September 24, 2012

Doug Haines
P.O. Box 93596
Los Angeles, CA 90093-0596

Los Angeles City Council
c/o Los Angeles City Clerk
City Hall, 3* Floor

200 N. Spring Street

Los Angeles, CA 90012

Re: Council File 12-0967
ENV-2007-365-MND; 5241-5247 Santa Monica Blvd. & 5238-5246 Virginia Ave.

Honorable President Wesson and Council members:

The Los Angeles City Council will consider an appeal by Seta Panosian at its Tuesday, September
25 meeting. This appeal regards the City Planning Commission’s April 12, 2012 approval of a Mitigated
Negative Declaration (“MND”) for a proposed 82,041 sq. ft. development at 5241-5247 Santa Monica
Blvd. & 5238-5246 Virginia Ave. in East Hollywood. The appeal, listed on the Council agenda as item
#17, argues that an Environmental Impact Report (“EIR”) is required for the project under the California
Environmental Quality Act (“CEQA”™). The Planning and Land Use Management Committee (“PLUM™)
recommended at its September 11, 2012 meeting that the City Council deny the appeal and approve the
MND. This letter addresses written comments submitted by the applicant’s representative dated
September 10, 2012 and in public testimony. I also ask for your support of our community by upholding
Ms. Panosian’s appeal.

As approved by the City Planning Commission at its April 12, 2012 hearing, the proposed project is
a 49-unit, 5-story, 60-foot tall, 82,041 sq. ft. mixed-use project located immediately adjacent to both
Kingsley Elementary School and low-level, restricted density housing (the *“Project”). The 45,301 square
foot project site consists of five parcels on a vacant ot immediately adjacent to Kingsley Elementary
School’s playfield to the east, and restricted density housing to the west and north.

At the Sept. 11, 2012 Planning and Land Use Management Committee hearing, committee members
and Planning Staff disregarded objections by impacted neighbors and instead voted to recommend that the
City Council approve the Project MND. The PLUM Committee did so despite acknowledging that the
Project was approved with 17,272 sq. ft of “undefined” space, and that the applicant has no intention of
constructing the approved development. The applicant has instead reapplied for an expanded project.

As noted during the PLUM hearing, the developer has filed a new application to construct a five-
story, 84-unit project with 15,000 sq. ft. of commercial/retail that would be 30,000 sq. ft. larger than the
project being appealed. I developed as outlined in the architect’s 1/05/12 construction documents, this
new project would have a total square footage of 112,475 sq. ft. with 181 parking spaces, and consist of
two buildings on the lot’s five parcels. According to the architect’s documents, the buildings -- which
would be connected by a two-level subterranean garage covering the entire project site -- consist of:
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1). A 5-story, 66° 10” -tall structure of 74 dwelling units (Note: the May 18, 2012
Addendum on page 2 instead identifies the Santa Monica building as having 68 units
with a maximum 60’ height) comprising 75,035 square feet of residential floor area
with 17,650 square feet of commercial space;

2). A two-story second building fronting Virginia Avenue, with 10 residential units (Note:
the May 18, 2012 Addendum on page 2 identifies the Virginia building as having 16
units) and recreational facilities within 19,790 sq. ft. of floor area.

Project Version HEIGHT SQUARE FT. |APARTMENTS
Approved 4/12 60 feet §2,041 sq, ft. 49
New Proposed 66 feet, 10 inches 112,475 sq. ft. 84

According to Planning Staff, however, this revised project description is being changed once again,
with the applicant seeking to increase the project’s commercial component in response to changes in the
site’s allowable Floor Area Ratio (“FAR”) as approved under the new Hollywood Community Plan. At
every stage, therefore, the Project has and continues to be ambiguous, ever changing and undefined, with
the MND recirculated in both February and June of this year with major alterations to the Project
descriptions yet without any changes to the MND’s analysis.

A finite project description is a clear CEQA requirement. Guidelines §§ 15120(c), 15124(b). “An
accurate, stable and finite project description is the sine qua non of an informative and legally sufficient “
environmental analysis. County of Inyo v. City of Los Angeles (1977) 71 Cal.App.3d 185, 199. In
contrast, a “curtailed, enigmatic or unstable project description draws a red herring across the path of
public input.” Id. at 198. “Only through an accurate view of the project may the public and interested
parties and public agencies balance the proposed project’s benefits against its environmental cost, consider
appropriate mitigation measures, assess the advantages of terminating the proposal and properly weigh
other alternatives.” City of Santee v. County of San Diego (1989) 214 Cal.App.3d 1438, 1454; accord,

Concerned Citizens of Costa Mesa, Inc. v. 32™ Dist. Agricultural Assn. (1986) 42 Cal.3d 929, 938 (citing
County of Inyo).

Here, the applicant and City continue to repeatedly alter the Project parameters in expanding the
development yet, refuse to significantly update the MND in violation of CEQA’s requirement that there be
an “accurate, stable and finite project description.” The City has been “changing the rules of the game
while it was being played.” Gammoh v. City of Anaheim (1999) 73 Cal.App.4™ 186, 191.

The Project’s MIND is based on an Initial Study released by the applicant in 2008 and prepared in
2005. The Initial Study avoids any cumulative analysis of significant refated projects announced since
2005, and omits any reference to cumulative air quality impacts associated with the 101 Freeway, a major
source of pollution and traffic congestion located one block west of the Project site (see photo at Exhibit
I). Itis therefore an outdated and defective document, created for a different development, with no
references to significant impacts that under CEQA must be properly addressed in an EIR.

The Project site formerly housed several auto repair and painting operations over a period of decades.
The Initial Study performed a cursory sampling of soil on the site, and the MND acknowledges that an in-
ground hydraulic hoist remains buried there. The MND also states that an underground storage tank may
remain buried on the western portion of the site. Yet the MND proposes no remedial activity prior to .
approval of the Project, delaying further testing and containment excavation until after construction begins.
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Former auto repair and paint shops at Project site, phote cirea 2001

The applicant’s representative, in his September 10, 2012 letter, dismisses environmental objections
related to the proposed Project, stating that such objections “preovide no substance or analysis,” and that the
appellant “fails to present substantial evidence supporting a fair argument of significant environmental
effect” Such comments apply an incorrect standard of review to determining whether or not the Lead
Agency must prepare an EIR, and ignore a wealth of data showing a clear connection between the Project
and significant impacts to both the health and weifare of the 536 children at Kingsley Elementary School
(see Exhibif 2), and residents of the surrounding community.

Under CEQA, an FIR must be prepared where there is substantial evidence that significant effects
“may” occur. League for Protection of Oakland’s Architectural and Historic Resources v. City of Oakland
(1997) 52 Cal. App.4™ 896, 904-905. Substantial evidence is defined as “facts, reasonable assumptions
predicated upon facts, and expert opinion supported by facts.” Public Resources Code Section 21080(e)(1).
The fair argument fest is a “low threshold test.” Stanislaus Audubon Society v. County of Stanislaus (1995)
33 Cal.App.4™ 114, 151. Because of this “low threshold test,” the City of Los Angeles recently issued a
Notice of Preparation for an EiR to analyze the City Council’s ordinance to ban the use of plastic carryout
bags (see Exhibit 3). If banuing a hazardous waste requires preparation of an EIR, then the low threshold
test clearly applies to impacts related to the Project.

The appellant has presented expert testimony detailing the MND’s inadequacy in relation to impacts
from construction noise, air quality, and hazardous waste. Additional objections have been submitted
related to impacts due to shade/shadow, light and glare, traffic, and other concermns.
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The deleterious health effects to children and adults of diesel exhaust and road dust particulate
exposure is clear and well established by the scientific community. As explained in a landmark study on
the effect of air pollution on lung development published in The New England Journal of Medicine (see
Exhibit 4): “Lung development is not fully realized in children who grow up in communities with polluted
air. The magnitude of this effect is clinically and physiologically significant.” This study further pointed
out that: “Mortality studies suggest that the exposure-response relationships for particulate-matter
pollution in the case of both short-term and long-term exposures are nearly linear, with no discernible
safe thresholds within relevant ranges of exposure.”

Since release of this 2004 study, the scientific community has further analyzed the health impacts
associated with fine particulate matter, identifying decreased lung capacity (see Exhibit 5), increased risk
of autism (see Exhibit 6), higher death rates (see Exhibit 7), higher rates of asthma (see Exhibit 8), and
increased risk of cardiovascular disease (see Exhibit 9). Many of these studies detail the relationship
between proximity to diesel particulates and permanent physical and mental disabilities. Since the Project
site is located one block east of the 101 Freeway, and is adjacent to the playfield of Kingsiey Elementary
School, cumulative and site specific air quality impacts associated with construction and operation of the
Project within 1,000 feet of the Freeway are significant and without mitigation. The MND failed fo
properly identify the baseline or the existing conditions at the site against which the significance of the
environmental impacts could be properly measured, and this issue must be addressed in an EIR.

Likewise, chronic noise exposure of both young children and adults has a particularly detrimental
effect upon cognitive abilities (see Exhibit 10). Expert testimony submitted into the record clearly shows
the inadequacy of the mitigation measures proposed by the City. In accordance with Section 112.05 of the
Los Angeles Municipal Code (“I.LAMC”), construction related impacts would be significant if any powered
equipment or powered hand tool produces a maximum noise level exceeding 75 dBA at a distance of 50
feet from the noise source when the construction and industrial machinery is located within 500 feet of a
residential zone. Non-compliance with the provisions of LAMC Section 112.05 would constitute a
significant impact requiring an EIR. Expert testimony has shown that Project construction impacts cannot
be mitigated to adequately reduce impacts to sensitive receptors immediately adjacent to the site, including
the playfield at Kingsley Elementary School and residential housing.

Roadway noise levels would also be dramatically increased by haul/delivery vehicles operating
during the Project’s construction. No haul route has been identified for the Project, and no analysis has
been conducted in the MIND to assess such vehicle noise and air quality impacts. Such questions need to
be addressed in an EIR.

The applicant also dismisses objections related to shade/shadow, aesthetics, light and glare, and
traffic. The Project would develop a building 60 feet in height, which would be the tallest structure on
Santa Monica Blvd. for approximately two miles. In his September 10 letter, the applicant’s representative
misstates the height of Kingsley Elementary School, claiming that it is four stories when it is two, and
claims that a four-story building sits across from the subject site but provides no documentation to identify
its location.

Kingsley Elementary School -- which consists of one-level buildings on Virginia Ave. and two-level
buildings on Santa Monica Blvd. - at its highest is 28 feet in height, or 32 feet lower than the proposed
project. Immediately west of the project site along Santa Monica Blvd. are single-level commercial
buildings, including a 24-foot-tall Jon’s Market on Hobart Bivd., which would be almost 36 feet shorter
than the proposed development.
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South of the project site at 5222 Santa Monica Blvd. is a two-story office building that is 28 feet in
height, or approximately 32 feet shorter than the proposed development. Adjacent to this structure, and
southwest of the project site at 5236 Santa Monica Blvd., is a 34-foot-tall office building that would be 26
feet shorter than the proposed development.

Building | Proximity to Project | Height Contrast w/ Project
Approved Project 60 feet
Kingsley Flementary School Adjacent 12 — 28 feet | School is 32 — 48 feet shorter
| 5248 Virginia apartments | Adjacent i 20 feet. | Apt. bidg. is 40 feet shorter
Jon’s Grocery Market 75 west 24 feet Market is 36 feet shorter
Seta’s home | Adjacent 1 22 feet | Home is 38 feet shorter
| 5222 Santa Monica Blvd. office | Across street | 28 feet Bldg. is 32 feet shorter
5236 Santa Monica Blvd. office | Across street 34 feet Bldg. is 26 feet shorter

“Aesthetic issues, such as public and private views, are properly studied in an EIR to assess the impacts
of a project. (§ 21100(d): Ocean View Homeowners Ass’n, Inc. v. Montecito Water Dist. (2004) 116
Cal.App.4th 396, 402-403. “As on other CEQA topics, the opinions of area residents, if based on direct
observation, may be relevant as to aesthetic impact and may constitute substantial evidence in support of a fair
argument; no special expertise is required on this topic.” The Pocket Protectors v. City of Sacramento
(2004),124 Cal.App.4th at 937; (emphasis added).

As noted previously, the Project’s Initial Study is grossly outdated. Since its release in 2008,
several significant Hollywood developments have been approved or proposed. Most relevant of these is
the proposed Hollywood Central Park, which would be located one block west of the subject lot.

Project Description: Hollywood’s Central Park is proposed over the 101 Freeway from
North Bronson Avenue and Hollywood Boulevard to Santa Monica Boulevard. A mile in
length, it will provide 44 acres of park space.

According to the Community Redevelopment Agency’s (“CRA/LA”) July 15, 2009 staff
report, the “Cap Park” will include at the southeast corner of Fountain Avenue and St.
Andrews Place a large plaza and baseball field, playgrounds, plaza spaces, viewing
platforms, water features, picnic areas, open fields and community gardens. The CRA
report also states that the project seeks to “transform a freeway corridor into a destination.”
The park is anticipated to generate 3,785 construction jobs. Oa Nov. 2, 2006, the CRA
approved $100,000 for a feasibility study (later increased to $120,205), which was made
public in November of 2008. On December 15, 2011, the CRA approved a Memorandum of
Understanding with the Los Angeles Bureau of Engineering to transfer $2 million to fund
the EIR. On July 3, 2012, the Los Angeles City Council approved $825,000 in funding for
the Park. On August 22, 2012, the Aileen Getty Foundation donated an additional $1.2
million for the Park.

The failure of the Initial Study to accurately account for the cumulative impacts associated with the
Hollywood Cap Park and other recent projects is particularly glaring in light of the significant
environmental impacts stemming from the concurrent introduction of so many other massive developments
in the Hollywood area. “Proper cumulative impacts analysis is absolutely critical to meaningful
environmental review...” Bakersfield Citizens for Local Control v. City of Bakersfield. (2004) 124
Cal.App.4th 1184, 1203, 1217.
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Cumulative impacts analysis is particularly important in the urban setting. King County Farm Bureau
v. City of Hanford, supra, 221 Cal. App.3d at 720 (“absent meaningful cumulative analysis, there would
never be any awareness or control over the speed and manner of downtown development. Without that
control, ‘piecemeal development would inevitably cause havoc in virtually every aspect of the urban
environment’”) citing San Franciscans for Reasonable Growth v. City and County of San Francisco {(1984)
151 Cal.App3d 61. See also Los Angeles Unified School Dist. v. City of Los Angeles (1997) 58 Cal.App.4th
1019, 1025 (a project’s impacts can assume “threatening dimensions...when considered in light of the other
sources with which they interact”).

“The requirement for a cumulative impact analysis must be interpreted so as to afford the fullest
protection of the environment within the reasonable scope of the statutory and regulatory language.”
Citizens to Preserve the Ojai v. County of Ventura (1985) 176 Cal. App.3d 421, 431-432.

If it is “reasonable and practical” to include other projects in a project’s cumulative impacts analysis,
then the lead agency is required to do so.” San Franciscans For Reasonable Growth v. City and County of
San Francisco, supra, 151.App.3d at 77. “The Guidelines explain that a discussion of cumulative effects
should encompass ‘past, present, and reasonably anticipated future projects.”” Laurel Heights Improvement
Assn. v, Regents of University of California (1988) 47 Cal.3d 376, 394; citing Guidelines § 15130 (b)(1)(A);

italics in original.

For example, Citizens Assn., supra, 172 Cal.App.3d 151, explicitly states that while projects “currently
under environmental review unequivocally qualify as probable future projects to be considered in a
cumulative analysis...even projects anticipated beyond the near future should be analyzed for their
cumulative effect.” Id. at 168.

A project that is under environmental review is a “reasonably foreseeable probable future project”
within the meaning of the Guidelines. (Guidelines, § 15355, subd. (b).). This is because once review is
begun, a significant investment of time, money and planning has probably occurred. Thus, once
environmental review commences, the project is probable rather than merely possible. Friends of the Fel
River v, Sonoma County Water Agency, 108 Cal.App.4"“ at p. 870; San Franciscans for Reasonable Growth

v. City and County of San Francisco, supra, 151 Cal. App3d at pp. 74-75

it is an abuse of discretion to fail to include projects under environmental review if the omission will
cause the severity and significance of the impacts to be gravely understated. San Franciscans for Reasonable

Growth v. City and County of San Francisco, supra, 151 Cal. App3d at pp. 77-78

“Proper cumulative impacts analysis is absolutely critical to meaningful environmental review...”

Bakersfield Citizens for Local Control v. City of Bakersfield (2004) 124 Cal.App.4™ 1217. “/Q]uestions

concerning...cumulative impacts constitute important issues of broad public interest that are likely to reoccur.
(Id. at 1184, 1203).

"

Therefore, the Project must include proper analysis of all related projects.

In conclusion, the applicant’s claims in his letter dated September 10 do not in any manner defeat the
appellant’s showing of a fair argument that the Project may cause significant impacts that cannot be mitigated.
Under CEQA, the MND is inadequate and the Project must conduct an EIR.

Thank you for your consideration of this matter.
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: _ DRAFTEIRS
1t has been determined that the following proposed projects have a significant effect on the environment and draft
Environmental Impact Reports { E1Rs) have been prepared.
City Clerk Cagef: NOP-12-003-PW

£ 5 J
USEPLASTICCARRYQUTBAG ORDINANCE
Proposed Project: The City of Los Angeles is proposing to adopt and implement an ordinance to ban the use of
single-use plastic carryoul bags, charge a fee on paper bags, and promote the use of reusable bags at specified
retailers within the City. A six-month grace period would be provided for large retailers and a one-year grace
geriod would be provided for small retailers, which would include a public education component. _

The City of Loz Angeles has completed an Initial Study which indicates that the proposed project may result in
significant impdcts and therefore an BEIR will be prepared. o

Public Review Period: The NOP and Initial Study are availahle for public review from September 20, 2012 to October
19, 2012. If you would like to comment, please send your written comments so that they are received no later than
October 19,2012 to Karen Coca, Division Manager, Solid Resources Citywide Recycling Division, Citgf of Los Angeles
Department of Public Works, Bureau of Sanitation, 1149 8. Broadway, 5th Floor, Les Angeles, CA 90015, :
Public Meetings: The Bureau of Sanitation will hold meetings to receive public input on the prepesed project and
the Initial Stu%}?, as follows: October 2, 2012, 5:30 pm to 7:30 pm - Deaton Auditorium {in Police Administration
Building), 100 W 1st Street, Los Angeles, CA 80015

October 3, 2012, 5:30 4pm to 7:30 pm - Willmington

Willmington, CA 9074 . ] o
Qctober 4, 2612, 5:30 pm to 7:30 pm - Cheviot Recreation Center Auditorium, 2551 Moter Ave, Los Angeles, CA 90064
October 10,2012, 5:3 Npm t0 7:30 pm - Van Nuys City Hali, 14410 Sylvan Street, Van Nuys, CA 91401 .
Where to Find the NOP and Initial Study: The NOP and Initial Study are available for review ai the City of Los
Angeles Bureau.of Sanitation at 1148 S. Broadway, 5th Floor, Los
What'snew..., and at the following public libraries:

Central Library, 630 W. 5th Street, Los Angeles, CA 90071 |

Van Nuys Branch Library, 6250 Sylmar Ave., Van Nuys, CA 91401 '
‘West L. A: Regional Branch Library, 11360 Santa Monica Bl., Los Angeles, CA 90025
San Pedro Regional Branch Library, 931 8. Gaffey Street, San Pedro, CA 90731
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The Effect of Air Pollution on Lung Development

- from 10 to 18 Years of Age

W. James Gauderman, Ph.D., Edward Avol, M.S., Frank Gilliland, M.D., Ph.D., Hita Vora, M.S.,
Duncan Thomas, Ph.D., Kiros Berhane, Ph.D., Rob McCornnell, M.D., Nino Kuenzii, M.D., Fred Lurmann, M.S.,.
Edward Rappaport, M.S., Helene Margolis, Ph.D., David Bates, M.D., and john Peters, M.D.

