant in determining a given child’s exposure to the ambient pol-
lutants under study. Children were asked how much time they spent
outddors between 3:00 . and 6:00 paa. on each of five weekday af-
ternoons. We classified each child as “more ouidoors” or “less out-
doors” on the basis of whether the average time spent outdoors over
the 5-day period was above or below the median time for all children.
We also considered sex, baseline asthma status, and racefethnicity as
possible poltutant-effect modifiers, and we added appropriate inferac-
tion terms to the mized model to test these hypotheses.

In addition to cur analysis of Cohort 2, we show pollutant-effect
estimates for Cohort 1 for comparison. The lung function and air pol-
lutant data used for Cohort 1 were based on the first 4 years of follow-
up of that cohort {1993--1997), as described in our previous report {1}.
However, that report did not include analysis of EC, as data on EC
concentrations bave only recently become available. To facilitate di-
rect comparison across cohorts, we scaled pollutant effects for Cohort
1 to the same range as that used for Cohort 2 (i.c., to the difference
from the least to the most polluted community over the Cohort 2
study period).

RESULTS

Annual average pollutant levels for each community during
the Cohort 2 study period are shown in Figure E1 (see online
data supplement). Compared with the variation between com-

- munities, there was relatively little variation within commun;i-

ties over the 4-year observation period. Table 1 shows pair-
wise correlations between community average air pollution
levels over the study period. Ozone concentrations (both 24-
hour and 10 A.M.—6 .M. average) were not significantly corre-
lated with any other pollutant, with the exception of a nega-
tive correlation between 24-hour ozone and NO, (r = —0.60).
However, the remaining pollutants were correlated with ome
another, with coefficients ranging from r = 0.58 (OC with
NOz) tor =097 (OC with PMN). _

The Cohort 2 sample consisted of roughly equal numbers
of males and females and included 52% white non-Hispanics,
32% Hispanics, and approximately 5% each of black, Asian,
and other ethnic groups (Table 2). Overall, 14% of subjects
reported doctor diagnosis of asthma at baseline, ranging from
8% (Riverside) to 19% (San Dimas). Between the weekday
hours of 3:00 r.m. and 6:00 p.M., children spent an average of
1.3 hours outdoors, with most children spending between 0.5
and 2.3 hours outdoors during this time. An average of 4.3
PFT (of a possible 5) was recorded on each study subject.

TABLE 1. CORRELATIONS AMONG COMMUNITY MEAN POLEUTION LEVELS

Acid flemental Organic
Pollutant? 0, NGO, Vapor PMso PM, 5 PMyp—PMa s Carbon Carbon
Oy, 10 AM.~6 P.ML 0.77* —0.23 0.30 0.13 0.14 010 —-0.05 .11
Oy —0.60* -0.22 —0.37 =039 -0.31 —~048 —0.34
NO, 0.83** 0.64* 0.77% 0.46 .93 0.58*
Acid vapor¥ 0.79** 0.87%* 0.63* 0.90% 0.74*
PMio 0,95 0.95%+ 0.86%* 0.97%*
PM, 5 0.81* 0,934 0.89%
PMyyPMy s 071* 0.96%+
Elemental carbon 081

Definition of abbreviation: PM,, = particles with aerodynamic diameter Jess than 10 wm.

*p < 0.05.
=™ p < 0.005.
*+ < 0.0005.

¥ 24-hour average (unless otherwise npted) pollution level from 1996 to 1999.

* Acid vapor is the sum of nitric, farmi
&

--and acetic acid vapor concentrations.
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TABLE 2. CHARACTERISTICS OF THE STUDY POPULATION

Ever No. of Hours
I v
No.of Mean No, of Female Sex Race Distrinution, % Asthmat —Outhd——oL
Subjects* PFTs (%) White Hispanic Asian Black Other (%) Median 10th, 90th
Alpine 157 4.2 50 76 19 1 0 3 14 1.7 (0.8, 2.6)
Alascadero 144 4.3 44 74 17 1 1 8 18 14 ©.7,2.4)
Lake Elsinore 139 4.2 53 55 32 4 1 6 13 1.4 (0.6, 2.4)
Lake Armowhead 145 4.3 52 71 22 4] 1 6 14 11 (0.4, 1.8)
Lancaster 159 3.8 52 51 30 3 10 6 16 1.4 {0.6,2.3)
Lompoc 147 4.3 47 46 37 9 5 3 10 J1a {©.3,2.1)
Long Beach 133 4.2 44 33 22 14 23 8 15 1.2 {0.5, 2.3)
Mira Loma 125 43 5 40 54 2 1 2 15 1.2 (0.6, 2.1)
Riverside 126 43 55 41 39 1 1 8 8 1.4 (0.6, 2.6}
San Dimas 141 4.5 52 48 36 10 1 5 19 141 ©3,2.3)
Santa Maria 133 4.0 51 20 62 9 2 7 13 1.1 (05,24
Upland 129 4.4 50 66 18 g 5 3 12 1.2 {0.3,2.0)
All 1,678 43 50 52 32 5 5 [ 14 1.3 (0.5, 2.3)

Definition of abbreviation: PFT = pulmonary function test.
* Number of subjects with at feast two PFTs from 1996 to 2000
¥ Doctor-diagnosed asthma at basefine.

# Number of hours spent cutdoors on weekdays between 3:00 7.m. and 6:00 p.m.; values are the median and the 10th and 90th percentiles.

Over the 4-year study period, FEV| increased at an aver-
age rate of 11.8% per year in the cohort, with equivalent
growth rates in males and females. However, the average
FEV,; growth rates varied across the 12 communities, from
11.0 to 12.4%. Figure 1 shows a plot of the community-specific
growth rates versus the corresponding 4-year average pollut-
ant concentrations. There was a significant negative correla-
tion between FEV, growth rates and acid vapor (r = —0.55,
p = 0.03}. The predicted growth rates, depicted by the plotted
regression line, decreased from 12,1 to 11.5% across the range
of observed acid concentrations. This absolute difference of
0.6% corresponds to a relative reduction of 5% in average
FEV, growth rate for those exposed to the highest compared
with those exposed to the lowest observed acid concentration
(ie, 0.6%/12.1%). Negative correlations were also observed
between FEV, growth rates and the other pollutants, but none
achieved statistical significance. Analogous plots are shown
for MMEF growth in Figure 2. MMEF growth rates were neg-
atively correlated with concentrations of acid vapor (p =
0.003), NO, (p = 0.02), PM;; (p = 0.05), and EC (p = 0.04).
The predicted MMEF growth rates declined from approxi-
mately 11.6 to 10.3% across the range of observed acid con-
centrations, with this absolute difference of 1.3% correspond-
ing to a relative reduction of 11%.

Table 3 shows the estimated absolute differences in growth
rates from the most to the least polluted community for the
five PFT measures and for all pollutants. Although most pol-
lutant-effect estimates were negative for FVC, none achieve
statistical significance. The associations of FEV; and MMEF
with acid vapor shown in Figures 1 and 2, respectively, also
held for nitric and formic acids separately and to a smaller ex-
tent for acetic acid. The ratio MMEEF/FVC was correlated with
NO; (p = 0.04), acid vapor (p = 0.02), and nitri¢ (p = 0.01)
and formic acids (p = 0.02). Each pollutant-effect estimate for
MMEF/FVC (e.g., —0.96% for acid vapor) was approximately
equal to the difference between the corresponding pollutant-
effect estimates for MMEF (e.g., —1.28%) and FVC (e.g.,
—0.33%). The predicted PEFR growth declined by 1.2%
across the range of 10 AM.~6 2.M. O5 (p = 0.006). None of the
PFT measures was significantly asscciated with 24-hour O,,
PMg, PM;—PM; 5, or OC. Adjustment for indoor sources of
air pollution, including a gas stove, any pet, a cat, a dog, ora
tobacco-smoking parent in the home, did not alter any pollut-
ant-effect estimate by more than 10% of its unadjusted values

(data not shown). We therefore concluded that any differ-
ences among communities in the prevalence of these indoor
sources of air pollution did not confound the ambient pollut-
ant-effect estimates. Additionally, there was no significant evi-
dence of pollutant-effect modification by sex, ethnicity, or
asthma status. As an example of the similarity in pollutant-
effect estimates by asthma status, the decline in FEV, growth
rate across the observed range of acid vapor was 0.50% in in-
dividuals with asthma and 0.63% in individuals without asthma, a
difference that was not statistically significant (p = 0.75).

In two-pollutant models for FEV,, effect estimates for acid
vapor remained negative after adjustment for any other pol-
lutant (Table 4, third row). On the other hand, adjustment for
acid (Table 4, third colummn) substantially changed the univari-
ate estimates (Table 4, main diagonal) of all other pollutants
except for O,. Table 5 shows similar two-poliutant analysis of
MMEF. Here again, estimates of the acid vapor-effect re-
mained negative with adjustment for any other pollutant,
whereas adjustment for acid altered the effect estimate of ev-
ery other pollutant. For example, the estimated univariate
NOQO,; effect (—1.10%) dropped in magpitude (0.03%) and be-
came nonsignificant with adjustment for acid. For both FEV,
and MMEF, the only two-pollutant model in which both pol-
Iutants were statistically significant predictors of growth in-
cluded 10 a.m.—6 pM. O and NO,, indicating that these pollut-
ants might each contribute independently to reduced lung
function growth. For example, the estimated effects on MMEF
from this two-pollutant model were —1.11% (p = 0.02) for G,
{Table 5, row 1, column 2) and —1.31% (p = 0.003) for NO,
(Table 5, row 2, column 1). In additional models, inclusion of
an O3-by-NO, interactior did not significantly improve model
fit for either FEV, or MMEF.

The directions and magnitudes of pollutant effects ob-
served in Cohort 2 were generally comparable to those ob-
served in. Cohort 1 (Table 6). As an example, for FEV), the
acid-effect estimates in Cohorts 1 and 2 were —0.82% (p =
0.01) and —0.63% (p = 0.03), respectively, and the corre-
sponding acid-effect estimates for MMEF were —1.16% (p =
0.02) and —1.28% (p = 0.005), respectively. For all combina-
tions of PFT and pollutant shown in Table 6, we formally
tested whether the pollutant-effect estimates were different be-
tween the two cohorts; no significant differences were detected.

In each cohort, the strength of the pollutant effects was
greater in children who reported spending more time out-



Gauderman, Gilliland, Vora, et al.: Air Pollution and Lung Function

»

- R =047
12.6 7 p=0.13
124 * SM & LN

11 4 + SD
10.8 - T ; T . . . v
25 3 35 40 45 50 55 60 65 70
10 am - & pm 03 {ppb)

Adjustad Annual FEV, growth
(%)

R=-037
s
124 + eSMeLN .

122 4
eLm
2] oML +iB

11.8 4 T
11.6 4 *K *

114 ¢LA SAL + up
1.2 1
11 & SD

10.8 T T t v \ v +
Q T 10 15 20 25 30 35 40

Adjusted Annual FEV, growth
(%)

NO; (ppb)

12.6 4
124 o
12.2 4

12 4
11.8 1
11.6 1
11.4 4

Adjusted Annual FEV, growth
(%)

11.2 4
11 4 + 5D
10.8 v v T T T
1 3 5 7 . | 14

Acid Vapor {ppb)

79

126 1
12.4 ¢ SMa&N

12.2 A

+LM
12 1 *LB * ML

11.8 LE

11.6 ¢ AT i + RV

114 +1LA AL . uP
11.2

11 4 +SD
10.8

Adjusted Annual FEV, growth
(%}

10 20 30 40 50 60 0
PM,, (ug/m®)

1 -
g 26 R 031
8 124 « BN p=0.25
o {22
5 ] *M
w +L8 + ML
= 18
[ * AT
2 = 18 -
&  1mad "L - up
?‘; 1.2
S 11 * SD
2 s : : . . .

25 7.5 125 175 225 275

PM, s {ugim®)

-.g 1286 5 R=-032
z 12.4 + SM + 1N p=0.21
B }
& 122
- & LM -
12
E e wl-
BE AT
F3 £ sl ¢
i 14 eehl *up
'_g 112 1 :
2 11 4 + 5D
2 s — " : . . .
0 0.2 04 08 0.8 1 12

Elemental Carbon (ugim’)

Figure 1. Adjusted average annual FEV, growth rates in the 12 communities versus the mean pollutant concentrations over the study period. AL =
Alpine; AT = Atascadero; LE = Lake Elsinore; LA = Lake Arrowhead; LN = Lancaster; LM = Lompoc; LB == Long Beach; ML = Mira Loma; RV = Riv-

erside; SD = San Dimas; SM = Santa Maria; UP = Upland.

doors (Table 7). For example, across the range of acid vapor,
FEV, growth rates in the more-outdoors children declined by
1.1% in Cohort 1 (p = 0.02) and by 1.0% in Cohort 2 (p =
0.002). The corresponding declines in growth rate in the less-
outdoors children were only 0.4% in Cohort 1 (p = 0.18) and
0.3% in Cohort 2 (p = 0.45). Several other statistically signifi-
cant associations between PFI' growth and pollutants were
observed in the more-outdoors children, whereas no signifi-
cant associations were observed in the more-indooss children.

DISCUSSION

The results, based on the second fourth-grade cohort from the
CHS, provide further evidence that ambient levels of air pol-
lution in southern California have a detrimental effect on lung

function growth in children. These findings are in general
agreement with the resulis that were based on the first fourth-
grade cohort (1). Also replicated from the Cohort 1 analysis is
the finding of larger pollutant effects in children who reported
spending more time outdoors. The replication of a previous
result and the observation of a larger health effect in those
who were more exposed are results that support a causal asso-
ciation. Additional studies in other populations are needed to
further assess causal relationships,

Across cohorts and lung function measures, we observed sig-
nificant associations with several of the pollutants, including
both particles and gases. Although the correlations among pol-
Jutants were generally high, some trends emerged from the anal-
ysis of the two cohorts. For example, fine particles (PM; 5) and
the EC portion of PM; 5 generally showed stronger associations



00
L]

A

R=0.41
g 1184 *SM *LM 4N
o 114 « AT
E 1.2 4 * MLE

1
=
—_ -§ 10.8 4
E £ 4084 LA
c 10.4 4 * AR RV
<
- 102 +SD
% 10 4 u
3 gp e up
2 9.6 . - .
25 35 45 55 65
10 am - 6 pm O3 (ppb)

R=.0.54
~§. 11.8 - p=0.02
3 16 * LM *5M ¢ LN
o 114 * AT oiB
b 12 oL ML
E 11 4
S = 1061
3 < 106 *LA
£ 104 - &AL *RV
< 2]

o + 5D

2 10

» 9.8 4 *up

g 95 . . . . . - . .
o 5 10 15 20 25 30 35 40

NO; (ppb)

R=067
11.8 p=0.005

$
g ms;
=] 11.4
& 11.2 4
= 11 5
=
= = 10.8 4
5 = 106
[~
g 104y
7 1029 *sD
[
B b wp
3 2.8
2 LX) . . . , .
1 3 5 7 9 "

Acid Vapor {pph)

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 166 2002

B

g MN6] elMesmeln p=030

o 114 4 & AT

1124 oi£*LE * ML

= 1.0 4

E -:2- 10.8

S L 106 S LA

E 104 *AL ¢ RV

g 025 * 5D

£ 100y

B ol +UP

bJ 8.6 . - : . - ]
10 20 30 40 50 €0 70

PMy, (uglm’) ~

g 1.8 T
=] 11.4 4 » AT .
E 11.2 + & LE LE % ML
11 4
= 10.8
TR L] LA
8= 108 *
E 104 & AL 4+ RY
- 1621 * 5D
% 10
8 g, *up
2 98 : . : r v
25 75 125 1.5 25 25
PM,; (ugim’)
1.8
161 @M 45M  eIN

1.4
1.2

114
10.8 4
10.6 4 .
10.4 - &AL + RV

10.2 - * SD

238 4
86

Adjusted Annual MMEF growth
(%)

0 0z 04 0.6 0.8 1 12
Elemental Carbon (ug/m?

Figure 2. Adjusted average annual MMEF growth rates in the 12 communities versus the mean pollutant concentrations over the study period.
AL = Alpine; AT = Atascadero; LE = Lake Elsinore; LA = Lake Arrowhead; LN = Lancaster; LM = Lompoc; LB = Long Beach; ML = Mira Loma;

RV = Riverside; SD = San Dimas; SM = Santa Maria; UP = Upland.

with luﬂg function gl.'OWﬂl than did PMIQ, PM]_U—PM'Z 5 and OC.
Associations with PM;; observed in Cohort 1 were not repli-
cated in Cohort 2. For PM,,, as well as for PM;¢PM, 5 and OC,
Mira Loma had very high levels relative to the other communi-
ties (Figures 1 and 2). As an example of how this one community
influenced the Cohort 2 results, elimination of Mira Loma from
the analysis of MMEF changed the PM;-effect estimate from
—0.67% (p = 0.30, Table 3) to —2.32% (p = 0.01). However, we
had no @ priori reason to exclude Mira Loma from the analysis,
and we therefore relied on the full 12-community analysis for
our inferences. Of the gaseous pollutants, assoctations with acid
vapor and N(), observed in Cohort 1 were replicated in Cohort
2. However, the associations observed with ozone in Cohort 2
were not previously observed in Cohort 1.

A major source of ambient EC in Southern California is the
combustion of diesel fuel {11, 12). The ohserved associations

with EC may therefore indicate a more general association be-
tween lung function and exposure to diesel exhaust particles.
A previous study of children in the Netherlands also provided
evidence of a relationship between diesel exhaust particles
and reduced lung function. Specifically, reductions in FEV,
MMEF, and PEFR were associated with exposure to two proz-
ies for diesel emissions, including truck-traffic on nearby roads
and levels of black smoke {13). Given that EC largely resides
in the fine particle fraction of PM and thus is transported
much like a gas, concentrations of EC in any given location
will depend on a combination of both local and upwind
sources of diesel exhaust particles.

Our finding of an association in Cohort 2 between ozone
and PEFR, and between ozone and other lung function mea-
sures in children spending more time outdoors, also has some
support from prior studies. In a stndy of Swiss children, expo-
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TABLE 3. DMEFERENCE IN ANNUAL PERCENT GROWTH RATES FROM THE LEAST TQ THE MOST POLLUTED COMMUNITY

Pollutant®

Differences in Growth Ratel

RV
% (95% CI)

FEV,
% (95% CI)

MMEF
% (95% CI)

MMEF/FVC
% (95% )

PEFR
% (95% CI)

Oy, 10 AM.~6 P.M.

—0.33 (—0.90, 0.24)

—0.55 (—1.27, 0.16)

—0.80 (—1.94, 0.36)
—0.09 (—1.47, 1.24)
~1.10(—2.00, —0.20)*
—1.28 (216, —0.40)*
—1.41(-2.29, —0.5%¢
—1.41 (~2.32, —0.49)
—1.17 (—2.14, —-0.20*
—0.67 {(—1.92, 0.59)
—0.94 (—1.87, 0.00)*
—0.19 {~1.60, 1.24)
—0.92 (—1.78, —0.05)*
—0.55 (—1.90, 0.83)

—0.44 (~1.39, 0.52)
0.02 (—0.99, 1.04)
—0.88 (—1.71, —0.04y
—0.96 (—1.77, —0.14)*
—1.06 {~1.87, —0.24)
~1.03 {(—1.88, ~0.18)*
—0.89 {—1.78, 0.02)
—0.63 (—1.63, 0.38)
—0.78 (~1.62, 0.06)
-0.29 (—1.36, 0.08)
—0.74 (—1.53, 0.05)
—0.55 (-1.61,0.52)

—1.21 (~2.06, —0.36)"
—0.65 (—1.77, 0.49)
—0,17 (—1.18, 0.84)
—0.74 (—1.62, 0.14)
—0.76 (—1.62, 0.12)
—0.62 (—1.58, 0,35)
—0.80(-1.77,0.17)
~0.42 {(—1.60, 0.77)
—0,44 (—1.41, 0.55)
—0.30 (~1.57, 0.99)
~0.20 {(—1.15, 0.76)
—0.36 (—1.62, 0.91)

Definition of abbreviations: €l = confidence interval; EC = elemental carbon; MMEF = maximal midexpiratory flow; OC = organic carban; PEFR = peak expiratory flow rate.

0, ~0.10 (—0.73, 0.54) —0.17 (~1.00, 0.67}
NO, —0.23 (—~0.76, 0.29) —0.48 (—1.12, 0.17}
Acid vapor —-0.33 {—0.82, 017 —0.63 (—1.21, —0.05)*

Nitric —0.36 (—0.84, 0.13) —0.71 (—=1.25, —0anf

Formic —0.39 (—0.89, 0.11) -0.70 (—1.28, —0.12)*

Acetic —0.28 (—0.84, 0.28) —0.56 (—1.24,0.13)
PMyg ~0.03 (—0.68, 0.62) ~0.21 (—1.04, 0.64)
PM, 5 —0.14 (—0.67, 0,40} —0.39 (—1.06, 0.28)
PM; —PMo 5 0.11 {(—0.58, 0.80) 0.07 (—0.83, 0.98)
EC —0.17 (—0.67, 0.33) —0.40 (—1.02,0.23)
ocC 0.01 (—0.67, 0.70) —0.15 (~1.04, 0.75)

*p<0.05.

Tp<0.01.

¥p < 0.005.

§ All pollutant-effect estimates are based on single-pollutant models. Differences in average annual percent growth rates are shown per increase in annual average of 36.6 ppb of
0, (10 aM~6 r..), 39.8 ppb of O, 32.7 of NOz 9.5 ppb of acid vapor, 3.5 ppb of nitic acid, 1.8 ppb of formic acid, 5.0 ppb of acetic acid, 51.5 pg/ m? of PMyg, 22.2 pg/m? of

PM, s, 29.1 pg/m? of PM-PMys, 1.1 pg/m? of BC, and 10.2 pg/m? of OC.

sure to outdoor ozone was associated with significant reduc-
tion in peak flow after 10 minutes of heavy exercise (14). A
similar study of children in the Netherlands observed a nega-
tive correlation between post-training peak flow and ozone on
the day before the experiment, but it found no association
with ozone concentration during exercise {15, 16). In a study
of children with mild asthma in Mexico City, decreases in
evening peak flow were associated with both same-day and
previous-day concentrations of 1-hour maximum ozone (17).
A pumber of summer camp studies, performed in different
geographic locations by several research teams, have reported
acute decrements in PEFR or FEV; associated with exposure
to ambient Oy (18-24). The longer-term effect of exposure to
ambient ozone on children’s lung function was investigated by
Austrian researchers (2). They obtained repeated PFT over a
3-year period from children in nine Austrian cities and re-
ported associations between ozome and reduced growth in
FEV, and FVC. Collectively, these studies indicate that ozone
might have both short- and long-term effects on children’s
lung function.

Of all the pollutants studied, acid vapor showed the most
consistent effect on lung function growth in Cohort 2 and across
both cohorts. There are some prior reports on the relationship
between acid air pollutants and Jung function, although the re-

sults are, in general, equivocal. Koenig and coworkers demon-
strated reductions in pulmonary function after exposure to
high concentrations of nitric acid (25) and with exposure to ni-
tric or sulfuric acid in combination with oxidants (26). How-
ever, similarly conducted studies were unable to replicate
these results (27, 28). A study of Dutch schoolchildren re-
ported associations between pulmonary function in children
and same-day concentrations of nitrous acid that exists in
equilibrium with nitric acid (29). In a cross-sectional study of
children in 24 North American cities, Raizenne and coworkers
(30) showed decrements in FVC and FEV; with increased ex-
posure to acid sulfate aerosol. No prior studies, though, have
investigated the longitudinal effects of acid exposure on the
developing lungs of children.

Acid vapor in our study was defined as the sum of nitric,
formic, and acetic acids concentrations, each of which was in-
dividually associated with decreased lung function growth.
The two-pollutant models in Cohort 2 indicated that adjust-
ment for any other pollutant did not qualitatively change the
estimated acid effect. Thus, it does not appear that the ob-
served acid effect is simply due to its being correlated with an-
other of the observed poliutants. In fact, the reverse is indi-
cated, ‘specifically that the univariate associations of other
pollutants (e.g., NO,, PM, ) with FEV, and MMEF may be

TABLE 4. DIEFERENCE IN ANNUAL FEV, PERCENT GROWTH RATES FROM THE LEAST TO THE MOST

POLLUTED COMMUNITY, TWO-POLLUTANT MODELS

Adjustment Pollutant

Main
pollutantt 03 (10 AM~6 P.M) NO, Acid Vapor PMyo PMgs EC
O3, 10 AM~6 P ~0.55 —0.71* ~-0.38 -0.54 -0.50 —0.57
NO, —0.62* —0.48 021 —0.64 —-0.44 -0.64
Acid vapor —0.53 —0.80 -0.63* -1.34t —1.27* —1.43*
PMyo -0.13* 0.29 1.10 -0.21 2.40* 0.9%
PMas -0.33 —0.05 0.76 —-2.26% -0.39 0.01
EC ~0.42 0.16 0.86 —1.01 —-041 -0.40

Definition of abbrevigtions: EC = elemental carbon; PM;p = particles with aerodynamic diameter less than 10 pm.

*p < 0.05.

Tp <001,

¥ Each row gives effect estimates for the indicated pofiutant after adjustment for the pollutant listed at the top of the calumn. Boldface es~
timates are from the single-pollutastt models shown in Table 3. See Table 3 footnote for the description of units.