ABSTRACT

BACKGROUND
Whether exposure to air pollution adversely affects the growth of lung function during
the period of rapid lung development that occurs between the ages of 10 and 18 years is
unknown. '

METHODS

In this prospective study, we recruited 1759 children (average age, 10years} fiom schools
in 12 southern California communities and measured lung function annually for eight -
years. The rate of attrition was approximately 10 percent per year, The communities
represented a wide range of ambient exposures to ozone, acid vapor, nitrogen dioxide,
and particulate matter. Linear regression was used to examine the relationship of air
pollution to the forced expiratory volume in one second (FEV,) and other spirometric
Mmeasures. -

RESULTS

Over the eight-year period, deficits in the growth of FEV, were associated with expo-
sure to nitrogen dioxide (P=0.005), acid vapor (P=0.004), particulate matter with an
aerodynamic diameter of less than 2.5 pm (PM, 5) (P=0.04), and elemental carbon
(P=0.007), even after adjustment for several potential confounders and effect modifi-
ers. Associations were also observed for other spirometric measures. Exposure to pol-
lutants was associated with clinically and statistically significant deficits in the FEV, at-
tained at the age of 18 years. For example, the estimated proportion of 18-year-old
subjects with a low FEV, (defined as a ratio of obsetved to expected FEV, of less than 80
percent) was 4.9 times as great at the highestlevel of exposure to PM, ¢ as at the lowest
level of exposure (7.9 percentvs. 1.6 percent, P=0.002).

CONCLUSIONS

The results of this study indicate that current levels of air pollution have chronic, adverse
effects on lung developmeént in children from the age of 10 to 18 years, leading to clin-
ically significant deficits in attained FEV, as children reach adulthood,

N ENGL J MED 351,17 WWW.NEJM.ORG SEPTEMBER 9, 2004
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iR HERE IS MOUNTING EVIDENCE THAT child was still eligible for testing in subsequent
air pollution has chronic, adverse effects years. Children who moved away from their recruit-

Longztudma! studies conducted in Burope®® and and were nottested further. From the initial sample
the United States*® have demonstrated that expo- of the 1759 children in 1993, the number of chil-
sure to air pollution is associated with reductionsin  dren available for follow-upwas 1414 in 1995, 1252
the growth of lung function, strengthening earlier in 1997, 1031 in 1999, and 747 in 2001, reflecting
evidence”™? based on cross-sectional data. How-  the attrition of approximately 10 percent of subjects
ever, previous longitudinal studies have followed per year.

young children for relatively short periods (two to Abaselinequestionnaire, completed at study en-
four years), leaving unresolved the question of try by each child’s parents or legal guardian, was
whether the effects of air pollution persist fromad- used to obtain information on the children’s char-
olescence into adulthood. The Children's Health acteristics, including race, presence or absence of
Study™® enrolled children from 12 southern Cali- Hispanic ethnic background, level of parental edu-
fornia communities representing a wide range of ex-  cation, presence or absence of a history of asthma
posures to ambient air pollution. We documented  diagnosed by adoctor, exposure to maternal smok-
the children’s respiratory growth from the ages of ingin utero, and household exposure to gas stoves,
10 to 18 years. Over this eight-year period, children pets, and environmental tobacco smoke. Questions
have substantial increases in lung function. By the administered at the time of annual pulmonary-fine-
age of 18 years, girls’ lungs have nearly matured, tion testing were used to update information on
and the growth in lung function inboys has slowed asthma status, personal smokingstatus, aid expo-
considerably, as compared with the rate in earlier sure to environmental tobacco smoke. The distribu-
adolescence.™ We analyzed the association be- tion of baseline characteristics of all study subjects
tween long-term exposure to ambient air pollution  and of two subgroups defined according to the
and the growth in lung function over the eight-year length of follow-up (all eightyears or less than eight
period from the ages of 10 to 18 years. We also ex-  years) is shown in the Supplementary Appendix
amined whether any observed effect of air pollution  (available with the full text of this article at www,

- onthis eight-year growth period results in clinically nejm.org). The length of follow-up was significant-

significant deficits in attained lung function at the ly associated with factors related to the mobility of
age of 18 years. the population, including race, presence or absence
of Hispanic ethnic background, presence or ab-
METHODS sence of exposure to environmental tobacco smoke,
and parents’ level of education. However; the length
of follow-up was not significantly associated with
In 1993, the Children’s Health Study recruited 1759  baseline lung function or the level of exposure to
fourth-grade children (average age, 10 years) from  air pollution, suggesting that the loss to follow-up
.elementary schools in 12 southern California com- * did not differ with respect to the prlmary variables
munities as part of an investigation of the long-term  of interest.
effects of air pollution on children’s respiratory The study protocol was approved by the institu-
health.®**3 Data on pulmonary function were ob-  tional review boaxd for huinan studies at the Uni-
tained by trained field technicians, who traveled to  versity of Southern California, and written informed
study schools annually from the spring of 1993 consent was provided by a parent or legal guardian
through the spring.of 2001 to perform maximal- forall studysubjects. We did not obtain assent from
‘effort spirometric testing of the children, Details of minor children, since this was not standard practice
the testing protocol have been published previous- when the study was injtiated.
Iy** We analyzed three measures of pulmonary
function: forced vital capacity (FVC), forced expira- AIR-POLLUTION DATA
tory volume in the first second (FEV,), and maxirnal  Air-pojlution-monitoring stations were established
midexpiratory flow rate (MMER). Pulmonary-fune- in each of the 12 study communities and provided
tion tests were not performed on any child whowas  continuous data, beginning in 1994. Bach station
absent from school on the day of testing, butsucha measured average hourly levels of ozone, nitrogen

STUDY SUBJECTS
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on pulmonary development in children. mentcommunity were classified as lost to follow-up -
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EFFECT OF Al . OLLUTION ON LUNG DEVELOPMENT IN CHIL N

dioxide, and particulate matter with an aerodynam-
ic diameter of less than 10 pm (PM,,). Stations also
collected two-week integrated-filter samples for
measuring acid vapor and the mass and chemical
makeup of particalate matter with an aerodynamic
diameter of fess than 2.5 pm (PM, s). Acid vaporin-
cluded both inorganic acids (nitric and hydrochlo-
ricy and organic acids (formic and acetic). For sta-
tistical analysis, we used total acid, computed as the
sum of nitric, formic, and acetic acid levels. Hydro-
chloric acid was excluded from this surm, since ley-
els werevery lowand close to the limit of detection.
In addition to measuring PM, ¢, we determined the
levels of elemental carbon and organic carbon,
using method 5040 of the National Institute for Oc-
cupational Safety and Health.*> We computed an-
nual averages on the basis of average levels in a
24-hour period i the case of PM, ¢ and nitrogen di-
oxide, and a two-week period in the case 0f PM, 5,
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 statis-
tical analysis of the lung-function outcomes:

STATISTICAL ANALYSIS
The outconze data consisted of the results of 5454
pulmonary-function tests of 876 girls and 5300 tests
of 883 boys over the eight-year period. We adopted
a two-stage regression approach to relate the longi-
tudinal pulmonary-function data for each child to
the average air-poilution levels in each study com-
munity. ‘
The first-stage model was 2 regression of each
pulmaonary-function measure (values were log-
transformed) on age to obtain separate, commumnity-
specific average growth curves for gitls and boys.
To account for the growth pattern during this peri-
od, we used alinear spline model** that consisted of
four straight lines over the age intervals of younger
than 12 years, 12 to 14 years, 14 to 16 years, and old-
er than 16 years, constrained to be connected at the
three “knot” points. The model included adjust-
ments 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
tobaceo smoking by the childin the preceding year,

exposure to environmental tobacco smoke, and ex-
excise 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 accotnt for the
multiple measurements contributed by each sub-
ject. 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 gréwth in lung fanction over the
eight-year period in each of the 12 communities,
separately for girls and boys.

The second-stage model was a linear regression
of the 24 sex- and community-specific estimates of

the growth in lung function over the eight-year pe- -

riod on the corresponding average levels of each aix

pollueant in each community. Iriverses of the first-

stage variances were incorporated as weights, and a

community-specific random effect was included to -

account for residual variation between communi-
ties. 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 effectof the
pollutant. Poilutant effects are reported as the differ-
ence in the growth in lung function over the eight-
year period from the Jeast to the most polluted
community, with negative differences indicative of
growth deficits with increasing exposure. We also
considered two-poliutant models obtained by si-
multaneously regressing the growth in lung func-
tion over the eight-year period on pairs of pollutants.
In addition to examining the growth in lung
function over the eight-year period, we analyzed the
FEV, measurements obtained in 746 subjects dur-
ing the last year of follow-up (average age, 17.9
years) to determine whether exposure to air poliu-
tion was associated with clinically significant defi-
cits in attained FEV,. We defined a low FEV, as an
attained FEV, below 80 percent of the predicted val-
ue, a criterion commonly used in clinical settings to
identify persons who are at increased risk for ad-
verse respiratory conditions. To determine the pre-
dicted FEV,, we first fitted a regression model for
observed EEV, (using log-transformed values) with
the following predictors: log-transformed height,
body-mass indez, the square of the body-miass in-
dex, sex, race or ethnic group, asthma status, field
technician, and interactions between sex and log-
transformed height, sex and asthma, and sex and
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race or ethnic group. This model explained 71 per-
cent 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 com-
munity-specific proportion of subjects with a low
FEV, and the average level of each pollutant from
1994 through 2000. This model included a commu-
nity-specific random effect to 4ccount for residual
variation. Regression procedures in SAS sofiware®®

were used to fitall models. Associations denoted as
statistically significant were those that yielded a
P value of Jess than 0.05, assuming a two-sided al-
ternative hypothesis.

RESULTS

‘From 1994 through 2000, there was substantial

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 (Fig. 1), From 1994 through 2000, the

NO; (ppb)
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EFFECT OF AIR POLLUTION ON LUNG DEVELOPMENT IN CHILDREN ‘

average levels of ozone were not significantly cor-
related across communities with any other study
pollutant (Table 1). However, correlations between
other pairs of pollutants were all significant, rang-
ing 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
- PMyo and organic carbon. Thus, nitrogen dioxide,
acid vapor, and the particulaté-matter pollutants can
be regarded as a correlated “package” of pollutants
with a similar pattern relative to each other across
the 12 communities.

Among the girls, the average FEV1 increased
from 1988 m! at the age of 10 years to 3332 ml at
the age of 18 years, yielding an average growth in
FEV, 0f 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 MMEE (Table 2).

Although the average growth in FEV, was larger
inboys than in girls, the correlations of growth with
air poliution did not daffer sighificantly between the
sexes, as shown for nitfogen dioxide in Figure 2.
The sex-averaged.analysis, depicted by the regres-
sion line in Figure 2, demonstrated a significant
riegative correlation between the growth in FEV,
over the eight-year period and the average nitrogen
dxoxzde level (P=0.005). The estimated difference
in'the average growth in FEV, over the eight-year
period from the community with the lowest nitro-
gen dioxide level to the community with the high-
est nitrogen dioxide level, represented by the slope

of the plotted regression line in Figure 2, was
-~101.4 ml.

Estimated differences in. the growth of FEVy;
FVC, and MMEF during the eight-year period with |
respect to all pollutants are summarized in Table 3.
Deficits in the growth of FEV, and FVC were ob-
served for all pollutants, and deficits in the growth
of MMEF were observed for all but ozone, with

- several combinations of gutcome variables and pol-

lutants attajning statistical significance. Specifical-
ly, for FEV, we observed significant negative cor-
relations between the growth in this variable over
the eight-year period and exposure to acid vapor
(P=0.004), PM, ; (P=0.04), and elemental carbon
{P=0.007}, in addition to the above-mentioned cor-
relation with nitrogen dioxide. As with FEV,, the ef-
fects of the various pollutants on FVC and MMEF
did not differ significantly between boys and girls.
Significant deficits in FVC were associated with ex-
posure to nitrogen dioxide (P=0.05) and acid vapor
(P=0.03), whereas deficits in MMEF were associat-
ed with exposure to nitrogen dioxide (P=0.02) and
elemental carbon (P=0.04). There was no signifi-
cant 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
lung fnection. In two-pollutant models for any of
the measures of pulmonary function, adjustment
for ozone did not substantially alter the effect es-
timates or significance levels of any other pollut-
ant (data not shown). In general, two-pollutant
models for any pairof pollutants did not provide a

significantly better fit to the data than the corre-

Pollutant 0, {l0am—6pm) NO,

Oy
1-Hour maximal leve! 0.98 010
10am-—6p.m. ~0.11

NO, . |

Acid vapory

PMys

PMa.s

Elementa! carbon

Elemental  Organic
Acid Vaporp  PM,, PM,,  Carbon Catbon

Ryalue
053 031 033 0.17 0.25
0.35 018 018 -0.03 0.13
0.87 067 0.79 0.94 0.64
079 0.87 0.38 0.76
0.9% 0.83 0.97
0.91 . 0.91
0.82

# Unless otherwise noted, values are the 24-hour average pollution levels. O, denotes ozone, NO, nitrogen dioxide, and,
PM,q and PM, ¢ particulate matter with an aerodynamic diameter of less than 10 jim and less than 2.5 ym, respectively,

T Acid vapor is the sum of nitric, formic, and acetic acid levels.
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Pulmonary-Function Measure Girls Boys
g : Average . Average
Ageof 10yr Ageofl8yr 8-yrgrowth Ageof 10yr Ageofl8yr &-yrgrowth
FYC {ml) 2262 3790 1528 2427 5202 2775
FEV; (mf) 1988 3332 1344 2082 4464 2382
MMEF (mifsec) ‘ 231 3739 1428 2287 4709 2422

* Levels at the ages of 10 and 18 years are derived from the growth mode! described in the Methods section, FVC denotes
forced vital capacity, FEV, forced expiratory volume in one second, and MMEF maximal midexpiratory flow rate,

sponding single-pollutant models; this was not suz-
prising, given the strong correlation between most
pollutants. .

The association between pollution and the
growth in FEV, over the eight-year period remained
significant in a varlety of sensitivity analyses (Table
4). Por example, estimates of the effect 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 (model 3) or pets (model 4), or
parental level of education (model 5). To account
for possible confounding by short-term effects of
air pollution, wefitted a model that adjusted for the
average 0zone, nitrogen dioxide, and M, , levels
on the three days before each child’s pulmonary-
function test. This adjustment also had Iittle effect

Growth.irl FEV; among Gidls {ml)

[~ . " oGirs

1450 & Boys (2485
1efzo~ . R
1390 L2425 @
@
1360 2395 &
Q
1330- 2365 .5
o
1300 L2335 W
=
1270 2305 e
‘ : %
12404 . 2275 8
. g ‘ . e
12164 L2245
G- LI T 1 1" T T T 0
0 510 15 2 25 30 350 40
NO, €P_Pb)
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on the estimates of the long-term effects of air pol-
lution {model 6), Table 4 also shows thatthe 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 pollutants were not sig-
nificant among the 457 children who had a history
of asthma or among the 483 children who had ever
smoked (ddta notshown), although the sample siz-
es in these subgroups were small. Model 9 demon-
strates 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 highestand lowest levels
of each pollutant. Binally, model 10 shows the

effects of pollutants in the subgroup of subjects

who underwent pulmonary-function testing in both
11993 and 2001 (i.e., subjects who participated in
both the first and last year of the study). The mag-
nitudes of effects in this subgroup were similar to
those in the entire sample (model 1), suggesting
that observed effects of pollutants in the entire sam-
ple 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 MMEE, with similat results,

Pollution-related deficits in the average growth
in lung function over the eight-year period resulted
in clinically important deficits in attained lung func-

tion at the age of 18 years (Fig. 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,,
(P=0.02), 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 re-

- gression line in Pig. 3) was 1.6 percentat the lowest

level of exposure to PM, s and was 4.9 times as great
(7.9 percent) at the highest level of exposure to PM,
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EFFECT OF AIR POLLUTION ON LUNG DEVELOPMENT IN CHILDREN

Pollutant

O,
10 a.m~6 p.m,
1-Hour maximal level

NO, .

Acid vapar

PMy,

PM, 5

Eiemental carbon

Organic carbon

-58.6 (-196.1 to 78.8)

Ve FEV, MMEF
Difference Difference Difference
(95% CH) P Value (85% Ci) P Value {95% Cl}
mi mi mifsec
506 (-171.0t069.7) 037 228 (-1223t0766) 062 $5.6 (-130.0 to 30L.1)
-703 (-183.3t042.6) 020 445 (-1389t050.0) 032 45.7 (-172.3 10 263.6)
~95.0 (-189.4 10 -0.6) 0.05° -10L4 {(-164.5 to -33.4) 0.005  -211.0 {~377.6 to —44.4)
~105.2 {~194.5 t0 -15.9) 6.03 -105.8 (-168.8 to -42.7} 0.004 ~165.0 (-344.8 to 14.7}
602 (-190.610703) 033  -821(-176910128) 008  -154.2 (-378.31069.)
-60.1 (-166.1 10 45.9) 0.24 -79.7 {(-153.0to -6.4) 0.04 ~168.9 (-345.5 to 7.8}
J777(-166710113) 008  -87.9 ((1464t0-29.4)  0.007 1655 (-323.410 -7.6)"
0.37 -86.2 (~185.61¢ 13.3) 0.08 -151.2 {-389.4 t0 87.1)

P Value

0.40
0.65

002

0.07
0.l6

006

0.04
0.19

* Values are the differences in the estimated rate of eight-year growth at the lowest and highest observed levels of the indicated poflutant. Dif-
ferences are scaled to the range across the 12 study communities in the average fevel of each poilutant from 1994 through 2000 as follows:

'37.5 ppb of O, {measured from 10 a.m. to 6 p.m.), 46.0.ppb of O; (the one-hour maximal level}, 34.6 ppb of NO,, 9.6 ppb of acid vapor, 514

g of PM,,, per cubic meter, 22.8 pg of PM, 5 per cubic meter, 1.2 pg of elemental carbon per cubic meter, and 10.5 g of organic carbon per

cubic meter. Ci denotes confidence interval,

{(P=0.002). Similar associations between these pol-
lutants and a Iow FEV, were observed in the sub-
group of children with no 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.

DISCUSSION

- 'The results of this study provide robust evidence
that lung development, as measured by the growth
in BVC, FEV,, and MMEE from the ages of 10 to 18
years, is reduced in children exposed to higher lev-
els of ambient air pollution. The strongest associz-
tions were observed between FEV, and a correlated
detof poilutants, specifically nitrogen dioxide, acid
vapor, and elemental carbon. The effects of these
pollutants 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 sus-
ceptible to the chronic respiratory effects of breath-
ing polluted air. The magnitude of the observed ef-
fects 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 smok-
ing*”*® and smaller than those reported for the ef-
fects of personal smoking. *"*

Cumulative deficits in the growth in lung func-

tion during the eight-year study period resulted ina
strong association between exposure to air pollu-
tion and a clinically low FEV, at the age of 18 years.
In general, lung development is essentially com-
plete in girls by the age 0f'18 years, whereas in boys
it continues into their early 20s, but at a much re-
duced rate. Itis therefore unlikely that clinically sig-
nificant deficits in lung fanction at the age of 18
years will be reversed in either girls or boys as they
complete the transition into adulthood. Deficits in
lung function during young adulthood may increase
the risk of respiratory conditions — for example,
episodic wheezing that occurs during a viral infec-
tion.?® However, the greatest effect of pollution-
related deficits may occur later in life, since reduced
lung function is a strong risk factor for complica-
tions and death during adulthood,2+*”

Deficits in lung function were associated with a
correlated set of pollutants that included nitrogen
dioxide, acid vapor, fine-particulate matter (PMa 5),
and elemental carbon. In southern California, the
primary soutce of these pollutants is motor vehicles,
either through direct tailpipe emissions or down-
wind physical and photockemical reactions of ve-
kicular emissions. Both gasoline- and diesel-pow-
ered engines contribute to the tons of pollutants
exhausted into southern California’s air every day,
with diesel vehicles responsible for dispropertion-
ate amounts of nitrogen dioxide, PM, «, and ele-

NOENGL } MED 351,11 WWW.NE/M.ORG SEPTEMBER g, 2004
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Model

Main model {model 1}
Additional covariates,

smoking (modef 2)

{model 5}

i

PR

Main modei + in-uter¢ expostre to maternal

Main model + exposure to gas stove {model 3}
1 Main mode! + pets in home (madel 4)
Main modef + parental level of education

Main model + shortterm effects of pollution

Acid Vapor

Difference (95% Confidence Interval}
~87.9 {~146.4 to -29.4)

~105.8 (-168.8 to -42.7}

-108.8 (-173.3 to—-44.2)

~106.0 {~181.5 to-30.6}

-108.4 (-171.6 10 ~45.2)
-100.7 {~167.2 to -34.2)

-112.4 (~201.4 t0-23.3)

Elemental Carbon

~85.8 (-147.4 to ~24.1)

-84.8 (-154.7 to ~14.9)
-89.8 (~149.1 to -30.6)
-80.9 (~142.7 to -19.0)

-103.2 {-181.8 t0-24.5)

“{model 6)§
Subgroup effects
No history of asthma (model 7)4
No history of smoking (model 8)]

After exclusion of communities witﬁ fowest and
highest levels of pollution (modef 9y**

Complets follow-up {model 20}t

~98.1 (-166.4 to -29.5)
-115.6 (-233.7 to 2.5)
-106.7 {~192.3 t0-21.2)

~132.4 (-226.2 to -38.7)

-88.9 (~149.2 to -23.6)
-113.3 (-214.9 to-11.6)
-94.7 (-173.7 to -15.7)

-97.4 (-195.6 to 0.9)

* Values are the differences in the estimated rate of eight-year growth at the lowest and highest obsérved levels of the in-
dicated pollutant. Differences are scaled to the range across the 12 study communities in the average levef of each pol-
futant from 1994 through 2000 as follows: 9.6 ppb of acid vapor and 1.2 yg of elementat carbon per cubic meter.