82 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 166 2002

TABLE 5. DIFFERENCE IN ANNUAL MMEF PERCENT GROWTH RATES FROM THE LEAST TO THE MOST

POLLUTED COMMUNITY, TWO-POLLUTANT MODELS

Adjustment Pollutant

Main
Pollutant® O3 (10 AM—~6 .M.} NO, Acid Vapor PMyq PM; 5 EC
Oy, 10 AM—6 P.M —0.80 -1.11* —-0.40 —-0.73 ~0.65 © —0.83
NO, ' —1.317 -1.10* 0.03 —1.30% -0.96 —1.45%
Acid vapor ~1,18* -1.31 —1,28% —2.33t —2.14* —2.44
PM, g —0.57 0.36 C 163 - -0.67 3.98* 1.38
PM, 5 —0.86% -0.18 1.02 -3.97 —~0.94" —-0.20
EC —0.94* 0.36 1.25 -1,85* —0.74t —-0.92*

Definition of abbrevigtions: EC = elemental carbon; MMEF = maximal midexpiratory flow.

*p < 0,05,

Tp <001, ~

¥p < 0,005,

# Each row gives effect estimates for the indicated pollutant after adjustment for the pollutant listed at the top of the column, Boldface
estimates are from the single-pollutant madels shown in Table 3. See Table 3 foatnote for the description of units,

due to the correlation of these pollutants with acid vapor.
However, we cannot rule out the possibility that some pollut-
ant(s) we did not measure is responsible for the observed health
effects and that acid vapor is simply our best marker of that
pollutant or pollutant mixture. More specifically, acid vapor
concentration may be our best indicator of downwind trans-

TABLE 6. DIFFERENCE IN ANNUAL PERCENT GROWTH RATES
FROM THE LEAST TO THE MOST POLLUTED COMMUNITY:
COMPARISON OF COHQRTS 1 AND 2

Cohort 1 Cohort 2
(n= 1457, (n= 1,678,
PFT Pollutant %, 95% Ci) %, 95% Cf)

FVC O3, 10 AM~6 .M,

—0.22 (—0.77, 0.33)

~0.33 (—0.90, 0.24)

NQ; —0.46 (—0.92, 0.00) —0.23 (—0.76, 0.29)
Total acid —0.55(-0.97, ~-0.11)* —0.33 (—0.82, 0.17)
PMyq —0.60 (—1.18, —0.01)* —0.03 {-0.68, 0.62)
PM, ¢ ~-0.42 (—0.86, 0.03) —0.14 (—0.67, 0.40)
EC —0.49 (—0.88, —0.09)* ~0.17 (-0.67, (0.33)

FEV;  O4, 10 Am—6prM.

—0.32 (—1.14, 0.50}

—0.55(—1.27, 0.16)

NO, —0.66(—1.34,0.02)  ~048(—1.12,0.17
Total acid —0.82 (—1.44, —0.19)* —0.63 (—1.21, —0.05)*
PM;q —-0.94 (-1.78, —0.10)* —0.21 (—1.04, 0.64)
PM, 5 ~0.63(—1.28,0.02)  ~0.39 (—1.06, 0.28)
EC —0.71 (—1.30, —0.12)* ~0.40 (~1.02, 0.23)

MMEF O, 10 Am—6 Pt

—0.43 (—1.64, 0.80)

—0.80 (—1.94, 0.36)

. NG, —0.92 (—1.95,0.12) ~1.10 (—2.00, —0.20)*
Total acid —1.16(—2.12, ~0.19)* ~1.28 (~2.16, —0.407***
PMyg —1.41 (=2.61, —0.21)* —0.67 (~1.92, 0.59)
PMys —0.94 (—1.88, 0.01) —0.94 (—1.87, 0.00)*
£ ~1.07 (~1.94, —0.19)* —0.92 (—1.78, —0.05)*

PEFR O, 10 AM~6PM ~0.36(~1.34,0.63)  -1.21(~2.06, —0.36)**
NO, —0.82 (—1.62, —0.02)* —0.17 (—1.18, 0.84)
Total acid —1.00 (—1.75, —0.25)* —0.74 (~1.62, 0.14)
Y —1.27 (-2.15, —0.37)* —0.42 (—1.60, 0.77)
PM 5 —0.82 (—1.55, —0.09* —0.44 (—1.41, 0.55)
EC ~0.89 (~1.57, —0.20p* ~0.20 (—1.15, 0.76)

Definition of abbreviations: C1 = confidence interval; EC = elemental carbon; MMEF =
maximal midexpiratory flow; PEFR = peak expiratory flow rate; PFT = pulmonary func-

tion test.
*p < 0.05,
™ p<0.01,
= p < 0.005.

T All pollutant-effect estimates are based on single-poliutant models. Differences in av-

erage annual percent growth rates are shown per increase in artnual average of 36.6 ppb
of 03 (10 Am—6 p.m), 39.8 pphr of Oy, 32.7 of NO, 9.5 ppb of acid vapor, 3.5 ppb of
nitric acid, 1.8 ppb of formic acid, 5.0 ppb of acetic acld, 51.5 ug/m?® of PM,q, 22.2
pgfm? of PMy s, 29.1 pg/m?® of PMyg-PMas, 1.1 pgfm?® of EC, and 10.2 pgfm? of OC.
¥ Cohort 1 includes children enrolled in 1993 as fourth graders and followed
through 1997, Cohort 2 includes children enrolled in 1996 as fourth graders and fol-
lowed through 2000. The results shown for Cohort 2 are equivalent to those shown in
Table 3. .

port coupled with atmospheric chemical processes. This con-
jecture is supported by the observation that acid vapor is the
pollutant we studied that most clearly distinguishes the four
communities downwind of the greater Los Angeles area (Mira
Loma, Riverside, San Dimas, Upland) from the remaining eight
communities {see Figure E1 or Figure 1). Whether acid vapor
is causally related to reduced lung function development or
whether it is simply our best marker for another causative sub-
stance or mixture, this pollutant deserves further study.

Generally speaking, children in a community with high pol-
lution will be more likely than children in a lower-poliution
community to be exposed to short-term episodes of very high
concenirations of pollutants. - In southern California, concen-
trations of most of the poilutants we studied are highest in the
afternoon hours, and therefore children who spend time out-
doors during this time may receive a substantially higher dose
to their lungs on a polluted day than children who remain in-
doors. At least 70% of the subjects reported having a horoe air
conditioner in our pollnted communities, a factor that can fur-
ther increase the discrepancy between indoor and outdoor
concentrations of ozone and some other pollutants. Prior re-
ports, some of which have been summarized previously in this
article, indicate that short-term exposure to high pollution can
have acute effects on respiratory symptoms and lung function.
A study of children in Poland has shown a link between re-
peated respiratory symptoms and reduced lung function growth
(31). Our observations of reduced lung function growth with
increasing annual average pollution level may thus be a conse-
quence of repeated acute respiratory events after short-term in-
creases in pollution Ievels. Our finding of larger deficits in chil-
dren who reported spending more tiine outdoors in the afternoon
adds some support to this possibility. However, additional
study is needed to investigate the temporal relationship between
acute respiratory events and lung function development.

In summary, the observed associations im this second
fourth-grade cohort of the CHS generally replicated the find-
ings from the first CHS fourth-grade cohort. Analysis of Co-
hort 2 showed the strongest associations with acid vapor. The
observed poliutant-effect estimates were larger for MMEF
than for the other PFT measures. This finding, in conjunction
with significant associations between poliution and the vol-
ume-corrected measure, MMEFFVC, indicates that Jong-term
pollution exposure may affect the development of small air-
ways in the lung. Further follow-up of CHS participants will
allow determination of whether pollution-related deficits in
lung function growth persist into adulthood, resulting in fower
maximal attained lung function, and perhaps, leading to in-
creased risk of respiratory illness.
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TABLE 7. DIFFERENCE IN ANNUAL PERCENT GROWTH RATES FROM THE LEAST TO THE MOST POLLUTED COMMUNITY

Cohort 1 Cohort 2
tMore Outdoors® : Less Qutdoors More Outdoors’ Less Outdoars
Difference in Growth® Difference in Growth Difference in Growth? Difference in Growth
PFT Pollutantt % (95% CI) % (95% Ci) % (95% C1) % (95% C)
FvC O, 10 AM—6 M. ~0.02 (—0.70, 0.66) -0.05 (—0.55, 0.45) —0.69 (—1.26, —0.17)* —-0.07 (—0.93, 0.80)
NO, —0.45 (—1.01,0.12) —-0.14 (—0.63, 0.36) —-0.44 {(—0.99, 0.12) ~0.15 (—0.92, 0.62)
Acidvapor —0.43 (—1.01,0.15) —0.25 (—0.75, 0.25) —-0.63 (-1.13, —0.13)* —0.12 {—0.88, 0.64)
PM,p —-0.35 {—1.10,0.42) —0.52 (—1.10, 0.07) —0.44 {—1.11,0.22) 0.32 {-0.60, 1.24)
PM; 5 -0.23 (—0.80, 0.35) -0.32 (—0.76, 0.12) —0.47 (—0.99, 0.06) 0.14 (—0.65, 0.93)
EC —0.43 (—0.94, 0.08) —-0.28 (—0.73, 0.16) —0.44 (—0.94, 0.08) 0.01 (—0.73, 0.75)
FEV, O3, 10 AM—6 P.M. -0.31 (—1.44, 0.83) —0.06 (-0.71, 0.60) —0.83 (—1.66, 0.00) —~0.35 (~1.25, 0.56)
NQ, —0.96 (—1.83, —0.08)* —0.36 (—0.97, 0.26) —0.82 (—1.56, —0.08)* -—-p.21 (-1.03, 0.61)
Acld vapor -1.10 (—1.94, ~0.25)* —0.44 {—1.07, 0.20) -1.01 (—1.65, —0.38)"™ -~0.31 (—1.11, 0.49)
PMyo -1.12 (—2.24,0.01) —0.65 (—1.39, 0.09) ~0.63 {—1.60, 0.35) 0.20 (—0.80, 1.21)
PM, 5 —0.74 (—1.63,0.14) —0.49 (—1.05, 0.07) -0.80 (—1.51, —0.08)* —0.01 (—0.86, 0.84)
EC —~0.97 (—-1.72, —0.21)* —~0.40 (—0.97,017) —0.74 (—1.44, —0.03)* —0.09 (—0.87, 0.71)
MMEF O, 10 AM—5P.M. ~0.67 (—2.54,1.23) 0.28 (—1.09, 1.66) -0.58 (—2.09, 0.95) —0.97 (—2.52, 0.61)
NO, ~1.59 (—2.95, —0.20)" —0.72 (—2.09, 0.66) —1.48 (—2.84, -0.11)* —0.51 (192, 0.93)
Acid vapor -1.83 {—3.20, —0.43)" —0.66 (~2.07,0.76) —-1.35 (—2.65, —0.03)* -0.99 (—2.28,032)
P —2.05 {-3.69, —0.37)* ~0.89 (—2.53,0.78) ~0.54 (—2.14, 1.09) —0.64 {—2.36,1.12)
PM;.5 —1.46 {—2.70, —0.20)* -0.71 (—1.96, 0.55) —(.95 (—2.26, 0.39) —0.74 {—2.16, 0.70)
EC ~1.74 (—2.98, —0.49)** —0.57 (—1.83, 0.70) —1.03 (—2.29, 0.25) —0.54 {—1.89, 0.52)
PEFR 0Oy, 10 AM—6 P, —0.94 (—2.48, 6.63) 0.31 (—0:79,1.42) —1.62 (—2.93, —0.29)* —0.87 (—2.09, 0.37)
NO, -1.42 {—2.52, —0.30)* —0.36 (—1.46, 0.75) —0.52 (—1.98, 0.96) 0.38 (—0.77, 1.55)
Acid vapor —1.74 (—2.82, —0.66)*** —0.32 (—145, 0.82) -1.27 (—2.51, —0OD)* —0.01 (~1.18,1.17)
PN —i.81 (—3.11, ~0.A49y —(.87 (—2.19, 0.46) ~0.71 (—2.41,1.03) 0,22 (—1.21, 1.66)
PM, 5 -1.33 {—2.34, —0.31)* —0.47 {(—1.47, 0.54) —-0.73 (~2.12, 0.69) 013 (—1.08, 1.35)
EC -1.36 (—2.34, —0.37)" —0.41 (—1.42, 0.61) -0.52 ° (—1.88,0.86) 0.41 (~-0.69, 1.52)

_ Definition of abbreviations: C! = confidence interval; EC = elemental carbon; MMEF = maximal midexpiratory flow; PEFR = peak expiratory fiow rate; PET = pulmnonary func-
tion test.

*p < Q.05

p <001,

e < 0.005.

1 More/less outdooss is based on reparted time spent outdoors during weekday afternoons. Subjects were split into the two groups on the basis of the median of reported time
outdoors with each cohort. ’

* All pallutant-effect estimates are based on single-potiutant models, Differences in average annual percent growth rates are shown per increase in annual average of 36.6 ppb of
0; (10 Anm.—6 r.), 39.8 ppb of O3, 32.7 of NO,, 9.5 ppb of acid vapor, 3.5 ppb of nitric acid, 1.8 ppb of formic acid, 5.0 ppb of acetic acid, 51.5 pg/m® of PMyq, 22.2 pg/m® of
PMy., 29.1 pg/m® of P -PM,s, 1.1 pgfm?® of EC, and 10.2 pg/m® of OC. . :

. Acknowledgment: The authors are very grateful for the important input tions of total suspended particulates and oxidants as related to inci-
from the External Advisory Committee composed of David Bates, Morton dence of chronic disease in California Seventh-Day Adventists. Envi-
Lippmann, Jonathan Samet, Frank Speizer, John Spengler, Arthur Winer, ron Health Perspect 1994;94:43-50.
and Scott Zeger. They acknowledge the contributions of Clint Taylor, Ken 7. Peters Y, Avol E, Gauderman W, Linn W, Navidi W, London §, Margolis
Bowers, and Cindy Stover for their role in providing high-quality air pollu- H, Rappaport E, Vora H, Geng HJ, et al. A study of twelve Southern
tion data and the CHS field team for providing high-quality health data. California communities with differing levels and types of air pollution.
They also acknowledge the cooperation of the school principals, teachers, 1. Effects on pulmonary function. Am J Respir Crit Care Med 1999;
students, and their parents in each of the 12 study communities. 15-9*.768—775.

8. PetersJ, Avol E, Navidi W, London S, Gauderman W, Lurmann F, Linn
W, Margolis H, Rappaport E, Gong HI, e al A study of twelve

References Sonthern California communities with differing levels and types of air

1. Gauderman W, McConnell R, Gilliland F, London S, Thomas D), Aval pollution. 1. Prevalence of respiratory morbidity. Am J Respir Crit
E, Vora H, Berhane K, Rappaport E, Lurmann F, et al. Association Care Med 1999;159:760-767.
between air pollution and lung function growth in southern California 9. NIOSH Method 5040 Issue 3 (Interim): Elemental carbon (diesel exhaust).
children. Am J Respir Crit Care Med 2000;162:1383-1390. In: NIOSH manual of analytical metheds. Cincinnati, Ohio, 1999,

2. Frischer T, Studmicka M, Gartner C, Tauber E, Horak F, Veiter A, i0. SAS/STAT. Version 8.0 the MEXED procedure, 8.02 ed. Cary, NC:
Spengler J, Kuhr J, Urbanek R, Lung fenction growth and ambient . SAS Institute; 1999,
ozone: a three-year population study in school children. Am J Respir 11. Cass G, Gray H. Regional emissions and atmospheric concentrations of
Crit Care Med 1999;160:390-396. . diesel engine particulate matter: Los Angeles as a case study. Diesel

3. Jedrychowski W, Flak E, Mroz E. The adverse effect of low levels of am- exhaust; a critical analysis of emissions, exposure, and health effects.
bient air pollutants on lung function growth in preadolescent children. Cambridge, MA: Health Effects Institute; 1995.

- Environ Health Perspect 1999;107:665-674. 12. Gray H, Cass G. Source contributions to atmospheric fine carbon parti-

4. Bascom R, Bromberg P, Costa D, Devlin R, Dockery D, Frampton M, cle concentrations. Afmos Environ 1998;32:3805-3825.

Lambert W, Samet J, Speizer F, Utell M. State of the art: health ef- 13. Brunekreef B, Janssen N, de Hartog J, Harssema H, Knape M, van Viiet
fects of outdoor air pollution, part 1. Am J Respir Crit Care Med 1996; P. Air pollution from truck traific and Iung function in children living
153:3-50. near motorways. Am J Epidemiol 1997;8:298-303."

5. Bascom R, Bromberg P, Costa D, Devlin R, Dockery D, Frampton M, 14, Braun-Fahrlander C, Kunzli N, Domenighetti G, Carell C, Ackermann-
Lambert W, Samet 3, Speizer F, Utell M. State of the art: health ef- Liebrich U. Acute effects of ambient ozone on respiratory functicn of
fects of outdoor air pollution, part 2. Am J Respir Crit Care Med 1996; Swiss schoolchildren aftér a 10-minute heavy exercise. Fediatr Pul-
153:477-498. monol 1994;17:169-177. : i

6. Abbey D, Mills P, Petersen F, Beeson W. Long-term ambient concentra- 15. Kosternink P, Van den Berg R, Hoek G, Brunekreef B. The effect of el-



84

16.

17.

18.

19.

20,

21

22,

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE  VOL 166 2002

evated ozone levels in the ambient air on lung function of children en-
gaged in sports. Ned Tijdschr Geneeskd 1990;134:2343-2347.

Hoek G, Brunekreef B, Kostemnink P, Van den Berg R, Hofschreuder P.
Effect of ambient ozone on peak expiratory flow of exercising chil-
dren in the Netherlands. Arck Environ Health 1993;48:27-32.

Romieu I, Meneses F, Ruiz §, Huerta J, Sienra J, White M, Etzel R, Her-
nandez M. Effects of intermittent ozone exposure on peak expiratory
flow and respiratory symptoms among asthmatic children in Mexico
City. Arch Environ Health 1997;52:368-376.

Spektor D, Lippmann M, Lioy P, Thurston G, Citak X, James D, Bock
N, Speizer F, Hayes C. Effects of ambient ozone on respiratory func-
tion in active, normal children. Am Rev Respir Dis 1988;137:313-320.

Spektor D, Thurston G, Mao J, He D, Hayes C, Lippmann M. Effects of
single- and multiday ozone exposures on respiratory function in active
normal children. Environ Res 1991;55:107-122.

Lioy P, Vollmuth T, Lippmann M. Persistence of peak flow decrement in
children following ozone exposures exceeding the National Ambient
Air Quality Standard. J Air Pollut Control Assoc 1985;35:1069-1071.

Avol E, Tum S, Little D, Spier C, Smith M, Peng R, Linn W, Hackney 1.
Ozone exposure and lung function: a Southern California summer
camp study. In: Berglund R, Lawson D, McKee D, editors. Tropo-
spheric ozone and the environment: Los Angeles CA. Pitisburgh, PA:
Air and Wasie Management Association; 1990. p. 90-99.

Higgins I, D*Arcy J, Gibbons D, Avol E, Gross K. Effect of exposures to
ambient ozone on ventilatory function in children. Am Rev Respir Dis
1990;141:31136-1146.

. Raizenne M, Stern B, Burnett R, Spengler J. Acute respiratory function

and transported air pollutants: observational studies. 80th Annual

24.

26.

27.

29

30.

31

Meeting of the Air Pollution Control Association. New York, NY,
Pittsburgh, PA; 1987. p. 32-36. :

Raizenne M, Bumett R, Stern B, Franklin C, Spengler . Acute lung
function responses to ambient acid aerosol exposures in children. En-
viron Health Perspect 1989;79:179-185.

. Koenig J, Covert D, Pierson W, Effects of inhalation of acidic com-

pounds on pulmonary function in allergic adolescent subjects. Envi-
ron: Health Perspect 1989;79:173-178.

Koenig J, Covert D, Pierson W, Hanley Q, Rebolledo V, Dumler K,
McKinney S, Oxidant and acid aerosol exposure in healthy subjects
and subjects with asthma. Part I: effects of oxidants, combined with
sulfuric or nitric acid, on the pulmonary function of adolescents with
asthma. Res Rep Health Eff Inst 1994;70:1-36.

Aris R, Christian D, Tager I, Ngo L, Finkbeiner W, Balmes J. Effects of
nitric acid gas alone or in combination with ozone on healthy volun-
teers. Am Rev Respir Dis 1993;148:965-973.

. Avol E, Linn W, Shamoo D, Anderson K, Peng R, Hackney J. Respira-

tory responses of young asthmatic volunteers in controlled exposures
to sulfuric acid acrosol. Am Rev Respir Dis 1990;142:343-348.

Hoek G, Brunekreef B. Effects of low-level winter air pollution concen-
trations on respiratory health of Dutch children. Environ Res 1994;64:
136-150.

Raizenne M, Neas L, Damokosh A, Dockery D, Spengler J, Koutrakis P,
Ware J, Speizer F. Health effects of acid aerosols on North American
children: pulmonary function. Environ Health Perspect 1996;104:506-514.

Jedrychowski W, Maugeri U, Bianchi I, Flak E. Transient or persistent
asthma-like symptoms and lung growth over 2-year follow-up in pre-
adolescent children. J Epidemiol Biostat 2001;6:220-233.



The Effects of Ambient Air Pollution on School
Absenteeism Due to Respiratory Illnesses

Frank D. Gilliland,! Kivos Berhane,! Edward B. Rappaport,' Duncan C. Thomas,!
Edward Avol,! W. James Gauderman,! Stephanie ]J. London,? Helene G. Margolis,?
Rob McConnell,! K. Talat Islam,! q.nd John M. Peters!

We investigated the relations between ozone {O;), nitrogen
dioxide {NQ;), and respirable particles less than 10 pm in
diamerer (PM,,} and school absenteeism in a cohort of 4th-
grade school children who resided in 12 southern California
coramunities. An active surveillance system ascertained the
numbers and types of absences during the first 6 months of
1996. Pollutants were measured hourly at central-site monitors
in each of the 12 communities. To examine acute effects of air
pollution on absence rates, we fitted a two-stage time-series
model to the absence count data that included distribured lag
effects of exposure adjusted for long-term pollutant levels.
Short-term change in O;, but not NO, or PM,,, was associated
with a substantial increase in school absences from both upper
and lower respiratory illness. An increase of 20 ppb of O, was

associated with an increase of 62.9% [95% confidence interval
(95% CI) = 18.4-124.1%] for illness-related absence rates,
82.9% (95% Cl = 3.9-222.0%) for respiratory illnesses, 45.1%
(93% CI = 21.3-73.7%) for upper respiratory illnesses, and
173.9% (95% CI = 91.3-292.3%) for lower respiratory ill-
nesses with wet cough. The short-term effects of a 20-ppb
change of O; on illness-related absenteeism were larger in
communities with lower long-term average PM,, [223.5%
(95% CI = 90.4-449.7)] compared with communities with
high average levels [38.1% {95% Cl = 8.5-75.8)]. Increased
school absenteeism from O; exposure in children is an impor-
tant adverse effect of ambient air pollution worthy of public
policy consideration. (Epidemiology 2001;12:43-54)

Keywords: air pollution, ozone, respiratory illnesses and children, school absenteeism.

Ambient air pollutants including ozone (Os), nitrogen
dioxide (NO,), and respirable particles less than 10 pm
in diameter {PM,;) contribute to the occurrence of re-
spiratory symptoms and diseases including increased oc-
currence and severity of symptoms, transient changes in
lung function, and increased respiratory infections, more
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" child and family coping strategies.

visits to physicians and emergency rooms and increased
hospital admissions, and changes in lung function and
increased mortality.'* Consideration of a broader group

‘of outcomes, such as school absenteeism, provides a

more comprehensive assessment of the adverse impact of
ambient air pollution.5

Illness-related school absenteeism is an important but
insufficiently studied outcome in children, a group iden-
tified as especially sensitive to the adverse effects of
ambient air pollution.? [llness-related absences are com-
mon events that represent a broad spectrum of morbidity
from mild transient illnesses to the most severe and
prolonged illnesses that require emergency room visits or
hospital admissions.® Although most absences are asso-
ciated with illnesses at the low end of the morbidicy
spectrum, an absence indicates an illness of sufficient
severity to affect the child’s daily functioning, as well as
913

Population-based studies show that absence rates vary
by school, age, grade, and gender, and are affected by
family structure, function, and other social factors.1#13
Although the non-health-related influences on absen-
teeism limit its usefulness as a measure of the adverse
effects of air pollution, the majority of school absences
are illness related and attributable to either respiratory
infections or gastroenteritis, suggesting that illness is the
dominant factor for school absenteeism.'®!* Because the
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effects of air pollution on school absences ate likely to be
due to increases in respiratory illnesses, respiratory ill-
ness-telated absenteeism can be an important and rela-
tively specific integrative outcome for the assessment of
the effects of air pollution on children.

Most research on the effects of air pollution on chil-
dren’s health has focused on self-reported symptoms,
indices of respiratory infections derived from clinical
visits, medical tecords reviews, and lung function as
outcome measures.5!® Few studies have examined the
effects of ambient air pollution on school absenteeism,
and none has examined the effects on respiratory-telated
absences in school-agéd children residing in communi-
ties with large variations in pollutant levels.