T Model 1 is equivalent to effect estimates for FEV, in Table 3 and is based on data on 1759 chitdren.

% The main modef was adjusted for each of the covariates fisted, .

Values were adjusted for the average levels of O3, NO,, and PM,, on the three days before each child's pulmonary-

function test. :

§
€ The analysls includes data on 1302 children with no history of doctor-diagnosed asthma.

I The analysis includes data on 1276 children with no history of active tobacco smoking at any time during follow-up.
**The analysis exciudes children from the two communifies with the lowest and highest levels of each pollutant, This
leaves 1507 children {excluding those from Lompoc and Upland) in the analysis of acid vapor and 1484 children

{excluding those from Lompoc and Long Beach) in the analysis of elemental carbon,
T7The analysis includes 713 children who underwent pulmonary-function testing in both 1993 and 2001 {i.e,, those

observed throughout the study).

mental carbon, In the current study, however, we
could notdiscern the independent effects of pollut-
ants because they came from common sources and
there was a high degree of intercorrelation among
thern; similar difficulties have also been encoun-
tered in other studies of lung function and air-pol-
lutant mixtures. %2830 Since ozone is alse formed
during photochemical reactions involving fuel-
combustion products, one might expect ozone t0
be correlated with the other study pollutants and
therefore to show similar associations with lung

- fimction, However, the Children’s Health Study was

specifically designed to minimize the cotrelation of
ozone with other poliutants across the 12 study
communities. Thus, although ozone has been con-
vincingly linked to acute health effects in many oth-
er studies,** our results provide litde 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 results have been inconsistent.>* Al-
though we found little evidence of an effect of
ozone, this result needs to be interpreted with cau-
tion given the potential for substantial misclassifi-
cation of exposure to'ozone 3%33

- The mechanism whereby exposure to pollutants
could lead to reduced lung development is un-
known, but there are many possibilities. Out ob-
servation 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 alveoli, with differences in volume pri-
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marily attzibutable to differences in the number of
alveoli, since their size is relatively constant.>* How-
ever, since the postnatal increase in the number of
alveoli is complete by the age of 10 years, pollution-
refated deficits in the growth of EVC and FEV, dur-
ing adolescence may, in part, reflect a 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 bronchioli-
tis; such changes have been observed in the airways

of smokers and of subjects who lived in polluted
environments 33¢ ‘

A strength of our study was the long-term, pro-
spective follow-up of a large cohort, with exposure
and outcome data collected in a consistent manner
throughott the study period. As in any epidemio-
logic 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, includ-
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ing personal characteristics and other sources of
exposure to pollutants, but the possibility of con-

founding 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. At-
trition Is a potential source ofbias in a cohort study

- ifloss to follow-up is related to both exposure and

outcome. However, we did notsee evidence that the
loss of subjects was related to either baseline lung
function or exposure to air pollution. In addition,
we observed significant associations between air
pollution and lung growth in the subgroup of chil-
dren who were followed for the full eight years of

 the study, with effects that were similar in magni-

wde tw 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 period, lead-

ing to clinically important deficits in lung fiunction
at the age of 18 years. The specific pollutants that

were associated with these deficits included nitro-
gen dioxide, acid vapor, PM, s, and elemental car-
bon. These pollutants are products of primary fuel _
combustion, and since they are present at similar
levels in many other areas,>**we believe that our
results can be generalized to children living outside
southern Califorsia. Given the magnitude of the ob-
served effects and the importance of lung function
as a determinant of morbidity and mortality during
adulthood, continued emphasis on the identifica-
tion of strategies for reducingievels of urban air pol-

lutants is warranted.
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EDITORIALS

A!l‘ Pollution and Health — Good News and Bad
C. Arden Pope 111, Ph. D.

Early concerns regarding the health-related effects
of air pollution originated from severe episodes in
Meuse Valley, Belgium, in 1930; Donora, Pennsyl-
vania, in 1948; and London, in 1952, Although-the
overall effects of these episodes continue to be de-
bated, well-docunented, episode-related increases.
in morbidity and mortality from cardiopulmonary
causes provided dramatic evidence that extretnely
high concentrations of air pollution can have serious
adverse effects on health. Barly public-policy efforts
to improve air quality in the United States Britain,
and elsewhere were largely attempts to ‘avert such
“killer” epxsodes of air pollution. In the United
States, a series of national legislative and regulatory
effortsto control ait pollution were initiated (Fig. 1);
National Ambient Air Quality Standards were man-
dated and established; and dramatic, extremely se-
vere episodes of air polluuon were essenualiy elim-
inated. :
From the 1960s through the 1980s, a few scat-

- tered studies continued to suggest that air pollu-

tion had adverse effects on health.»? Then, during
the relatively short period of 1989 through 1995,
several loosely connected epidémiologic studies re-
ported adverse effects of unexpectedly low levels of
particulate-matter air pollution.® ¢ Although highiy
controversial,” these results prompted serious re-
consideration of the particulate-matter standards
and health guidelines (Fig. 1). They also prompted
éxtensive efforts to reanalyze key studies® (which
were largely confirmatory) and motivated rapid
growth in epidemiologic, toxicologic, and other
studies of fine particulate matter and other com-
bustion-related air pollutants.

Research has continued to suggest thatalevel of
air pollution thatis common in many urban and in-
dustrial environments is an important risk factor
for various adverse health effects in humans. Al-

though many such studjes have focused on respira-
toty disease, substantial and growing evidence indi-

cates that fine particulate air pollution is also a risk

factor for cardiovascular disease.”*? Short-term ex-
posure exacerbates existing pulmonary and cardio-
vascular disease and increases the risk of symp-
toms, the need for medical attention, and death.*
Long-term, repeated exposure increases the cumu-
lativerisk of chronic pulmonary and cardiovascular
disease and death.**

One notable research effort that began in the
early 1990s in the midst of the controversies abott
air quality was the Children’s Health Study. This
study prospectively monitored the lung function of
schoolchildren from the ages of 10 to 18 years in 12
southern California communities with a relatively
wide range of air pollutants. As reported by Gaud-
erman et al. in this isstle of the Journal ** air pollu-
tion was significantly associated with deficits in
Iung development. Within the context of the over-
all literature on air pollution and human health,
thiis article makes several important and confirma-
tory contmbutxons

The Childrén’s Health Study evaluated the cu-
mulative exposure to various pollutants over an
eight-year period. Deficits in the growth of lung
function over the eight-year period were associated
with a correlated set of pollutants that included
fine particulate matter with an aerodynamic diame-
ter of less than 2.5 pm, nitrogen dioxide, acid va-
por, and elemental carbon. These results are consis-
tent with those of previous epidemiologic studies
that have implicated fine particulate matter and
associated combustion-related air pollutants as be-
ing largely responsible for the observed heaith ef-
fects of air poliution.»>%3 Various physiologi-
cal and toxicologic findings suggest that exposure
to fine particulate matter may be an important pub-
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lic health concern. Such matter, which can be
breathed deeply into the fungs, includes suifates,
nitrates, acids, metals, and carbon particles with
vatious chemicals adsorbed onto their surfaces. Fur-
- "thermore, fine particulate matter is ubiquitous be-
cause it is largely detived from common combus-
tion processes (such as engines in motor vehicles,

manufacturing, power generation, and burning of -

biomass) and because it is transported over fong
distances and readily penetrates indoors.

‘Understanding the shape of the exposure-
response relationship -and determining whether

there are safe thresholds are important for the
 formulation of public health policies for pollution
control. Mortality studies suggest that the exposure-
response relationships for particulate-matter pollu-
tion in the case of both short-term®® and long-
term*? exposures are neatly linear, with no discern-
ible safe thresholds within relevant ranges of expo-
sure, Likewise, in the Children’s Health Study, the
exposure-response relationships appear to be near-
ly linear, withott discernible safe thresholds.

An issue with clinical implications concerns the
identification of groups that are most at risk or
thatare most susceptible to the effects of pollution.
One eyvaluation of the literature® suggests that the
proportion of a given population that is at risk for
death, hospitalization, or life-threatening condi-
tions owing to short-termn exposure to air pollu-
tion is very smali and limited to the elderly, infants,
and persons with chronic cardiopulmonary disease,
influenza, or asthuma. There appears to be a much
broader susceptibility to small, transient changes
in lung function, low-grade pulmonary inflamnia-
tion, or other subclinical physiological changes in
response to short-term exposure,

With regard to the cumulative effects of long-
term, repeated exposure, there is little evidence of
a unique, well-defined, susceptible subgroup. The
Children’s Health Study reports pollution-related
deficits in the development of lung finction in boys
and girls, children with asthma and those without
asthma, and smokers and nonsmokers ~— results
“suggesting that most children are susceptible to
the chronic respiratory effects of breathing pollut-
ed air.” The authozs of the current study also note
that reduced lung function Is a risk factor for com-
plications and death during adulthood and suggest
that the effect of these pollution-related deficits in

_lung function may occur later in life. In fact, studies
~ have shown that long-term, repeated exposure to
" air pollution is associated with an increased risk

Figure 1. Research and Public Policies Concerning
Poliution. )
P o and PM, , denote particu!até métt
of less than 16 i and 2.5 jiin, respectively

of death from cardicpulmonary causes in broad-
based cohorts or samples of adults.5%-%21:43

Much additional research is required to under-
stand the biclogic mechanisms that link exposure
to fine particulate matter with increases in morbid-
ity and mortality from cardiopulmonary causes.
However, several recent studies suggest that general
mechanistic pathways probably include pulmonaty
and systemic oxidative stress and inflammation,
enhanced Initiadon and progression of atheroscle-
rosis, and aitered cardiac autonomic function.®*?
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Secondhand cigarette smoke has also been shown

' to promote inflammation and atherosclerosis and

to be a risk factor for Hlness and death from cardio-
pulmonary causes —— suggesting that exposure to
fine particles from common outdoor sources of
‘comnbustion and from tobacco smoke may invoke
similar pathophysiological processes. %% The Chil-
dren’s Health Study does not provide direct evi-

_dence regarding. the mechanisms of air-pollution

effects, but the authors suggest a role of airway in-
flammation, such as that observed in smokers and
persons who have lived in polluted environments.
Although there has been much interest recently in
the importance of pulmonary inflammation, ath-
erosclerosis, and cardiovascular disease, the Chil-
dren’s Health Study reminds us not to forget or ig-
nore potentially important effects of pollution on
pulmonary function.

Fromatleastone perspectwe the overall results
of research involving air pollution are good news
—the control of air pollution represents an impor-

-tant opportunity to preventdzsease Air pollution Is
just one of many risk factors for pulmonary and
cardiovascular disease, but it is one that can be
modified. In the United States and elsewhere, com-
mendable progress has been made on improving
air quality and, with regard to fine particulate pol-
lution, new standards have been implemented
(Fig. 1}. Bxtremely high concentrations of air pol-

lution remain in many areas of the world, and de--
~ creasing these concentrations offers substantial

opportunities for disease prevention. As efforts to
reduce air pollution progress, debates over the rel-
ative benefits and costs associated with additional
marginal improverents are inevitable, Neverthe-
less, continued efforts to improve our air quality
are kaeiy to provzde additional health benefits.

From Brigham Young University, Provo, Utah.
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Allergen Avoidance to Red uce Asthma Related Morbid:ty
Aibert L. Sheffer M.D.

Central to the reducuon of the severity of allergic
disease is a decrease in — and preferably the re-
moval of — the offending environmental allergen.
Such allergen avoidance is particularly relevant to
the successful treatment of allergic asthma, How-
ever, statistically significant reductions in such
asthma-inducing aliergen concentradons have been
difficult to accomplish. Until recently, strategies to
reduce exposure to environmental allergens have

not decreased asthma-related morbidity. In fact, a
meta-analysis failed to demonstrate the efficacy of
ahy environmental-control measures in reducing
the severity of asthma.® Such interventions, howev-
er, have usaally focused on a single maneuver® —
for example, the use of semipermeable bedcovers
to exclude dust mites, fioor polishing, or the use of
high-efficiency particulate air filters — but have
not been accompanied by detailed educational pro-
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ety héve fouid that children tv-

Ing nedr busy highways have slg-

nificint impairments n the
develgpment of thelr lungs thit
" can lead to respiratory problems
fv? tho rest of their lives,

“The. 13-year, study of more
thar 3,600 chiidren in 12 Gentral
and Souther Calfornia coni-
rowitles found that the damage
“from Jving within 508 yards of 2
freeway isabout the'same as that
from Uving in communities witls
the highest poflution Jevels, the
team reporkedt Thirsday io the
online versjon of the medical
Journat Tancet,

If you Yive i 2 highs, -polution
“aken-ang:lve near-a husy road, .
FOu §é4 a doubling” of the dam-
Age, said Jead author W, James
Gauderman, an epldemiologist
at the Feck School of Medicine of
UsC

“Someons sulfering‘a polli:
tion-refated deficlt i Jung fune-
tion a5 a child will probedbly have
fess than healthy fungs all of his
orher life," he said.




stigma of the contamination is
hurting the econemy of the up-
per Hudson,” said David King,
the EPA's Hudson River project
manager.

Twenty-six years after Con-
gress passed the Superfund law
to clean up the nation's most
dengerous dwmping grounds,
the Hst of mega sites keeps grow-
ing a8 more mines, landfilis, mili-
tary bases and factories cualify.

Superfund's hational priority
list includes more than 1200
chemical sites, but only cne of ev-
ery elght rises to “mega" status.
New Jersey leads with 18, but
California’s 16 megas will scon
morethan double, with 18 others
expected to meet the $50-milllon

matk.

“State pregrams can deal
with garden-variety sites, but
mega sites are ones that nobedy
bt the federat government can
deal with,” said XKatherlne
Probst, a senior feliow at Re-
sources for the Future, an envi-
ronmental think tank in Wash.
ington, who has researched
Superfund for 15 years.

Mega cleanups averaged
$140 miilion each in 2009, 10 times
the standard Superfund project,
aecording £0 Resources for the
Future, Califorsia’s 16 Inega
sites” cost estimates range from
$100 mitlion to $450 miltion, said
Elizabeth Adams, the EPA's re-
gionel Superfund cleanup chief

in San Francisco.

“Today, areal megasite iswell
over the $100-miliion mark.
Sedly, $5¢ million may not be
what it once was," Probst said,

Funding }aps behind

Yeb federal funding for Super-
fund oversight has not kept up
with the surge In mega sites, and
many cleanups remain in the
early stages. AL 22% of all sifes,
human exposure to chemieals is
not under control, the EPA says.

Poiluters pay for most clean-
ups, but Superfund’s annugl
budget, which supporis EFA
analyses, has remained at about
$1.2 billion since 1987. With infla-
tion, thet is a 40% decline.

cluding the Hudson River — are
underwater. Dredging them
risks uncovering maore polluted
iayers or leaving toxic residue.
“ft's not tike vacuuming your
carpet,” said Richard Luthy,
Stanford University's chatrman
of ¢ivll and environmental engi-
neering and a member of 2 Na-
tional Research Councll commit-
tee on mega, sites. “You are, in
every case, left with some ma-
terial on the bottorn that you ha-
ven' completely picked up. Just
ecause you can dredge doesnd
mear: you can get everything.”
At a small cleanng in San
Francisco Bay's Richmond Har-
bor, DDT-aden shudge was
dredged in 1997. Buf high con-

the PCBs, which are likely hu-
man carcinogens and can dis-
rupt imrmne systemns and brain
developmenf, rendered the
river’s fish inedibie,

GE maintained thatl remov-
ing PCBs from the Hudson was
too risky, and in 1884, the EPA
agreed. The agency reversed
course in 2601, eoncluding that
dredging could be done safely
and setfing performance stand-
ards. Finally, in a November
court settlement, GE agreed fo
dredge 10%. If an independent
panel approves the resuits, GE
can voluntarily dredge the rest or
face a likely EPA order.

The main risk, Xing said, is
unleashing buried PCBs. To re-

The dredging is expected to
last six to elght years, buf after
decades of delay in the start-up,
Hudsen River Valley residents
are skeptical about when the
toxic mud wiil be gone.

in Fort Bdward’s museum, &
sign reads: "The roots of the
present lie deep in the past.” For
residents of mega-site communi-
ties, the past, present and future
are defined by a toxic legacy.

“We could come back two dec~
ades from now, and it will st be
going on,” said Peter Betrle, New
York’s former environmmental
commissioner. *Hopefully, some-
day, we'll be free of PCEs.”

marla,cone@latimes.com

Tainted freeway air harms

[Potlution, from Page A1)

to be in the small airways of the
lung and is normally associated
with the fine particulate matter
emitted by automobiles.

“This tells me that ¥ wouldn't
want to be raising my children
near a significant souree of fine-
particle air polfution,” sald
econemist £, Arden Pope 11X of
Brighain Young Urndversity, an
expert on air pollution and
health who was not involved in
the study, *I, myself, would want
o ke living in areas where the ex-
posure i5 lower."

The researth is part of an on-
going study of the effects of air
poliution on children's respira-
tory health, Previcus findings
have detalled how smog can
stunt lung growth and how ving
close to freeways can increase
the risk of children being diag-

' ¢ nosed with asthma,

This jatest study of freeway
proximify and lung capacity was
funded by the California Air Re-
sources Board; the Natfonal In-
stitute of Bnvironmental Healfh
Sclences; the Ervirenmental
Protection Agency; the National
Heart, Lung and Blood Institute;
and the Hastings Foundation.

Gauderran and his  col-
leagues recruifed groups of
fourth-grade students, average
age i, in 1993 and 1996, Thelr
schogls were scattered from

Afascadero in San Luls Chispo '

County to Alpine in San Diego
County.

The team collected extensive
information about each childs
home, socioecononic status and
other facts that might impinge
on health.

Onee each year, the team
visited the schools and mea-
sured the children's ungs, as-

sessing how much air conld be
expeiied in one breath and how
guickly it could be expelied.

Thesecohorts of children “are
truly an important resouree he-
cause the study has been going
on so fong,” said epidemiologist
Jorathan Samet of Johns Hop-
kins University’s Bicomberg
School of Public Health, who
alse did not take part in the
study. The size and scope of the
study make it very diffieult fo
replicafe, he satd.

Results from the study re-
ported in 2004 indicated that
children in the communities with
the highest average leveis of pol-
wation suffered the greatest fong-
term impairment of hng func-
tion.

11 the new study, Gauderman
and his colleagues found that by
their 18th birthday, chitddren whe
lived within 500 yards of a free-

children’s lungs, study says

way had a 3% deficii in the
amounst of aiy they counid exhale
and a 7% defici in the rate at
which it could be exhaled com
pared with ¢hikiren who lived at
least 1,500 yands, ot neazly a mile,
from a freeway. The effect was in-
dependent of the overall poliu-
tion in their cormmunity.
Crauderman had no estimate
for the percentage of people in
Southern California Bving within
500 yards of a_freeway, but he
noted that In a typical city such
as Long Beach, it is about 17%.
The most severe impairment
was obsgerved in children living
near freeways in the communi-
tles with the hiphest average pol-
lution — Upland, Mira Loma,
Riverside and Long Beach,
Those children had an average
9% defici$ in the amount of air
they could expel from the hungs.
“Even if you are in a relatively

low reglonal pollution area, Hving
near & roed produces {lung preb-
lems],” Gauderman said.

About one-third of the chil-
dren moved during the ecourse of
the study but stayed in the same
community. Lung impalrment
was gmaer among those who
maoved farther from the freeways.