The Children’s Health Study (CHS) offers an oppor-
tunity to investigate the effects of three ambient pollut-
ants, Oy, PM;, and NO,, on school absenteeism with a
focus on respiratory illness-related absences.!” We con-
ducted a substudy within the CHS cohort, the Air
Pollution and Absence Study, and examined data on
type-specific absence incidence collected by an active
surveillance system for a cohort of 4th-grade school
children 9-10 years of age who attended schools in the
12 CHS study communities during January through June
1996,

Subjects and Methods

Stupy DESIGN

The CHS is a 10-year longitudinal study that includes
school children who reside in 12 communities within a
200-mile radius of Los Angeles that were selected to
represent the broadest range in concentration of the
ambient pollutants of interest. Details on the design, site
selection, subject recruitment, and assessment of health
effects are reported elsewhere.!? In this report, we focus
on school absences among 2,081 children in the 4th
grade during the first 6 months of 1996.

PARTICIPANT CHARACTERISTICS

Sociodemographic information, indoor exposures, and
medical histories were obtained from questionnaires
completed by parents or guardians at study entry in the
fall of 1995. Environmental tobacco smoke (ETS) ex-
posure was classified as exposure to a current household
smoker or not. The subset of participants with asthma
was defined using parent-reported history of physician-
diaghosed asthma. Children with wheezing were defined
as having any lifetime history of wheezing. Information
regarding the number of hours spent outdoors over a
1-week period was collected by self-administered ques-
tionnaire. Children were stratified into “more outdoors”
or “less outdoors” groups on the basis of whether they
were above or below the median number of hours spent

outside (11.25 hours).

ABSENCE SURVEILLANCE

We collected school absence reports from the 27
elementary schools attended by the newly recruited 4th-
grade children for the period January 1 through June 30,
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1996. Of the 2,081 childten in the 4th-grade group,
2,068 were eligible for the absence surveillance because
they were enrolled in the CHS at the beginning of the
surveillance period. Of these 2,068 children, we ex-
cluded 135 from the analysis for the following reasons:
32 withdrew from the study, 90 changed schools during
the study period, and 13 did not have absence data
because of administrative errors.

Daily absence information was collected using two
methods depending an school confidenciality policies. In
12 schools, attendance reports for entire classrooms were
collected, and study staff identified absences for partic-
ipating students. In the remaining 15 schools, school
staff members supplied subject-specific absence reports
based on lists of subjects provided to them at the begin-
ning of the surveillance period. Study staff requested
that absence reports be completed every 2—4 weeks, with
the interval depending on the availability of personnel
and electronic data systems at individual schools. We
defined an absence as a day or an adjacent series of
school days in which a participant did not attend school
when the school was in session. Over the period of study,
we ascertained 8,971 absences.

We established an active surveillance system to col-
lect information about the reasons for absences; we
categorized absences as illness-related and non-illness-
related (these included injuries) and classified illness-
related absences into gastrointestinal (GI) and respira-
tory categories. School reports classified absences with
nonstandard codes including indicators for non-illness-
related absences. Non-illness-related absences were not
investigated by telephone interviews. Using school re-
potts, study staff assigned daily absence reports to one of
two categories: (1) non-illness telated and (2} poten-
tially illness related. To ensure adequate parental recall
of events associated with the absence of interest, inter-
views were conducted only for absences that were re-
ported within 4 weeks of occurrence. Of the 3,294 ab-
sences reported within 4 weeks, 536 were classified as
non-illness absences on the basis of school reports, and
2,758 absences required telephone follow-up.

Telephone interviews were conducted in English or
Spanish by trained interviewers using a standardized
protocol. Parents were contacted after each absence that
was reported within 4 weeks to inquire whether the
ahsence was illness related and if so, what the symptoms
were; what the physician diagnoses were, if any; and
what medications were used for the repotted illness. The
interviewers used a list of symptoms to categorize respi-
ratory illnesses {nmny nose and sneezing, fever, sore
throat, cough, wet cough, dry cough, earache, wheezing,
and asthma artack) in addition to stomach problems;
head and muscle aches with fatigue; rash or skin prob-
lems; watery, itchy, or burning eyes; allergies; and other
symptoms. Repeat interviews wete conducted for ap-
proximately 5% of absences for quality-control purposes.

Each illness-telared absence was classified as respira-
tory or nontespiratory on the basis of the reported symp-
toms. We defined a respiratory illness as an illness that
included one or mote of the following symproms: tunny

-
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nosefsneezing, sore throat, cough (any, wet, or dry),
earache, wheezing, or asthma attack. Respiratory ab-
sences were further classified into non-mutually exclu-
sive categories of upper respiratory illness andfor as one
of two types of lower respiratory illness (LRI): LRI with
wet cough or LRI with wet coughfwheezefasthma. We
defined an upper respiratory illness as a respiratory ill-
ness with one or more of the following symptoms: runny
nosefsneezing, sore throat, and earache. Gl illnesses in-
cluded illnesses with “stomach problems” such as vom-
iting and diarthea as one of the reported symptoms.

ARBSENCE INCIDENCE RATES _

We categorized each absence day as an incident or
prevalent absence day using absence reports and school
calendars to identify the days each school was in session.
We defined an incidenc absence as an absence that
followed attendance on the preceding school day. We
defined a prevalent absence day as an absence that
occurred after an absence on the preceding school day.
The date of an absence occurrence was assigned to the
incident day of each series of absence days.

We used the daily number of incident absences in
cach community and the corresponding daily number of
children at risk for an absence in each community to
calculate daily community-specific incident absence
rates. We defined the number of students artending a
school as the number of participants enrolled in a school
on a day that the school was in session less the number
of prevalent absences. We calculated daily community-
specific incidence rates of absence by pooling the data
from the reporting schools in each community and di-
viding the. community-specific number of incident ab-
sences by the number of students attending schools in
that community on the day of interest. The avemge
incidence rate for school absences was computed for
each community by averaging daily rates and for the
entire cohort by averaging across days and communities.
Stratified rates (for example, by asthma status) were
calculated by identifying the number of absences and
number of students at risk within each stratum and
calculating daily community-specific tates and average
rates as described.

On the basis of data collected by the active surveil-
lance sysiem, absences were divided into three mutnally
exclusive outcomes: non-illness-related absences, ill-
ness-relared absences, and absences of unknown type
(due to failure to obuain necessary classification infor-
mation). Because some absences were of unknown type,
the type-specific absence incidence rates were adjusted
for ascetrainment failure. To adjust the type-specific
incident absence rates, we calculated a daily community-
specific information success ratio, which we defined as
the daily propottion of timely absence reports in each
commuriity for which sufficient information was ob-
tained to assign the absence as illness related or non-
illness refared. This success ratio was then smoothed
over time using a very rough smoother (using 10 degrees
of freedom). The smoothing was intended to reduce the

-
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random fluctuation due to the limited number of events
on each day within a community but in such a way that

it did not substanrially alter the overall trend in the data

or the observed values. A symptom-specific incidence
rate corrected for ascertainment is of the form: (number
of incident cases)/{number at risk X smoothed success
ratio).

AssessMENT oF AR PoLLution LeveLs

Levels for O;, PM,,, and NO; were measured contin-
uously with hourly averaging at central-site monirors in
each of the 12 communities.” We calculated the daily
[-hour maximum O3, the 24-hour average of Oy, and the
10 am—6 pm average of O, as well as the 24-hour
averages of PM; and NO,. We focused on the 10 am—6
pm average of (O, because it is an index of exposure
during the temporal peak of ozone and cutdoor activity.
The 24-hour averages of PMy, and NO, were used be-
cause they lack the rempotal peak exhibited by O,. The
monitoring program also reported daily 24-hour average,
24-hout maximum, and 24-hour minimum temperatures
at each of the 12 monitoring locations. To assess the
effects of long-term average levels of O,, PM,,, and NO,
on acute effects, we divided communities into high and
low groups for each pollutant on the basis of its ranking
on average levels for 1995. The high and low groups
inclrded the same communities for PM,, and NQ,.

SrtatisTicalL. METHODS
To examine acute effects of each air pollutant on the
rate of absences, we fitted a two-stage time-series model

to the absence count dara.'® 2 Letting p.(z) denote the

expectation of these absence counts and R.{t) denote
the number of children at risk in community ¢ on day ¢,
the first-stage Poisson log-linear model has the form

Stage 1: In[p(8)] = In(R(e})) + s(t) + b,
+dEX () — X+ yZ(0)

where b, denotes the average absence rate in cominunity
¢, adjusted for the effects of time-dependent covariates
Z 1) (for example, temperature, day of the week), and d,
is the within-community slope of the regression of
change in daily absence rates with change in daily pol-
ution X(t) centered at the 6-month average for the
study period X_.. The centering assumes a log-linear
relation between the pollurants and absences. Here, s{t}
denotes a smooth function of time to account properly
for autocorrelation and long- and short-termn time trends
in the multiple time series of counts. We use 5 degrees of
freedom for the 6-month period to remove any temporal
cycles of up to 2 weeks. ™ The first-stage model was also
adjusted for day of the week (with Friday as the reference
day) and temperature (24-hour average, daily minimum,
and daily maximum). The offset term, R.(¢), in the
Poisson model was adjusted by using a smoothed version
of the success ratio as described above.

Because the effects of pollutant exposure on a given
day are likely to occur over several days, we fit models
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that allowed acute effects to be distributed over time. To
account for a lag structure of the pollution effect, we
modified the first-stage model by including communiry-
specific polynomial distributed lag terms™ % leading to a
model of the form: '

In[u(0)] = In[RA6)] + s(t) + b, + vZ{0)
+ Sugad Xt ~ ) — X

wherej=1, ., L, d; = 2 gyt andk =0, ., D, implying
that the effects of each of the previous L days are
distributed over subsequent days following a polynomial
function of degree D. Appropriate values for L and D are
optimally selected by comparing the Akaike Information
Criterion? of the models based on a grid of L and D
values assumning the same D and L values for all com-
munities. This assumption is based on biological consid-
erations indicating that the effects of pollutants should
have the same lag structure in different communities in
‘the Los Angeles region. The quantity d; = % g is
‘then interpretable as the polynomially smoothed esti-
mate of the effect of air pollution on lagged j days, and
their sum d, = 5, d,; is the overall effect of pollution over
the entire lag period. The estimates of d,; and their
variance estitnates are then recovered through the ex-
plicit relation between d,; and g,

The first-stage regression is followed by an ecologic

linear regression model given by:
Stage 2: d. = 8y + 38X, + 1,

The stage 2 regression takes the sum of the lagged
community-specific effects, d_, and the appropriate vari-
ance estimates from stage 1. The parameter §,, the mean
of the within-community slopes d., serves as an aggre-
gated acute-effect estimate and is the quantity of primary
interest for testing acute effects of air pollutants. Because
long-term pollution levels may affect responses to acute
changes in exposure level, the stage 2 model includes
long-term average levels of any of the pollutants of
interest and allows modification of the community-spe-
cific slopes for the acute effects by long-term average
poltution levels. The parameter 8 characterizes the mod-
ifying effect of the long-term average pollution levels on
the relation between change in absences and change in
daily within-community pollution levels. Note that we
use the deviation of the daily exposure values, X(z),
from X, in the first-stage model to make the within- and
between-community comparisons of pollution effects in-
dependent. The second-stage “ecologic” regression is
weiphted by the inverses of the variances of d..

Using this framework, we fitted separate models for
three pollutants; O; (24-hour average, daily maximum,
and 10 am—6 pm daily average), PM,; (24-hour aver-
age), and NO, (24-hour average). To account for effects
* of long-term ambient pollutant levels, regression models
were fitted and the overall summary of acute effect of a
pollutant across communities was estimated, adjusted for
the 1995 community-specific average levels of a pollut-
ant. The estimate of 8, provides an overall summary of
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the acure effects from January through June 1996, ad-
justed for 1995 average levels of pollution or any other
community-specific ecologic facror.

To assess further whether long-term average pollutant
levels modify the acute effects of a pollutant, stratified
models were fit using categories of high- and low-pollu-
tion communities. For any given number of strata, S, the
stage 2 model becomes d. = §,, + 1, wheres=1,...8

. and summary estimates are obtained as above. Strata of

comtnunities were formed on the basis of rankings using
1995 average potlurion levels. We divided communities
into high and low based on long-term average levels of
O; and PM,, or NO,. :

Results

The distribution of sociodemographic characteristics,
medical conditions, ETS exposure, and outdoor activity
varied among the communities (Table 1). The average
daily incidence rate for all types of absences combined
was 3.07 per 100 student-days based on an average daily
attendance of 1,502 students (Table 2). Average daily
absence rates were highest in Lake Gregory and lowest in
Upland. Although the method of absence reporting by

“schools varied by community (Table 1), the method of

school attendance reporting did not appeat to have a
large influence on incidence rates. .

The subset of absences that was reported in a timely
enough manner to be eligible for the active surveillance
system was an unbiased sample of absences occurring on
all days (Table 2). The distribution of determinants of
absences and the averape daily rates for all types of
absencés on days that were reported within 4 weeks did
not differ substantially from the distribution and average
rates on days ascertained over the period of study. The
crude average daily rates per 100 participants were 1.07
for non-illness-related absences, 1.34 for illness-related
absences, and 0.61 for absences of unknown type (Table
3). The daily information success ratio averaged 0.81,
and exceeded 0.72, for all subgroups.

The ascertainment-adjusted daily rate for illness-re-
lated absences was higher than for non-illness-related
absences for all participants combined (Table 4). Lake
Gregory had the highest adjusted daily rate for illness-
related ahsences, and Long Beach had the lowest rate.
[liness-related absences were primarily due to respiratory
illnesses, most of which had upper respiratory symptoms
{Table 4). Adjusted daily rates of absences for respiratory
illness, upper respiratory illness, LRI with wet cough/
wheeze/asthma, and LRI with wet cough varied among
communities and among ethnic and education groups.
Rates of absences for respiratory illness and upper respi-
ratory illness were twice as high in Lake Gregory com-
pared with rates in Long Beach. Children with asthma,
wheezing, and ETS exposure had higher absence rates
for all categories of respiratory illness than children
without asthma, wheezing, or ETS exposure. Adjusted
absence rates for Gl illness did not vary as substantially
as tates for respiratory illness by children’s asthma status,
wheezing status, or ETS exposure (Table 4). Absences

-
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¥ Reporting methods included schools that pravided lists of whole grades and those that provided study subject-specific reports.

* Refers to parent/guardian who completed the subject’s baseline questionraire.

ETS = eavironmental tobacco smoke,

AIR POLLUTION AND SCHOOL ABSENCES 47

due to GI illness showed a different pattem among
ethnic groups and communities from that of respiratory
illnesses, with Alpine having approximately 2.5-fold
higher rates than Santa Maria and Long Beach.

AR Polrumion

The patterns of O3, NO,, and PM,; varied markedly
within and among the communities (Figure 1). The
average 10 am—-6 pm ozone was highest in Riverside and
lowest in Long Beach. The communities with the largest
daily variations were Mira Loma, Riverside, and San
Dimas, with daily levels ranging from lower than the
levels observed in unpolluted regions to greater than 150
ppb.

The 24-hour average PM,, varied by approximately
the same magnitude as O3; however, several of the towns
with the higher O, had lower PMy, (Figure 1). Mira
Loma had the highest level and largest range in 24-hour
average PM,;, and several communities had median lev-
els below 20 pgfm’. The 24-hour average NO, levels
varied among the communities, and some communities
{Lake Gregory and Lompoc) had very low levels (Figure
1). Long Beach, which had low O, had comparatively
high NO,. Lompoc, Santa Maria, and Atascadero had
lower levels of all three of the pollutants of interest. The
communities showed a large range of long-term average
pollutant levels on the basis of 1995 pollution levels
{Table 5). The same six communities were in the high
stratum for both NO; and PM,,.

TE-SERIES REGRESSION

We found that a 30-day lag period with a cubic
polynomial-constrained distributed lag model best de-
scribed che data for all absences, non-illness-telated ab-
sences, and respiratory absences for all three pollutant
metrics of interest. A 15-day lag period provided the best
fit for upper and lower tespiratory absences for all three
of the pollutant metrics.

(OZONE

Average O, for 10 am—6 pm was strongly associared
with illness-related absences and especially respiratory
absences. The summary estimates of the percentage in-
crease in absence rates associated with O; on each. of the
30 lag days are shown scaled to 2 20-ppb change in O,
a change that is less than the smallest range in any of the
12 communities during the 6-month period of study
(Figure 2). The acute effects of O were increased at a
3-day lag, peaked at a 5-day lag, and subsequently
showed a slow decrease. Overall estimates of the effect of
acute change in O; on absences are obtained by sum-
ming the area under the distribured lag curve over the
30-day lag petiod. Daily 1-hour peak O, produced the
same overall results as analyses using the 10 am~6 pm
average O;.

A 20-ppb increase in O; was associated with a 62.9%
absence rate increase for illness, 82.9% increase for re-
spiratory illnesses, 45.1% increase for upper respiratory
illnesses, 173.9% increase for LRI with wet cough, and
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TABLE 2. Average Daily Absence Incidence Rates per 100 Children-Days and Average Number of Children at Risk per
Day on All Days and Days with Active Surveillance for Type of Absence by Selected Participant Characteristics, Air Poflution
and Absence Study, January through June 1996

All Days Acrive Surveillance Days
Average No. Average No.
Absence Children at Absence Children at
Ratef100 Risk/Day % Ratef100 Risk/Day %
gll 307 1,502.2 100.0 3.00 996.4 100.0
ex

Females 3.08 751.2 500 3.10 500.9 50.3

Males 3.06 7510 50.0 2.93 495.4 49.7
Ethnicityfrace

Missing 240 12.5 0.8 2.04 8.0 0.8

White, non-Hispanic 3.13 776.5 517 3.10 498.7 50.1

Hispanic 316 483.1 322 320 327.6 319

Black {African-Armerican) 1.84 82.0 55 2.02 61.7 - 6.2

- Asian/Pacific Isle 2.00 1.2 4.7 1.29 50.2 3.0

Other 3.62 78.1 52 3.89 51.0 5.1
Education of signer

Missing 314 71.2 47 2.97 45.1 4.5

<12th grade 3.59 1825 12.1 3.7 1249 12.5

12th grade 315 287.2 19.1 3.19 189.9 19.1

Some collegeftechnical school 316 651.4 434 3.05 4269 428

4 years of college 245 159.2 106 2.96 110.0 11.0

Postgraduate 239 150.8 100 2.35 99.9 10.0
Community ’

Alpine - 313 158.6 10.6 322 116.0 11.6

Lake Elsinore 3.78 109.3 73 3.8 93.6 9.4

Lake Gregory 4.34 129.1 86 4.36 105.3 10.6

Lancaster 3.06 1284 85 3.10 90.3 9.1

Lompoc 2.84 151.4 10.1 3.17 106.1 10.7

J.ong Beach 235 149.7 16.0 2.37 124.2 12.5

Mira Loma 3.30 1495 10.0 3.35 143.1 14.4

Riverside 297 151.5 10.1 .94 143.8 14.4

San Dimas 280 159.7 10.6 2.50 86.0 86

Atascadero 2.82 134.6 9.0 - 3.06 103.7 104

Santa Maria 2.83 1129 15 2.57 83.0 8.3

Upland 2.29 143.0 9.5 2.36 114.6 t1.5
Diagnosed asthma

Missing 3.15 45.4 3.0 324 30.5 31

No 298 1,2433 82.8 2.94 8271 83.0

Yes 365 2135 14.2 3.6l 138.7 13.9
Reported wheeze

Missing 2.55 89.6 6.0 2.73 61.3 6.2

No 288 943.2 618 2.81 630.2 63.2

Yes ’ 3.55 469.4 312 3.55 304.9 3.6
Any ETS

Missing 3.17 49.7 3.3 302 32.8 33

No .93 1,1810 78.6 2.86 786.4 789

Yes 3.67 2715 18.1 372 177.2 17.8
7-day outdoor activities

Missing 3.66 1742 11.6 3.6l 117.2 11.8

=11.25 hours 3.04 863.3 515 3.03 580.0 58.2

>11.25 hours 3.10 638.9 425 300 416.4 41.8
School report method

Whole grade 3.19 793.4 528 3.03 464.0 46.6

Participants 312 7212 480 3.08 545.8 54.8

ETS = environmental tobacco smoke.

68.4% increase for LRI with wet cough/wheezefasthma
{Table 6). To determine the sensitivity of our estimates
to the amount of smoothing used to remove seasonal
vatiation, we refitted the models using 3 degrees of
freedom and found that the estimates were essentially
unchanged. For example, the effect of ozone on respira-
tory absences changed from an 82.9% increase to an
81.3% increase. Ozone-related increases in all absences
and illness-related absences were larger in communities
with lower levels of NO, or PM |y than in communities
with higher levels of NO, or PM,, (Table 7). The acute
effects of Oy on respiratory illness-related absenteeism

were also larger in communities with lower long-term
average PM;, (454.9%) compared with communities
with high average PM;, (42.9%).

PM,;, anD NO,

Daily 24-hour PM;, was associated with all absences
(Table 6). However, increased daily PM;; was only as-
sociated with increases in non-illness-related absences.
A change of 10 pg/m?® in PM,y was associated with a
22.8% increase in all types of school absences combined
and with a 97.7% increase in non-illness-related ab-

s
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TABLE 3. Average Crude Daily Absence Incidence Rates per 100 Children-Days and Performance Characteristics of the
Active Surveillance System by Selected Participant Characteristics, Air Pollution and Absence Study, January to June 1996

Absence Ratef100 Information Success
Crude Non-Iliness  Crude Any Iliness  Unknown Type  Mean Success Ratio Range
All 1.07 1.34 0.61 081 0.70-0.99
Sex :
Females 1.10 1.40 059 0.81 0.68-0.99
Males 1.05 1.27 0.61 081 0.65-0.99
Ethnicity/race
Missin, 1.25 0.07 0.73 0.72 0.57-0.93
Whitefnon—ﬂispanic 1.03 1.42 0.65 0.82 0.70-09%
Hispanic 1.15 1.35 0.70 0.81 0.57-0.99
Black {African-American} 1.05 071 0.26 0.81 0.59-0.93
AsianfPacific Isle 039 0.81 0.10 0.82 0.67-0.94
Other 1.66 1.65 0.58 0.81 0.43-1.01
Education of signer
Missing 1.01 1.20 0.76 0.81 0.56-0.96
<12th grade 1.46 1.37 0.89 0.80 0.49-0.91
12th grade 1.08 1.56 0.55 0.80 044-0.92
Some college/technical school 1.09 1.36 0.60 0.82 0.69-0.99
4 years of college 1.33 1.23 0.40 0.82 0.56-0.94
Postgraduare Q.67 1.20 0.47 0.81 0.54-0.97
Commumity -
Alpine 092 143 0.87 0.75 0.57-1.00
Lake Elsinore 1.24 1.80 0.67 0.84 0.44-1.02
Lake Gregory 147 1.83 1.06 0.76 0.54-0.94
Lancaster 1.14 1.24 0.73 0.82 0.67-1.02
Lompoc 0.88 1.74 0.55 0.83 0.66-0.99
Long Beach 116 0.81 0.40 0.85 0.75-097
Mira Loma 1.20 1.58 0.56 0.82 0.72-0.89
Riverside 0.87 1.37 0.69 0.76 0.55-0.90
San Dimas 0.78 1.19 0.52 0.82 0.69-0.92
Atascadero 1.01 1.32 0.72 0.80 0.30-0.96
Santa Maria 0.77 1.29 0.51 .81 0.57-0.95
Upland 0.79 .19 0.37 0.86 0.74-0.99
Diagnosed asthma
Missing 1.44 1.19 0.61 081 0.58-0.95
. No 1.08 1.26 0.60 081 0.70-0.99
Yes 1.02 1.88 0.1 0.81 0.61-0.97
Reported wheeze
Missing 0.90 (.88 0.95 C.80 0.61-0.95
No 1.03 1.23 0.55 0.81 0.70-0.99
Yes 1.24 1.68 0.63 0.81 0.65-0.97
Any ETS
Missing 1.37 0.98 0.68 0.79 0.44-0.94
No 1.00 1.28 .59 081 0.70-0.99
Yes 1.29 1.7¢ 0.65 081 0.65-0.95
7-day outdoor activities
Missing 1.32 1.57 0.71 0.82 0.62-0.99
=11.25 hours 1.10 1.35 0.58 0.81 0.44-0.99
>11.25 houws 105 1.36 0.58 0.81 0.65-0.90
School report method
Whote grade 1.15 1.22 0.66 0.719 0.56-0.91
Participants 1.08 1.41 0.58 0.83 0.70-0.99

ETS = environmental tobacco smoke.

sences, but a 5.7% increase in illness-related absences.
Daily PM,, was not materially associated wich any of the
categories of respiratory illness-related absences. NO,
had only a weak association with school absenteeism

(Table 6).

Discussion

We found that day-to-day changes in O were associ-
ated with a substantial increase in school absences from
both upper and lower respirarory illnesses. Absences
were increased 2-3 days after exposure and reached a
peak on day 5 after exposure. The short-term effects of
O; on tespiratory illness-related absences are consistent
with a large body of evidence on the acute adverse
effects of O; on children’s respiratory health.? Exposure

to Oy is known to be associated with increased hospital
admissions for respiratory infections among children.
Hospital admission ranks as a severe outcome in the
range of adverse effects, and most respiratoty illnesses do
not lead to hospital admission for treatment. School

- absences due to respiratory illnesses may usefully repre-

sent the first tier of adverse effects that are far more
common than severe adverse effects.