The finding is imporiant "be-
cause I shows that within com-
munities, some children axe at
highet risk than others” Dr
Themas Sandstrom and Dr
Bert Brunekreef wrote in an edi-
torial accompanying the paper.
“Thus, environmental equity is
an issue of local rather than re-
gional dimensions,”

The resuits were also inde-
pendent of the childzen’s initial
health and whether {hey were
smokers. “This suggests that all
chiidren, not just susceptible
subgroups, ave potentially af

fected by traffic exposure,” Gau-
derman said,

Although the deficit in lung
growth seems small, # ecould
have longderm effects, Samet
said, )

“The concern is that the ex-
posure leaves young aduits with
smaller angs than they might
have had otherwise,” he said,
That could Jeave them more yul-
nerable £ Jung diseases and
more susceptible fo the effects of
prewnonia and other infections,

All the researchers conceded
that there is little that can be
done 0 mitizate the elfects of
the traffic poliution now.

But when local governments
are planning new schools and
new housing  developrents,
Gauderman said, “this should he
taken into account.”

thomasmaugh@lalimes.com
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Putting homes, schools

" Times StaffWriter

and parks by freeways
was seen as a final
frontier in L.A., but a-
USC study onpollution
could force a rethinking.

By CHRISTOPHER
HaAWTHORNE

- Anew study from researchers‘
at USC about the effects of local |

hzghway potlut;lon on children’s
health would be alarming under

_any circumstances, espeeiatly for

parents. But it happens to arrive
Jjust as Los Angeles is building or
planming scoresof projects - if-
chiding housing, parks and
schools — right on the e‘dge‘ of

.major freeways
Seen in that Heht, the study.

carries significant implications
not just for antipoHution efforts

but also for the future shape of

the city. It-should make us think

not just about cleaning the air

but about how and where we
build. ‘ :

come to view land near freeways

In the last few years, we've

asalast frontzer in‘alLos Angeles
that grows.more crowded by the
year. When developers and pub-
lic agencies such as the Los An-

geles Urnified Schost District are
sea,rchmg for large, empty pai-
cels.of land, they often find that
the only ones that’ they can af-

ford are freeway—adjacent, in the
unlovely Ja.rgon of the real estate.

business,

And when planners archl-
tects or academics get together
to talk about and sketch designs

" for the Los Angeles of the future,

their proposals. inevitably call for

néw buildings * swarming * Jike

kudzu along and -across free-
Ways.

Ih the same way that the fu—
turistic ¢ity. plans of the last cen-
tury looked to the air, calling for

. buildings onrstilts or stacked like
' pancakes or connected by float-

ing zeppeljns arcmtects these
days tend fo.see L.A. s ribbon of
highways as the unlikely founda-
tion for a new kind of post~spraw1
trbanism. :

Last month, Eric Owen Moss
won g competition sponsored by
the History Channel that. asked

‘architects to imagine and help

design the 1.o$ Angeles of 2106.
[See Notebook, Page E8]
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- Building near freewé;ys 1S an issue of pubh(: health

[Notebook, from Page E1]

“We intend to build over, un-
der, around and through the
freeways” of the city, ke declared
in his winning éntry.

Of eourse, it's hardly Surpris-
ing to learn that pouutlon ievels
are higher near freeways than
ather parts of the city, But the
dete fiom USC are. compelng
enough 1o suggest that when {6
comes$0 zoning, we should give
up the ides of that land as a
raeans for reshaping L.A. and in-
creasing density and ‘see it in-
sﬁead as ten-itory 40.be avnided

~- a4 least when it comes to piac-
ing facilities where kids spend a
gaod portign of the day,

+ Proposais sich as Moss' may.
anticipate the day when we'll no

Jonger use ¢its, at least in their
. cérrent form, and the freeways

that oncé carmied them will be
empty and ready for reinvention,
But even in the most optimistic
scenarios, we still face sevéral
decades of highway pollutlon .

The : USC  study, ~ which

tracked: 3,600 children for 33

years, found that those living

faced Tisk of permanent health
damage, including stunted ung
growth and respu-a!;ory prob:
lems.

“Someone suffering 2 pollu-
tion-retated deficit in Jung fine-

- tion s a.chlii will probebly have

less than healthy lungs ®ll.of his
or her Jife,” the study’s lead au-
thor - USC - epidemiologist. W,
James Ganderman, told, The
Tines last week. .

" Fven within that fairly tight
500:yard radivs, we are bullding
&' number of . high-profite:

wj%.h}n 508 yards of a highway

projects; quite & few of which are,
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“tricky;
-4 schools " are xmymssive But -
throdgh the lens of public ealth,.

dcmgnedforchﬂdmn orwould be

used heayily by them,

Housing continues to sprout
along the edges of the reglon's
highways — Including stueco

boxes and high-end, themed -
Lapaﬁment womplexes such as |
the Medici,- which préctivally -

leans out over the 16 as it-cuts |

through downtown. |

And’ the LAUSD'S massive
construction campaign neludes
a ninber Of new schools next to
some of our busiest roadways.
Nearing tompletion is o new high

4chool designed by Perking +

Wili at the 50-caiied Metromedia

site, Cormmutbers on the 101 have -

watched the sehoo) rise on North

CWilton Place, no more than 160
t fron the freeway, ‘The atehi-, -
fectural fiagship of the construe- -
‘tion effort is & new high schooi

forthe arts, desmner.l by the Aus-
trian-fitm Cpop Himmelblaw, T
will be.bullt facing another

i stretch of the 101, across the free-
sway from the Cathedral of Our

Lady of the Angels dowmtown.,
“As archifectural solutions to
overlocked  sites,

they ook altogether different:

I olhrwﬂod yrieanwhile,
planners dre working to gsin ap-
picval for & new park that would
be bult directly atop a curving

N _portion of the 101, between Bron-

s01 Avenue and Wilton Place.
FPreliminary desighs for the park
have been greeted. as an ingen-

1 ipus solution 0 the open-space
crunch in Los Angeles — and, in .

many ways, a sign of things' to

. come, Couzicilinan Eric Garcett!,

who répresents the nelghbor-
hood, said as.mich three weeks

- ago, after the Cléy Council voted

4o spend $100,000. studying the

| feasibility of a paskin that site.

“We've come to a place inLos

. Angeies [where}, for better 6 for

worse, it's attually cheaper 0
lock at putting a cap over the

Hollywood Freeway to build & -

park ihan buying land i the
middie of Hollywood,” he toid a
wroadeast reporter;

1| s a good thing the park is’
|| stillbeing studied. Maybe thenet

of capping -the freeway will re-
duce pollution levels inside the
park enough toreduee the visk to

the children who play there toan |
E | acceptable level, But if if won't,
' “buying lend in.the midade of

Eollywdod,” no matter how ex-

the’

. penslve, w!i] be a more mspon»
sibie, option, environmentaly,

moraliy and probibiy legally,
At thevery least, local govern-:
ents wili have t6 dig deep mto

+ %heresults-of the USC study and

shritar reports a5 they begin to

decide how big a-bealth risk is.

presented by putling Kids in
sehiools, aparimentsor parks ad-
Jacent to freeways. "Fréy will have
tirJook not just vt pmx!mlt}' to
freevrays but also at vind pat-
terns and cther factors that at-
feet the quality of nezglzbomeod
air, And as they do that they will
have to be ready to reassess their
planning strategzes, perhaps in
dranatic ways.

But the mecharﬁsm for domg
soisnobaspcwarmlorascem
tralized as it needs to be, accord-

ing. to Roger Sherman, an archi- .

tect in Santa Monica  and

co-director, with Dapa Call, of .

City Lab, a new wban’ pla.tm),ng

Sherman teamed up in the His-
tory Chantiel .compatition,
“Cal{rans has.one. appmach

_ thibk tank at UCLA. Cuff and -

' gwemments uaing emines
-maln fo carve out new spa

the, ‘problens by ppt%.ing up barﬂ
érs along the freéway or plantlng
to affeet thieir m:croclszfes, a.nd
otherswon't.”
Most coni mve:-szal oi’ all; thc .
USC stidy may ofen; & dms~ )
sion on é.he;posslbillty of i

housing or parks a safe distance
from: local fréewsys. To-a Jimited

-gegree, the. LAUSD has already

relied on eminent dmain. sifaply
to find schioal parcels it consid-
Ly as}pmpriate £0its needs. .

Determining the fate of build-
ings slready planned or
construction near. freeways Wil
be Re less tricky: Given the sta
tistics .gattiered in the USC
stdy, it's hard 5 imagine, the
LAUSD cutting the rivhon on

" the Perkifis 4 Wil high school

tothinking pbicut thesé pieces of ©

land, LAUSD has anothér and
virious vities have Stil cthers,”

. Sherman seid. “Thére's Feally a

need for a regional coordineting
authority. Without ohe, I-think
wa're going to Sée nelghbirhood

-councils take move setive mea-

sures to dea} with these issues.”

" - The councils, whoseé clout has
beer growing in recent years,
could push for kxtclusionayy zon-
ing, for exanipie, 1o make devel-
opment near freéways impos-
sible or tnore difficult. But that

overlogking “they I with much

enthusiasm about its: loeation.
St it's equally hadd to imagine
the districh shutting down-the
school altogether Gver traffic pol-
mtlonfears, . "

" Perkaps the distﬂct will be
ahle to piausxbhf argue” tha% i3
didr't undérstand the full range
of £isks that come With building
50 close.to £reewe@s But it get- .
ting riore-and more difficult tor
any of us in ¢his ciwtao ma.ke tha%
claim. . . :

cﬁré_s!oj)hétkﬂ!};??iéﬁie
@iatimes.com

Smlthsoman to Open its Vault on TV seﬂes‘

mmcsswcfawdi’ress

WASHINGTON
Tom: Cavanigh's newest pig is
faking him behind the scenes at

Actor

vies and documentaries focusing

on.the Smithsonian’s treasured  millions of items from. avt, |

artiacts.
David, Royle, executive vice

research complex which ho'

tary, technology and seience.
Smithsonian. Net.wo?kﬁ.
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L.A’s notorious air pollution is hardest on kids. The closer to a freeway they live, play or
attend school, the more likely it is that their developing lungs’ capacity will be reduced.

By ErIN CLINE DAVIS
Special to The Times

VERYONE is familiar with the gray-
\ brown hagze that often blankets Los An-
geles, and the fact that the city consis-
tently ranks as one of the most polluted
in America,
5 Butwhatmany may forget is that the
widd dismal reports of L.A’s air pollution
only capture the average amounts of toxins in the air,
- and-that some places within the urban sprawl are far
dirtier than others. Official numbers do not take into
account the fact that pollutants are at much higher
levels within a few hundred feet of the freeways that
crisseross the city — and for the adults and kids who
live, work or ¢o to school there, the effects add up.

For kids, whose lungs are still growing, these effects
can be especially damnaging,

Mounting scientific evidence reveals that exposure
to &ir poliution interferes with the development of chil-
drem’s lungs, reducing their capaeity to breathe the air
they “need. Although the long<term consequences
aren’t known, it is known that growth in lung function
is nearly complete by the end of adolescence.

Because lung capacily diminishés as people grow clder, children exposed
to air pollution may ender adulthood with the deck stacked against them.

Proximity to freeways appears to matter. Recently, studies have shown
that the lung capacity of children who live within 500 meters (1,650 feet) ofa
freeway is significantly reduced cornpared with those who live more than
1,500 meters {4,950 feet) away.

For kids who aiready live in an area with high levels of pollution, living near

Ricarpo DEARATANKA Los Angejes Times
RISKY: The nose’s nalural filter
is bypassed when kids play hard
and breathe through the mouth.

a freeway is “gdding msult to injury,” says Dr. John
Balmes, professor of medicine at UC San Francisco and
professor of public health at UC Berkeiey

To help protect children from the k;exghtened effects

of this extra dose of air pollution, California passed a law
in 2003 prohibiting schools from bemg built within 500
feet of major roadways. Distriets are> allowed to build
within this buffer zone only if space lnmtations leave no

_option or the district can find ways to mitigate the in-
creased air pollution. Yet a Septembier article in The
‘Times reported that the L.A. Unified School District
was building five schools within 500 feet of g freeway snd
had plans for two more.

The district is now reconsidering 1ts pl.ans and work-
_ing on new policies aimed at limiting s’qudents exposure
- to pollution at schools built near freeways, but such laws

can do only so much. Even if they areri’t going to school
near a freeway, children may still be walking down the
street or playing in their backyard near one. Thousands
will still be exposed to dangerous Ieve1$ of air pollution.

Stunted Iung development
In 2004, USCresearchers reported that children living m areas with higher

pollution, such as San Dimas and Riverside, had stunted lung development -

compared with children hving in areas with lower po]iut;mn ‘such as Alascad-
erc and Alpine,

The findings carne from the Children’s Health Study, whkch in 1993 re-
cruited about 1,700 fourth-graders from 12 California comumunities and stud-
led their lung function over {See Smﬂg, Page F8]
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A clear pattern of risk

[Smog, from Page Fi}
elght years,
The effects enchildrens hings

" were both statistieally and clinl-

cally slgnificant: The preportion
of children. with low lung func-
tion was 4.9 times greater in the
cormunity with the highest lev-
el of fine-particle poliution (Mira
Loma} compared with the com-
munity (Lompee) with the low-
est, ievels (709 versus 1.695). He-
suits were simifar when the re-
searchers locked at other cate-
gories of polution, such as
nitrogen digxdde and elemental
carbon.

In Fehruary, the USC group
published another report, in the
Journal fhe Lancet, showing that
lving near a freeway could fur-
ther affect a ¢hild's lung develop-
ment,

Azinthe 2004 study, regearch-
ers followed the group of fourthe
graders recrufted in 1993, as well
a3 a later group recrulted ki 1886,
Tn this study, however, the chil-
dren in each city were further
subdivided into those who Hved
close to (within 500 meters) or
far {more than 1,500 meters)
from a freewsy ot other major
road.

As i the cother study, re-
searchers would visit the chik
dren every year at thelr schools
and measure with a device called
a spirometer how much and how
{ast each child coudd exhale.

They found that children who
Hved dose to 2 freeway in & low-
pollution community had about
& 43 decrease in thefr lung fune-
tion compared with children Hy-
ng in the same community but
far from a freewny. This desrease
was shmilas to that seen in chil
dren who Hved in highly polluted
communities but far from a ma-
Jor road. .

‘Tkre results were worst for the
childrenwho lived near a freewsy
within a polluted city. They had
the greatest reduction in lung
function: over the course of the

eight yesrs each cbiid was

tracked — aboub §%, eompared
with the kids in clean citles who
Hived at least 1,500 meters from &
major road,

Lung development s neazly
complete by age 18 — meaning
that someone with a deflclt in
lung function at the end of ade-
lescence will probebly continue
to have less than heslthy lung
funetion for the rest of his or her
life. And that could lay the adult

LOCATION, LOCATION: The Perex Alfonse Special Education Center is by a freeway ramp. A 2003 Californ

adult Iife is known to be a major
Tisk factor for respiratory and
cardiovascular diseases, as well
&s for mortality,” sald W. James
Gaudermes, an epidemiciogist
at the USC Keck Scheol of Medi-
clne and leader of both studies,

‘The resuits of the USC study
make sense, glven what -sclen-
tists know avout the concenira-
tions of tafipipe poliutanis near
major roads.

Jesn Opital, an officer for the
South Coast Afr Quality Man-
agement District whoe evajuates
studies on the health effects of
air polhation, says that pollution
concentrations ere highest inthe
first 150 meters of o large Toad
but then start to drop off. Bul
caleuiations predict that to get
down tothelevels seen upwind of
& freeway, you have to get about

the best air quality, proximity to
sources does matter, " e says.

Taking In more pollutants
Children are egpecially vul-
nerable o alr poliution because
they breathe more rapidly-than
aduits relative to thelr body
weight and lung size, Thisresults
in exposure to a relatively larger
dose of any air poliutants. Xids
dlso spend a lot of time engaged
in wvigorous physical aoctivity,

- leading to even heavier breath-

ing.
When they play hard, they
tend to bhreathe move through
their mouths, bypassing the nat-
ural flitering effects of the nose,

* plfowing more poliutants into

thelr hungs, And uniike adults,
who are ifkely to 5top their activ-
ities when effects of pollution

- continving to expose them-
selves to pollution.

‘T'he heady brew they are ex-
posed to has vardous texie com-
popents - carbon monoxide,
sulfur cloxide, ni dioxide

ing, throat iritation and diffi-
cuity breathing.

Tt can also worsen asthme at-
tacks and increase the suscep-
tibilityiof the ungs to infections,

il and other alr poliu-

~— and the two that pose the
greatest threat 10 human kealth:
ground-evei ozone and particu-
iate matter.

Ground-level ozone is formed
by a chernleal reaction hetween
volatile organic compounds and
oxides of nitrogen emitted by
cars and other sources such as
povwer plants that takes place in
the presence of sunBght, In L.A,
the onshore breeze usualy
pushes the ingredients of ozone
farther inland. Bul calm dsys
orovide the perfect conditions
for a blanket of ozone o cover
the city. i

tants - making exposure espe-
olally risky for those with asthma
and sther lung conditions such
as chionfe chstructive pulmo-
nary disease.

Particulate matter in the alr
is & mixture of soligs and lguld
droplets that vary in size. Parti.
cles lavger than 10 microns
{about one-tenth the diameter of
a hurdan hair) do not usually
reach & persow’s lungs, but they
can irzitate the eyes, nose and
throet,

Exposure {0 “cosrse” parti-
cles {i the range of 2.3 to 10 mi-
crons lin dismeter} and “flne”

emerges from haze

e ZE
Briax VANDERBRUG Las Atgeles Times

dia law limifs schools’ proximiiy to major roadways.

and hung diseases. -

A study of more than:4.000
Swiss aclulés ages 18 to 66 during
the course of il years, which-ap-
peared lnst week in the online °
edition of the New England. Jour

ral of Medicine, has shown that . .

the inevifable decline in..lung
function seen o adults is less-
ened in those whoare exposed to
reducesd levels of particie pollu-
tion. :

‘The smaliest particles ofali —
so-called “uitra-fine” particles —
arg of increasing concern to air
pollution experts. Air levels of
these tiny bits of air poliution,
which measure less than 41 mi-
eron or one-theusandin the di-
ameter of a human halr, are-not
regulated by state or federal
agencies, and their health effects
are only now beginning to be
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anty air has toxic components

{Smog, from Page F6}

What researchers do know is
that ultra-fine particles travel far
deeper into the iungs than other
types of particle pollution, They
can even pass through the lining
of the lungs, gaining access tothe
bloodstream. This aliows them
to travel to other organs and pos-
sxbly interfere with their fune-

Ultra-fine particles might
also make their way info the
brain, USC's Gauderman says.
- He says there is some suspicion
- it the research community that
. they ean actually travel straight
: the brain through the olfae-
tory nerve at the top of the nasal
passage

~"They are so swall that stand-
ard -gir filters cannot remove
em. “They act like a gas, get-
ng in- around doors and win-
£0ws,” Gauderman says.

;;When pollutants are inhaled,
gases such 8s ozone and the
ghiemicals stuck to the surfaces
arious sizes of particulate
ter react with molecules in

hings, injuring cells, The
dy’s response to this injury is
: flammation, which causes the
- alrways in the lungs to constrict.

", %:=Children have barrower air-

Wways than adults, so pollution
jat might cause only a mild in-
armmatory response in an adult

pirways in a young child, This
ean be especially dangerous for
shildren with asthma,
2w YLong-term exposure to air
pollutmn can cause chronic in-
—~flammation. In response, the
body will attempt to wall oif the
damaged parts of the lungs, cre-
ating tissue that's less plable
“xthan healthy tissue. That,
- Balmes shys, explains why de-
<yereased lung function like that
~78een In the Children’s Health
~.8tudy comes about.
. #“If's basically a scarring proc-
e8s;” he says.

JReducing risks at schools
“:Angelo Bellomo, head of the
Office of Environmental Health
apd Safety for the Los Angeles
- Trhified School District, says his
soffice is taking the dangers
- posed by freeway poliution seri-
- ously.
-+ *We've got to do everything
we can do that is within our pow-
erto reduce that risk,” he says.

- As a start, his office has be-
gun taking ultra-fine particles,
which were not previously con-
gidered, into account when ana-
Iyzing new locations for Schools.

significantly constrict the

door exposure.

The district will do what it
can, Bellomo says, but the most
effective way to reduce the risk
from freeway polution for chil-
dren would be for state and fed-
eral regulators fo enact rules
that reduce pollution at the
source. .

Angela Beach, 41, of Sherman
Oaks, will be following the dis-

Ruih SAXOK Associated Press
INHALING EXHAUST; Pollution concentrations are higher
in neighbohoods close {o large thoroughfares.