A limited number of studies have examined the rela-
tion between O, exposure and school absenteeism. In a
study in Mexico City of 111 preschool children, O; was
associated with higher rates of absenteeism due to respi-
rawory illnesses.?? Children exposed to more than 130
ppb of O, on 2 consecutive days had a 20% increase in
the occurrence of preschool-reported respiratory ill-

-
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TABLE 4. Type-Specific Adjusted®* Absence Incidence Rates per 100 Children-Days by Selected Participant Characteris-
tics, Air Pollution and Absence Study, January through June 1956

Adjusted  Adjusted
Lower Lower
ry Respiratory

Adjusted Respirato
Adjusred  Adjusted  Adjusted Non- _Adjusted U]pper wi& Wet with Adjusted GI
Non-lliness Any Illness  Respiratory  Respiratory Respiratory  Cough Wheeze  Symptoms

All 1.34 1.64 0.60
Sex
Females . 1.36 1.71 0.62
Males 1.31 1.56 0.59
Ethnicityfrace
Missi 1.71 0.10 0.0
White/non-Hispanic 1.27 1.73 0.67
Hispanic 140 1.65 0.57
Black {African-American) 1.35 0.86 Q.10
Asian/Pacific Isle 045 1.00 021
Other 211 2.01 .89
Educarion of signer
Missing 1.27 1.49 0.87
<12th grade 1.79 1.66 0.44
12th grade 1.35 1.90 Q.75
Some ccllege[ltechnical school 1.35 1.67 0.59
4 vears of college 1.76 1.47 0.37
Postgraduate 0.82 1.46 045
Community
Alpine 1.20 1.9¢ 0.91
Lake Elsinote 167 2.08 0.76
Lake Gregory 1.90 2.28 0.88
Lancaster 1.42 1.47 0.49
Lompoc 1.08 2.0 071
Long Beach 1.36 0.96 0.24
Mira Loma 1.48 1.92 0.86
Riverside 1.20 1.82 0.72
San Dimas 094 1.44 031
Atrascadero 1.27 1.61 0.83
Santz Maria 0.93 1.62 0.57
Upland 0.92 1.38 0.48
Diiﬁnosed asthma
isstng 1.78 149 0.51
No 1.34 1.54 0.59
Yes 1.25 2.28 0.70
Reported wheeze
Bigi,ssi.ng 1.i5 1.06 0.36
No 1.28 1.51 0.63
Yes 1.53 205 Q.61
Any ETS
Missing 1.86 1.23 (.68
Mo 1.22 1.56 0.55
es 1.62 2.17 0.83
7-day cutdoor activities
Missin 1.60 1.93 0.80
=11.25 hours 1.38 1.65 0.63
>11.25 hours 1.30 1.66 0.58
Schoal report method
Whole grade 145 1.55 Q.52
Participants 1.33 1.69 0.61

1.04 0.93 C.18 0.30 0.63
1.09 1.00 .19 0.30 0.65
0.97 0.86 0.18 0.30 0.61
0.10 0.10 000 0.00 0.00
1.06 098 0.21 0.33 Q.75
1.08 093 0.19 0.26 0.57
0.75 0.68 Q.13 047~ 0.21
.79 0.68 0.1¢ 0.17 0.14
L13 1.01 0.25 0.34 0.82
0.63 0.58 0.13 0.17 C.76
1.22 0.93 0.21 0.44 0.50
115 1.01 0.19 0.33 0.70
107 0.97 0.18 0.31 0.65
1.10 0.99 0.14 0.38 0.48
1.01 1.0t 0.28 0.29 0.63
1.00 0.85 0.19 026 0.98
1.32 1.17 0.28 0.56 0.90
141 1.29 0.30 0.35 0.88
0.98 0.91 0.12 0.24 0.64
1.38 1.24 0.24 0.30 0.73
0.72 0.61 0.21 0.31 035
1.06 .89 0.24 0.41 0.77
1.09 1.06 0.20 0.31 0.85
1.13 0.94 0.16 0.36 0.38
0.78 0.60 o1 0.28 0.66
1.05 1.04 0.14 0.24 0.4C
0.90 0.84 0.13 0.26 0.55
0.98 0.91 035 0.42 0.63
0.95 0.89 0.16 0.2¢ 061
1.58 1.25 0.30 0.89 0.76
Q.70 0.67 c.09 0.11 0.49
0.88 0.82 014 0.17 0.61
L44 1.24 0.28 0.59 0.68
0.54 040 0.07 0.19 0.64
1.01 0.92 0.18 0.28 0.59
135 121 0.23 0.46 082
1.14 1.08 021 0.28 0.79
1.03 0.92 0.18 0.28 0.63
1.08 097 0.18 0.34 0.64
1.03 0.91 0.20 ©.31 0.64
1.08 098 0.19 032 0.60

Gl = gastrointestinal; ETS = environmental tobacco smoke.

* Adjusted for interview failure using the success ratio as described in the methods section.

nesses. Studies of school absenteeism in California failed
to find an association with oxidants or other pollutants,
but these studies did not assess the effects of daily
changes in pollutant levels on respiratory absences.’
The relations hetween other air pollutants, such as SO,,
and school absences have also been investigated; how-
ever, the effects of O, were not examined, because levels
were considered too low to have adverse effects.’ We
lack data to investipate further the reasons. for the
smaller effect of acute changes in O, on respiratory
illness-related absences in communities with high long-
term average PM,, levels. One possible explanation is
seasonal attenuation of children’s responses to air pollu-
tion. Seasonal atrenuation of the acute lung function
response to O, exposure during high-pollution months

has been reported, suggesting that long-term exposure to
elevated levels of PM can affect acute response to 0,34

The association of daily 24-hour average PM, with all
absences in this study was primarily due to a relation
with non-illness-related absences. The small association
with illness-related absences was unexpected, because
studies have shown that particulate pollution is associ-
ated with reduction in lung function, increased rates of
acute bronchitis in children, increased incidence of re-
spiratory symptoms, increased emergency room visits
and hospitalizations for respiratory disease, and increased
mortality>%*3 Qur study is consistent with a report by
Ransom and Pope,® who studied the telation between
school absenteeism and PM, in Utah Valley for 6 years
between 1985 and 1990, using weekly absenteeism data
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FIGURE 1. Boxplots of 10 am—6 pm average Oy, 24-hour average NG,, and 24-hour average
PMy, in study communities (Air Pollution and Absence Study, January 1 through June 30,
1996). In the box plots, the median, first quartile, and third quartiles form the box, and the
whiskers depict *1.5 X interquartile range. Any other extreme values outside of the whiskers

are plotted individuaily.

from one school district and daily data from one elemen-
tary school. They observed that a 100 pgfm? increase in
the 28-day moving average of PMy, was associated with
a 40% increase in overall absences and that the effect
was larger in younger children. The study did not, how-
ever, distinguish between illnéss and non-illness-related
absenteeistn. We were unable to investigate directly
non-illness absences, because we did not ask about rea-
sons for non-illness absences during interviews. We con-
sidered a number of potential sources of bias, such as
incomplete control of temporal trends and the effects of
temperature and differences in the effects among the
communities, by conducting sensitivity analyses. We
found the relations were consistent between communi-

TABLE 5. Annual Average Air Pollution and Community

Respirable Particles (PMo) Based on 1995 Levels, Children"": I

_ i__ i relation between air pollu-

-1 tion and absentecism in
% £fs =%= % Helsinki, Ponka®® reported
San D, :ua: :n.ah: Tptard that mean weekly NOZ

concentrations were asso-
ciated with absenteeism
among adults; however,
low ambient temperature
accounted for the associa-
tions with absences among
children in day care cen-
ters and school children.® In the present study, the lack
of association may also reflect the narrow range of NO,
exposure and possible exposure misclassification due to
the use of a central site monitor to assign exposure
levels. Misclassification of exposure is likely to be the -
same on different days within each community, suggest-
ing that misclassification is likely to be nondifferential. *
In preliminary analyses, we used a bidirectional case-
crossover approach to assess the air pollution and ab-
sence telation; however, the time-series analysis pro-
vides an analytic framework that efficiently uses all
available information and does not have some of the
conceptual drawbacks of the case-crossover ap-
proach.®-® The distibuted lag model constrained the

Rankings for Ozome (Q,), Nitrogen Dioxide (NO,), and

B

a}th Study, 1995

Annual Mean

Annual Megl}

Annual Mean

10 am-6 pm Daily NO, Daily PM,q ‘ Stratum™*
Communicy O; {ppb) Rank {ppb) * Rank {pgfm?) Rank (Oy, PM;gNO;)
Santa Matia n 1 12 3 0 2 LL
‘Long Beach 33 2 37 10 39 9 LH
Atascadero 43 3 13 4 12 4 LL
Lempoc 45 4 5 1 15 1 IL
Lancaster 48 5 19 6 24 5 LL
Mira Loma 54 & 23 8 65 12 LH
Upland 55 7 45 12 45 11 HH
Lake Elsinore 57 8 20 7 35 7 HH
Alpine 58 9 13 5 pL 6 HL
San Dimas 60 10 44 11 37 8 HH
Riverside 62 11 15 9 44 10 HH
Lake Gregory 65 12 7 p 2t 3 HL

* Strata were defined by ranking communities on 1995 average pollution levels and dichotomizing communities into high {(H) and low (L) groups. LL = low O and
low PM;, or NO,, LH = low O; and high PMg or NO,, HL = high ; and low FPM,g or NG, and HH = high Oy and high PM,;, or NO,.
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TABLE 6. Short-Term Effects of 10 am—6 pm Average O

Epidemiology  January 2001, Vol. 12 Ne.'1

zone (Q;), 24-Hour ‘Average Respirable Particles (PM,) and

24.Hour Average Nitrogen Dioxide (NQO,) on School Absence Incidence Rates [Percentage Change and 95% Confidence
Limits (CL}], Air Pollution and Absence Study, January through June 1996*

Pollurant
G PMp NO,
Type of Absence % Change 95% CL % Change 95% CL % Change 5% CL
All absences 163 —2.6,38.9 22.8 11.6,35.2 34 ~30.6, 54.0
Non-illness 212 -12.9,69.0 9.7 12.6,126.5 346 —-43.0,218.2
llness 629 184, 124.1 5.7 —12.1, 270 —4.6 - —424,518
Nontespiratory 37.3 5.7,78.3 10.2 —14.6,42.3 —36.8 -69.5,30.8
Respiratory ¥ 829 39,2220 -43 -32.2,35.0 196 —36.2,124.4
LTR.I 45.1 21.3,73.7 5.5 —6.8,194 —-74 —30.3,23.0
LRIjwe 173.9 91.3,2923 -7.7 —49.1,67.7 —37.5 —73.9,49.4-
LRIffA 68.4 43.4,97.8 -7.1 —34.1,308 5.1 —60.3,178.0

URI = upper respiratory illness; LRI = lower respiratory illness; we = wet cough;

; W/A = wet coughfwheeze or asthma attack.

* Results are reported for 20 ppb Oy, 10 prg/m’ PMy,, and 10 pph NO,- Models are firred using community-specific polynomial-distributed lag models (degree 3) with

30-day lag period except URL, LRIjwe*, and LRIW/A had 15-day leg periods.
1 Fifieen-day lag periods used.

acute effects of pollutants to follow a polynomial func-
tion of air pollution. Based on an objective criterion for
choice of the number of lag days, minimizing the Akaike
Information Criterion, a cubic polynomial that included
either 15 or 30 lag days, best described the lagged effects.
Other choices of the lag period length would produce
consistent results for the O, effect on respiratory illness-
related absences. The 15- to 30-day lag periods for the
(0, effects on respiratory illness-related absences are con-
sistent with data from a number of studies showing that
effects of air pollution on respiratory health outcomes
may persist for up to § weeks, 364445

Our study enrolled and actively followed more than
2,000 4th-grade school children. The active surveil-
lance system and modeling strategy did, however,
have some limitations. Although the restriction of
ahsences to those reported within 1 month of occur-
rence may have introduced bias into our study, it was
adopted to minimize any recall bias of absence events
by parents. On the basis of the distributions of the
study population in the full and restricted sample of
absence days, we found little evidence of any selection
bias from the restriction. To account for the effects of
incomplete ascertainment, we adjusted the denomi-

nator of the rates and the offset in the Poisson time-
series models for the proportion of absences with
information on absence type. To investigate the ro-
bustness of our estimates to the assumptions implicit
in this adjustment, we conducted sensitivity analyses
by limiting the analyses to those days with greater
than 70% ascertainment. Restriction to days with
nearly complete information had little effect on the
magnitude of the associations. To assess further the
potential for bias from the variation in ascertainment,
we also examined the relations between the daily
pollution and callback rates as well as absence rates
and callback rates. We found thar the communiry-
specific smooth success ratios showed, in general, a
weak negative correlation with ozone. Because ozone
was positively correlated with absence rates over the
period of study, a negative bias toward the null would
be expected and cannot explain our ozone results. The
correlations for NO, and PM,, were generally smaller,
making the potential for bias less likely.

We also attempted to examine variation in the
relations using models stratified by asthma, ETS ex-
posure, or other sociodemographic factors, but were
unsuccessful owing to the short length of time series

TABLE 7. Short-Term Effects of Ozone (O,) [Percentage Change and 95% Confidence Limits (CL)] on School Absence

Incidence Rates, Stratified by Long-Term Average 10 am-6
Nitrogen Dioxide {NO,},* Air Pollution and Absence Study,

pm O, and 24-Hour Average Respirable Particles (PM,} or
January through June 1996%

Co:ﬁ.munity Ranking
Based on Oy Based on PM,/NO,
Low Oy High O, Low PM,, (NO,} High PM, (NO,)

Type of Absence % Change 95% CL % Change 95% CL % Change 95% CL % Change 95% CL
All absences 14.0 -16.9,56.1 16.2 —5.8,43.3 68.2 25.9,124.8 6.4 -71,21.9
Non-illness 17.0 -353,111.9 20.1 —19.2,78.6 49.8 -30.7,223.7 13.6 -203,61.8
llness 87.6 83,2252 48.8 30,1150 2235 9C.4, 449.7 381 85,758

Nonrespitatoty 299 —19.8,110.6 315 ~56,83.0 29.6 ~32.2, 1479 313 -28,774

Respiratory 136.8 —11.5,533.1 51.7 —18.1, 203.9 454.9 90.0, 1520.0 419 ~11.2,130.1

* High and low strata included the same communities for either PM,q or NO..

+ Results sre reported for 20 ppb Oy, 10 ug/m? $Myp, and 10 ppb NO;. Models are fitted using community-specific polynomial-distributed lag moedels (degree 3) with

30-day lag period.
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FIGURE 2. Distributed lag estimates and 95% confidence
intervals for the effect of 10 am--6 pm O, (per 20 ppb) on

respiratory illness-related absences (Air Pollution and Absence
Study, January 1 through June 30, 1996).

and the low number of events within community-
specific strara. Lastly, it was not feasible to examine
sitnultaneously the acute effects of multiple pollutants
using the, two-stage distributed lag framework devel-
oped for this analysis. Future development of a bino-
mial time-series model with a flexible distributed lag
structure would provide the framework to include
individual-level covariates and multipollutant effects
in time-series analyses.

In conclusion, relatively small short-term changes in
O; were associared with increases in respiratory illness-
related school absences in children 9-10 years of age.

Because exposures at the levels observed in this study are

common, the increase in school absenteeism from respi-

ratory illnesses associated with relatively modest day-to- "

day changes in O; concentration documents an impor-
tant adverse impact of O, on children’s health and
well-being.
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Association between Air Pollution and Lung Function
Growth in Southern California Children

W. JAMES GAUDERMAN, ROB McCONNELL, FRANK GILLILAND, STEPHANIE LONDON, DUMCAN THOMAS,
EDWARD AVOL, HITA VORA, KIROS BERHANE, EDWARD B. RAPPAPORT, FRED LURMANN,

HELENE G. MARGOLIS, and JOHN PETERS

Department of Preventive Medicine, University of Southern Caiifornia Schoot of Medicine, Los Angeles; Sonoma Technology Inc., Petaluma;
Air Resources Board, State of California, Sacramento, California; and National Institute of Environmental Health Sciences, Research Triangte Park,

MNorth Carolina

Average growth of lung function over a 4-yr period, in three co-
horts of southern California children who were in the fourth,
seventh, or tenth grade in 1993, was modeled as a function of
average exposure to ambient air pollutants. In the fourth-grade
cohort, significant deficits in growth of lung function (FEV,, FVC,
maximal midexpiratory flow [MMEF], and FEF,5) were associated
with exposure to particles with aerodynamic diameter less than 10
pwm (PMyg), PM, 5, PM,-PM, 5, NO,, and inorganic acid vapor (p <
0.05). No significant associations were observed with ozone. The
estimated growth rate for children in the most poliuted of the
communities as compared with the least polluted was predicted
to result in a cumulative reduction of 3.4% in FEV; and 5.0% in
MMIEF over the 4-yr study period. The estimated deficits were gen-
erally larger for children spending more time outdoors. In the sev-
‘enth- and tenth-grade cohorts, the estimated pollutant effects
were also negative for most lung function measures, but sample
sizes were lower in these groups and none achieved statistical sig-
nificance. The results suggest that significant negative effects on
fung function growth in children occur at current ambient concen-
trations of particies, NO,, and inorganic acid vapor.

The acute health consequences of breathing polluted air are
well documented, ranging from increased cardiorespiratory
morbidity and mortality to increased prevalence of respiratory
symptoms and decrements in lung function (1-4}. Chronic
health effects from exposure to air pollution have been sug-
gested by previous studies, although whether chronic effects
occur at current ambient concentrations remains uncertain (1,
2, 5-7). Children may be a particularly vulnerable population
because they spend more time outdoors, are generally more
active, and have higher ventilation rates than adults (8).

Ore approach to assessing the potential chronic effects of
air pollution is to determine how pollution affects lung func-
tion growth. The broad range of air quality in southern Cali-
fornia offers the opportunity to investigate the health effects
of exposure to several pollutants, including ozone, nitrogen
oxides, particles, and acids. In 1993, we initiated a 10-yr pro-
spective study of respiratory health in children from 12 south-
ern California communities. In this report, we examine the
longitudinal hing function data from the first 4 yr of follow-up
and analyze the relationship between air pollution concentra-
tions and hung function growth.

(Received in original form September 23, 1999 and in revised form May 2, 2000)

Supported in part by the California Air Resources Board (Contract AD33-186),
the National Institute of Environmental Health Sciences (Grant SP30ESQ7048-
02), the Environmental Protection Agency (Cooperative Agreement CRB22685),
and the Hastings Foundation.

Cormrespendence and requests for reprints should be addressed to W. James
Gauderman, Departrnent of Preventive Meditine, USC Schoo! of Medicine, 1540
Alcazar St,, CHP 220, Los Angeles, CA 90089, E-mail: jimg®@rcf.usc.edu

Am ] Respir Crit Care Med Vol 162. pp 1383-1390, 2000
Internet address: www.atsjournals.org

METHODS -

Study Subjects

Twelve communities within a 200-mile radius of Los Angeles were se-
lected in 1993 based on their historical air pollution levels. In each
community, approximately 150 children in grade four, 75 in grade
seven, and 75 in grade 10 were selected from public schools. Informa-
tion concerning medical history, residential history, housing charac-
teristics, and time spent outdoors was obtained by questionnaire. Ad-
ditional characteristics of the study design have been previously
described {6, 7). Spirometric evaluations of the children were con-
ducted annually from 1993 to 1997 for the fourth- and seventh-grade
cohorts, and from 1993 to 1995 for the tenth-grade cohort. A total of
3,035 children had at least two evaluations during this period. The
study protocol was approved by the institutional review board for hu-
man studies at the University of Southern California, and informed
written consent was provided by parents for all study subjects.

Pulmonary Function Testing

Pulmonary function tests (FFTs) were performed at schools during
the morning and early aftemoon hours of spring. Each subject was
asked to perform up to seven maximal forced expiratory flow—volume
maneuvers using one of six rolling-scal spirometers (Spiroflow; P.X.
Morgan Ltd., Gillingham, UK), from which FVC, FEV,, maximal mi-
dexpiratory flow (MMEF), and forced expiratory flow rate at 75% of
expired FVC (FEF,;) were recorded. A more detailed description and
procedures for maneuver selection, spirometer calibration, and quat-
ity control have been previously reported (7).

Air Pollution Data

Air pollution monitoring stations were established in each of the 12
communities as a part of the study design, with measurements for all
pollutants at all sites available from 1994 onward. All stations moni-
tored hously concentrations of ozone (0.}, nitrogen dioxide (NO,),
and particles with acrodynamic diameter less than 10 pm (PM;q).
Two-week integrated samplers were used to measure PM, ; and acid
vapor. For statistical apalysis, we computed the annual averages of
the 24 h averages of Os, PMyy, and NO,, the annual average of 10:00

- AM. to 6:00 p.M. Ievels of Os, the annual averages of the 2-wk averages

of PM, 5 and inorganic acid vapor (HCl + HNQ;), and the difference
between annual average PM;, and PM; 5. In addition, 3-yr mean levels
(1994 to 1996) in each community were computed for all poliutants.

Statistical Analysis

Linear regression methods were used to determine whether, over the
4 yr of follow-up, average lung function growth rates of the children in
each commumity were associated with the corresponding average pol-
lutant levels in those communities. The outcome data consisted of
11,536 PFTs recorded from 1993 to 1997 on 3,035 study subjects in the
12 commurities. Because lung fuaction increases nonlinearly from
childhood through adolescence (9), all analyses were performed sepa-
rately within grade cohort (fourth, seventh, or tenth grade in 1993). A
set of three regression models was used to adequately account for
time, subject, and community-specific effects.

The first model was a linear regression of PFT (natural-log trans-
formed) on age, with indicator variables for subject to obtain a sepa-
rate intercept and growth slope for each child. Adjustment was made
for subject- and time-specific covariates, including height (natural-log
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TABLE 1
CHARACTERISTICS OF THE STUDY POPULATION

Female  (rade Cohort (%) Ever Gas  Passive Time
Mo.of  Mean No. Sex ——— Y7 Asthma Stove Smoke Pets Outdoors

Subjects* PFTs (%) 4th  7th 10th (%) (%6} (%) (%) (%)
Alpine (A 252 3.8 51 51 % 24 14 46 19, 88 51
Atascadero (AT) 233 3.9 59 49 30 21 22 76 12 91 58
Lake Arrowhead (LA} 286 3.9 52 52 27 21 14 86 19 86 48
Lake Elsinore (LE) 258 3.7 45 49 24 27 16 75 30 87 56
Lancaster {LN) 212 3.6 51 52 26 22 4 8% 23 72 54
Lompoc (LM} 248 3.6 50 39 27 34 12 82 18 78 60
Long Beach {1B) 257 3.7 53 53 25 22 12 82 15 58 45
Mira Loma Mb) 262 3.8 52 52 27 2t 11 94 27 90 _52
Riverside (RV) 285 3.8 53 4 30 21 16 89 19 76 49
San Dimas (SD) 252 39 53 47 27 26 18 90 21 74 52
Santa Maria (SM) 248 3.6 52 48 26 26 14 35 18 55 A9
Upland (8] 242 4.0 49 51 24 25 16 73 13 79 52
Al ' 3,035 3.8 - 52 50 26 24 15 81 20 78 52

* Number of subjects with at least 2 pulmonary function tests from 1993 to 1997.
t percent of hours spent outdaors between 2:00 p.M. and 6:00 pu.. over 10 weekdays.

transformed), weight, body mass index, height-by-age interaction, re-
pott of asthma activity or cigarette smoking in the previous year, re-
port of recent exercise, and interactions of each of these variables
with sex. Also included as adjustment variables were room tempera-
ture and barometric pressure on the day of the test, sets of dummy
variables for field technician and spirometer. Lung function growth
slopes were scaled to a child with average height growth within each
cohbort.

The second mode} was a linear regression of the subject-specific
adjusted growth siopes estimated from the first model on indicator
variables for community, to obtain the annual average lung function
growth rate in each communily. Adjustment was made for subject-
specific covariates, including sex, racefethnicity (Asian, African-Amer-
jcan, non-Hispanic white, Hispanic, other), and baseline report of
doctor-diagnosed asthma. Additional variables, including report of

10am-6p.m Gy Py

hay fever, health insurance, regular vitamin use, and the presence in
the home of mildew, pests, cockroaches, house plants, an air condi-
tioner, or water damage were not significantly associated with any
tung function growth measure af the 0.15 significance level, making
them unlikely confounding variables. Because incorporation of these
covariates would reduce sample sizes owing to missing values, they
were excluded as adjustment variables in all models. Carpeting in the
home was marginally associated with reduced MMEF (p = 0.09) and
FEF;s (p = 0.09). Models for these PFTs were estimated both with
and without adjustment for carpeting, but in no case did adjustment
alter an air pollution effect by more than 3% of the unadjusted esti-
mate. For this reason, and because 7% of subjects would be excluded
for missing carpet information, results described in the next section
are based on the models without adjustment for this covariate. The re-
siduals from both the first and second regression models satisfied the
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TABLE 2

CORRELATIONS AMONG COMMUNITY MEAN
POLLUTANT LEVELS OVER THE STUDY PERIOD

Inorganic
Poflutant* 05  PMyy  PMzs PM;PMzs  NO, Acid
0;(10am—6rm) 0697 028 035 0.15 0.06 0.50
O, —  -032 -032 -029 —049 -0.07
PMyq — — 0.96¢ 0.92¢ 0.65%  0.68%
M. — — — 0.76 0.74%  0.79%
PMig-PMa 5 — — — — 044 043
NO; — — — — — 0.87

* 24-h average (unless atherwise noted) pollution level from 1994--1996.
Tp < 0.005.

+p < 0.0005.

§p < 0.05.

assumptions of normality and homoscedasticity, indicating a good fit
of the linear models to the lung function data.

The 12 adjusted community-average lung growth rates from the
second model were compared graphically with community mean con-

centrations of each pollutant, and a third linear regression was used to

quantify the change in annual growth per unit increase in pollutant
level. The parameter of primary interest was the slope from this third
regression. These slopes were reported as the difference in estimated
percent growth rate per year between the highest and Iowest observed

_community mean levels of each pollutant, with negative differences

indicating reduced growth with increased exposure. In addition to
modeling the effect of each pollutant univariately, we considered all
possible two-pollutant models, obtained by regressing the commu-
nity-average lung growth rates on a pair of pollutants simultaneously.

For estimation and testing hypotheses, the three regression models
described previcusly were combined into a single, linear mixed
model, so that all parameters were mutually adjusted for one another
and the resulting pollution effect estimates properly accounted for the

different number of observations provided by each subject. The
MIXED procedure in SAS (10) was utilized to fit the models, and a
two-sided alternative and 0.05 significance level were used for each
hypothesis test.

Additional analyses were conducted to explore the robustness of
pollutant effect estimates. Models were also estimated after stratify-
ing the data based on sex, asthma status at baseline, and time spent
outdoors. The latter variable was obtained from the baseline gues-
tionnaire as the number of weekday hours spent outdoors between
2:00 p.m. and 6:00 .M. over a 10-weekday period. Responses to this
question were used to stratify subjects into either a “more outdoors”
or “less outdoors™ group, based on whether they feli above or below
the mean of 20.8 h (52% of 40 h).

RESULTS -

The distribution of subjects with at least two PFTs during the
study period is shown in Table 1. The sample included 1,498
fourth-graders in 1993, 802 seventh-graders, and 735 tenth-
graders, with an average of 3.8 PFTs per child. Approximately
15% of subjects reported a history of doctor-diagnosed asthma
at baseline, a proportion that varied from 11% (Mira Loma)
to 22% (Atascadero} across communities. The prevalence of
three indoor sources of air pollutants, passive tobacco smoke,
gas stove, and the presence of pets, also varied across commu-
nities.

There was substantial variation in annual average pollutant
concentrations across the 12 communities, with little year-to-
year deviation in levels within each community (Figure 1).
From least to most polluted community, pollutant concentra-
tions varied by a factor of approximately 2.5 for daytime and
24-h ozone, 4 for PMy,, S for PM, 5, 8 for NO,, and 5 for inor-
ganic acid. Table 2 shows correlation coefficients between
community mean polutant levels over the study period. Four
of the pollutants (PM,,, PM, 5, NO,, and inorganic acid) were
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Figure 2. Adjusted average annual FEV; growth
rates for the fourth-grade cohort in the 12 com-
munities versus the mean pollutant levels over
the study pericd. The two-letter abbreviations for
each community are shown in Table 1.
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TABLE 3

DIFFERENCE 'EN ANNUAL PERCENT GROWTH RATES FROM THE LEAST
TO MOST POLLUTED COMMUNITY, BY GRADE COHORT

4th Grade

7th Grade 10th Grade

Difference in Growth*

Difference in Growth* Difference in Growth*

Polfutant PET % (95% C1) % {95% CI) % (95% C1)
0, (10-6) BVC -0.22 (—0.79, 0.36) ~0.10 (—0.68, 0.47) 0.11 (—0.84, 1.07)
FEV, -0.19 (—0.99, 0.62) 0.20 (—0.41, 0.81) 0.24 (—1.03, 1.54)
MMEF -0.24 (—1.41, 0.95) -0.37 (-2.20, 1.50) 0.29 (—3.50, 4.23)
FEF ;s -0.85 (—2.38, 0.70) -0.31 (-1.95,1.35) 049 (—3.36, 4.49)
0, G 017 (—0.79, 1.15) 0.39 (-0.51,1.29) 0.03 (-1.57, 1.65)
FEV, 0.56 (—0.73, 1.87) 0.83 (—0.12,1.79) 0.79 (—1.33, 2.95)
MMEF 0.96 (—0.84, 2.79) .51 (—2.45, 3.56) 0.35 (~5.94, 7.07)
FEFzs 0.69 (-1.88, 3.32) 0.38 (—2.13, 2.95) 1.08 (~5.34, 7.92)
PM1o VC -0.58 (—1.14, ~0.02)F —0.45 (~1.03,0.13) 0.07 {—0.99,1.13)
FEV, —0.85 (—1.59, —0.10)f —0.44 (-1.10,0.23) —0.46 (~1.84, 0.94)
MMEF -132 {—2.43, —0.20) —0.48 (-2.51,1.59) —0.71 (—4.87,3.63)
FEF;s -1.63 (—3.14, —0,11)! —0.50 (-2.26, 1.29) —1.54 (—5.61, 271
PM,.s VC -047 (—0.94, 0.01) —0.42 (~0.89, 0.05) 0.19 (-0.68, 1.07)
FEV, -0.64 {—1.28, 0.01) —0.32 (~0.88, 0.24) —0.25 (—1.41,0.93)
MMEF -1.03 (—1.95, —0.09)! ~0.29 (-1.99,1.44) —0.17 {~3.66, 3.46)
FEFzs -1.31 (-2.57, —0.03)t —0.26 (-1.75,1.25) ~0.79 . (—4.27,2.82)
Pivlg-PM, 5 G —057  (—1.20, 0.06) —0.35 {-1.02, 0.31) ~0.17 (-1.32, 0.99}
FEV, .—0.90 {-1.71, —0.001 —0.49 (~1.21,0.24) —0.68 {—2.15, 0.81)
MMEF ~-1.37 (—2.57, —0.15)t —0.64 (—2.83, 1.60) -1.41 (~5.85, 3.25)
FEFs -1.62 (—3.24, 0.04) —0.74 (-2.65,1.20) -2.32 (—6.60, 217)
NO; [V -0.53 (-1.01, —0.05)! —0.43 (~0.93, 0.07) —0.23 (—1.13, 0.68)
FEV; —077  {-1.41,-013},  -041 (~1.00,0.17) —0.75 (-1.89, 0.41)
MMEF -1.08 (—2.07, —0.08) —0.30 (~2.07, 1.49) ~1.13 {—4.68, 2.56)
FEFy5 -1.37 (—=2.71, —0.013 —0.32 (-1.88,1.26) . —1.28 (—4.87, 2.44)
Acid Ve -057 (—1.06, —0.07) —-0.39 (—0.93, 0.15) -0.23 (=1.15, 0.70)
FEV, -0.73 (—1.42, ~0.03) —-0.18 (~0.81, 0.44) —0.65 (~1.84, 0.56)
MMEF -1.03 (—2.09, 0.05) —0.30 (~2.14, 1.57) —1.31 {—4.93, 2.44)
FEF;s -1.47 (—2.87, —0.05)" -0.35 (~1.99, 1.32) =111 (-4.80, 2.71)

* Community-average grawth rates were adjusted for the covariates listed in Meniops. Differences in annual percent growth rate are
shown per increase in annual average of 38.6 ppb of O3 (10:00 Am—6:00 pms), 55 ppb of Oy, 51.5 pafm® of P, 25.9 pg/m? of PMys,
25.6 p.g;'m3 of PM, 4-PM 5, 36.8 ppb of NO2, and 4.3 ppb of incrganic acid vapor.

tp < 0.05.

strongly correlated with one another. Coarse thoracic particle
level (PM,;-PM, 5) was significantly correlated with PMj, (r =
0.92) and PM, 5 (r = 0.76), but not with any other pollutant.
The two O metrics were significantly correlated with each
other (r = 0.69), but not with any of the remaining pollutants.

In the fourth-grade cohort, FEV, increased at an average
rate of 11.8% per year during the study period, with compara-
ble growth rates in males (11.7%) and females (11.9%). The
average annual FEV, growth rates were lower in the seventh-
grade (8.0%) and tenth-grade (1.7%) cohorts. In both the sev-
enth- and tenth-grade cohorts, average growth rates for boys
(12.3% and 3.3%, respectively) were higher than for girls
(46% and 0.4%, respectively). The magnitudes and patterns
of cohort- and sex-specific growth rates were similar for the
other PFTs.

For the fourth-grade cohort, Figure 2 shows the adjusted
mean FEV, growth rates in each community, plotted against

the corresponding mean. concentrations of PM;g, PM; s, PM—

PM, 5, O3, NO,, and inorganic acid vapor, with the fitted re-
gression line and correlation coefficient. Across the 12 com-
munities, FEV, growth rates ranged from 11.1% (San Dimas)
t0 12.5% (Lompoc). From the lowest to highest observed con-
centrations of each pollutant, the predicted differences in an-
nual growth rate were —0.85% for PMy, (p = 0.026), —0.64%
for PMQ”S (p = 0,052), —-0.90% for PMlU—PMz_x; (_p = 0.030),
—0.77% for NO, {p = 0.019), and ~0.73% for inorganic acid

vapor (p = 0.042). The slope with 10:00 .m~6:00 P.M. average
O, was negative but nonsignificant. Approximately 35% of
the variance in adjusted community-average growth rates was
explained by either PMy, or NO, concentrations. For PMyg
and PM,-PM, 5, the high concentrations in Mira Loma gave
this community a large potential influence on the effect esti-
mates. However, elimination of this community from the anai-
ysis resulted in slightly larger effect estimates for both PMy,
(—0.9%) and PMgPM,s (—12%), although the statistical
significance for each was reduced (p = 0.19 and p = 0.18, re-
spectively) owing to the reduced sample size and range of ex-
posure.

Table 3 shows the corresponding differences in growth rate
for all the PFTs in the fourth-, seventh-, and tenth-grade co-
horts. In the fourth-grade cohort, significant associations were
observed between lung function growth and PMj, PM,s,
PM,;¢~PM, 5, NO,, and inorganic acid, with the largest deficits
observed for the flow rate measures (MMEF and FEF;s). Nei-
ther metric of ozone was significantly associated with growth
in any of the PFTs. In the sevenih- and tenth-grade cohorts, al-
most all effect estimates for PMyg, PM; s, PMyg-PMy5, NO;,
and inorganic acid vapor were negative, but the confidence in-
tervals were wide and none of them achieved statistical signifi-
cance.

The associations observed in the fourth-grade cohort re-
mained significant in a variety of sensitivity analyses. Table 4
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TABLE 4

DIFFERENCE IN ANNUAL FEV, PERCENT GROWTH RATES
FROM THE LEAST TO MOST POLLUTED COMMUNITY
FOR PM;; AND NO, FOURTH GRADE COHORT,
FROM A VARIETY OF MODELS

Ambient Py Armibient NO,

Difference in Growth* Difference in Growth*

Model %

(95% C1). % (95% Ci)
1. Main model® -0.85 (—1.59, -0.100} —0.77 (—1.41, —0.13)*
2.1 + gas stove —0.88 (-1.63, —0.13)} —0.79 (-1.43, ~0.15)¢
3. 1 + passive smoke -0.94 {(-1.71, -017)* —0.83 (-1.50, -0.16)
4.1 + pets -0.80 (-1.52, —0.08% —0.76 (—1.36, —0.15)
S.1, nonasthmatics only —0.82 (—1.48, —0.15)* —0.68 (—1.30, —-0.05)*
6. 1, asthmatics anly —0.75 (—2.84,1.38) ~-1.39 (296, 0.20)

* See footnote to Table 3.
¥ Equivalent to the results for FEV; in fourth graders shown in Table 3.
¥p <0.05.

shows effect estimates for PMy, and NO, on FEV, from sev-
eral models, with the corresponding estimates from Table 3 in-
cluded for comparison (Model 1). Adjustment for gas stove
(Model 2), passive smoke (Model 3), or pets (Model 4) re-
sulted in little change in effect estimates or statistical signifi-
cance. The associations also remained significant in the subset
of nonasthmatic children (Model 5). In asthmatic children
(Model 6), although the effect estimates were as large for
PMy, and larger for NO,, the sample size was small (n = 207)
and neither association achieved statistical significance. Anal-
ogous sensitivity modeling of the other PFTs produced resulis
similar to those shown for FEV;.

In two-poliutant models for FEV}, adjustment for commu-
nity mean concentration of 10:00 aA.M.—6:00 pm. O; had little
impact on the effect estimates or significance levels of any
other pollutant {Table 5, column 1). The Os effect estimates
with adjustment for any other pollutant were all close to zero
and nonsignificant (Table 5, row 1). In a two-pollutant particie
model, both the PM, 5 and PM,,FPM, ; effect estimates were
negative (—0.54 and —0.63, respectively), but each was lower
than its corresponding univariate estimate (—0.64 and —0.90,
respectively). This reduction of the particle effect estimates in
the two-pollutant model is expected given the positive correla-
tion between these pollutants (Table 2). Similarly, the effect
estimates for other two-pollutant combinations are less than
their corresponding univariate estimates, although in almost
all cases they retain their negative sign.

TABLE §

DIFFERENCE IN ANMUAL FEV, PERCENT GROWTH RATES
FROM THE LEAST TO THE MOST POLLUTED COMMUNITY,
FOURTH-GRADE COHORT, TWO-POLLUTANT MODELS

Adjustment Pollutant

Main

Pollutant* 0;(10-6) PM,,  PMys PMjp-PM,5 NO, Acid

1. O5(10-6) -0.19 0,03 0.06 -008 0.15 0.24

2. PMy, -0.86" -—0.85" -1.27 -054 -048 —0.56

3. PMys -0.67¢ 037 -0.64f -054 -045 -0.61

4, PMg—PM;s —0.89" —037 -0.63 090" -0.61 —065

5. NO, -0.76t ~0.50 —-060 -0.56 -0.777 —0.65

6. Acid -0.86" —-0.39 -047 050 -0.14 —0,73%

* Each row gives effect estimates for the indicated pollutant, after adjustment for the
pollutant listed at the top of the column. Boldface estimates are from the single-poltut-
ant madels shown in Table 3. See Table 3, footnote *, for a description of unfts.

Tp<0.05

p .
fp<o0.10.
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The magnitude of air pollutant effects in the fourth-grade
cohort was greater in those who spent more time outdoors
than in those who spent more time indoors (Table 6). For ex-
ample, the difference in annual FEF;s growth rate from high-
est to lowest NO, concentrations was —2.49% (p = 0.02) in
more-outdoors children, but only —1.12% (p = 0.35) in less-
outdoors children. There were no clear trends in the relation-
ships between lung function growth and ozone as they related
to time spent outdoors. In a separate analysis, stratification by
sex in the fourth-grade cohort revealed negative effect esti-
mates for particulates, NO,, and inorganic acid vapor in both
males and females (data not shown), with no significant differ-
ence in effect between the sexes.

Based on the estimated adjusted annual growth rates in the
fourth-grade cohort, Table 7 shows estimates of the cumulative
deficit in lung function caused by 4 yr of air pollution exposure.
Predicted hung function in 1997 for a child exposed to the high-
est observed concentrations of PM;,; or NO, since 1993 were
between 93.9% and 97.9% of those predicted for the same
child exposed to the lowest observed concenirations. The flow
rates {(MMEF and FEF,;) showed larger deficits in predicted
lung function than the volume measures (FVC and FEV,).

TABLE 6

DIFFERENCE IN ANNUAL PERCENT GROWTH RATES FROM LEAST
TO MOST POLLUTED COMMUNITY FOR CHILDREN IN THE
FOURTH-GRADE COHORT, STRATIFIED BY TIME OUTDOORS

More Qutdoors* (n = 532)  Less Outdoors* (n = 642)

Difference in Growth? Difference in Growthf

Pollutant PFT % {95% CI) - % (95% Cly
0, (10-6) Ve 0.12  (-0.54,0.78) —0.05 {—0.63, 0.53)
FEV, 011 (-1.19,0.99) -0.10  {-0.79, 0.60)
MMEF -0.46 ({—2.52, 1.64) 0,16  (—1.34, 1.69)
FEF;;  —041  (—2.73,1.98) -0.76 (—3.15,1.69) -
O, EVC 041 (—0.60, 1.43) 0.23 (~0.68, 1.14)
FEV, 091 (=064, 2.47) 0.76 (—0.35,1.87
MMEF 150  (—1.40, 4.48) 216 (-0.26, 4.64)
FEF;s 181  (-1.72,54D 1.78 (~1.97, 5.68)
PMyq FVC ~0.24  (—0.91, 0.45) —-0.60 (-1.22,0.01)
FEV,  -087 (-1.85,0.14) —0.81 (-1.57, —0.03)
MMEF  —1.88  (—3.55, —017)% —1.20 (-2.86,0.49)
FEF,s  -2.34  (—4.65,0.03) —0.88 (—3.53, 1.83)
PMy 5 VC -017  (=0.74, 0.40) -0.45 (-0.57, 0.079)
FEV, -0.67 (~1.53,0.21) —0.68 {-1.32, —0.03)*
MMEF -1.56 (—3.00, -0.10)) -1.09 (-2.49,0.33}
FEF;s —1.92  (—3.88,0.08) -1.15  (-3.26,1.01)
PMyg—PM,s  FVC -0.27  (—1.00, 0.46) —0.65 (—1.31,0.01)
CFEY, —093  (-1.98,0.14) -0.75 (~1.57,0.07)
MMEF  -1.83  (~3.73,0.10) —0.98 (—2.76, 0.83)
FEF;s —2.29 {—4.78,0.27) -0.15 (~3.13,2.91)
NO, ¢ -041  (-1.02,0.20) -0.30 (—0.87, 0.28)
FEV; 100 (~1.79, —0.21)¥ —0.57 (-1.29,0.15)
MMEF —-190  (-3.39, —0.39)¢% —1.13- (—2.68, 0.44)
FEF;s  —249  (—4.57,-036f -—1.12 (—3.43,1.25)
Acid WV -033  (-0.97,0.32) —0.32  (—0.94, 0.30)
FEV, —0.93 (-1.87,0.01) ~0.55 (~1.31,0.23)
MMEF -1.88  (-3.58, —0.14) —0.89 (—2.55, 0.80)
FEF;s  —2.34  (—4.55, ~0.08)% —1.13 (~3.60, 1.41)

* More (less) outdoors includes subjects who reported being outdoors more than
(less than) 52% of the hours between 2:00 p.av. and 6:00 #.m. over 2 10-d period.

¥ See footriate to Table 3,

tp < 0.05.
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TABLE 7

PREDICTED LUNG FUNCTION IN 1997 FOR A CHILD IN
THE FOURTH-GRADE COHORT EXPOSED TO 4yr OF
EITHER LOW OR HIGH POLLUTION LEVELS

e FEV, MMEF FEFyg

{mi) (mly (mifs) (mi/sy

Mean in 1993 2,365 2,048 2,366 1,479

Predicted In 1997~ .

Lowest pollution - 3,713 3,238 3,695 2,403

Highest PM;q 3,622 3,127 3,511 2,257
(97.5%) {96.6%) (95.09%) (93.9%)

Highest NO, 3,637 3,145 3,549 2,284
(97.9%) (97.1%) (96.0%) (95.0%)

* Predicted lung function was obtained by applying the estimated adjusted annual
growth rates in the feast and mast poliuted communities to the 1993 values. For exam-
ple, rates used for FEV, are based on the regression fine shown in Figure 2. Lowest pol-
lution corresponds ta levels in Lompoc, with average Py = 16.1 ng/m? and NO, =
4.6 ppb, while highest PM,g = 67.6 pgfm? (Mira Loma) and highest NO; = 41.4 ppb

{Upland).
T percent of the predicted value for lowest pollution exposure.

‘DISCUSSION

In our fourth-grade cohort of southern California children, ex-
posure to ambient particles, NO,, or inorganic acid vapor was
associated with reduced lung function growth. Negative pollu-
tion effect estimates were obsérved in both asthmatic and
healthy children. In contrast to our previous cross-sectional
findings (7), where polintant effects on lung function level
were observed primarily in females, we found no significant
difference between the sexes in the relationship between lung
fanction growth and air pollution. Over the 4 yr of follow-up,
children exposed to the highest observed concentrations of
PM,, were estimated to experience a cumulative deficit of
3.4% in FEV, and 6.1% in FEFs, relative to children exposed
to the lowest observed levels. This indicates that pollutants
may impair both large and small airway function, although
there were larger estimated deficits observed in measures of
small airway damage (MMEF and FEF;s). In the seventh- and
tenth-grade cohorts, confidence intervals on the pollutant ef-
fect estimates were wide owing to the smaller sample sizes in
these groups, and none of the associations was statistically sig-
nificant at the 5% level. However, the pollutant effect esti-
mates were negative in both the seventh- and tenth-grade co-
horts, indicating that the deficits observed for children in the
fourth-grade cohort are not likely to be reversed as they age
through adolescence.

As in any epidemiologic study, it is possible that the ob-
served results are the result of underlying associations of both
the outcome and exposure to some confounding variable. In
our study, several potential confounders were considered, in-
cluding personal and housing characteristics and indoor
sources of air pollutants, but none explained the observed as-
sociations between ambient air pollution and lung function
growth. Additional analysis showed that neither air pollution
concentrations on the day before to the PFT nor acute respira-
tory illness on the day of the PFT were confounders. Another
potential source of bias in a cohort study is differential loss to
follow-up with respect to both exposure and outcome. This
could occur, for example, if a child in a polluted community
moved away because air pollution was adversely affecting his
or her respiratory health. However, baseline lung function lev-
els and community mean ambient pollutant exposure were not
significantly different between subjects who left the study
within 2 yr of entry compared with those who remained on
study, making this an unlikely source of bias.
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Ambient air pollution was associated with larger estimated
deficits in lung function growth, particularly for MMEF and
FEF;s, in children who spent more time outdoors than in chil-
dren who spent more time indoors. Provided exposures are
higher in children spending more time outdoors than indoors,
this finding is consistent with a detrimental effect of ambient
pollutants on lung function growth. The indoor/outdoor (I/O)
ratio, i.c., the amount of outdoor air pollutant that penetrates
indoors, has an upper bound of 1.0 (complete peretration)
and a lower bound of 0.0 (no penetration). Interestingly, the
pollutants with lower /O ratios (e.g., PMio-FMz s, NO,) show
larger discrepancies in effect estimates between more- and
less-outdoor children than PM,s, which has a high /O ratio.
This pattern is what one would expect if exposure to one or
more of these ambient poliutants is having an adverse effect.
Although indoor concentrations of ozone are known to be
much lower than outdoor levels, there were no apparent
trends in ozone effect estimates with respect to time spent out-
doors.

In southern California, motor vehicle emissions, 1 con-
junction with various photochemical reactions, are a major
source of ambient particles, NQ,, and inorganic acid (prima-
rily nitric). Due to the high correlation in concentrations
across communities, we were unable to identify the indepen-
dent effects of each pollutant, although our two-pollutant
models do suggest that no single pollutant that we measured is
responsible for the observed deficits in lung function growth.
There may also be an air pollutant we did not specifically mea-
sure (e.g., diesel exhaust particles) that is correlated with
those we did and that is primarily responsible for the observed
health effects. Associations between lung function and mix-
tures of air pollutants have also been previously demonstrated
(7, 11-14).

In prior studies, particulate matter has been associated with
chronic respiratory symptoms (15-18) and recently with lung
function growth in. children (19), although previously reported
associations with lung function have been incomsistent {15-
17). Particle strong acidity, characterized by sulfur dioxide-de-
rived acidic sulfate particles, has been associated with bronchi-
tis (17) and lung function (20). It is unlikely that this pollutant
is responsible for our observed effects, because ambient air
during the 1990s in southern California had low concentra-
tions of SO, and acidic sulfate particles. As in most regions,
fine and coarse particle concentrations in the Los Angeles air
basin arise from different sources (21). The primary sources
that contribute to fine particle concentrations are diesel en-
gine exhaust, food cooking operations, wood burning, and
fine diameter paved and unpaved road and crustal dust (22).
Emissions from gasoline power engines and other combus-
tion sources make smaller contributions. Primary sources for
coarse particle concentration are paved and unpaved road
dust and crustal material, which accounts for 45% of the PMy,
mass concentration, and transformed sea-salt particles that are
formed over the ocean and transported to the basin by prevail-
ing winds. These sources produce a background aerosol that
further interacts with gas-phase combustion emissions whose
chemical characteristics evolve during atmospheric reactions
to produce particulate-phase ammonium nitrate, ammonium
suifate, and secondary organic carbon compounds. The gas-to-
particle conversion processcs continue as the aerosol ages and
moves downwind resulting in increases in concentration and
composition changes of particles untii fine particle mass is pri-
marily composed of secondary reaction products.

The emission sources and atmospheric processes that pro-
duce particulates have implication for the interpretation of
our data. Because the processes are coupled, characteristics of
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the atmospheric aerosol are spatially and temporally corre-
lated. Areas with the highest mass concentration of PMy, and
PM, 5 also have the highest secondary aerosol concentrations
(ammonium nitrate, ammonium sulfate) and the gas phase
with the greatest age from time of emission. It follows that any
chronic respiratory effects associated with particulate mass
concentration might be explained by particle primary sources
or by particle composition or concentrations of other pollut-
ants that are positively correlated with the age of the aerosol
Our current exposure data do not permit us to discriminate
among these possibilities.