" He has found that in Wmdy conditions, trées along the. side.of a

freeway can help mxx thealr and dﬂute the concentration of
a{m y

the parbioles pre\fentmg them from'traveimg to heal

schools

ab! ato_ capture

" Cahill sa,ys th K once lﬂtra-ﬁne particles stick to the leaves of '

trees, they will not b;ow off. Inst,ead, they w111 remam on the tr&_ee

parmcles Some trees may not. absorb enough part:cles' O

chemicals that cah contribiite to orohe formation, Trees Wlth"lots of

needles such as redwoods and deodar cedars he say

'There are more than 70 dis-
trict campuses within 500 feet of
freeways, housing more than
60,000 students. Bellomo’s office
is compiling a list that ranks the
schools by level of risk based on
the number of students, the
number of years students spend
at the school, distance to free-
ways and the volume of diesel
trucks that travel the nearby
freeways.

The office wili be develgping a
range of opiions and associated
cosls for upgrades to existing

~ERIR LINE Davrs

sehools that would reduce school
occupants’ exposure to nearby
sources of air pollution. Its re-
port is due at the beginning of
March.

Bellomo says his office will be
looking at all options, including
some promising new filtration
technologies.

He admits that the school
district can't do much to redyce
the risks of air poliution when
children are outside, but he aims
to reduce the risks indoors
enough go as Lo offset the out-

WagL

trict8 progress.,

Her 6-year-old son, who suf-
fers from chronic asthma, at-
tends Hesby Oaks School, a re-
cently recpened campus in En-
¢ino that is within 500 feet of the
101 Freeway. Firmamen{ Avenue,
a bit of greenbelt and a sound
wall are all that stand between
the athletic fields and the con-
stant rush of cars on the 101 and
405 interchange.

Beach says her son’s asthma
was well controlled when he was
in prescheol. HMe didn't have
trouble playing outside like ail
the other children.

Buf now, she says, “he just
can't do it.” _

The effects of the pollution

near the freeway aren’t just phys-

ical for her son, Beach says, He
doesn't understand why he caw't
play at school He gebs frustrated
and angry when he has {o aban-
don basketball practice because
he can’t  get the air he needs.
Beach has had to expldin to his
cogch that it isn't that he doesn’t
want to play, it's that he's isn'%
able to.

Beach says her daughter, who
is 8 and does not have asthma,
has also commented on the
changes on her body since she
started at her new school, even
though the issue of air quality is
never discussed with her. She
comes home from sehool, Beach
says, and tells her mother how
she struggles on the playground,
complaining, “It’s harder here,”
comparing Hesby to her previ-
ous school, Sherman Oaks Xle-
mentary, wWhich is just shy of a

mile from the 101 and 405 free-

ways.

Beach wants the distriet to do
all it can with filtration systems
at Hesby and other schools. She
is also. lobbying the city and
school district fo plant trees be-
hind Hesby because some re-
search has shown that they
could absorb some of the pollu-
tion that is flowing into the out-
door hallways and lunchroom of
the campus.

“These,” Beach says, “are
probiems that affect the Hives of
every child, forever.”




pord

A new study sugzests that ehildren who grow up within » thivd of 2

mife ol @ freeway may be suslabning permanenl respiralory

probloms.

Researchers studied developing lung

funetion In 31,445 chifdeen lving in s
Southern California commmnnities for
eight yvears. from age 10 1o 18, They
founud that the closer the childeen lived to a freeway. the
maore lkely they were to experience rednced prowth in
lung funclion as meusured by the standard Lests,

MOST POPULAR - HEALTH

“That Hiving near freewnys is o health issue is something
weve khown about for a lony time,” said Geunel Pawe,
a spokeswomint for the Colifornia Alr Resources Boxrd,
which fivanced part of the research. “All ol this poinls to
the fact that Califernia’s air pollstion contral program
needs to continue with its aggressive reduvtion in air
potiulants, But  think this would transkte W any other
part of the T8, where people are living near heavily
atficked roadways.”

The findings weve published online Friday by the British jourout Lanost.

"Cur finding of a karger impeel on small lung sfrways is consislent with whai is known
about the typus of pollutpnts that ave vmittad fom the tallpipe.” said W, James
Gauderman, the fead auther and ais associale professor of preventive medicine at the

i o Tlese pollutasts, he contieed, "can be inhaled deeply
into the Jung and may have the fargest impact on the srafest Jung abways.”

The study was sol resteieied Lo the aoterionsly smoggy Los Angeles basin, “Our findings
were ehservad in afl of these cilldren, including those living in areas of lewer pollution.”
Dr, Gaudernsan said, “so it suggests that in any whan area where children are fiving ner %ax in
husy voads, they arq fikely tr have adverse vespiratory effects, TUs nof just T, 4" Alsa on MYTimes cors

The development of fung [unction was alse lower in nonasthmatic and nonsmoking
teenagers liviog near freoways, suggesting that the highways had oo adverse effect on mpirmes, com
otherivise healthy children. Growtl of Tung strength and capacity, the researchers write.

. s largely complete by age 18, and this means tata child with a delicit at thal age will
probably suffer lifelong diminished hung fanction.

“The study fs significunt in the finding that i st just vegional air polhstion, which
policy makers have founsed on,” said Froderion Perera, dizcetor of the Columbia Cender,
{or Children's Envirommenial Health at the Mailman School of Public Flewtlh in Now
York. “These results indicate that it7s alse important 1o coasider loea]l variutions in air
pollutien.”

The yeseopchers starfed wirh a group of 3,600 children, wsing yuestioonaires to gather
informnation oo parental incorme, histéry of i, prenatal exposure to maternal
rand houschold expisure Lo smoking and pels. Then, using yvearly

gquestionnaires, they facked asthu states, persenad smoking and exposure (o
secondhand smoke. They also recorded the distance of each childs home from the
neares! limited-access highway and from olber major nonfrecway roads

To determine Tung functien, the scientists used standard tests that measire how much
air 4 chifd can exhale during o foreed cxpiralion and how foreafully he can do g0,
Normally, these numbers gradunlly increase as ¢hildren grow. the childzen ivere tested
an zverage of six times over Lhe cighl vears of the study.

Abead 1 pervent of subjects per yenr dropped out of the study Tor various reasons.

Although the 2uthors contrebled the study for sociueconomie status, an editovial with the



paper points out that social Maciers ave difficult to define and may affeel Jung caparcity ne
ratter where & ¢hitd Bves. Gther studies, for example, have shown that poor childeen i
the T.os Angefes avea are more fikely to attend schools vear freeways than those who are
mere afffueni. Also, Uie siudy did not examine sxposures sl ages younger than 16,
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narecent sfterncoh in -

} the Eastside neighbore
hood of Lincoln Heights,
Fay Green stands inthe

' hailwe:y ofher apartment complex, which sits
_just feet abiove the bumper-to-bumper tra!ﬁlc
of the Ivé fréeway A soft-spoken black woman,
- ghé h\res mth Trer five Jids anid one grandson
tnan urbmplannef’s idea of perfection: the

' dense, “Avénue 26" master-planned commu-
: nity, tauted by Mayor Antonio Villareigosa
and the e:ty’s Depu.\'tment of chsmg &san

enwmnmentally smiart’ “transnt oriented.

dmrelopmem"in the czty’s core, eP&men:ly
‘%nredby i:ght rail - )
Ymm the. outeids, e stytish-looking village

“of 156 condos, called Puerta del Sof, and 378
other peririents squeezed between Avenue

26 andthe thundering I-5 gives off a Crate &.
- Bafrel yibe: But Graen's four-bedroom unit, in
: tlwhuildmg dubbe:d Tesc:g{ del Valle ?amdy
i

: ‘She Bdys sthase slckmsse.; sarted before she
wioved to Avenue 26, erécted less than 100 feet
from one of the world’s busiest, and flthiest,

when the weather is hot, or other conditions
create smog, Greet notices that many of her

: kids startto cough, She won't feel well, either. -
" Gireenmoved into the new apartment in
2008, She vaguely remenibers & TV news -
report about the health risks of living nears
freevay, but had never really thought sbout
whether she or her young family could become
sick from the clonds of vehiele exhaust and
tire-brake duist that hover above, and divectly
nextin thels

Her neighbors tell a similar story, Jesse A.
Flores; in his 0%, sayshé neverthought nbout
‘the problems of Jiving aci]aeent to's major
. freewsy, “So fax, P oksy” he says. “Nothing
vrong with me”

Aurs Sansbria, a zwonxet}ung mother of
.. three younig kids, bas the same concerts Green
has She tow complains sbout the heavy “dust™
that builds up in her Epartment *I'in always
’ eleamng and dusting” she sdys, -

Teéensger Andrew Girdia days be snid hiu
. parents never think about the Hivisible par-

tices that worletheir way into the family home.
- *Al we think nbouit is that it's easier to get on

the freeway or to the Metro,” says Gakels, who
tikes the Gold Line 6 highschool..

These residents do't know what the science
'shows, but LAs elected leaders do.

" InZ004, USC's ; Taridsneirk Children’s Health
‘Study made waves nationally, confirming that
thousaride of Southern California children
living in near high“rafiie} roadways were cons
tractirig higher levels of eripplinig asthma.and.
childfer living in smoggy areds were suffenng
impamed lung development,. . < -

The study proved long-held beliefs that fine
perticlss sizch as those caused by tire rubber
and braks metal ~ sotiny thatscientists aay
" the dust seaps thrdugh the smellest cracks and
" holes and thys is not biocked by air Altration
systems or triple-paned windows ~ were Bur-

- rowing intorpesple’s lungs,

" When the revelations broke in The NewEng—
land Jourral of Medicine; LA, was i the grips
- ofabadly overheated housirig bubble. Gity

- Hall politicians'and planning oficisls were
embracing tmndy hotising projectsalongside
freeviays, espectally downtover; whre urban-
iats tonding & sustamabie"hfes’trle, (185>

| Mwsakiyeom [ March 512070 / LA Weskby (355 )

“freewrays, tsed by 285,000 vehicles per day, But



Planniig Commissioner
Michast Wog ashed sclentists
towarm Ciey Hal, :

maving into places like the Medici and Orsini
Tuxury eomyilexes — a stone’s throw from the.
" Harbor and Hoi]ywoodfmmays. respectively.
L'A. officials were so thriljed with the new
apariments fsing next to freeways that they
got into an ugly tusslewith Qraini developer
Geoff Palmerwhen he relmﬁeantyHnila

pressurd to make room i his fresway-adjacent

Medici bu:kiing Eo:]wincmne families
including childre

Meanwhile, on the other eide of dovn-
town, the Los Angeles Housitiy Department
provided down payments to buyers to move
into Puerta del Sol, a stylish coiido coriplex
in the Avenue 26 community whem teenager
Andrew Garcia breathes in the factorylike
emissions and pamculmes created daily by
285,000 vehicles.

Sinee then, with the city's enthusiastic back- ‘

ing, including that of Councilman Ed Reyes,
who represents Lincoln Heights, the village's
politically well-connected developer, Percy -
Vi, has marketed the project to families tired

> 185) free of suburbian commuting were .

" through adulthond, arid %

thenskcfresptmydmmdpfmm
dem}z.mm'sewwksagu,ngmupoﬂ)mand
European scientists Tore bad news:

Herdening of the arteries is twice 86 common
nmongﬁngelemshnngmﬁunablockofan
LA freeway,) -
&xtm&dccfphymgakcymlemthemty’s .
plastning decisions, USCha 2007 study was -~ -
gnmdﬁw!hﬁkadmdommmdbyt}w

of commutmgwineffect,targzmng tato

Yivein an area scientists now knr is wnasually

hazerdous'to their children's health.

"Weveh’wwnfvre:ght OF 30 years there
have been these impacts™* suirs Dr Joe Lyow,
executive director of California Exvironmen-
tal Rights Alliance, an environmentsl justice
group. He sees the politiciang at City Hall as,
krnowingly endangering children.

In January 2007, USC scientists followed up
their widely hailed Children's Hoalth Study
with an even more detailed and damaing
longitudingl study of 3,800 Southern Califor-
nia chifdren —and thig time the seientists went
down 1o LA, City Hall to get the attention of
the politiciany,

T wrole up one morning and read about {the
study] in the newspaper,” szys Michael Woo,
who sits onthe Los Angeles.planning com-
aission and is dean of Cal Poly’s College of
Environmental Design, “That's when ! started
to put two end two together” - to realize that
the city's residentisl zoning policies were mak-
ing kids sick..

The new studyshowedthat slanming
numbers of children ages 10 to 18 who
Hive within sbout a block 528 feet —~of a
Southern California freeway suffer rediiced
iung development, a deficit likely to persist

setonce aguin.‘to einbrace f:eewarndjacent 3
housmgthat’sma.r!cetedtofamihm
Ongofthe few elected leaders willing tobe
open about the unfélding sttustion is Hol-
fywood-area City Councilman To LaBongs,
who says, “It would be great if we eould cal]
amae-qutmdtzyzoplan%etter,bum’snct

ba

“Néridothe c:qr'splmumxg départment, V‘l—

. lntmgosaamithel.oeAngeleanyCoumd

wambuyers&mitemtsnbmztﬂwhmrdsof
movmghdanghtnexttofrways—them!a-

- rnodest disclosure rule sought two years
';:agb Usctmmumﬂmkwmedm’aiopem

mgthe&mfewmgmo{recmery C:tyHa!lxs
{16 ) LA Waelkdy /[ March 5112010 /[ lewsakly.oom |

o fmewuys}nWestLh., Reseda, StudzoCnty, .
. Hollyweodand miaby odiet Areas, environmen-

* . talists warned that purposely placing housing
‘next to the woﬂdsbusnem and fsost polluted.-
freeways was abad iden. They arguedthat any -

5055, whien new housitg spro\ated p be

publmgoodh pmmdmg affordible howsing
or iddressing pent-up ownership dentand for’
‘condos—-was outwexghedbymnenswe health .
costs to peapléand society.

_ar Childrer’s Health Study in the prestigious .
-New England Journal of Medieirie. Stucying

Breawhead and Alpine, to those with dirty

-problems ranging from asthma to early death

- the goveming board of the South Coast Aly
“Cruality Monagemment District, which sets air

‘Butithe seignoe wosn't there to  backup
the aetivists — unti) & team of mostly USC
ientists published the 2004 multimitlion-dol-

mére than 1,700 childven, stientists compared
communities that enjoy clean air, such as Lake

air, siach as Riverside and Long Beach, The
studyshewed high ratés of underdeveloped
Tungs ameng children in the poliutad ateas,

e unphcatwns were clear; long-tenm health

ot significant fumbers of children being
xaised in Southern California. :
*“Thatstudy had a tremepdous irpact -

-becauss of the guality of the research,” says

cnvironmentalist Lyow, who also sits on

sencontrol policies affecting move than
iillionpecple. Tt really shocked aJot of |
le. Jt not only confirmed what people i in
4 already knew, brut it also createdan

'd the sarne time, JCLA also pubhshed
potiastt findings showing that pregnant
i whio lived within 750 fectof & fmeway

others followed upthe 3004 -

ig-amach larger group

: peciflcnl]yto Tooleintc health
probleme dgised by within 526 feet of
Southern Celifornta’s ertimmed
fridings worried epidemislogist Gauderman
ehiights testify biforethe City Council
. In'Coincil chambers on April 25, 2007, he
wumcd. V5 not juist watery eyes orcough-
ing after a particulardy pollited oy We’m
talldniy about lorig-term #isks of asthma,
loncj-term risks.of reduced lung devblopmen:
inchildres” -
Sclentists arg enp«na!lyconoeme& ai:mt
nitrogen mxde and “papticulnte rmatter,” es-
.sentially a dust that sometlinies cant be seen.

- Particulates tan be metels, gas emissions from
”cars and trucks, tire rabber snd tire-brake

dust When motharslike Fay Greeriand Aura - ¢
Sanabria complain about never-ending "dust”
that settles inside their apartments in the Puet
tadel Sol development niexttothel-5,they are
actually talldng about particulate matter. -

When kids breathe in this highly toxie par-
ucu]ate, itdoks deep into theic lungs and can -

- cause Jong-tenm health problems.

After listening to resesrcher Gaudermar,
several City Ooumd members sdundcd mdy
tenct

Tounel District 1 repmmmnve Gmg
Smith, &om&eSanFenmndoVaﬂey ane”

hinge-
and hig cmmml {:olleague& And City( Conncit
bistrict® tepkem-ntauve Tony Cardenas, also
from the San Fernando Valley, declared; "We
have a lof of iatués in my district weld liketo.-

" address; but with scierice, in fy opinion, it's

the bestway for us tocreate the best defense in
 otderto dofend thé commtinity” . :
“Jahics Hahn, who ré nte Cotinedl Dis-

trict 15 in San Peddéo and f¢ nmmngthwyear

" for California’s Heutenant Govédhor as anenvi-
. toamental dandidate, waseven mote forceful,

N anmuncmg.'ltlnnkthe time for studies is

- over. Ithmk the thing for action is now,”

LAs lawmakers talkedabxg game. But; 1t
wis no!!'xmg MODEs
Councilman LaBrde; who set up Gauder-
s visitto thi City.Coundil, toncedes today -
that, affer thut downtawn hebring nearly three
yeare age, the City Council did nothing. Smith

frocways~the -



nd Reyes' motion to “leock into” a 500400t
arrier zone between new homes and Ireeways
ever tusrned into anything substantive; Smith
nd Reyes recently declined to comment to the
Veckly sbout their long-abandoned motion.
‘Within menths of USC's appeal to the City
‘ouncil, in fact, one of LA most brash exam-
les of fmeway -abutting housing, the Universal
ofts, rose in Cahuenga Pass at 3450 Cahuenga
iivd,, with a banner exhorting Angelenos to.

oth “Hve” and “world’ in the pricey, corrugated ‘

netal-and-cinder block buildirgs. ©

City zoning approvals allawed the developer
ocram his $4,000-per-rienth, threebedroom
partments and $1 million condés into a strip -
if land no more than 20 feet from the 224,000

rehicles that rumble by daily on the Boﬂywood )

resway.
LaBonge says such housing 1 wxil conhmze
orise because e:mronmemn] issues need to

:ty fiscal disasteristhe onlythmg onthe City © |

*ouncil members’ ininds. ©
But eritics say that hardly explainisthe City .

But neither is the issue being pushed by

the environmental community in Southern
¢ California, which has been much more focused

on lobbying the California Legislature on state

environmental laws and global warming

“I canv't think of an fenvirontmental} group
that's fighting development near freeways;”
says Martha Arguello, executive director of the
Los Angeles chapter of Physicians for Social
Respensibility, a nonprofit, pu‘bhe»heu]th advo-
cacy group. "Tm hard-pressed.”

The nonprofit organization Bresthe LA.
—which promotes itself as a 107-year-old
public-banefit group dedicated to clesn sir
and healthy lungs in Los Angeles County” —is
giving its 2010 Breath of Life Award to District
g City Councilwoman Jan Perry. The strongly
pro-development Perry has pushed forlofts,
condos and apartments naxt to and near -
downtown's jammed freevrays, She has not
pushed any pian to warn Angelenos about the
serious health effects on children who move
into that housing.

Becording to Breathe LA's announcement

' HE VERY SMALLEST
PARTICLES PASS RIGHT
INTO THE BRAIN.”

~UsSC ENV!RONMENTAL—HEALTH RESEARCHER
' 'ROB MCCONNELL :

hitting you in the face. Most peopie are buying
and renting because there is 2 freeway” More-
aver, hie ik seeing more and more units erected .
near the freeways, in part, because “there’s
shortage of hmd and people will build where
they can,” even on often-expensive fmeway
adjacent Jand,’

With city officials now focused on pre'vem
ing the city government of. LasAngeles From
slidinginto & deeper.fiscal crisis, a debete ovér
the health of tens of thousands of local childre

cn:s per day, noz dbes arty LA surface stoéet.

The sheer voluine on the c&tfsfreeways

key ason whi people are gettingsick. .
i o’

2ouneil’s failure to wamn residents ot to piirsue

setter planning when the c:ty was flushwith,
unds. Bill Gallegos, executive directof:
ananities for & Better Ermtunment, says,

san't ignore the sclence, Jtjust can'tbe al’xunted s

off to the side because of the economic erisis”
LaBonge's logic probably wouldi't go over

well with an sctivist pareiit e Elaine Lyles,

whose daughter Itanizs develdped asthma

when she waz joyears old — sh,esnowasoph& g
more in college. Lyles, o commercial real estite,

broker, volunteers at nhea]d‘ly lorigs advoeacy
organization, and she doein't want-any parent

or child to go throtgh the ordeals ber famx!y O

suffered.