Unlike other atmospheric pollutants, the effect of NO, has
been examined in epidemiologic studies relatively uncon-
founded by multiple pollutant mixes, because NO, is common
in indoor air contaminated by emissions from pilot lights and
gas stoves at concentrations that may approach outdoor levels,
Animal studies suggesting that NO, may enhance the infectiv-
ity of respiratory pathogens have resulted in extensive study of
the effects of gas stoves on illness and lung function (2). In one
of the few prospective studies in humans, Dutch children were
followed over a 2-yr period with serial lung function measure-
ments, but there was no consistent relationship between growth
of lung function and a single measurement of indoor NO, (23).
In early analyses of data from the Six Cities studies, lower lev-
els of FEV; and FVC were observed in children living in
homes with gas stoves (24, 25), but in subsequent analysis
there was no evidence that lung function growth was corre-
lated with gas stove exposure (26). In a subsample of children
from the Six Cities study for whom indoor NO, was measured,
there was no consistent effect of measured NO, on lung func-
tion level in spite of a relatively strong association between
respiratory symptoms and NQ, (27). Other stodies of the ef-
fect of indoor sources of NO, on lung function in children
have also not been consistent (2).

The high ambient concentration of NO, is the primary
source of gaseous nitric acid present in southern California air.
Although there has been little previous epidemiologic study of
nitric acid, exposure to 50 parts per billion (ppb) in chamber
studies has been shown to result in modest acute reductions in
FEV; among children with asthma {28). In an epidemiologic
study of Dutch children, modest acute deficits in flow rates
were associated with same-day exposure to low levels of ambi-
ent nitrous acid (29), a gaseous acid that exists in equilibrium
with: pitric acid. Tn a large cross-sectional study of children in 24
North American cities, decrements in FVC and FEV; were as-
sociated with chronic exposure to strong acid sulfate aerosols
after adjustment for ozone exposure (20). Experimental and
toxicologic studies of acid sulfate aerosols suggest that the irri-
tant potential is related to the H* concentration, especially in
association with metal ions (1). However, it is not clear that the
effects of gaseous nitric acid are the same as for acid sulfate
aerosols, even if H* is responsible for lung damage. Gaseous
nitric acid may be buffered differently by oral ammonia, or
variations in deposition by particle size for sulfate acrosols may
result in respiratory effects that differ from those of nitric acid.

In a recent longitudinal study of children in Austria,
Frischer and coworkers concluded that exposure to ambient
ozone was associated with reduced lung function growth (30),
although they also observed significant associations with NO,,
80,, and PM;,. Some additional epidemiologic studies have
also suggested that chronic exposure to ozone has long-term
effects on hung function (31, 32), findings that have some sup-
port from anima! studies (1). However, interpretation of the
existing epidemiologic evidence is hampered by inability to
separate the effects of other copollutants from the effects of
ozone {33). The present study was originally designed to as-
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sess the independent effects of ozone by minimizing its corre-
lation with other copollutants, and, as expected, observed
long-term average ozone concentrations were not significantly
correlated with the other pollutants (Table 2). In light of this,
our results provide little support for a substantial long-term ef-
fect of ozone on lung function growth in children. This could
potentially be explained by misclassification of exposure from
using central monitor pollutant levels or by low sensitivity of
spirometry o detect small airway effects. However, we ob-
served consistent effects for other poHutants using the same
exposure estimation methodology, indicating that the lack of
an observed ozone effect is unlikely to be the result of these
factors. As shown in Figure 1, the variation across communi-
ties in mean ozone concentrations (approximately twofold
from least to most polluted) was less than for the other pollut-
ants. This modest range in ozone exposure, in conjunction
with the low I/O ratio of ambient ozone, may also explain why
we did not observe a significant ozone association.

In summary, we obtained annual lung function measures
on a cokort of 3,035 school-aged children over a 4-yr period.
After appropriate adjustment for personal and household
characteristics, ambient air poHution was correlated with sta-
tistically significant, and perhaps physiologically important,
decreases in lung function growth. The estimated deficit in an-
nual FEV; growth rate of 0.9% per year across the range of
PM;, exposure exceeds the 0.2% annual decrement that has
been reported for passive smoke exposure in children (26).
The results suggest that exposure to air pollution may lead to a
reduction in maximal attained lung function, which occurs
early in aduit life, and ultimately to increased risk of chronic
respiratory illness in adulthood. Data from the remainder of our
study will help to elucidate the relationships between respira-
tory health and long-term exposure to ambient air poilutants,
while additional follow-up of the cohort beyond graduation
will be necessary to determine whether the observed air pollu-
tion-associated deficits in lung fonction have an impact on
adult respiratory health.
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.--The Merced/MCIrlposa  ASTHMA, AN INFLAMMATORY LUNG DISEASE, is one
' Counfy Asfhmq L of the most common chronic diseases of children.
__ Codlitton (MMC A C) Common symptoms include recurrent wheezing,

coughing, difficulty breathing, and/or tightness
of the chest. Asthma attacks can range from mild
to life threatening. There is no known cure for
asthma, but it can be controlled by following

o7 amedical management plan and by reducing

- through awareness ~~ exposure to environmental “triggers,” such as air
fcmd:-_- edUCCIhon The g pollution, pollen, tobacco smoke, pesticides, dust
| og]-mon Wgs for d mites, furry pets, mold and certain chemicals.

' .. Asthma control is essential throughout life
because, contrary to popular belief, you do not
grow out of asthma. Health care providers can -
access the updated Asthma Guidelines at
www.nhlbi.nih.gov
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Asthma is a problem that needs to be addressed
through policy change. Because the reduction of
environmental triggers is an essential component
of asthma control and prevention, individuals,
communities, and policy makers must work
together to find solutions. This report, which
includes the latest data and research, will outline
the problem of asthma in Merced County,
describe some of the work beiég done to address_
the problem, and highlighF¥o @)E&ME

E . U CAT' O N recommendations.
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Asthma Disparities in the San Joaquin Valley

m Asthma is among the most common chronic childhood
diseases, affecting approximately 6.5 million children
nationwide including 1.7 million children in California
alone. The San Joaquin Valley (Valley), which includes
Merced County, has four times the national average
for asthma prevalence with one in five children under
the age of 18 diagnosed with asthma.'?

m The burden of asthma weighs heavily on children
throughout the Valley. Approximately 9,600 children
under the age of 18 living in the Valley visited an
emergency room due to asthma-related issues of
which 745 were children living in Merced County.?

Ground-Level
Ozone
iy Sepiember 6, 2007

Peak 8-hr
Average

High levels of Ozone
Pollution Persist in the
San Jeaquin Valley

in Summer

Environmental Triggers of Asthma:
Outdoor Air Pollution

Air pollution is the number one environmental concern
for the people of the Valley,* and for good reason - the
Valley has some of the most polluted air in the country.®
Air pollution endangers the health of residents, retards
the growth of crops, and threatens the overall economy
and quality of life in the region.

Contrary to popular belief, the majority of pollution in
the Valley does not come from outside the area. In the
Northern part of the Valley, including Merced County,
73% of pollution comes from local sources as opposed
to only 27% that is transported from the Bay Area and
Sacramento basins.®

The geography of the Vailey acts as a trap for outdoor
air pollution. Surrounding mountains trap airborne
pollutants near the Valley floor where people live and
breathe. Population growth also contributes to the prob-
lem, as more people bring more activities that contribute
to poor air quality.

REPORT TC THE COMMUNITY ON ASTHMA | MERCED MARIPOSA

According to the Department of Finance’, the Valley has
the fastest growing population in California. As such,
land-use is rising to the top of the agenda given increas-
ingly limited resources and an economy historically
rooted in agriculture. The built environment has a tre-
mendous impact on quantity of and exposure to air pol-
lution. In order to maintain healthy communities, smart
growth principles must be the guiding principles of all
land-use plans. Smart growth policies include: mixed
land uses, walkable communities, preservation of open
space, the enhancement of existing communities, and a
variety of transportation choices.?

Health Impacts of Air Pollution

Pollution impacts residents year-round with ozone (aka
“smog”) filling the Valley during the warm summer
menths, and particulate matter (PM 2.5) being the pol-
lutant of concern in the Fall and Winter seasons. These
two contaminants are devastating to lung and heart
health and result in serious long term damage to our
bodies that can even result in premature death. Ozone,
caused from the combination of Nitrous Oxides (NOx)
and Volatile Organic Compounds (VOCs) in heat can
cause chest pain, shortness of breath, airway inflamma-
tion and asthma attacks.’

Fine particles, or PM 2.5, are microscopic solids or liquid
droplets that can be breathed deep into the lungs and even
absorbed into the bloodstream. When people are exposed
to high levels of this type of pollution they are more likely
to experience: asthma attacks, bronchitis, decreased lung
function, heart attacks, and/or premature death.?

Findings Related to Outdoor Pollution
and Health

m Residential proximity to high-traffic roads has been
associated with asthma hospitalizations, respiratory
symptoms, and compromised lung function in children.®

# Children living in communities with higher concen-
trations of poltutants had lungs that developed and
grew more slowly than other children and thus, had a
reduced ability of transporting air through their lungs."

a Children living in high ozone communities and who
actively participated in sports were more likely to
develop asthma than children who did not participate
in sports.”?

® Overall, Valley residents could expect annual benefits
of $3.2 billion if both fine particulate matter and ozone
Federal levels were attained."

Sources of Pollution

There is a wide array of pollution sources in Merced
County. The top three sources of PM 2.5 in Merced



County in 2005 were heavy duty diesel trucks (14.8%),
fugitive windblown dust from agricultural land and

unpaved roads (13.2%), and farming operations includ-
ing dust (11.8%)."

Ozone Precursors: The following two graphs detail the top
contributors to ozone poliution in Merced County in 2006.1
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A Big Problem for Merced County

All of this pollution leads to the violation of health-
based National and State Ambient Air Quality

- Standards in Merced County and the San Joaquin Valley
Air Basin. For example, from 2000-2005 Merced County
violated the State 8-hour ozone standard on 525 days
and the National 8-hour ozone standard on 194 days!'”

BECAUSE OF THIS:

= Merced County was ranked 8th in the national list of
“People at Risk in 25 Most Ozone-Polluted Counties.’®

u The city of Merced ranked 6th in the national list of
“People at Risk in 25 Most Ozone-Polluted Cities”."
Of the top 6 most ozone-polluted cities in the nation,
four {Bakersfield, Visalia-Porterville, Fresno-Madera,
and Merced) are located in the San Joaquin Valley.

Keeping Children Healthy: Solutions in Schools

OUTDOOR AIR QUALITY FLAG PROGRAM

In 2004, the Merced / Mariposa County Asthma Coalition
launched the Outdoor Air Quality Flag Program at
Merced County Office of Education campuses. Since
then, this innovative program has spread to 21 of 22

Merced County ROG Emissions _

public school districts in the County, private schools,
hospitals, health centers, Head Start, and Migrant Head
Start sites. In total, over 130 flags are flying on local flag
poles that signify daily air pollution levels in the County.

Everyday, each participating school raises a flag that
corresponds with the colors of the Air Quality Index. On
a ‘Good’ air quality day the green flag is raised on the
flag pole while a yellow flag goes up on a ‘Moderate’
day. An orange flag means the air is ‘Unhealthy for
Sensitive Groups’ such as children, seniors, and people
with heart and/ or lung disease. A red flag means the air
is ‘Unhealthy’ for everyone.

Given the frequency of unhealthy air days throughout
the year in the Valley it is essential for Merced County
residents, especially children, to take measures that
reduce their exposure to harmful pollutants. To that
end the MMCAC has created (in partnership with other
organizations) the Active Indoor Recess (AIR) curricu-
lum that outlines indoor activities students may do on
poor cutdoor air quality days during recess and PE.

INDOOR AIR QUALITY PROGRAM

Merced County faces many challenges when address-
ing outdoor air quality issues; however, there are times
when indoor air pollutants could be 2-5 times higher,

-and occasionally 100 times higher than outdoor levels.

Poor indoor air quality (IAQ) can cause headaches,
fatigue, sinus congestion, coughing, and sneezing; it can
also promote the spread of airborne infectious diseases.
Indoor air pollutants can be particularly harmful to stu-
dents with allergies or asthma® :

The MMCAC collected data from 106 teachers through

a “Teacher’s Classroom Checklist” tool. The following
data concludes there is more work to do in creating
healthy classrooms and better IAQ in schools.

® 40% of participating teachers reported they did
not know how their Heating, Ventilation, and Air
Conditioning System worked or that they needed
follow-up to ensure the unit’s proper function.

m 21% of participating teachers reported there were
water stains on their classroom ceilings or evidence
of leaks or moisture.

= 24% of participating teachers reported their rooms
were not dusted and swept or vacuumed regularly.

® 36% of participating teachers were unsure whether
the cleaning products in their rooms were district
approved or not.

The Merced /Mariposa County Asthma Coalition has

partnered with four Merced County schools to evaluate
campuses, educate teachers, and implement strategies

REPORT TO THE COMMUNITY ON ASTHMA | MERCED MARIPOSA



and policies that would improve indoor air quality in
classrooms. By applying the EPA’s Indoor Air Quality -
Tools for Schools program to existing policies and pro-
cedures, schools identify no-cost / low-cost solutions
that promote an “asthma-friendly” classroom free of
“indoor environmental triggers. Some of these solutions
may include maintaining the continual and uninter-
rupted exchange of air through Heating, Ventilation,
and Air Conditioning systems, removal of scented
products in School District classrooms (candles, air
fresheners, perfumes, etc.), and the purchase and use of
“Environmentally-Preferred Products” in custodial prac-
tices that emit the lowest amount of odor and Volatile
Organic Compounds.

. POLICY RECOMMENDATIONS

. Adopt standards in Iand use plans that 1ncorporate
smart growth prmc1ples and reject land uses that -
attract/ emit- high levels of pollutants, particularly
diesel emissions, in order to protect the health of
‘Merced County residents and downwind Valley
communities.

= Adopt a uniform policy (ex. AIR) in all Merced
County School Districts outlining appropriate indoor
activities for unhealthy air days over Air Quality
Index 100 as a component of school procedures and
guidelines.

m Implement a comprehensive and effective Indoor Air
Quality Management Plan in Merced County School
Districts with set policies and procedures.
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Espinosa, Kim

From: Anna M. Garcia [agarcia@gvhc.org]
Sent:  Tuesday, March 03, 2009 8:09 AM
To: Espinosa, Kim

Subject: Hello Kim Espinosa

| am emailing you to ask for an extension on the comment period for the EIR for the Wat Mart Distribution center. Itis
unfair for those who speak foreign languages and | do believe that franslating the important part of the EIR should be
done. After all it is people with language barriers who have fo live near this “project” and to be fair in a nation that stands
for land of the free for all.

Thank you,

Anna M Sanchez Garcia

Community Liaison

Merced/Mariposa County Asthma Coalition
Golden Valley Health Center

737 W. Childs Ave

Merced, CA 95341

200-385-5490 (Work)

209-875-0237 (Cell)

209-384-3966 (Fax)

agarcia@gvhc.org

Confidentiality Notice: This e-mail is intended only for the person or enfity to which it is addressed and may contain information that is privileged, confidential or
otherwise protected from disclosure. Dissemination, distribution or copying of this e-mail or the information herein by anyone other than the intended recipient, or
an employee or agent responsible for delivering the message to the intended recipient, is prohibited. If you have received this e-mail in error, please destroy the
original message and all copies.

3/3/2009



STATE OF CALIFORNIA

NATIVE AMERICAN HERITAGE COMMISSION
915 CAPITOL MALL, ROOM 364

SACRAMENTO, CA 95814

(916) 653-4082

(916) 657-5390 - Fax

March 2, 2009 E @ E ” v E

Kim Espinosa MAR -4 2009
* Gity of Merced
678 West 18" Street
Merced, CA 95340 CITY OF MERGED
PLANNING DEPT,
RE: SCH# 2006071029 Wal-Mart Distribution Center; Merced County.

Dear Ms. Espinosa:

The Native American Heritage Commission has reviewed the Notice of Completion (NOC) regarding the above
referenced project. The Cailifornia Environmental Quality Act {CEQA) states that any project that causes a substantial adverse
change in the significance of an historical resource, which includes archeological resources, is a significant effect requiring the
preparation of an EIR (CEQA guidelines 15084(b)). To adequately comply with this provision and mitigate project-related
impacts on archaeological resources, the Commission recommends the following actions be required:

v Contact the appropriate Information Center for a record search to determine:

CC:

If a part or all of the area of project effect (APE) has been previously surveyed for cultural resources.
If any known cultural resources have already been recorded on or adjacent to the APE.

M the probability is low, moderate, or high that cultural resources are located in the APE.

if a survey is required to determine whether previously unrecorded cultural resources are present.

if an archaeological inventory survey is required, the final stage is the preparation of a professional report detailing the
findings and recommendations of the records search and field survey.

The final report containing site forms, site significance, and mitigation measurers should be submitted immediately
to the planning department. All information regarding site locations, Native American human remains, and
associated funerary objects shoukd be in a separate confidential addendum, and not be made available for pubic
disclosure.

The finai written report should be submitted within 3 months after work has been completed to the appropriate
regional archaeological Information Center.

Contact the Native American Heritage Commission for:

A Sacred Lands File Check. Sacred Lands File check completed. no skes indicated

A list of appropriate Native American Contacts for consultation concerning the project site and to assist in the
mitigation measures. Natlve American Contacts List attached

Lack of surface evidence of archeological resources does not preciude their subsurface existence.

Lead agencies should include in their mitigation plan provisions for the identification and evaluation of accidentally
discovered archeological resources, per California Enviranmental Quality Act (CEQA) §15064.5(f). In areas of
identified archaeological sensitivity, a certified archaeologist and a culturally affiliated Native American, with
knowledge in cultural resources, should monitor all ground-disturbing activities.

Lead agencies should include in their mitigation plan provisions for the disposition of recovered artifacts, in
consultation with culturally affiliated Native Americans.

Lead agencies should include provisions for discovery of Native American human remains in their mitigation plan.
Health and Safety Code §7050.5, CEQA §15064.5(¢), and Public Resources Code §5097.98 mandates the
process to be followed in the event of an accidental discovery of any human remains in a Iocatlon other than a
dedicated cemetery .

~ Sincerely,

Katy Sanchez 5
Program Analyst
(916) 653-4040

State Clearinghouse



" ative American Contact
Merced County
March 2, 2009

Southern Sierra Miwuk Nation Southern Sierra Miwuk Nation

Jay Johnson, Spiritual Leader Les James, Spiritual Leader

5235 Alired Road Miwok PO Box 1200 Miwok

Mariposa » CA 95338 Pauite Mariposa » CA 95338 Pauite
209-966-6038 Northern Valley Yokut 209-966-3690 Northern Valtey Yokut

North Valley Yokuts Tribe
Katherine Erolinda Perez

PO Box 717 Ohlone/Costanoan
Linden » CA 95236 Northern Valley Yokuts
(209) 887-3415 Bay Miwok

Amah MutsunTribal Band

Edward Ketchum

35867 Yosemite Ave Ohlone/Costanoan
Davis » CA 95616 Northern Valley Yokuts
aerieways@aol.com

Southern Sierra Miwuk Nation
Anthony Brochini, Chairperson

P.O. Box 1200 Miwok
Mariposa » CA 95338  Pauite
tony_brochini@nps.gov Northern Valley Yokut

209-379-1120
209-628-0085 cell

This list is current only as of the date of this document.

Bistribution of this list does not relieve any person of statutory responsibility as defined in Section 7050.5 of the Health and
Safety Code, Section 5097.94 of the Public Resources Code and Sectlon 5097.98 of the Public Resources Code,

This list {s only applicable for contacting local Native Amerlcans with regard to cultural resources for the proposed
SCH# 2006071029 Wal-Mart Distribution Center; Merced County.



SOUTHERN SIERRA MIWUK NATION
JAY JOHNSON, SPIRITUAL LEADER
5235 ALLRED ROAD

MARIPOSA CA 95338

AMAH MUTSUN TRIBAL BAND
EDWARD KETCHUM

35867 YOSEMITE AVE

DAVIS CA 95616

Mailed Wal-Mart Draft EIR on CD

3-4-2009 by T. Lucas (_‘Q

See 3-2-2009 correspondence from the
Native American Heritage Commission
Station of California (scanned)

SOUTHERN SIERRA MIWUK NATION
LES JAMES, SPIRITUAL LEADER

P O BOX 1200

MARIPOSA CA 95333

SOUTHERN SIERRA MIWUK NATION
ANTHONY BROCHINI, CHAIRPERSON
P O BOX 1200

MARIPOSA CA 95338

NORTH VALLEY YOKUTS TRIBE
KATHERING EROLINDA PEREZ
POBOX 717

LINDEN CA 95236
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From: Maureen McCorry [sanjoaquinetal@sbcglobal.net]
Sent: Monday, April 27, 2009 4:47 PM
To: Espinosa, Kim

Cc: mccorrymk@gmail.com

Subject: Draft Environmental Impact Report for the proposed Wal-Mart Distribution Center
(SCH#2006071029)

Dear Ms. Espinosa,

Please refer to the attached document for comments on the Draft Environmental Impact Report
for the proposed Wal-Mart Distribution Center.

Please contact us immediately if you experience any difficulty in downloading the attachment.
We would appreciate it if you could send an email confirming receipt of the email and the
attached document.

Sincerely,
Maureen McCorry, Director

San Joaquin Et Al = E@EHVE——_

P.O. Box 722 i
Merced, CA 95341
(415) 816-8872 APR 27 2009

CITY OF MERCED

PLANNING DEFT.

4/27/2009



Maureen MeCorry, Dlrector
San Jonguin Bt AL
P.O. BOX FR2
Mereed, CA 95341
Sanjongquinetal@sbeglobal.net
(415) Q16-8872

ECEIVE

April 27, 2009
APR 27 2009
Ms. Kim Espinosa, Planning Manager
: - cITY
City of Merced Planning Department FLANNING oED
678 West 18th Street
Merced, CA 95340

Facsimile: (209) 725-8775
E-mail: espinosak@cityofmerced.org

Re: Comments regarding the Draft Environmental Impact Report (DEIR) for the Wal-
Mart Regional Distribution Center, Merced, California (SCH No. 2006071029)
Via: E-mail 4.27.09

Dear Ms. Espinosa,

San Joaquin et al is commenting on behalf of members of the public and other
community organizations of standing,.

We object to the proposed Wal-Mart Regional Distribution Center in Merced,
California. We disagree with the environmental checklist and oppose the
accompanying mitigation measures as set forth in this DEIR. The deferral, and in many
cases, outright dismissal of mitigation measures is improper and unacceptable. We
demand that the DEIR be withdrawn, and a new DEIR be issued that legally analyzes
alternatives and is re-circulated in order to incorporate all environmental documents for
adjacent projects upon which this project is reliant. In addition, we ask that this process
be deferred until the release of the long awaited and overdue General Plans for the City
and County of Merced, the University of California Long Range Development Plan, and
final documents for other neighboring unincorporated communities are made public.

Alternatives analysis:




Mauregn MeCorry, Dlrector
Sawn Joagquin Bt Al
P.O. BOX F22
Mereed, CA 95341

Sanjeaguineal@sbeglobal.net

(415) g16-8872

Viable alternatives were not properly examined in this document. Rather than legally
analyze comparable sites outside the proposed project, the DEIR narrowly construes the
alternatives to a no project, a redesigned, or reduced project on the same site (with the
exception of the Thornton/West Dickerson Ferry Road industrial zone). The DEIR fails
to meaningfully assess how the sites listed in Table 5. 1 were rejected. Politics,
proximity to residential communities, truck traffic impacts — including safety —

were evidently reason enough to prevent a distribution center from being built
elsewhere. Yet many of the reasons outlined in Table 5-1 are not at all relevant to the
California Environmental Quality Act (CEQA) and have no place in a DEIR. For
instance, why is it that political considerations were given more weight than the
proposed Merced site, even in locations that already possess the required
infrastructure? Why does residential impacts — including safety — rise to the level of
impediment in Patterson, but not in Merced — where children in three local schools will
be impacted? Other viable alternatives are completely ignored. The current economic
crisis has left large industrial distribution sites vacant at Castle, and in Madera, Ceres,
Stockton, and Tracy, yet these alternatives were not even considered, let alone properly
analyzed in the DEIR under CEQA.

A dry storage distribution center makes little sense in the heart of an agricultural
economy in the San Joaquin Valley. Project proponents did not analyze a cold storage
distribution center.

We disagree with the conclusions that a “No Project” alternative on the proposed site
will lead to identical or very similar impacts as a regional Walmart Distribution Center.
This assertion relies on a whole series of faulty assumptions.

Tiering/Piecemealing :

This document is reliant on environmental documents which have not been made
available to the public as part of this environmental review process. For example, the
proposed WDC is reliant on the build-out of Campus Parkway. Relying on other
project mitigation is unacceptable. In addition, the current economic crisis calls into
question the availability of funding allocated for the Campus Parkway.

2



Maureen MeCorry, Dlrector
San joaquin Bt Al
P.O. BoX 722
Merced, CA 95341
Savioaguinetal@sbeglobal.net
(41.5) Q16-88F2

A Notice of Preparation (NOP) was filed for the Merced Gateway Park East
Commercial and Residential development (April 1, 2008) — but there is no indication as
to how this project will interface with the WDC, the Lyons Annexation (Negative
Declaration, April 20, 1998), and the City of Merced’s recent approval to abandon 1.37
acres to Lyons Investments (as approved by the Merced City Planning Commission on
January 7, 2008 and the Merced City Council on January 20, 2008).



Maureen MeCorry, Dlrector
Saw Joaquin Et Al
P.O. BOX 722
Merced, CA 95341
Sanjeaguinetal@sbealobal.net
(415) g16-8872

Infrastructure/Utilities:
Storm-water:

The plans for addressing storm-water drainage are inadequate. This is an area that is
prone to flooding without the proposed WDC, the Campus Parkway, and other
developments which will compete for water drainage.

We are unable to fully evaluate the impacts of storm-water drainage as this project is
reliant on land use approvals and environmental documents on adjacent properties
which were not circulated with this DEIR. These impacts can’t be understood without
access to all environmental documents.

How does the abandonment of the storm-water detention basin improve (referenced
above), detract or impact this project?

In the best of worlds, detention ponds are problematic regarding public health and
safety.

The ability of the detention ponds to hold excess water is questionable at best.
Documents created for the City of Merced for the WDC in July, 2005 discuss some of the
challenges drainage will pose for this site — using a 10 year storm, 24 hour storm
analysis (some of these conclusions have been integrated in this DEIR). This document
noted that Merced Irrigation District (MID) would have to pump water from the
drainage ponds in order to accommodate excess water. However, as was noted in this
document, the ponds could not be drained using the maximum discharge rate of 2200
gpm, within a 48 hour period for a 10 year storm. In addition, the challenges that are
identified in this document, the DEIR, MID comments, and drainage issues on adjacent,
entitled projects all point to the inadequacy of the current plan to address a reoccurring
flood problem.

The challenge to capturing storm-water run-off is compounded by the hazardous waste
associated to a fully functioning distribution center. What type of water will be
4



Maireen MeCorry, Plrector
San joagquin Bt Al
P.O. BOX 22
Merced, CA 95341
Sanjeagquinetal@shealobal. net
(415) €16-2872

entering the canals and groundwater when flood waters are not captured by the
detention ponds? Moreover, the propensity to flood in this region is magnified as more
agricultural land in this region is converted to impervious surfaces. The current
drainage plans are already stretched; it is more than reasonable to surmise that with full
build-out of the WDC, the Campus Parkway, and the industrial and commercial
projects immediately adjacent to this project will be unable to absorb storm-water run-
off effectively. Because the cumulative impacts of these projects are effectively ignored,
the environmental documents associated to these adjacent developments have not been
analyzed and therefore, the public has no way to fully understand drainage and
flooding issues as well as impacts to groundwater and water quality.

We can expect these impacts to be significant, but they cannot be understood in the
current document. On page 2-34 of the Executive Summary, the proposal relies on a 100
year flood zone standard. Yet, the DEIR defers new state and federal flood
management law as referenced in the Executive Summary (4.6-6). Deferral of state and
federal law is unacceptable. '

Sewer Capacity:

The current sewer system is at capacity. The City of Merced has published a Draft
Sewer Master Plan (January, 2007). How does this proposal impact this plan?

In what ways does the WDC proposal enhance or detract from plans for a regional
sewer system that could serve both the city of Merced and neighboring and financially
strapped unincorporated service districts. Moreover, the impacts to our municipal
sewer facility is stretched by residential subdivisions and commercial developments
the city has entitled or approved through guidance plans, but have not yet come online
(the University of California Community Plan and Yosemite Lakes are just two that
come to mind). How are the City of Merced’s current commitments to both residential
and commercial use impacted by this project? The lack of sewer capacity would be
reason enough to delay any further approvals until the new General Plan and
accompanying master plans are published.

Transportation:



Maureen MeCorry, Birector
Saw Joagquin Bt Al
P.O. BOX 722
Mereed, CA 95341
Sanjoacurinetal@sbealobal.net
(415) 216-2872

The assumptions underlying the traffic analysis are woefully inadequate. The DEIR
narrowly frames truck traffic impacts. For example, the truck traffic impacts to
Yosemite Parkway, along with a variety of country roads that will be impacted are
ignored. In addition, this project will very significantly impact Childs Avenue, Gerard,
Kibby, and Tower Roads. These county roads are well beyond disrepair. The traffic
discussion is limited and wholly dependent on the build-out of the Campus Parkway.
At the time of this writing, Campus Parkway is limited to the interchange and a very
short distance forcing WDC related traffic on two land roads in a county that has been
committed to building expressways rather than shoring up its deteriorating and much
used county road system. Who will bear the burden of cost associated to improving the
roads/parkway that will service this project?

In addition, there is no analysis in the DEIR on the impacts associated to the empty
storage containers that are left on site once they are loaded or unloaded. The growth
inducing impacts of increased truck traffic from the port of entry (Oakland) through
Highway 99 to the proposed WDC are also ignored in this document.

We demand that all outside carriers servicing the WDC be held to 2010 California
emissions standards.

Parking/Staging:

Another immediate impact that this DEIR ignores is the fact that outside carriers will
not have the same accessibility to parking as Walmart trucks on the WDC site. Qutside
carriers are not allowed to stay on the premises while they wait to be loaded or
unloaded. Outside carriers have a narrow window, from 1 - 3 hours, for loading/
unloading their trucks. They will need to remain in the vicinity of the proposed WDC
during that time frame. Where will they park?

General Plan Consistency:
City of Merced: WDC is reliant on an outdated General Plan. It makes little sense to

consider this project in advance of the City of Merced’s updated general plan.
6



Maureen MceCorry, Dlrector
Sawn Joaguin Bt Al
P.O. BoX F22
Merced, CA 95341
Sanjoaguinetal@sbeglobal. et
(415) g16-8872

Moreover, there is no analysis as to how this project relates to the South Merced Specific
Plan. The Master Plans associated to the updated General Plan should provide the
guidance for a project of this scope and magnitude.

County of Merced: Merced County is in the process of updating its general plan. The
proposed WDC will have impacts on circulation, cumulative impacts to county lands
adjacent to the project — including farmland conversion, water quality, traffic, and air
impacts. We disagree that the potential for growth and the impacts on farmland
conversion are relevant only to the City of Merced. Moreover, most of the adjacent land
that will be impacted by the project is on county land.

The University of California: The University of California is in the process of finalizing its
Long Range Development Plan (LRDP). However, there are significant incongruities
between the UC LRDP and the County of Merced’s University Community Plan.
Mitigation included for the UC includes a comprehensive conservation strategy that
encompasses Eastern Merced County and is ignored in this DEIR.



Maireen MeCorrl, Dlrector
San Joaguin Bt Al
P.O. Box 722
Merced, CA 95241
Sanjpaguinetal@socglobal.net
(415) £16-€872

Agriculture:

This project relies on an approximately 20 year old planning document. There is no
mitigation proposed for this project. As the Executive Summary states on page 2.-53 in
reference to “Cumulative Agricultural Land Impact”: “... The project would resultin a
loss of approximately 158.2 acres of Prime Farmland, 57.87 acres of Farmland of
Statewide Importance, and 12.61 acres of Unique Farmland, which is considered to be a
cumulatively considerable contribution to the cumulative impact when considered along the past
farmiand conversions identified above and planned future development proposed in the City of

Merced...”

We disagree with the conclusion in this document that a “statement of overriding
consideration” is a substitute for meaningful mitigation — especially for a project of this
magnitude and a project proponent with substantial resources.

Furthermore, we disagree with the conclusion that the impacts to adjacent lands is not
the responsibility of this project or the City of Merced. Farmland in this region - let
alone the entire county -- has not been mitigated. We wholeheartedly disagree with the
reasoning and conclusions drawn in the Executive Summary at 4.1-1: “...mitigation that
would eliminate the loss of agricultural land to urban development is not possible.
Therefore, because no mitigation is available to reduce this impact would remain
significant and unavoidable. This conclusion is consistent with the conclusion of the EIR
prepared for the Merced Vision 2015 General Plan...”

While this project relies on an antiquated General Plan, an updated General Plan is
waiting in the wings.

These conclusions and reliance on an antiquated General Plan ignores growing
community support for protecting agricultural lands, especially in the aftermath of the
plethora of partially built and thoroughly abandoned subdivisions that have lept over
the traditional city limits to create urban sprawl in the heart of our precious natural
resources and farmland. The unnecessary sprawl created by a real estate boom gone

8
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bust and has created real impacts to agricultural lands as noted by the lead agency on
page 2-53 of the Executive Summary.

The disconnect in the DEIR (acknowledging the rapid conversion of farmland, yet
choosing to avoid mitigation for this loss) underscores the importance of deferring
consideration of this project until a new general plan is adopted that includes an
enforceable mitigation policy for agricultural lands.

Mitigation should be developed and agreed to in advance of the project approval and
should require in-kind mitigation as opposed to in-lieu fees.

Biological Resources:

Biological impacts are dismissed as insignificant based on the unsupported conclusion

that agricultural and current land uses in this region do not support significant wildlife
resources. These conclusions were reached without ground sleuthing or site visits. We
disagree with this conclusion and request documentation that supports the conclusions
in the DEIR. Deferring mitigation for biological resources is improper and illegal.

As noted above, this region is in fact adjacent to the University of California’s
Conservation Strategy for Eastern Merced County which is not at all analyzed in this
DEIR.

Cumulative Impacts:

The discussion associated to cumulative impacts is too narrowly drawn. Conclusions
drawn regarding Population and Housing (ES, 2-54) serves as a case in point. The
potential for farmland conversion is determined to be “less than significant,” effectively
ignoring the growth inducing and cumulative impacts associated to this project in
combination with other projects as outlined above (4-11.1).

We find the “cumulative impacts” analysis woefully inadequate. No impacts are
associated to the project and therefore, no mitigation is required. Merced has already

become the victim of another major developer, the University of California. We have
9
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been through the long on promises (in this case: jobs), short on action road before (in
this case mitigation for the very real impacts the proposed WDC will bring to our
community). Merced cannot afford another big developer who is unwilling to foot the
bill on road/traffic impacts, sewer impacts, water impacts, and resource impacts --
Mercedians deserve better.

10



Maureen MeCovry, Dlrector
San joagquin Bt AL
P.O. BOX F22
Mereed, CA 95341
Sanjoaguinetal®@soeglobal.net
(415) R16-8872

We once again state that relevant documents/projects, upon which this document is
reliant, were not circulated with this DEIR, and therefore we demand re-circulation of
the DEIR as stated above. Finally, we request that any changes to the proposed project
will require a re-circulation of the EIR.

Thank you in advance for your thoughtful consideration of our concerns.

Sincerely,
Maureen McCorry, Director
San Joaquin Et Al

P.O. Box 722
Merced, CA 95341

cc: Interested parties

11
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CITY OF MERCED
Kim Espinosa PLANNING DEPT.
City of Merced Postrmiarked H/2.9 /09 NE
Planning Division Yo recewd +z1lod @ 30

678 West 18" Street
Merced, CA 95340

Subject: Comments on Proposed Project

Project: Draft Environmental Impact Report (EIR) #06-01 (SCH #2006071029) for
the Wal-Mart Distribution Center

District Reference No: 20060762

Dear Ms. Espinosa;

The San Joaquin Valley Unified Air Pollution Control District (District) has reviewed the
Draft Environmental Impact Report for the Merced Wal-Mart Distribution Center-located
at the northwest corner of Gerard Avenue and Tower Road. The :proposed project
wouid include construction of ‘a regional distribution. center consisting of approximately
1.1 million square feet, operating 24 hours per day, and employing approx:mately 1,200
employees. The District offers the following comments:.

District Comments

1) The project wiil have a significant adverse impact on air quality.

2) Mitigation Measure 4.2-1b: Construction Emissions — The Draft EIR concludes that
construction emissions will have a significant impact on air quality but with
mitigation, the construction exhaust impacts can be reduced. In order to conclude
that the construction exhaust emissions would be less than significant, mitigation
measures reducing construction exhaust emissions must be fully enforceable
through permit conditions, agreements, or other legally binding instruments (CEQA
Guidelines . §151264 subd. (a)(2)) Feasib.le _mitigation of construction. exhaust

Seyed Sadredm
Executive Director/Air Pollution Control Officer

Northera Region Central Regior {Main Office) Southern Region
4300 Enterprise Way 1990 E. Gettysburg Avenue 34946 Flyover Court
Modesto, CA 95356-8718 fresno, CA 93726-0244 Bakersfield, €A 93308-9725
Tel: (209) 557-6400 FAX: (209) 557-6475 Tel: {559) 230-6000 FAX: {559) 230-6081 Tel: (661} 392-5500 FAX: (661) 392-5585

www.velleyair.org
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3)

4

5)

6)

emission includes use of construction equipment powered by engines meeting, at a
minimum, Tier Il emission standards, as set forth in § 2423 of Title 13 of the
California Code of Regulations, and Part 89 of Title 40 Code of Federal
Regulations. The District recommends incorporating, as a condition of project
approval, a requirement that off-road construction equipment used on site achieve
fleet average emissions equal fo or less than the Tier |l emissions standard of 4.8
NOx g/hp-hr. This can be achieved through any combination of uncontrolled
engines and engines complying with Tier Il and above engine standards.

Mitigation Measure 4.2-1¢ and 2e: Implement an Emissions Reduction Agreement to
Reduce Construction & Operational Emissions- The Draft EIR concludes that the
applicant will fund and implement an Emissions Reduction Agreement to mitigate the
projects NOx and ROG impact on air quality to below the Districts threshold. The
District supports the use of emission reduction agreements as feasible mitigation of
a project related cumulative impacts on air quality. However, it should be noted that
emission reduction agreements do not result in on-site reductions and thus do not
mitigate potential risk to near-by receptors to exposure of toxic air contaminants.
The District recommends that demonstration of having successfully entered into an
emission reduction agreement with the District, before the issuance of the first
building permit, be made a condition of project approvali.

The Draft EIR correctly states that the District has not adopted a threshold of
significance for PM10 and concludes that PM10 emissions would have a significant
impact on air quality. Although the District's Governing Board has not adopted a
threshold of significance for PM10, the District recommends that lead agencies use
an applied threshold of 15 tons per year (TPY). The District recommends that
mitigation of PM10 emissions below the 15 TPY applied threshold be included into
the Emissions Reduction Agreement. _

Indirect Source Review (ISR)- The project is subject to District Rule 9510 {Indirect
Source Review). District Rule 9510 is intended to mitigate a project’s impact on air
quality through project design elements or by payment of applicable off-site
mitigation fees. Any applicant subject to District Rule 9510 is required to submit an
Air Impact Assessment (AlA) application to the District no later than receiving final
discretionary approval, and to pay any applicable off-site mitigation fees before
issuance of the first building permit. The District recommends demonstration of
compliance with District Rule 9510 before issuance of the first building permit for
each phase of the project be made a condition of the project’s approval. The District
recommends. demonstration of compliance with District Rule 9510 before issuance
of the first building permit for each phase of the project be made a condition of the
project’'s approval.

The proposed project may require District permits. Prior to the start of construction
the project proponent should contact the District's Small Business Assistance Office
at (559) 230-5888 to determine if an Authority to Construct (ATC) is required.
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7)

The proposed project may be subject to the following District rules: Regulation Vi,
(Fugitive- PM10 Prohibitions), Rule 4102 (Nuisance), Rule 4601 ({Architectural
Coatings), and Rule 4641 (Cutback, Slow Cure, and Emulsified Asphalt, Paving and
Maintenance Operations). In the event an existing building will be renovated,
partially demolished or removed, the project may be subject to District Rule 4002
(National Emission Standards for Hazardous Air. Pollutants).

The above list of rules is neither exhaustive nor exclusive. To identify other District
rules or regulations that apply to this project or to obtain information about District
permit requirements, the applicant is strongly encouraged to contact the District’s
Small Business Assistance Office at (559) 230-5888. Current District rules can be

- found online at: www.vallevair.org/rules/1ruleslist.htm.

ENSR Corporation performed a health risk assessment to determine the risk from

-diesel particulate emissions from truck travel on the site; truck idling at the gate,

scale, and parking area; and operation of two stationary internal combustion
engines; and emissions from the cafeteria. The San Joaquin Valley Unified Air
Pollution Control District reviewed ENSR's health risk assessment. Specific
comments on ENSR’s health risk assessment based upon the District's review are
given below: '

A. The analysis is based upon a 5-minute limit on idling at any one location. The Air
Toxic Control Measure contains a number of exemptions. Therefore, this
limitation should be included as an enforceable measure in the land use permit.
Otherwise, a default period of 15-minutes must be used in the analysis.

B. The HRA is based upon the use of truck engines that meet Tier 2/3 emission
standards. This commitment must be included in the land use permit, or the
assumption that the engines in this fleet will be the same as that for Merced
County should be used in the analysis.

C. The HRA specifies that there will be no cold storage on-site other than that used
for the employees’ cafeteria. This requirement should be incorporated as a
condition in-thedand use permit.

D. The analysis used hour-of-the-day adjustments to the emissions of diesel

particulate matter from the trucks. To use this approach, appropriate limitations
(e.g., number of trucks during daytime hours and number of trucks during
nighttime hours) should be included in the land use permit and will be included in
the Authority to Construct.

E. All conditions in the land use permit, such as those above, that are required to
ensure the integrity of the HRA should be included in the Authority to Construct
for the stationary engines.
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F. Travel distances were incorrectly calculated by multiplying the number of volume
-sources in a line source by the length of the side. The correct approach would be
to calculate distances based upon the nodes in the line source. The effect of this
error is to underestimate the travel distances (and the resulting travel emissions)
by a factor of 2.

G. The applicant used EMFAC2007 to calculate emissions for indirect source
review. The emission factors from the EMFAC2007 run should have been used
for the risk modeling. The emission factor for haul trucks should have been 1.448
g/mi instead of 0.670 g/mi. Similarly, the emission factor for idling haul trucks
should be 2.08 g/hr instead of 2.37 g/hr.

H. No emissions from the transportation refrigeration units (TRUs) on the trucks
supplying food to the cafeteria were included in the analysis.

I. A limited number of receptors were modeled. Additional receptors should be
included in the analysis. For example, single receptors at the center of industrial
facilities were modeled for the two industrial facilities north of the proposed site.
For those two areas, receptors should have been placed 25 meters beyond the
project boundary and with a spacing of 25 meters. Similarly, receptors for
agricultural workers in adjacent fields were not modeled. Additional receptors
should have been modeled for the residential development and the school west
of the project site. Also, the receptors for other schools and sensitive receptors
should have been placed at the location on the boundary that is closest to the
proposed project.

J. The District does not use the adjustments for student carcinogenic risk unless the
student lives somewhere other than within the zone of impact but attends a
school within the zone of impact.

K. The applicant has not specified the number of hours that the two generators will
operate for maintenance and testing. The emission calculations for these two
generators should conform to the limits that will be applicable based on the Air
Toxics Control Measure for stationary internal combustion engines.

L. The Industrial Source Complex Short-Term (ISCST3) model in the Hot Spots
Analysis and Reporting Program (HARP) was used to model emissions from the
cafeteria. Use of ISCST3 is not one of the U.S. Environmental Protection
Agency’s (EPA’s) preferred model. To use it in lieu of the preferred model (i.e.,
AERMOD), a model evaluation must be performed fo demonstrate its superiority
to the preferred model.

M. In HARP, a deposition rate of 0.05 m/s was used. This value is appropriate for
uncontrolled sources. Normally, the District uses a deposition rate of 0.02 m/s for
controlled sources.
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N) Based upon the District's review, the maximum residential cancer risk could be
well over 10 in a million because of comments in F, G, and H. The issues raised
above should be addressed with a revision to the health risk assessment. The
revised health risk assessment must be based upon the District's default
assumptions for idling time, etc. unless a firm commitment is made to incorporate
the mitigation measures identified in comments A through D in the land use
permit and any air quality permit issued for the stationary internal combustion
engines. :

District staff is available to meet with you and/or the applicant to further discuss the
regulatory requirements that are associated with this project. If you have any questions
or require further information, please call Mark Montelongo at (559) 230-5905 and

provide the reference number at the top of this letter.

Sincerely,

David Warner
Director of Permit Services

ermit Services Manager

DW: mm
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SHEPPARD MULLIN 17th Floor | Four Embarcadero Center | San Francisco, CA 94111-4106
SHEPPARD MULLIN RICHTER & HAMPTON LLP 415-434.9100 office | 415-434-3947 fax | www.sheppardmulfin.com

ATTORNEYS AT LAW

Writer's Direct Line: 415-774-2993
jdavidoff@sheppardmullin.com

April 27, 2009
Our File Number: 15CM-130732

VIA E-MAIL AND U.S. MAIL ECEIVIE

Kim Espinosa, Planning Manager

City of Merced APR 29 2009
Planning and Permitting

678 West 18th Street CITY OF MERCED
Merced, CA 95340 PLANNING DEPT,

Fostinarfcol Y/ 27/09 24—
Emalt Came iy fu/z,:/a? HE
Re:  Comments on the Draft Environmental Impact Report Prepared for
the Proposed Wal-Mart Regional Distribution Center (State
Clearinghouse Number 2006071029)

Dear Ms. Espinosa:

On behalf of Wal-Mart Stores, Inc. ("Wal-Mart"}, we are submitting the following
comments on the Draft Environmental Impact Report ("Draft EIR") prepared for the proposed
Wal-Mart Regional Distribution Center ("Project”) in Merced, California ("City").

The Draft EIR analyzed an approximately 1.1 million square foot regional
distribution center located on 230 acres in the southeast area of the City of Merced. The Project
is industrial in nature and does not contain any retail commercial components. It would employ
approximately 1,200 employees upon full operation in an area permitted for industrial uses with
good access to major highways and transportation links. (Upon first opening, the Project will

" employ approximately 900 employees — 600 full-time and 300 part-time.)

We request reconsideration of certain of the proposed mitigations, as detailed in
the following:



SHEPPARD MULLIN RICHETER & HAMPTON LLP

Kim Espinosa, Planning Manager

April 27, 2009
Page 2

1. Air Quality

a.

Mitigation Measures 4.2-1(a)-(e) — Comply with SJTVAPCD's Indirect Source
Review Rule (Rule 9510); Implement Measures to Reduce Construction-Related
Diesel Equipment Exhaust Emissions, Implement an Emissions Reduction
Agreement with SJVAPCD to Reduce Construction Emissions of ROG and NOX;
Comply with STVAPCD's Regulation VIII-Fugitive Dust Prohibitions and
Implement All Applicable Control Measures; Implement SJVAPCD-
Recommended Enhanced and Additional Dust Control Measures.

By law, the Project will be required to comply with the San Joaquin Valley Air

Pollution Control District's ("SJVAPC") Indirect Source Review ("ISR") Rule (Rule 9510) and
Regulation VIII. General mitigation requirements under the ISR Rule for construction
equipment emissions and operational emissions are as follows:

6.0 General Mitigation Requirements
6.1 Construction Equipment Emissions
6.1.1 The exhaust emissions for construction equipment greater than fifty
(50) horsepower used or associated with the development project shall be
reduced by the following amounts from the statewide average as estimated
by the ARB:
6.1.1.1 20% of the total NOx emissions, and
6.1.1.2 45% of the total PM10 exhaust emissions.
6.1.2 An applicant may reduce construction emissions on-
site by using less polluting construction equipment, which
can be achieved by utilizing add-on controls, cleaner fuels,
or newer lower emitting equipment.
6.2 Operational Emissions
6.2.1 NOx Emissions
Applicants shall reduce 33.3%, of the project’s
operational baseline NOx emissions over a period of ten
years as quantified in the approved AIA as specified in
Section 5.6.
6.2.2 PM10 Emissions.
Applicants shall reduce of 50% of the project’s
operational baseline PM10 emissions over a period of
ten years as quantified in the approved AIA as specified
in Section 5.6.
6.3 The requirements listed in Sections 6.1 and 6.2 above can
be met through any combination of on-site emission reduction
measures or off-site fees.
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First, the Draft EIR includes no nexus between the mitigation required and the air
quality impact identified. Pursuant to the California Environmental Quality Act ("CEQA™),
mitigation measures are required to comply with all applicable constitutional requirements.
(CEQA Guidelines sec. 15126.4(a)(4).) Specifically, there must be an "essential nexus (i.e.
connection) between the mitigation measure and a legitimate governmental interest. Nollan v.
California Coastal Commission, 483 U.S. 825 (1987)." (CEQA Guidelines sec.
15126.4(a)(4)(A)) "Where the mitigation measure is an ad hoc exaction, it must be 'roughly
proportional’ to the impacts of the project. Ehrlich v. City of Culver City (1996) 12 Cal. 4™ 854."
(CEQA Guidelines sec. 15125.4(a)}(4)(B).) Accordingly, all mitigation required must relate to
the impacts caused by a project. Here, the proposed mitigation measures fail to meet this nexus
standard.

In addition, the mitigation measures impose additional requirements beyond
established programs and/or regulations, resulting in the measures being excessive and
unnecessary. For example, Mitigation Measure 4.2-1(c) requires the Applicant to enter into an
emission reduction agreement with the STVAPC, which is an agreement whereby an applicant
can volunteer to mitigate beyond Rule 9510 and fully offset project emissions. The Draft EIR
makes this a mandatory, not voluntary requirement.