For years, L‘y!eshnshwdmarthe lofteeway g

inthe South Robertson neighbathood;
attended a nearby achool. Yenis ugd, up
receiving harrowing calls from schost
young daughter couldn’t breathe, Lyles was
told by her doctor that the'girt had contri cted
asthma due to*pollutants in the ating
The diagnosis changed ItnnzaLyles ik
“She would have cbﬂ'lcufty
would tellher to calm dcwm arid e

At % |
Elaioe Lyles recalls, She sometimes clished - ~
with doctois, who pushed her daughterto scale

back her athletic activities inorder to improve
her health. “But she's fullof lifeand active, and

she wonld get angry because she couldn't live -’

Tife to the Rallest”

Lylas witnessed Itanza suffer horrific asthina.
attacks, which can kill vietims via suffocation,
and she remains hounted by the far thather
daughter could die atanytime. A fiend ot
church tragically lost a child during a severe
aethma attack, devastating her and shooking
the Lyles family, “Yourkid cax’t get aiz” Lyles
says. “You have as manyinhelers as possxble

axound, but you neves know. Ass parent, yo're g

never free of the idea thatyou.r child coutd
succuimb.”

Lyles oldest danghter doesn't hwe asthma.’
The first five years of herlife, when har tiny  ~
hungs were undergoing d eritical stage of |
development, the Lytes family lived farfrom a
major Los Angeles freetway, in the Hol
Hills near Griffith Park. “It's probably why
she has better Jung health,” Lyles says, Many
scientists today would probably agree. :

Percy Vaz, developer of the Linvold Heigits '
master-planned cormmunity where Fay Gieen

and Aura Sanabria clean up thick“dust” in the .

Tesoro del Valle apartments, opposes a buffer
zone between housing and freewny lanes. "% -
think there are spartrent bulldinigs just ps
susceptible on a mejor thercughfare,” says Vaz,
a prominént local developer and fourider of

AMCAL Housing, which specielizes in for-sale -

and rental affordable housing. “Would we havé
a buffer zone on Wilshire Boulevard? On a gitt
level, 500 feet is far overreaching”

But even ciowded Wilshire Bouevard
doesn’t carry anything approaching 285,000

1§ unlikaly tobe welcomied b-y b Cxty Couned
* or Villarsdgosa, . - .
- Becording to Woo, netthesthe Czty Counédl,

. Jed by eléetric car—driving Council President
Eric Garcett), por Vil araigioss, who wants Los
Anga'les tobe “4he cleanest and greenast city”
in Ametics, has shown il btereat i the 500+
foorbuffers or huzard-disclosure reguistions
suggested by the scientists. Inside City Hall,
where real estate developers have enjoyed
outsized inifluence for the past 100 years or o,

- such réstrictions, Woo says, wou!d "‘pmbably
; be very controversial”

genttothemediaafewdayrago,JanPerry-—
promotes “clesn airand healthy lungs .. each
and every day* | .

Environmentalists; suys Bahrom Fozeli of
‘Communities for a Better Enviropment, have
perhaps. missed an opportunity by foctsing on
othet issues, such s cleaning up the porta and
working withthe Mayor's Oﬁme tosignoffon
a “cumulative-fnpacts” di

Hlthough the divective has been :dowm .
coming, it would ideally force city departments
to ook into hew specific, major projects, such
as anew oil refinery or alrport expansion, add
overali pellution to neighborhoods — and then
plan accordingly. But the cumulative-impacts
vule probably would be silént on the more
direes threat to human health ~~ housing heéing
‘bullt right next to LA, freeways.

“Maybe we maide 4 mistake, maybe we
shouwid haye gone with {freaway-adjacent hous-
ing).* Fazeli offéri "Bt we always think about
thes»et}ungs.mdtlﬁnkabauts&ategy anawe

oty haive limited regources”

Soime etivironmentilists alsio act as cheerv
leaders for dense urban housing, including that
[ alopg freewdys, axguing that it ielps to combat

* global warming by discovraging suburben Jiv-
.. ing. Their focus is. noton 1be health of mdmdu-

“alsbut th pldet:: -

thvist paredt Elame Lv!es sawher .
teg guffer horrife sstima attack

‘ ~pec\p!e whomova
unhea}thy, fme—
tothe dracks:

pmfeasor Rﬂb McCon endthe umversity’s
; commumtyoutrem}:expmm Hiricko sit
Befors Villaraigose's pobucﬁl ppoiitees o0

the'city Planning Commission to share USC'e
2607 fteewarhousmg ﬁnd.mgs. '}'he meeung

Miks Voo, whowaswomed shcut freewnyv
. adjacent hor

Jim Gauc!enmn e USC colleagne, environ:
merital-health résdatcher McConngll, 1ékd the
- Lo#: Angeles Flanting Cemniission, “The very
siallgét.particles pass nght throtugh the re-
’ spimwry sirstetn and {nto the body; inclading
the brai” McConell and Hx‘icko upged city
plantiefs to push for 4 500-foot buffer 7one be-
twen: newhcrusmg and] freeways o, atleast,
puxsue ai ordiiance requiting. dweiopers to
; \SC.‘IOB"& 10 pmspectwe rentért or buyers the
inka one. blotk of freeways:
delSol, the dtty-backed
freewsy in Lincoln Heights,
e niastive; 1,000-nit, willed‘in, Uni-
vetsity Village tix:ecﬂy sbutting {(18»

| leweokty.oom ( Maroh 511 2010 / LA Weakdy { T7)




»> 17 ) the 405 freoway in West LA, as
two troubling, real-life examples of housing
developments that could meke residents sick.
HThere are a lot of smadl kids in that housing”
Hricko said of University Village.

I’s ironic that UCLA, with graat ballyhoo,
‘touted the new University Villag’e as afford-
shle college housing in the 1990s and flled”
it with univarsity students and employess.
University Village immediastely Sanks both
sides of the 405 freeway along Sawtelie and -
Sepulveda boulevards, where 261,000 passing
cars and trucks create ohe of the world’s most
dongested freeways, The roar of traffic neces
sitated toweting sound walls, yét the Univér-

sity Village Web site boasts a playground and -

“state-of the-art” child-care center - for 200
children.

The pale-stuces apartment buildings have .
a hipster feel that has attracted many young
medical-school studenty and other stedent
residents, as well ss UCLA employees. They
probably think it's a great desl because the
rents ave set below madcec rates for :he pricey

Woctaida

Univetsity Village sits well inside the 5o0-foot
zone scientists s "~ hazardous tokids —and,
they-fear, almo: Imountiof mitigation can
change that. Some scientists say that air-filtra:
tion systems designed ints buildings —and
-even deuble-paned and triple-paned windows
that are common in the howry downtown
condos next 10 the Harbor and Hellywaod
~ canndt stop the finest pollutanm
from finding their way in.
As McConnell told the ¢ity's plan.mng come

Vitardlgt  Mled this Aventg 26 project a model fo's‘l‘sm'lly'l.souslna, -

Scientists say children shouldn't Bea héra,

. missionin 2008, when pollution i tested next

to Southern California freeways ‘you see a
hugeincrease in 2 number of traffic-related
-pollutents, and it diminishies quite papidiy
when yougo backto 300 meters®or 984 feet, |
abouttwo sity blocks, The munbet of asthma
wises among children, MeConnell explained, -
tracks the same way —~more slokkids near the

" fréewny, more healthy kids forther sway.

_ Thist day, the USC professor gave the plar
sing comsmissioners an unusuaily firm recom:
mendation: T think there’s strang health-sei-
ence justification for vegulating exposures

Accordingts 4 UCLA beiintist who woiks,
with the EPA Southera California Particlé Cenr

ter, 0o studien of health effects were conducted”

at University Viilage, Butin 2004 scientiats
measured the thape and size of the indoor -
and ovtdoor uttrafine “nanc” particles in the -
village ~ whick are of concern to scientists .
because nano particles can act as mininture

transporters of toxlus into the human respira- .

toryteact.

Just hiwdm Geoff Palnier’s upscale

Cruing and Medicd residences in LA "new
dawntm-m, andtha.&venﬁeﬁﬁpm}ed. :

eve!dperPerc Ao
u‘nifer zones bew.'aen new housing and
i

{18 ) LAWoakly / Merch5112010 / imweeldy.oam, |

| zonewas merely a “start” and strongly sug-

within £00 feet of roadways with|

* he said “I'm nét sude that will

guaraitée
health of our children, but T thisik that thiore's
very good evidence that within that margin,
what might be thought of aif s misrgrin of safity,
&m&bemmheahheﬂmdm&ﬂdmnm
‘going to be suffering™ ‘
Hiicko conoutred, asmng B soo{oat buffer

e
BRI,

gested that real estite developais be required .
to dizelose to mpe‘:mbnmrsaxﬂtenmts .
!hefactsa%:outposaiblehenhhmknofi

. ﬂngbtmtoaiz_wwa
: -end

inthe late summer of 2908, Michdel Woeo, the
: plamungcommwsmnez,was shakentothe
bone, “My reaction was, *I'his is a very sericus.
problem’ that it's womthan Tthought” Woe
tells LA, Weekly,

Theri-planning commission Premdent Jarie
Ushier ordered Los Angeles City Planning
Departient #nffer Churlie Rausch fo fetirn
" ihthree months with “next-steps” suggestions
fromi the planning department for the planning
commission to considér, snd pdtentially enact.

But by the deadlibe in November 2008,
Rausch’s boss, p!annmg chief Gafl Goldbery,
Bad foiled to producé any “next stéps” for the -
planning commission: Goldberg and Ushéz,
infact, were spasring over City Hall's
- "contzoversial push to increase housing dessity

in nelghborhoods citywide, Goldberg led City
Hall's so-called density hevwks, and Usker was
on the othet 3ide; upset thiat carefully designed:
Comimunity Plans wefe too often ignored
by Goldberg’s planning department — for
example, that developers secking height and
size “variances” to override local zoning were
regularly given the greendight, Usher resigned
at planning commission president that De-
gember, ina very public parting,
 The next honth, in January 2008, with

. the cutspokent Usher gone, Goldberg ﬁna&ly
delivered her list of freeway-adjacent housing
recommendations, which Woo describes ag
“weak” Goldberg suggested several mitiga-
tion idens she sald had been “proven very
effective” Among other things, Goldbarg said
vegetation gould be planted between housing
and freeveays — but some scien- {20




»> 18} tists say a thick and deep stand of suffictently kéep out the pervasive toxic par-

' mature trees wc:;:lg be re;;;llimd_ i i " tidles.He explains, "We're build;i:g mogem

. Shesuggested the installation of home air- ') ¥ buildings with afr flters and duel-pane
filtration systems and proposed that, devedop- !T ‘—'AN T B E SHU NTED OFF windows. We mitigate as much as possible.”

v ~instali windows that don't open - buotl Byk argues that in the future, véhicles wilk
k] u;.’fisures that seientists sy do ot keep fine- JU ST BECAUSE 0 F THE be far cleansr, and that current levels of lung

Is fthe tungs of childs da i1l be reduged. fro

particulate matter out of the Jungs of « en ' . amnge will be redueed. “Ernlssions rom +
and ohers because the dust is so pervasive, EQQNOM!G GRISISc" - . caxs and diesel trucks are everdlxmnishmg..,
and works its way thmugﬁ abuitding’s tinigat —E‘“ " (303 1don’t pee it as a long-terin, asgmﬂcmt jssue
eracks and holes. RONME"TAMST B“"!“ m S But; ad Lyow of AQMD-poinita out, Cali-

The planning department and Goldberg
“never really accompiodated anything from
that [August] meeting” with the scientists,
says Angelo Logan, executive directot of Fast
Yard Communities fot Environmental Jusuce, '
whowas present and also testified. :
Goldbery's halfhenrted recommendations

forria ia many yeers froin attaining lower,
fedetally mondated eraissions standards

~and the volume of iraffe is hot Adecreasing |
 but increaéing: Bver if radically lower tailpipe
emissions were achieved in the next decade,
Lyou says, cars and trucks will continue té
produca vast amonts of hazatdous freeway
have now become a forgotten, and p-oss:bly particulate matter from tire rubber and bm’ke
tost, public document, b " disst.

City Plenning Department Deputy Director B : G 5 “Ifleading scientists ire shocked that theu'

Vineent Bertoni could not find the year- - ; : - years of effort rasearching the health of
old “first steps” report for the Weekly after ; e e . thousands of children tn Southern California
repeated requests in Jm“a?'r rding A da T S ] produced zero action from LA mayor and

another staffer said it's something ! thatthe . | ; o Rl J i . ment — publicly.

Los Angeles City planning &epanment would : ; N : ¢ Atdréa Hricks, divectot of community
not keep for future reférence — & elim that | ‘ ; . e outreach at USC'e Keck School of Madicine,
drew an ingredilous response from former -thotsgh not a selentist, s charged with edu-
comrissioner Usher. cating elected officials shout important stud-

The Weekly finally obtained a copy-of ERNS I I n ; : - fes conducted by scientists like Rob MeCone
the forgotten Gail Goldberg plan frofnan. - - - 8 : ; ST I : CORTIN [PWEvs SR ! ‘mGau rmai. But she doem't play
environmental activist, [t contains no sigges- | o : . y : 2 Eind of political hardball nieeded to det .
tions that femilies ot others be warned before “ f ; “1i 1 : L i o 508 the Mayor's Office

ronting or buying housing within g block of
anL.A. fmeway

involved in a coitroversial tase that would
alinott tertainly infuriate developers — who .
srebig campaign contributors to many City
qu,mnmad«ﬁmmmodcwy , . _ ; : sl

Hall lewders, Woo says the planning commis- . ST " *This pameuiar issue about buffer zones
sion has *na legal tools t4 prevent & developer - i ' nndﬁeewm iz & difficiiltoze For city policy,
from building™ family housmg right nextth & :

freeviny. Aind environmentalist Logan backs .
this up, saying that the problems of lnnmng )
near freeways hasbeenignored”

Developers of the “vast majority” of
housing in LA. don't need permission from
Vitlaraigosd’s planning comsaissioners be-
cause the developers aretiot secking special
variarices to get around height or density
risles, Woo sys, As a fesult; the planning )
comemission has limited chaticesto challenge -
freeway-adjacent hosing, “We don'thicve 5
wvery good process for atleait questioning
housmg profects near freewayd,” be

- One devel loper whowould oppose ah
buffer zone is Jeremy Hyk, vice presldent of -
real ostate develdpthent at Sherman, Oalcs
based IMT Residential IMT builds'apsrt-
ments near the 101 and 408 freewsys inthe
San Fernando Viliey, with liverature promot-.
ing “easy freeway acoesa." Om hrxury project
in Eneino, with a towering lobby and grape-
arbor fagade still ynder tonstriction, will
soon offer two- and three-bedroom, mostly .
tnarket-rate apartents 76 feet from thi hum-
ming roadbed of the Ventura Freeway.

For IMT, if it esin place axt apartment bmid-
ing on land dizectly. adjacentto nbus—y free-
way, it can adyertise, without paying s penny, .
to thousandsof thitdrists evety diy, The
coinplex in Encis 505 Newenstle Bve, -
had for months & banner festooned stross the
front reading "Mu!ﬁ Falinily, Huusing, whiih
could be saenby the roughly 201,000 cara and
tricks that phes’ that stréteh daily,

“We like to be hear as highty trafhicked and
high- vzsl'mhty rondimys £s § posH b!e, says
Byk “Ifdeives oizr sales that way” ) .

He says he ha.sn’t réndthe USC studies and :
by acientists for
the 560-foot buf‘fem ore disclosurs statement
warning paretits. He says he's fine'with the
ider 6f 3 health-hnzard dlscloxure Etatement,

but not 2 buffer zone. “Ie's ridielous”
The developer sayshe s always -
_ cerned” abotit the hialth 6f his teridnts. But
heis appawndy upiavare that somer scientists
don't believe current mitigation medsurés

(2203 ) LA Weokly /[ March 5-1: 2010 / laweakly.com |

pubisciy supported 500-fo0t buffer
zones i 2008, and Hricko backed him up
and frmby put forth the idea of a health-haz-
ard d.i:lclasdm st;uemen_t,‘she backtracked

aysy;
addresa the problem of new housmg next to
freeways.

- In fact, city londers have no such plan. OF-
ficials in the Planning Departzient can't even
find the ¢id ideas from Gail Goldbérg’s Japu-
ary 2009 "hrst-stepa” Hist, Comments from
Councilman LaBorge, commissioner Wog,
and actihyg. degrnty daper Paicual make clear .
that no elected City Hsﬂ polmciun is t&]nng
up the cavse

YetLos AngeEes City Council members do
approve headline-grabbing environmental
- policies that teénd to porttay them as benevo-
lent gunidians of hurnan health.

“The' il hins Banuied stsoking outdoors
o6 near restautant batios; and in 2008, the
counedl placed b controversisl temporary ban
on new. fast-food out!ets in aza-squme-msle

¢ fat. Sbe and other cauncdmembers used the
" sclentifically dibious argament that fust-food

chains wére to blame, only to be eritharrassed -

by & Riand Corp: study some montha kater

" cleatly shiowing that South Los Angeles actu-
ally has fewer fast-food chains then seversl
areas of LA,

The douncil i§ not considering 2 disclosure
ordinance, however, t6 warn people about the
well-zesearched and proven risks, especially

- for childven, of living right next to 4 freeway.

. Joe Lyott fnds the situation “cutrageous,”
saying, “To creste hovsing near areas that
are dangerous for your health just seems so
fundamentally wrong” il

Contact Patrick Range McDonald at
pmcdonald@laweelkdy.com.






12 Dowtown News

BY Briav Kavanach
iving near a freeway may be assocmted

with increased risk of autism, accord-:
ing to a study published by a team’of -

researchers from the USC Keck School of
Medicine, Childrens Hospital Los Angeles
and the UC Davis MIND Institutte.

The paper appears online in the journal
Envirenmental Health Per@ectwes

Children born to mothers living within 309
meters of a freeway (or just over 1,000 feet) ap-
peared to be twice as likely to have autism, said
Heather Volk, first author on the study. Volk
holds joint appointments at the Comminity,
Health Outcomes & Intervention Research -
Program at The Saban Résearch Institute of
Childrens Hospital Los Angeles, the Zilkha
Neurogenetic Institute and the Departmcnt of

- Preventive Medicine at the Keck Sé¢hool.:
Autismi is a developmental dlsor,dgr that

has long been ascribed to genetic fac_toxsf.,
While changes in’ diagnostic. criteria-and -

Report Finds Hezghtened Ri

incredsed awareness-have been thought to

contn tet6: the rising’ incidence of the dis- _ |
¢se factors alonié cannot. explam”the E
drama inicrease in the number of childrén . -

affected; Thé Centers for Disease Cotitrol and
Prevenition reported.a 57%.iricrease between
2602. and. 2006. The new study Supports the
theory that énvironmental factors, in. con-
junctién with a strong genetic risk, may be
one possible explavationfor the increase.

Data from chﬂdrerr ;

001 dliidren Chﬂdren

January 17,2011

th'autzsm a.nd typi- |

popuiauon«based caseu'

P LATESPLUS

DOWNTOWN. LA

no.consistent pattern of association of autism

with' proximity to major roads, as opposed to

ﬁeeways, however,

i Traffic-related.air pollutants have been ob-
served to-induce inflammation and oxidative
G’&ress in toxicological and humen studies = "2
emerging evidence that oxidative stress and

" inflammation are involved in the pathogenesis

of autism supports the findings of this study.

“We expect to find many, perhaps dozens,
of environmental factors over the next few
yeats, with each of themn probably contribut-
ing to a fraction of autism cases. It is highly
Izkely' that most of them operate in con}anc-

" tion'with other exposures and/or with genes,”

said Irva Hertz-Picciotto, chief of the division
of environmental and occupational health in
the Department of Public Health Sciences at
UC Davis, and pringipal investigator on the
CHARGE study.

Article courtesy USC HSC Weekly.
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who Hve closeé to freeways

have twice the risk of autism, -
researchersreported Thurs-”

day. The study, its authors
say, adds te-evidence sug:

gesting that éertainenviron-

mental exposurescoild play

arcleincausingthe disorder

insome children.

exposure to air poliution or
exposure to traffic causes

2ad author of the paperand

factors thatare contnbutmg
“toibsincrease.”

Reported casesof autISmi

cages increased by 57% be-
tween 2002 and 2008, accord-
ing to the Centers for Dis-

ease Control and Preven-
tion, although professionals

have actually risen or a
greater proportion of autis-
tic children is bemg diag-
nosed.