Also, Mitigation Measure 4.2-1(a) requires the submittal and approval of various
applications by the STVAPCD prior to applying for final discretionary approval with the City of
Merced. However, the requirement pursuant to the ISR Rule is "[a]ny applicant subject to this
rule shall submit an Air Impact Assessment (AIA) application no later than applying for a final
discretionary approval with the public." There is no requirement that the application be
approved prior to applying for a final discretionary approval. The measure therefore goes
beyond what is required by the ISR Rule, but provides no justification for deviating from the
established procedural requirement.

Further, Mitigation Measure 4.2-1(b) regarding "Construction-Related Diesel
Equipment Exhaust Emissions," bans construction on forecasted Spare the Air Days and
prohibits staging areas for heavy-duty construction equipment within 1,000 feet of the Project
boundary. The ISR Rule general mitigation requirements already specifically address and
mitigate impacts from construction equipment emissions, including impacts from diesel
emissions. The Draft EIR includes no discussion or analysis of how these requirements in
Mitigation Measure 4.2-1(b) would reduce the Project's air quality impacts, nor a justification
why the mitigation measure must go above and beyond the ISR Rule requirements that already

apply.

In some cases, the mitigation measures are also infeasible. For example,
Mitigation Measure 4.2-1(b) provides for the replacement of fossil/fueled equipment with
electrically driven equipment. At this time, such equipment does not exist; therefore,
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mmplementation of this measure is not technologically possible. Consequently, this measure is
infeasible.

Some of measures are infeasible because they are more appropriate for a retail use
located in a developed commercial area than a large industrial use located on 230 acres of land
within an industrial area, such as is the case here. Requiring such measures is not feasible for an
industrial use of this type and size, and no evidence is presented showing that they are feasible
for the Project.

"CEQA does not require analysis of every imaginable...mitigation measure; its
concern is with feasible means of reducing environmental effects..." Concerned Citizens of
South Central Los Angeles v. Los Angeles Unified School District (2d Dist. 1994)24 Cal. App. 4™
826, 841. Here, because the proposed mitigation measures have no nexus to the impact, go
beyond established procedures, are excessive and unnecessary, and no substantial evidence exists
to conclude the measures are feasible, the mitigation measures should be removed.

b. Mitigation Measure 4.2-2(b) — Develop and Implement an Employee Trip
Reduction Program to Reduce Operational Emissions.

The Project is estimated to have approximately 1,200 employees upon full
operation (900 upon first opening, as previously noted), 1,050 who would work at the facility
and an additional 150 employees as drivers. Mitigation Measure 4.2-2(b) requires the
development and implementation of an employee trip reduction program to reduce operational
emissions.

Wal-Mart already has a developed Rideshare Program designed to help improve
air quality. The Rideshare Program encourages Associates to consider alternate commute
methods, such as carpooling, biking, walking, and taking the bus to work. Wal-Mart's Senior
Rideshare Coordinator (an existing position) would create a Rideshare Program tailored
specifically to the facility, and train designated On-Site Rideshare Coordinators on program
implementation and documentation. At the facility, Wal-Mart would provide a general
introduction to the Rideshare Program during orientation for new hires. New hires would view
Wal-Mart’s Rideshare DVD, which outlines benefits of ridesharing to work: saving money,
saving time, exercise, etc. Also, the Rideshare Coordinator would provide detail about the
Rideshare Program incentives for their site.

Wal-Mart's efforts to promote its Rideshare Program go beyond orientation for
new hires. Among the tools Wal-Mart has found effective promoting participation in the
Rideshare Program are contests, educational materials, and Rideshare marketing materials
promoting alternate commute methods. Further, a Rideshare bulletin board would be maintained
at the facility with program information, transit information, local bike routes, etc.
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Wal-Mart will continue to use its best efforts to encourage employees to carpool
or use alternative transportation methods through implementation of a Rideshare Program at the
facility. However, Wal-Mart cannot guarantee that within three (3) years of the Project opening,
there will be a 25% reduction in single occupancy vehicle trips by employees. One initial
concern with the proposed measure is that it is unclear how this reduction would be calculated or
monitored. More importantly, achieving this 25% reduction would require Wal-Mart to mandate
some employees to use these types of measures if not enough employees volunteer. Wal-Mart
simply cannot mandate how employees travel to work. Thus, we recommend revising the
Mitigation Measure to require that Wal-Mart implement its Rideshare Program at the Project, but
not require a set percentage reduction in trips. If anything, a percentage reduction should be a
goal, not a mandate.

c. Mitigation Measure 4.2-2(c) — Implement Recommended Mitigation Measures to
Reduce Operational Emissions.

This mitigation measure includes specific measures to reduce operational
emissions. These measures could conflict with the requirements imposed as part of the required
emissions reduction agreement with the STVAPCD.

In addition, there is no nexus between the impact and some of the measures. For
example, one of the measures included is the construction of Class 11 Bike lanes or the payment
of the Project's "fair share" of funding for these lanes. First, there is no nexus between the
Project and the construction of these bike lanes. The Draft EIR does not analyze, evaluate or
conclude that the construction of these bike lanes will reduce any air quality impacts associated
with the Project. Further, the City of Merced does not have an established Bicycle Fee Program.
Therefore, the Project cannot be required to pay any "bicycle fee" as part of its building permit
fees and any such a requirement is arbitrary and capricious, and completely without merit. Tt
appears that the motivation for the bicycle lanes may be, as stated in the mitigation measure, to
"qualifly] the City of Merced to receive state funding for bicycle projects[,]" but this is not a
Project-related impact that requires mitigation.

Morcover, some of the proposals are simply infeasible. This measure requires
only the use of electric-powered landscape maintenance equipment to care for the landscaped
areas. Given the size of the Project site (230 acres), the ability to use electric-powered landscape
maintenance equipment is infeasible. At some points, the distance between the landscape area
and the building or electrical outlet would be greater than 250 feet and in many cases over 500
feet.
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d. Mitigation Measure 4.2-2(d) — Implement Additional Operational On-Site
Emission Reduction Measures.

Under Mitigation Measure 4.2-2(d), the Applicant is required to submit a written
report demonstrating the infeasibility of additional operational on-site emission reduction
measures. Approval of this report is required before final discretionary approval of the Project.
As discussed above, this is contrary to the procedure established by the ISR Rule. As
certification of the EIR and approval of the Project entitlement will be the final discretionary
approval, we believe this reference is a mistake and instead should reference an administrative or
non-discretionary action such as the issuance of building permits.

€. Mitigation Measure 4.2-6(d)- Implement Additional Operational On-Site
Emission Reduction Measures.

Mitigation Measure 4.2-6(d) mandates the installation of solar panels throughout
the Project site on all available areas, such as the roof, buffer areas, parking lot, covered parking
areas, walkways and outdoor areas. As discussed in detail below, this Project will demand
significantly less energy than comparable facilities. Also, Wal-Mart is investigating ways to
meet the facilities' remaining energy demand with renewable energy sources. As such, this
mitigation is excessive and unnecessary.

With regard to using solar on site, significant barriers exist to using solar power at
this time in this location. These barriers include material/production costs, the net efficiency of
technology, and a lack of storage capacity to fully utilize the solar energy.

Wal-Mart is investigating the feasibility of using solar power at its facilities via its
solar power pilot program. Until such technology proves efficient, however, it should not be
required.

Finally, the Applicant cannot legally be required to purchase electricity from a
specific local provider, as is required under this mitigation measure. Such a mandate violates the
Applicant's constitutional and statutory rights. In any event, mandating the selection of a
specific provider lacks a nexus to a specific impact as it is unclear how using a specific provider
would mitigate a potential impact.

For these reasons, this mitigation measure should be modified to recommend,
rather than require the above measures, or should be removed entirely.

2. Biological Resources

a. Mitigation Measure 4.3-2 — Implement Measures to Minimize Potential Project
Effects on Swainson's Hawk and Burrowing Owl.
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'The Project would result in the loss of approximately 150 acres of suitable
foraging habitat for Swainson's hawk and could result in destruction or disturbance of burrowing
owl burrows. The Project will be required to consult with the California Department of Fish and
Game ("CDFG") and comply with any applicable guidelines, survey requirements, regulations
and mitigation. Mitigation Measure 4.3-2, however, is very detailed and sets forth specific
requirements for the Project that could conflict with the requirements of CDFG.

As a result, the measures infringe upon the jurisdiction of CDFG. This usurping
of CDFG's power results in the City imposing measures outside its area of expertise. The end
result could be that CDFG cannot impose one of its mitigation measures because it conflicts with
what the City has required. Allowing the expert regulatory agency to determine the applicable
mitigation would be more appropriate.

Therefore, to avoid a potential conflict and still adequately mitigate the potential
mmpact without improperly deferring mitigation, we recommend replacing the language in this
mitigation measure with the following mitigation language:

"Pre-Construction Survey - No more than 15 days prior to any
site-disturbing activities, including grading or woody vegetation
and tree removal, the applicant will retain a qualified wildlife
biologist to conduct a nesting bird survey to determine if nests are
active or occupied onsite. The surveys shall be conducted a
minimum of three separate days during the 15 days prior to
disturbance. Any active nests observed onsite will be avoided until
after the nestlings have fledged and left the nest. If avoidance is
not feasible, then a biological monitor will be present if
construction activities occur during the nesting season.
Construction activity within the vicinity of the active nests may
only be conducted at the discretion of the biological monitor. If
construction activity will likely result in nest failure, the applicant
will consult with CDFG and/or USFWS to determine what
mitigation or permitting is required. An MBTA Special Purpose
Permit will be required if occupied nests will be impacted.

Burrowing Owl - If occupied burrowing owl burrows are found
during above mentioned required pre-construction survey, a buffer
shall be established around the burrows in accordance with the
requirements established by the CDFG. Passive relocation shall
not occur during the breeding season unless a qualified biologist,
approved by CDFG, verifies that the young have fledged the nest.
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Swainson's Hawk - Loss of Swainson’s hawk foraging habitat
shall developed in consultation with CDFG.

3. Geology, Minerals. Soils and Paleontological Resources

a. Mitigation Measure 4.5-1 — Implement Construction Personnel Training and
Recover Paleontological Resources if Encountered.

Paleontological resources could be present in the sediments underlying the Project
site and this mitigation measure is intended to minimize any potentially adverse impacts to those
resources. This includes informing construction personnel of the possibility of encountering
fossil and the proper notification procedures if fossils are encountered. The second bullet
explains the mitigation if a fossil is encountered. The language is as follows:

If paleontological resources are discovered during earth-moving
activities, the construction crew shall immediately cease work in
the vicinity of the find and shall notify the City Planning
Department. The project applicant shall retain a qualified
paleontologist to cvaluate the resources and prepare a proposed
mitigation plan in accordance with SVP guidelines
(1995)...Recommendations determined by the lead agency to be
necessary and feasible shall be implemented before construction
activities can resume at the site where the paleontological
resources were discovered.

{Emphasis added.)

Based on this language, it is unclear whether construction must stop only in the
vicinity of the find or over the entire site if a paleontological resource is found. Because
continuing construction at other areas of the site, away from the vicinity of the find, will not
impact the paleontological resource, we recommend the following modification to the mitigation
measure:

...Recommendations determined by the lead agency to be
necessary and feasible shall be implemented before construction
activities can resume in the vicinity of the find atthe-site-where the
paleontological resources were discovered.

This change protects the paleontological resource, and minimizes the potential
adverse impact while allowing construction away from the resource to continue in the event of a
paleontological find.
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b. Mitigation Measure 4.5-3(a) — Prepare a Final Geotechnical Design Report and
Implement All Applicable Recommendations.

Please note, for clarification purposes, that the final geotechnical engineering
report has been prepared and all applicable recommendations will be incorporated into the
Project as required. Therefore, this mitigation is not necessary and, as a result, should be
removed.

4. Hydrology and Water Quality

a Mitigation Measure 4.6-1(b) — Establish a Maintenance Entity for BMPs.

The Project evaluated by the Draft EIR is a single-user Project. Wal-Mart will be
the sole tenant, owner and occupier of the property and Project site. Further, all construction
disturbances will be located on Wal-Mart's property and Wal-Mart will be required to operate,
maintain and replace stormwater best management practices ("BMPs"} as set forth under its
stormwater permit.

Commounity Facility Districts (CFD) and other maintenance entities are typically
formed where multiple owners, tenants or operators will be responsible for various community or
stormwater improvements. Here, because there is only one user/owner, formation of a CFD or
maintenance district is not necessary. Therefore, this mitigation measure is not necessary and, as
a result, should be removed.

b. Mitigation Measure 4.6-7 — Comply with SB 5 Criteria Establishing 200-Year
Urban Flood Protection.

Senate Bill 5 required the Department of Water Resources to prepare a map of
various floodplains, including the 200-year floodplain. It also requires the Central Valley Flood
Protection Board to prepare a Central Valley Flood Protection Plan ("Plan") no later than July 1,
2012, This plan must describe the performance, design, risk and funding of various area flood
protection facilities. Once the plan is adopted, cities have twenty-four (24) months to amend
their general plans to incorporate the provisions and requirements of the Plan. Nothing in the
Plan or SB 5 requires existing or proposed development to comply with future unknown flood
protection requirements.

The mitigation proposed essentially requires the Project to comply with a Plan
and standards that have yet to be develop and do not exist. The Project can only be required to
comply with existing flood control measures adopted at the time of construction and building
permit issuance.
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It is also important to note that the impact to be mitigated is speculative given the
Plan is not anticipated to be adopted until at least 2012 and not implemented locally until 2014,
Therefore, there is no way of knowing whether the Project will have impacts under those
standards at this time. The Project may only be required to mitigate for known impacts, not
speculative unknown impacts based on an analysis and Plan that have yet to be developed.

5. Noise

a. Mitigation Measure 4.8-1 - Regulate Construction before Approval of
Implementation Plans

This mitigation addresses short term noise impacts. As indicated above, the
Project is the construction of a distribution center. It is a single project and does not include
approval of various implementation plans or subsequent projects. As a result, the Mitigation
Measure should be revised as follows:

"4.8-1: Short-Term Construction Noise Regulate- Construetion
before- Appreval of Implementation Plans. Priorto-approvalof
ImplementationPlans-and subsequent projeets+The City shall

require the applicant to regulate short-term construction noise as
follows:..."

b. Mitigation Measure 4.8-3 — Implement Measures to Reduce Exposure to Traffic
Noise from Project.

The Draft EIR does not establish a nexus between the traffic noise impact and
reduction of that noise by the installation of a sound barrier. No analysis has been conducted to
establish that construction of a sound barrier will reduce traffic noise impacts to a less than
significant level. Requiring a site-specific noise study for a sound barrier is deferred mitigation
as it is unclear if the sound barrier will effectively mitigate the impact.

Finally, the mitigation repeatedly mentions the term "aesthetically pleasing." This
is an arbitrary standard that varies person by person, and which could result in a barrier that is
not consistent with the City's Design Review Guidelines.

For these reasons, the mitigation measure should be removed.
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6. Traffic and Transportation

a. Mitigation Measure 4.11-2(q) — Accommodate All Delivery Truck Parking On-
Site,

The Draft EIR lists "traffic problems" from delivery trucks arriving prior to a
scheduled pick-up or delivery time. (Draft EIR, pg. 4.11-29). The "traffic problems" mentioned
are not adequately analyzed, however. The only discussion is that these truck drivers may "park
along local streets in the vicinity or travel on local streets until access to the distribution center is
available." The impact of these activities has not been quantified or discussed qualitatively in
any further detail. Therefore, the Draft EIR has not provided any nexus between the alleged
mmpact and the need for a mitigation that requires an on-site waiting areca. As such, this
mitigation measure should be removed.

On a side note, the Draft EIR states in this section that these traffic problems
"could create also noise and air quality problems." (Draft EIR, pg. 4.11-29). Any noise or air
quality problems from delivery trucks presumable have already been addressed in those sections.

b. Mitigation Measure 4.11-2(b) subsec. ¢ — Manage Truck Traffic on Local Streets.

This mitigation measure requires the development and implementation of a truck
route plan. All tractor trailers approaching and departing from the Project already will be
required to use Surface Transportation Assistance Act of 1982 (STAA) approved Truck Routes,
however. These STAA Routes are appropriate roadways for use by tractor trailers accessing the
Project. This mitigation lists several non-STAA roadways and roadways near residential areas,
which would not be appropriate. Given trucks will already need to abide by STAA, this measure
should be revised or deleted.

7. Utilities and Public Services
a. Mitigation Measures 4.12-4 — Incorporate Energy Efficiency Features into
Project Designs.

Wal-Mart is committed to reducing the energy demand footprint of its facilities.
Wal-Mart's approach to reducing emissions is holistic and looks at the whole project-from design to
construction, to landscaping, to operations. Wal-Mart's company-wide strategy to reduce the energy
demand footprint of its facilities includes implementing energy reduction, reclamation/reuse, and
efficiency features. By implementing this strategy Wal-Mart facilities exceed California’s Title 24
requirements. This approach of first reducing the facilities' energy footprint is consistent with
recommendations made by recognized leaders in the energy efficiency and renewable energy arenas.
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Leaders in the energy efficiency and renewable energy arenas also recognize that any
solutions to environmental problems (such as global warming) must be founded in sound business
Judgment and must prove to be economically feasible. Only then can these solutions be successful in
the market-place. This philosophy is the mission statement for the Energy Efficiency Center at the
University of California at Davis, where Wal-Mart occupies a Board Chair and Steering Committee
Chair, as well as the California Energy Commission, California Public Utilities Commission, and
California leading businesses, organizations, and academia. The United States Department of
Energy also has adopted this philosophy as the founding premise for the Retail Energy Alliance,
which is a Department of Energy sponsored national organization of leading retailers focused on
energy efficiency solutions that meet business needs. Wal-Mart sits on the Steering Committee of
that organization as well.

Wal-Mart is not only committed to working with experts on policies and approaches
to reduce energy consumption and increase the use of renewable resources, but it also applies those
practices in its facilities. Unfortunately, the mitigation proposed includes several energy efficiency
features that are infeasible or not appropriate for the Project. As technology is constantly changing,
requiring specific measures potentially prevents the incorporation of the best energy efficient
measures available at the time the Project is constructed. Wal-Mart therefore proposes the following
mitigation language to ensure the Project contains the most up-to-date energy efficient measures
available at the time of construction:

"The Project shall employ the energy efficient measures proven
effective, at the time of Plan Check submittal, in the building
design and construction. However, the measures used shall, at a
minimum, be as energy efficient as those proven energy efficient
measures, or comparable measures, listed below:

Energy efficient HVAC units: "Super" high
efficiency packaged HVAC units exceeding the
industry standard EER.

Central Energy Management: An energy
management system that is monitored from the
Home Office in Bentonville, Arkansas.

Light Sensors: Occupancy sensors that detect
activity in a room or rack aisle and automatically
turn off the lights when the space is unoccupied.

Interior Lighting Program: Lighting that utilizes T-
8 fluorescent lamps and electronic ballasts, unless
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more efficient lighting is available, and "low-
mercury"” lamps.

Poured Concrete: Up to 25% fly ash in the exterior
concrete mixes; up to 40 % of the mix can be a
combination of fly ash and ground granulated blast
furnace slag.

Recycling: (A) Steel recycling: Include a
substantial amount of recycled steel in construction.
(B) Recycled Plastic: All of the plastic baseboards,
and many of the plastic shelving, should be
manufactured from recycled material.

Non-PVC Roofs: Use non-PVC roofing.

Water Conservation Landscaping Features:
Landscaping plan must include at least three of the
following water conservation features: low-
precipitation systems, programmable irrigation
controllers with automatic rain shut off sensors,
matched precipitation rate nozzles that maximize
the uniformity of the water distribution
characteristics of the irrigation system, conservative
sprinkler spacings that minimize overspray onto
paved surfaces, or hydrozones that keep plants with
similar water needs in the same irrigation zone.

Recycle Construction Debris: Implement a
construction debris recycling program.

By incorporating measures like those listed above in the proposed mitigation
measure, Wal-Mart will reduce the energy demand of the facility, thereby reducing the facility's
energy demand footprint. The proposed features will result in a project that well exceeds
California's Title 24 requirements and reduces greenhouse gas consumption.

8. Visual Resources

a. Mitigation Measure 4.13-2 — Prepare and Submit a Landscaping Plan.

The Draft EIR analyzes the visual impacts of the Project using a computer
generated photo simulation of the proposed Project. This photo simulation, however, does not
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include any landscaping that may be planted. (Draft EIR, pg. 4.13-7). While the development of
the Project will alter the visual character of the site, the impact of the Project cannot be fully
analyzed without an adequate representation of the site, which will include landscaping and
required street trees. Thus, there is no nexus between the alleged impact identified and the
mitigation required.

Further, the tree planting requirements under this mitigation reflect requirements
typically imposed on a commercial use, such as a retail store located on a small parcel in a
largely developed commercial area, with the building located closer to the property boundaries
and therefore being highly visible from adjacent streets/properties. Because of the nature and
siting of such a use, imposing mitigations requiring significant landscaping makes sense and is
feasible. When the nature of a project is an industrial use located within a 230 acre site and far
removed from the property boundaries, though, as is the case here, implementing such measures
typically is infeasible, not to mention unwarranted. The requirements set forth in the mitigation
should be revised to reflect this situation.

b. Mitigation Measures 4.13-3 — Prepare and Submit a Lighting Plan.

The mitigation requires the submittal of a lighting plan to mitigate any potential
impacts of light spillage offsite. It includes a requirement that "no illumination source
(including light bulb and reflector) shall be visible beyond the property line."

The Project will include pole-mounted metal halide lamps located approximately
45 feet above the ground surface. At this height, it is infeasible that the bulb or reflector would
not be visible off-site. However, there is no nexus in any event for requiring this mitigation
because the mitigation would address offsite visibility, not offsite spillage. Requiring that the
bulb and reflector not be visible off-site is irrelevant to whether light spills to adjacent uses. As
there is no nexus between the mitigation and the impact, this requirement should be removed.

* * * * *
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Thank you for consideration of our comments on the mitigations proposed in the
Draft EIR. If you have any question or would like to discuss these comments in more detail
please call me at 415-774-2993.

truly yours /
Judy V. Davidoff

for SHEPPARD MULLIN, RICHTER & HAMPTON LLP

WOZ-WEST:SAMP1\401503544.5

cc: Colby Tanner, Wal-Mart Stores, Inc.

Jim D. Emerson, Jacobs Carter Burgess
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Cressey, CA 95312

April 27, 2009

Kim Espinosa, Planning Manager
City of Merced

Planning Department

678 W. 18" Street

Merced, CA 95340

espinosak@cityofmerced.org
Fax 209-725-8775

Dear Ms. Espinosa; Sent Via both email and fax

Valley Land Alliance is a grass roots nonprofit organization dedicated to Educate and Build
Alliances to protect our uniquely productive California Central Valley Farmland.

Valley Land Alliance submits the following comments in response to the Draft EIR on the
proposed Wal-Mart.

Mitigation; We request land loss in Agriculture to any development a 4 to 1 mitigation.

Runoff and Erosion: We have concerns about the water run off from the proposed facility.
This could have substantial adverse effects upon the quality of water running off into streams,
and will cause substantial, unmitigated pollution.

Traffic: We have concerns of the impact to traffic on Hwy 99 in both directions North and
South, and the impact on back streets and how this will impede the shipment of agricultural
products and interfere with farm and harvesting equipment. This is especially disconcerting
during peak harvest times. We understand from studies from other Wal-Mart distribution
centers that back roads are impacted by both trucks parking on the side of the road idling, and
by using back roads to avoid traffic.

Air Quality: Air quality is under extreme scrutiny in the Central Valley and the Agricultural
community is under intense pressure to comply with ever-increasing regulations. The ag
community has been under tremendous attack as one of the major sources of air pollution and
we are concerned that the swell in truck traffic from this project will add more pressure to the
agricultural supported county. Meaning the Ag community will be taking blame for any
increase in air pollution. We would like to see all trucks that are idling for a period of more
than 5 minutes required to park under a filter system that eliminates air pollution,
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Schools; In the light that this distribution center is so close to several schools we would request
that the Wal-Mart distribution center be required to move these school to a location that would
not disrupt the day to day actives of the parents and children who attend these schools. We
believe that a healthy community is schools whose air and traffic are not compromise by truck
traffic.

Sustainability: We would request that ail power from the distribution center be from alternate
sources such as solar and wind power. We would also request that the roofing be a source of
this alternate energy.

Community Giving; Since we believe that this distribution center will be allowing the
creations of 30 plus more Wal-Marts and that Wal-Marts are normally the reason for the loss
of our locally owned and operated stores in towns, and we believe that these are also part of
the reason that our downtowns die and cause a shift of buying to box stores. We would
request that this distribution center be required as a mitigation to contribute back 1% of their
earnings to the community in such ways as educating the public of the importance of eating
healthy, local foods. Contribute to our downtown arts and local theaters.

Local Agriculture; As this distribution center will have a major effect on all our lives that live
here in Merced and close to Merced. We would ask that Wal-Mart be required to source their
produce from local markets to help support the local farmers that would be impacted from this
distribution center.

Sincerely,

Rochelle Koch
On behalf of Valley Land Alliance

Calfman]@aol.com

Access 350+ FREE radio stations anytime from anywhere on the web. Get the Radio Toolbar!
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