An estimated 1 in 110 chil- )

dren is diagnosed with au-

tism today There is no cure,”

although reseamh has

Childrenborn télmothefsj '

“This study ish’t saying

alitism,” satd Heather Volk,

I

shown that vanous thera—

spectzves, )
iooked at 30

dren, between the age& ofgd
“months. and Boﬂmenths at :

commumtles around 'Los.\"
Angeles, San Francisco and_ :

" Sacramento,

. Eachfamily was evaluatn-
ed in person, and all of the

childrén recelved develgh-
mental assessments, Re-
searchers collected data on
where each child’s ‘mother

lived during pregnancyand C
- at.the tirhe of birth, and the. - way
proximity of the homes to &

~majorroador freeway, -

Children living: - about’

1,000 feet froni a freeway at

birth — about. 10% of the’
$till debate whether rates : sample--had atwo-foldin-

crease in autism risk. The
link held -up -even E

‘ather facﬁors {ha

ence developmens uch as-
ethoicity, paréntel-:edy

tion, maternal age and,expo;l
sme to tobaccosmoke,

ples _can nutlga’se some.”

In the current Study, pub~ .
lzsheci online in the jqurnal; :

udy did not fmd a

freeway That may be due to

S

during pregrianéy.

“They are using a proxy

measure for-air’ pollution,

which 1s d1st;a.nce to a free— "

-the Wo:ﬁen éi;}élit'at home or
wnrkmg , or: commuting ?

. shaﬁ.rban_@latﬁngs.cém -

the typ,e, and quantity ef. '

enc{ations on What -
-about this potentlal_
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By JANET WILSON
Times Staff Writer

As many as 24,000 deaths
annually in California are
Iinked to chronic exposure to
fine particulate pollution, tri-
ple the previous official esti-
mate of 8,200, according to
state researchers.

The revised figures are
based on a review of new re-

search across the nationabout”

the hazards posed by micro-
scopic particies, which sink
<eep into the lungs.

“Curreport concludes these
particles are 70% more danger-
ous than previously thought,
based on several major studies
that have occurred inithe last
five years,” said Barb €roes,
chief researcherfor the Califor-
nia Air Resources Board. Croes
wifl present his findiggs at a
board meeting in Fre 1:;0 thls
morning.

The studies, inclu mg one
by USC tracking 23,000 people
in greater Los Angeles; and an-
other by the American Cancer
Sociely monitoring 300,060
people  across the United
States, have found - rates of
heart attacks,
other serious disease increase
exponentially after exposure to
even slightly higher amounts of
metal, dust or other fragments
from failpipes and 'smoke—
stacks.

Itis chfficult to attrlbute in-

dividual deaths to particulate

poliution, Croes conceded, but

he said long-term studies that -

account for smoking, obesity
and other risks have increas-

ingly zeroed in on fine particu- -

strokes - and -

‘ing; they're ineredible,

late pollution as a killer.,
“There’s no death certifi-
cate %that says specHically
someone died of air pollution,
but cifies with higher rates of
air pollution have much greater

rates of death from cardiovas--

cular diseases,” he said.

Californians. exposed- to
high levels of fine particulates
had their lives cut short on av-
erage by 10 wyears, the board
staff found.

when particulates are cut even
temporarily, death rates fall
“When Dublin imposed. a

¢oal ban, when Hong Kong im-

posed reductions in' sulfur di-

oxide, when there was a steel

mill strike in Ttah .., they saw.
immediate
deaths,” Croes said.

“More measures will be

needed, air board officials said,
including .eventually lowering
the
levels of soot statewide. Califor-
nia already has the lowest
thresholds in the world, at 12
micrograms per cubic meter,
but researchers say no safe lev-
el of exposure has been found.
More regulations are being

drafted, including one requir-

ing cleaner heavy-duty trucks.
“We must work even harder
o cut short these life-shorten-

ing emissions,” Alr Resources

Board Chairwoman Mary
Nichols said in a statement.
Clean air -advocales said

theywould beawvatching closely.

“These numbers are shock-

Tim Carmichael, senior policy

director for the Cdalition for-
: Clean Air, a statewide group.

He and others said the board

-reductions . in

- maximum  permissible

" sald -

,

must strengthen a‘soot clean-
up plan submitted to them by

the San Joaduin Valley Air Pol-

lution Control District. A hear-
ing and vote on the plan is
scheduled for today.

. Numerous Central - Valley
public - health groups wrote
Nichols this week, urging bans
on theuse of mdustrial equip-
ment on bad abr days, tougher
controls on bojlers and erop

. drying equipment, and other
Researchers also found that - -

action. "The econoriic cost at-

tributed to preémature deaths ..
~and xllnesses linked to particd- .

late éxposure in the Ceniral

*Valley has. been estimated at

$3'billion 2 year, snd $70 billion
statewide, according to sepa-

" rate studies. Those figure are
‘ expected to be revised upward

based orrthe newreport.
“We must -clean up the air.

"We cannot afford further- de— o

Iay," the gmup wrote

lution

Agmcuitural and construe-
tion - industry groups have
fought such provisions, saying
that they could ‘cripple the re- |
gion’s economy but have not i
pubholy complained about the
plan as proposed Board
spokesman Leo Kay said that
given tllqe new mortality find-
Ings, "I pertainly dom't expect a
rubber-stamp approvat v

Janet.wzlson@lat1mes com:
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NO MANSON VICTIMS 'FOUND

Jeff. Hollowell Zeft a detectwe with the Inya County Shemﬁ' s Department
and Sheriff Bill Lutze wrap up the search for human remains at a ranch

west of" Death Valloy where Charles Manson and his f'ollowers hzd in 196'9
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3 —Living near major
h:ghways has been imked to childheod asthma, but
& new study led by researchers al the Keck Schooi
of Medicine of the Undversity of Southern California
{U50C) suggasts that irafficrelated pofiution near
schoods is also contributing to the development of
asthma in kids

The Fegedrchers Tound THal The ek
of developing asthure due io
exopsure &t school was comparabie
10 that of chifdren whose exposure
assuned pimardly 8t home ewen
though Yme spant 81 scheol oniy
acnobnted for abolt ong thid of
waking houre Children in schosls
tocated in high-trslile envirgnments
had a 45 percent moreased fak of
deveioping asthma, The study
Bppeans i the journat
Enviranmental Heslth Perspectives
and is now avaltable ohling,

Siare This:

See Also:

ih & Tadicihg

Asthma is the most common chronic
childhood #ness i developed
countries and has baen inked to
ervironmental fectors such a5
waffic-reiated air pothution

“While reswenval rafficqreisted
paflution has been assoclaled with
asthme, there has been fife study
of the gifects of tralfic exposure &l school on new onsat
asthma, " sald fead author Rob MeGomnall 8.0 . professor of
praventive medicing at the Ketk School of Medicing of USC
"Exposure 16 poldioh st locations other than home,
especigly where children spend a large portien of their day
‘2nd msy‘engege in physicel activity. sppears to nlvence
esthma nisk as well”

The sturdy drew upon dats fom the Chiltren's Healh Study
{CHEY. g longituding! study of children in Southerm Catifornia
communilies thal was designed to investigate the chronic
effects of &ir pallution or respicatery heaith. Using a cohort of
2,497 kindergatten snd First grade children who wera
aatha-tar when they erdered the CMS. researchers
examined the refztionshlp of loca! kalfic ground schools and
hormes to dizghosls of aew onset asthma thal ocourred
durlngy three years of follow-up,

Tratficrgtated poliution expostre was assessed based an a
mgdel that ok o sccount iraffle vokame, distance to major
sogdways from hame end scheal and local weathet
comditions, Hegional ambient ozone. rilfogen diokide and
particulate malier were measured continuously ot one centtal
site in ezch of the 13 study commuaties. The design aliowed
investigators 1o examing the joint effects of local
walfig-related potulion greesore 2! schodd and gt home and
of tegional pollution guposyrg affecting the entice community,

Researchers found 120 ¢pses of new asthma, The nisk
assoviated with Wafticrelsted pollution exposura at schools
wase almost 85 hgh 2¢ for residential expesure. and combined
xposure acsounting for e spent at home and at schoot
hatf a slightly larger effect,

Adfthough chiidran spend fess time al schiool than at home.
physicat education and other activities that take place 2t
schoot ey increase ventiation rates and the Jbse of
pollutants getiing inte the lungs, McComnal noted.
Traffig-retated poliant fevels may aiso be higher guring the
morning houes when chittren are amiving af sthook.

Tiespite a sizte law that prehibits schoot districts from
buikling campuses within S0C foet of a freeway. many
Southern Calklfotrsia schools ane logated aear bigh-ratfic
argas. ichuding busy suface streats.

"It's important to understand how these micro-environments
whire ¢hbldren spent a ot of fhelr e sutside of the home
Are npacting thelr heslth,” MoConael! sald. "Pojicies that
redue exposure to high-raffic snvinbrimants may belp to
prevent this disesse.”

T pludy was funded by grants from the National institute
of Baviteniental Heath Sciences, the U 8. Environmental
Frotestion Agency. the South Coast A Quality Management
Distvict and the Haslings Foundation,

Shyrg this S0ty ot Facehtuk, Twitter, and Google:

Othar social bockmarking and sharing toaks:

i

Story Sovrce:

T

above stary is reprinted from - provided by

Sonial Networhe

b Recomuarend ScisrceDaily o Facebook. Twitler,
and Google «f.

A qew study suggests that Iraffic-related podion
near sohools contnbules fo the davefcpment of
asthma i figs {Credt. 1I3lochpimlo/Robet
Haoheld)

Related Siories

Asihma fate and Gosis from Traffic
Higher Blueh Higher Than Past Yo
sk Asraskinanis Wave Indicated
—= A laam of resource eoonomist
researchers has revised the cost burden sharply
upward for childhood astivna and for the first thme
inciude the sumber of cases aliributable fo aw
poliution. in g new .

Hpllution

Hreah

pra}
¢l
o
—
111
g
3]

=
. Heavy raffic cormidons
m the cities of Long Beach and Riverside are
osponsibia for ¢ significsal proportion of
preventzble chidhond asthma, and the
af aw pofiution 2nd ship emissions .. >+

i
- Chicfren wlih stressed ot parents

;;y be mare susceptible o developing asthma
associaled with environmental tiggens such as
high hevels of trafhi reialpd palJu

¥
- Children exgased to b
of air po‘i.;hun during their first year of fife run 2
qreatemsk of developing asthma. ofien aligrgies.
and impaired resp»rawry ’uncuan Horvaver.
genetic lactars . > s

po! Ldion may ingregse respiratory problems and
raduce iy voilmres in childrer with asthing,

according to researchers who studied the effscls
of road and tesffic densityon . »

in Other News ...

. frop SuinceDaily

Giel the latesl suiente novs with our free gmait






findawi Publishing Corporation

Journal of Toxicology

Volume 2012, Article ID 782462, 23 pages
Aot 101155201 2/782462

Review Article

The Adverse Effects of Air Pollution on the Nervous System

Sermin Genc,! Zeynep Zadeoglulari,' Stefan H. Fuss,? and Kursad Genc!

! Departinent of Neuroscieare, Health Scierce Institute, Dokuz Eylul University, fnciralei, 35340 lanin, Tirkey
2 Department of Molecular Biology and Genelics, Bogazici University, 34342 Isianbud, Turkey

Cerrespondence should be addressed 1o Kursad Gene, kkursadgenc@®hotmail.com

Received 30 May 2017; Accepted 15 November 2011

Academic Editor: Cinta Porte

Copyright © 2012 Sermin Geng et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is property cited.

Exposure (o ambient air pollution is a serious and common public health concern associated with growing morbidity and
mortality worldwide. In the last decades, the adverse effects of air pollution on the pulmonary and cardiovascular systems have
been wedl established in a series of major epidemiological and observational studies. In the recent past, air pollution has also
been associated with diseases of the central nervous system (CNS), inchuding stroke, Alzheimer's disease, Parkinson's disease, and
neurodevelopmental disorders, It has been demonstrated that various components of air pollution, such as nanosized particles,
can easily transfocate to the UNS where they can activate innate immune responses. Farthermore, systemic inflammation arising
from the pulmonary or cardiovascular system can affect CNS health. Despite intense studies on the health effects of ambient air
pollution, the underlying molecutar mechanisms of susceptibility and discase remain largely elusive. However, emerging evidence
suggests that air pollution-induced neuwroinflaniniation, oxidative striss, microghial activation, cerebrovascular dysluniction, and
alterations in the blood-brain barrier contribute to CNS pathology. A better understanding of the mediators and mechanisms will
enable the devclopment of new strategies fo protect individaals at risk and to reduce detrimental effects of ait pollution on (he

nervous system and mental health,

i. Introduction

Air pollution collectively describes the presence of a diverse
and complex mixtute of chemicals, particulate matter {PM),
or of biotogical material in the ambicnt air which can cause
harm or discomfort to humans or other living organisms,
The sources of air pollution can either be natural {e.g., vol-
cartic cruptions) or manmade {e.g., industrial activities), and
air pollution emerges as a serious health problem espectally

in rapidly growing countries. Millions of people worldwide

are chronically exposed to airborne pollutants in concen-
trations that are well above legal safety standards | 1]. There-
fore, morbidity and mortality asggributable to air pollution
continue to be a growing public health concern worldwide.
Al pollution ranks eighth among the leading risk factors for
mortality and accounts for 2.5% of all deaths in developed
countries [2]. The World Health Organization (WHQ) es-
timates that air poilution is responsible lor aver 3 million
prematwre deaths vach year [3], Bpidemiological and obser-
vational studies identified a strong link between the exposure
to contaminants in the ambient air and adverse health out-
comes, such as hospitalization and mortality [4]. Exposure to

air pollutants has been associated with marked increases in
cardiovascular disease morbidity and deaths resulting from
myocardial ischemia, archytunia, heart failure, and respira-
tory diseases such as lung cancer and asthma [3, 4].

About a decade ago, the central nervous system [CNS)
has also been proposed to be a target organ for the detrimen-
tal effects of airborae pollutants [3}. Indeed, emerging evi-
dence from recent epidemiotogical, observational, clinical,
and experimental studies suggest that certain neurological
diseases, such as Alzheimer’s disease (AP, Parkinson's dis-
ease {PD), and stroke, may be strongly associated with ambi-
ent air pollution.

Mechanistically, afr poliution pray affect the vervous
system through a variety of cellutar, molecular, and inflam-
matory pathways that either directly damage brain structures
or lead to a predisposition ta neurofogical diseases. Although
ischemic stroke (chronic exposure fo ambient air pollution),
multiple sclerosis (MS, exposure to second-hand smoking),
and P} {manganese content in the ambicnt air} are currently
the only neurological disorders for which a strong link 1o
ambient air pollution has been established, it is not unlikely



that other CNS disorders are also attributable to air pollution
[6-8].

ft has been suggested from epidemiological and obser-
vational studies that exposure to airbore poliutants can
contribute to neurodegenerative disease processes already
from early childhood on, especially if the individuals are
chronically exposed to the contaminants [1, 9-11]. Air pol-
hitants affect the ONS either directly by transport of nano-
sized particles into the CNS or secondarily through systemic
inflammations. Either of the effects can be caused by the
physicat characteristics of the particle Hself or by toxic com-

pounds that adsorh on_the particles [12, 13]. Although the

exact mechanisms underlying brain pathology induced by air
pollution are not fully understood, several lines of current
evidence point out that neuroinflammation, oxidative stress,
glial activation, and cerebrovascular damage might be the
primary pathways {1, 14}

In this paper, we provide an overview of the different
classes of air polhwtants and their potential ways to entry by
which they could get into contact with the CNS. We sum-
marize findings of epidemiological, observational, clinical,
and experimental studies which describe a link between air
pollution and neurological diseases or neurodevelopniental
disturbances. Finally, we summarize the current understand-
ing of the adverse effects of air poilutants on the nervous
systert and mental health on a cellular and molecular lovel.

2. Components of Air Pollution

Alr pollution represents a diverse mixture of substances in-
cluding PM, gases (e.g., ground-level ozone, carbon monox-
ide, sulfur oxides, and nitrogen oxides), arganic compounds
{e.g., polycyclic aromatic hydrocarbons and bacterial endo-
toxins), and toxic metals (e.g., vanadium, lead, nickel, cop-
per, and manganese) that can be found in ontdoor and
indoor air {1, 15}, Among these, PM and ground-level ozone,
which are formed primarily from nitrogen oxides and volatile
organic compounds, appear to be the most widespread and
harmful components. Of those, PM is especially relevant for
nervous systet damage and can be found as a mixture of
solid particles and liquid droplets, that are suspended in the
air {1]. Most individual components of atmospheric PM are
not especially dangerous and some major constituents, such
as sodivm chloride, are harmless {161,

PM is characterized by its size and aerodynamic property
which is directly related to its biological effects. For instance,
only particles less than 10 pm in diameter can be inhaled
deep into the lungs, whereas larger particles vsually get
trapped in the upper airways, Generally, coarse particles with
an aerodynamic diameter of 2.5 to 10um (PMp), fine
particles of fess than 2.5 gm (PMa 5), and ultrafine (UTFPs), or
nano-sized (NP) particles of less than 0.1 gm can be classified
{15,171

Road and agricultural dust, tire wear emissions, products
of wood combustion, construction and demalition works,
and mining operations are the primary sources of PM;q.
PM. 5 particles commonly originate from ofl refineries, metal
processing facilities, tailpipe and brake emissions, residential
fuel combustion, power plants, and wild fires {15]. They
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are formed from gas and condensation of high-temperature
vapors that are formed during combustion and industrial
activities. PM; 5 can be composed of both orgaaic and inor-
ganic compounds, including sulfates, pitrates, carbon, am-
monium, hydrogen ions, lipopolysaccharide {LPS}, metals,
and water [1]. Diesel exhaust particles (DEPs), however, are
the major components found among ambient fine particles.

UFPs are mostly combustion-derived NPs, which can
be produced by internal combustion engines, power plants,
incinerators, and other sources of thermodegradation. They
can carry soluble organic compounds, pelycycic aromatic

___hydrocarbons, and . oxidized transition metals on their surs o

face [181. UFPs have distinct features that render them more
dangerous than other PMs, For instance, they have been
shown to inhibit phagocytosis and to stimalate inflammatory
responses {16]. Although the effects of UFPs have been
studied less extensively than those of PMa ; and PM g, there is
evidence that the size of the particles is negatively correlated
with their adverse health effects [19].

Indeed, ambient UFP concentrations are found to be
directly correlated with mortality [26]. Current national air
quality standards are based on the mass concentration of PM.
However, when compared to fine particles at similar mass
concentrations in the air, UFPs are much more numerous
and have a larger combined surface area, enhanced oxidant
capacity, greater inflammatory potential, and higher pul-
monary deposition efficiency {16, 17, 21, 221, A major risk of
UFPs arises [rom the fact that they are not filtered out during
their passage through the nose and bronchioles but sre able
to penetrate deep into the lung where they eventiaily enter
the blood circuiation and can get distributed throughout the
body.

3. Entry of Air Pellutants inte the Central
Nervous System

Sustained exposure to significant levels of airborne UFPs,
PM, and LPS may result in the direct translocation of
these pollutants to the CNS where they can result in neu-
ropathology through a variety of pathways and mechanisms
{Figure 1). Alternatively, air pollutants might not enter the
CNS directly, but could exert adverse effect on the CNS
by triggering the release of soluble inflammatory mediators
from primary entry organs or secondary deposition sites.
The release of inflammatory agents could then lead to or alter
the susceptibility for neuroinflammation and neurodegener-
ation in the CNS,

Once taken up by the body, fine PM or NPs could rapidly
enter the circulatory sysiem with the potential to directly
affect the vascular system. For instance, NPs could be inhaled
and cross the alveolar-capillary barrier in the lungs. The
ability of NPs 10 cross this barrier is influenced by a number
of factors that include the size of the particles, their charge,
their chemical composition as well as their propensity to
form aggregates. Even though the translocation of inhaled
or tnstilled NPs across the alveolar-capiilary barrier has been
clearly demonstrated in animal studies for a range of NPs
[23, 24], it has been more difficuit to directly demonstrate
this mechanism in humans [3].



—ulfactory sensory neurons extend thelrderdritey oo the

activated endothelial cells and UFP-loaded ervthrocytes |1,
33, 34]. :

Another important and more direct route for GEPs to
enter the nervous system is through the olfactory mucosa,
which is a neuronal epithelium that is in direct contact with
the environmental air {35-37]. Thus, fine and UFPs may
reach the brain through olfactory receptor neurons or the
trigeminal nerve. QOlfactory receptor neurons are bipolar
sensory neurons that mediate the sense of smell by conveying
sensoty information from the nose to the CNS, The olfactory
epithelium is covered by a layer of sustentacular cells, but

Journal of Toxicology

for NPs that enter via neuronal uptake. Usuaily, the CSF
serves as a fluid cushion for the brain, but also distributes
substances to all brain regions and acts as an elimination
route for metabolic waste products {45]. NPs could be elimi-
nated from the CSF through the same mechanisms: uptake
of CSE by the blood circulatory system through arachnoid
vili or via the nasal lymphatic system. The exact details of NP
clearance from the brain, however, await foture investigation
[12].

4, Air Poliution and Neurological Disease

mucous layer covering the olfactory epithelium. where they
directly interact with odorants inhaled with the air. Nasally
inhaled pollutants that reach the olfactory mucosa could
enter the cilia of olfactory receptor neurons by pinocytosis,
simple diffusion, or receptor-mediated endocytosis. Once
incorporated into sensory ncurons, they could be trans-
ported by slow axonal transport along the axons to the olfac-
tory bulb [38]. From there, poliutants could be transported
fitrther into the CNS along mitral cell axons that project from
the olfactory bulb to multipte brain regions, including the
olfactory cortex, the anterior olfactory nucleus, the piriform
cortey, the amygdale, and the hypothalamus.

Accordingly, UFPs have been observed in human olfac-
tory bulb periglomerular neurons and trigaminal ganglia
capilaries {10]. Similarly, a decreasing gradient of metal
{vapadium and nickel} deposition and accompanying tissue
damage from the nose to the brain has been reported in
the canine nervous system, confirming the importance of
the nasal route for the entry of air pollutants into the CNS
{39). Controiled exposures of rats to UFPs and metals also
demonstrated their accumulation in the olfactory bulb [40-
42]. Taken together, these findings suggest that NPs can be
taken up dirccty by the olfactory mucosa and enter the CNS
or the cerebrospinal fluid by bypassing the circulatory system
{12}, Uptake through the nose might even be cnhanced
by additional poliutani-induced systemic inflammation by
deterforating the olfactory mucosal barrier, which would
result inr increased neuropathology.

Additional direct neurgnal entry rowtes for NPs have
heen described that involve the retrograde and anterograde
transport in axons and dendeites such as the transport of
inhaled NPs to the CNS via sensory nerve fibers that inner-
vate the airway epithelia 1321, Ground-level ozone exposure
activates the CNS through the vagal nerves without the
involvement of the thoracic spinal nerves {43]. PM-related
LPS is likely to play an important role in these pathways, as
shown by vagal upregulation of CI}14 [44],

Bven though the translocation rate of NPs from their site
of entry to secondary organs might be rather low, continuous
or chronic exposure to NFs may resuit in their accumulations
in the brain as a secondary {arget organ in significant
agrtounts [12]. Thus, it is also important to obtain data on
the retention characteristics of NPs in both primary and
secondary target organs, including associated elimination
and clearance pathways {121, With regard to the CNS§, no
data on NP elimination are available yet. Tt is conceivable,
however, that CSF circulation provides an excretory pathway

Results about the direct effects of air pollutants and airborne
particles on neuronal cells have been reported from experi-
mental studies ir vitro, using cell culture systems and in vivo,
using inhalation and instillation paradigms in rodents as well
as from cpidemiological and controlled clinical studics in
humans.

4. 1. Experimentat Studies

4.1.1. In Vitre Studies. A variety of in vitro studies assessed
the potential toxic effects of air pollutants (Table 1), by meas-
uring changes in cell viability, alterations of apoptosis, the
dysfunction of mitochondria, the production of reactive
oxygen species (ROS), or the production of pro-inflamma-
tory cytokines as sensitive identifiers [1]. Varying degrees
of proinflammatory- and oxidative stress-related cellular
responses and decreased cell viability were reported upon
stinudation with Jaboratory-generated or filter-collected am-
bient air particles in different cell culture systems [421 Of
particudar interest are studies utilizing neuronal and microgl-
il cell lines or primary cultures of those cells that were ex-
posed to concentrated ambient ajir particles (CAPs), diesel
exhaust particles (DEPs), toxic gases, such as orong, bacterial
endotoxing, such as LPS, or toxic clements, such as man-
ganese, Al} investigated neuronal, ghial or cerebral endothelial
cell types were shown to be targets of the toxic effects of
air pollutants [46-—48]. However, the underlying mechanisms
could be rather complex, and some insight into the inter-
action of different cell types was derived from coculture
systems. For instance, it was shown that the neurotoxic effects
of DEPs on dopaminergic nearons could be either direct
ot indirect via the release of inflammatory mediators and
ROS from activated microglial cells [46, 49}, Interestingty,
pretreatment of neunron-glia cocultures with LPS increased
the vulnerability of the cells to the toxic effects of DEP, while
DEPs alone were not harmful [49].

An important aspect of in vitro toxicity studies is the
establishment of dose-response relationships. For instance,
low concentrations {20-40 ug/mL of gas per ml. of comnplete
medium) of oxygen-ozone were not toxic to astroglial cells,
whife higher concentrations (60 pg/mL) severcly decreases
cell viability {48]. Transcriptomic and proteamic profiling of
cuitured cells upon exposure to CAPs may provide insights
into alterations of gene and protein expression. One such
study demonstrated the upregulation of inflammatory and
inpate immunity pathway components in mouse immos-
talized BV2 cells when exposed to CAPs [50]. Likewise,
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Tanry 1 The effects of air pollutants on neuronal and ghial cells in vitro.
Poltutants Specics Cell type Assays Key findings References
PMs
Rat VM Neuron-ghia TH fmraunostaining DA neurotoxicity
s - . il activati
DEPs OX-42 immunostaining Microglial activation ‘ [46]
Mouse Microglia DCTFH-DA Increased microglial ROS
(PHOX""") Microglia DA uptake No DEP neuroloxicity
Rat VM Neuron-glia Griess reaction Increased NO production
DEPs -+ LPS Rat HAPI microglial TH immumostaining DA neurotoxicity {491
: cell-line ELISA —-Increased-TNFarelease
DEPs Rat Brain capiliarics CM-HDCEDA Increased ROS production [47}
‘ BELISA Increased TNFa release
BY2 microglial Increased TNFe, 116 release x
Mouse - ¢ ’ . {30
CAPs fouse cell line ELISA Increased P-glvcoprotein 1501
Wcsts:rn blotting Upregulated inflammatory genes
microaray
Ozone Rat Astrocyte MDA Increased lipid peroxidation "
L.DH Decreased cell viahility 48]

Abbreviations: concentrated anthient particles (CAPs), 277" -dichlorfluorescein-diacetate (DCFH-2A), dopaminergic (DA}, diesel exlhaust parricles (DEPs},
enzyme-linked immunoserbent assay (ELISA), interleukin-6 {T1-6), lactate dehydrogenase (EDH} malondialdehyde (MDA) nitric oxide {(NOY reactive
oxygen specics (ROS), vyrosine hydroxytase CIH, tumor neeresis factor lpha (PNFa), ventral mesencepbalic (VM)

the expression profiles of microRNAs, which emerged as
crucial mediators of postiranscriptiomal gene regulation,
might change during exposure to air pollutants [51]. Indeed,
hexahydro-1,3,5-¢rinitro-1,3,5-triazine (RDX), a common
environmental contaminant and explosive nitroamine that
is widely used in military ammunition, has been shown to
change brain microRNA expression in exposed mice {52].
The rapidly growing number of enginecred nanoparticles
{ENPs) and panomaterials (NMs) might also contribute to
air pollution as new nanotechnologies are constantly devel-
aped, and NMsare used increasingly in daily life through the
advent of new products. In addition, ENPs are extensively
tested for their usefulness in medical diagnostic and thera-
peutic applications. Although no human ailments have been
directly attributed to NMs so far, preliminary experimental
studies indicate that NMs could initiate adverse biological
responses and that NPs could have toxicological properties
1531, Thus, ENPs constitute a novel neurotoxic risk and
several fn vitro studies could demonstrate adverse effects of
ENPs on CNS cells {(not included in Table 1). For instance,
Htanium dioxide, aluminum oxide, and nanosized silica
particles were shown to decrease ceil viability and to increase
apoptosis in nevronal and cndothelial cell cultuzes [54-38].
These substances also increased the amount of ROS, which
resulted in concomilant activation of microglia {54-59].
An important point in in vitre nanoneurotoxicity studics is
therefore the necessity to accurately characterize particle size,
as partides of different size might exert different effects or
similar effects to different degrees. In addition, a controlled
investigation of the physicochemical properties of the NPs
over time and their interactions with culture media shouid
also be considered {69, 617, Although NPs in environmental
air samples night be much more heterogeneous, epident-
ological and toxicological studies with airborne ulerafine

particles can be viewed as the basis for the expanding field
of nanotoxicology [42].

In virre studies bear several distinet advantages fox
studying neurotoxic effects of air pollutants because the
technelogy is cheap, the cultured cells grow rapidly, and the
assays provide reproducible results. However, many times
immortalized cell lines are used, which might not correctly
reflect the more complex responses of native CNS cells or
of neurons in their natural complex environment. Unfortu-
nately, long-tern and large-scale cultares of primary CNS
cells are still challenging and thus might not be useful for
high-thronghput screening of toxicological effects. The
emerging field of induced pluripotent stem cells, which can
be easily derived from somatic cells such as dermal fibroblasts
and keratinocytes, may provide a solution to this problem
and induced phuripotent stem celis could soon emerge as
a novel experimental paradigm for human neurotoxicity
studies |62, 63].

Despite their advantages, in vitro studies have also im-
portant limitations, some of which are methoedological. The
interpretation and cross-comparison of results from different
research groups mHght be hampered because of the use of
particles with different chemical compositions or different
culture cells, The duration of exposure and concentrations
might differ across laboratories. More importantly, however,
responses of cultured cells might rot faithfuily reflect the ve-
sponses of the entire body system or target organ. In general,
ultraphysiological doses of alr pollutants are vsed in cell
cultures studies and the long-term study of the effect of
chronic exposure to low doses of potentially toxic material is
not feasible. Organotypic cell cultures and tissue explant cul-
tures might be more useful in this regard since the integrity
of tissue of interest is fully or partially preserved, Because
systemic effects and biodistribution of air pollutants cannot



be investigated in im vitro assays, in vivo studies provide
additional and important information on the adverse effects
of air pollutants.

4.1.2. In Vivo Studies, The confirmation of in vitre results
through realistic i vivo studies is mandatory to validate hy-
potheses gencrated. from in vitro studies [12]. In vive studics
are invaluable tools for the examination of bio-distribution,

the biokinetic properties, and the pathephysiological effects

of air pollution on the whole body system, They also provide
an opportunity to study neurobehavioral effects of air pol-

- Ygtion-in-intact-living-animals--Novel-noninvasive-imaging —

techniques can be used to visualize neurcinflammation, mi-
eroglia activation, brain redox-status, and BBEB integrity in
jive animals 164, 65]. Importandy, in vive studies allow the
wse of experimental conditions, routes of administration,
and exposure regimes that are not available in cell culture
systems. For instance, they enable a comparison of the effects
of acule, subchronic, and chronic exposure of the whole
animal. Likewise, pollutants can be administered through
different nasural and artificial routes such as inhalation, nasal
and intratracheal instillation, or intraperitoneal injection
{Table 2). Like cell culture studies, whole animal studies are
amenable to investigate alterations in gene and protein ex-
pressiom, and activation of signaling pathways upon exposure
to air pollutants. Finally, prevention strategies and therapeu-
tic approaches can be tested in a preclinical setting.

To investigate the effect of cerfain gene products on the
susceptibility to damage by air pollutants, genetically modi-
fied animalis can be used. For instance, one study used Apol-
ipoprotein B {ApoE) knockout (ApoE~'") mice and could
show that ApokE deficiency enhances air pollutant-induced
neuroloxicity [66]. Exposure to UFPs activates NFxB and
AP-1 transcription factors via JNK-activation in ApoE~"~

~mice in a dose- and duration-dependent manner [67]. In a
mare recent study, these findings were confirmed, providing
evidence that air pollution can produce nearopathological
damage in individuals that are susceptible to oxidative stress
{63].

Tin-Tin-Win-Shwe et al. used wild-type male BALB/c
mice and mstilled carbon black (CB) intranasally [74]. Six
hours after instilation, the mice were intraperitoncally
injected with the bacteria cell wall component lipoteichoic
acid {ITA) and the authors could show that ETAtreatment
potentintes CB-induced neurological effects, CB modulates
the levels of extracellular amino acid penrotransmitter and
proinflammatory cytokine IL-15 mRNA expression syner-
gistically with ITA in the mouse olfactory bulb. In a recent
study by Zanchi et al., rats were exposed to residual oif fly
ash (ROFA), one of the residues generated by combustion, by
intranasal instiliation and were treated with the antioxidant
N-acetylcysteine {(NAC) intraperitoneally for 30 days [73].
ROFA instillation alone induced an increase in lipid perox-
idation levels in the stristum and the cercbellum, whereas
NAC treatment had preventive effects.

Qzone is by far the most important air pollutant in
terms of its concentration, its persistence, and its ubiquitous
occurrence. A list of preclinical studies that investigated
the neurotoxic effects of ozone inhalation using different
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experimental peradigms is given in Table 2. For instance,
Pereyra-Multoz et al. showed that chronic (4 h daily for 15 or
30 days) and low-dose (0.25 ppm) exposure induces oxida-
tive damage to neurons in the strintum and substantia nigra
[75). Angoa-Pérez et al. exposed ovariectontized rats to air
loaded with azone for 7, 15, 30, or 60 days (0.25 ppm), 4 b per
day) [76]. A second experimental group of ovariectomized
rats were treated with [7[beta]-estradiol 2h after ozone
exposure In an otherwise identical exposure regime. The data
suggest that chronic ozonce mhalation produces oxidative
stress and loss of dopaminergic neurons in the substantia

""" migra-and-thatthe-effects-canbereduced-by-treatment with———————

17[beta]-estradiol {71, 76]. Neural mechanisms underlying
adaptive responses to acute ozone exposure were also studied
in adult rass that were subjected to 0.5 ppim ozone cxposure
for 3% and were then allowed to recover for 3h before ex-
amination, In this paradigm, acute ozone exposure had an
effect primarily on glial cells in the CNS {79). The pro-
tein expression levels of vascular endothelial growth factor
(VEGF) were upregulated in central respiratory areas, such
as the nudeus fractus solitarius (NTS) and the vertrolateral
medulla {VIM). Persistent VEGF upregulation following
ozone exposure may contribute to brain repair and consecu-
tive funcrional adaptations. Rats that inhaled 0.5 or 2 ppm =
16% of ozone for 1.5-120 h suffered from lung inflammation
that induced the activation of NTS neurons through the
vagus nerve, It also promoted neuronal activation in other,
stress-responsive regions of the CNS as could be demon-
strated by up-regulated levels of the fmmediate early-gene
product ¢-Fos {431},

As exemplified above, in vivo studies offer a unique pos-
sibility fo test the potential of neuroprotective agents such
as hormones and antioxidants against air poilutants [71, 73,
76, 78). Selective inhibitors of the cyclooxygenase-2 (COX-2}
enzyme have been tested in young healthy dogs which were
residents of highly air pollwted urban regions. Inhibition
of COX-2 showed beneficial effects probably by reducing
frontal tobe IL-1f expression [80]. Interestingly, treatment
with dark chocolate has also been found to be nevroprotec-
tive against long-term air pollution in mice [44].

Despite the clear advantages of i1 vive studies that were
summarized here (studying pathophysiological mechanisms
or neurobehavioral responses and testing preciinical preven-
tive and treatment strafegies), a long list of confounding
parameters experimentally may obscure the results. Method-
ological details such as sex, age, strain, dose, and the partic-
ular assay that was used to measure the outcome should be
considered carcfully when comparing results across different
studies. In particular body size, age, gender, species, and
strain are known to have dosimetric effects in air pollotion
rescarch [81]. Although there is growing epidemiologic evi-
dence that associations between air pollution and respiratory
health differ between females and males, comparative studies
or studies on female rodents in general are limited |72, 82].

Likewise, only a single study evaluated the influence
of age on air pollution-induced CNS injury [78}. In this
study, ozone inhalation resulted in high-lipid peroxidation
in the frontal cortex of old rats, which is in contrast to
findings in young rats, where oxidative stress injury occurred
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TabLe 2: The effects of air pollutanss on the central nervous system in vivo,

Pollatants Species Route of administration Assays Key findings and putcome References
PMs
e . : . DA neurotoxicity
Mouse {ApoE /) Inhalation TH immunostainiag i o i66)
= Astrogliosis
. LMSA NTxB and AP-1 activation
-~ . -~ f ,
CAbs Motse {ApoE ™"} Inhalation Western blotting INK activation (671
Mouse Inhalation iﬁg; NPxl} activaiion
Increased TNFa and I1-1 & f68]
levels
Rat Inhalation IHC, RT-PCR Increased HO-1 and COX2 (69]
* - Woestern blotting mRNA and protein expression ’
DEDs Increased ghutamate levels
Mouse Inhakation {wiwo Ly, Microdialysisf HPLC Inreased NMDA receptor 170]
* LTA injection) RT-PCR subunits {NR1, NR2A, and :
NR2B), and CaMXIV mRNA
) EMSA NETKB ;md'/_\P-E activation
Inhalation (nasal) . . Increased TNFaand [E-1 @ {71}
LLiSA, REF-PCR .
levels and mRNA expression
Raf Mice inhalation Open-ficld test Decreased focomotor activily 723
Rat Inhalation/Intratracheal IBA-1 immunostaining Microglial activation
Increased TNFPg, 1L-15, iL-6,
FLISA and MiP-1a levels e
. Increased TNFo, MIP-1a
QRT-PLR mRNA expression
ROTA Rat fiy instillation TBARs Increased lipid peroxidation
. Decrcased exploratory
Owen-field rest behavior 0731
Increased TNEg, 11-15, and
o N in instillation {w/wo ip RT-PCR chemolkine mRNA expression (=
NSCB Mouse ITA injection} MicrodiafysisfHPLC Inereased ghatamate glycine 74}
levels
Motor activity test Decreased motor activity
Rat Irhalation (lemporal) Lipid peroxidation assay Increased fipid peroxidation 173}
TH tmwmumostaining Loss of I3A neurons (SN}
R . . . - N
(ovari at . Inhalation TH immunostaining Lossof IXA nearons (SN} {761
ovaricclomized} g
lncreased freezing behavior
Rat Irshaiation Behavioral tests Decreased exploratory {77}
behavior
Lipid peroxidation assay Tncreased lipid peroxidation
Neurodegencration
Fleciron nicroscopy Changes in newrotransmitter
Microdiabysis/ HPLC Tevels '
Impaired olfactory perception
Ozone  Rat{ovariectomized) Inhalation - ]:chawgral tests and sacial recognition 714
Lipid peroxidation assay IECITIOYY
Increased lipid peroxidation
‘ . Behavioral tests Impaired memory
Rat alat . . L P 8
? Inhalation Lipid peroxidation assay Increased lipid peroxidation 78]
sy 0T G
Rat Inhalation HC Increased VEGE, 11,-6 and 179]

TNFea
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Tapse 2: Continued.
Pottutants Species Route of adminisiration Assays Key findings and outcome References
Tnnereasec c-Fos expression in
Rasy inhalation THC different brain regions {43]

inciuding NTS

Abbreviations: apelipoprotein E {Apof), caldun/calmodulin-dependent protein kinase type IV(CaMKIV), concentrated ambient particles (CAPs,
cyclooxygenase-2 {COX-2), dopaminergic {DA), diesel exhaust particles (DEPs), electrophoretic mobility shift assay (FMSA} enzyme-dinked immunosorbent
assay (FLISA), hermoe oxygenase (HO), high-performance Hguid cheomatography {HPLC), allograft inflammatory factor 1{IBAI), immunecbistochemistry
{IH1C), interteukin-1 alpha (IL-1a), interfevkin-ibeta (TL-18), intericukin-g {1L-6), c-Jun N-terminal kinases {INK), macrophage inflammatory proteins
{MEPs}, nanosired carbon blsck (NSCB), lipoteichoic actd {LFA), nuclenr factor kappa T (INFrB), nucheus trastus solitecius {NTS}, vestdual ol fly ash (ROFAL
reverse transcription pulymerase chain reaction (RT-PCR}, substantin nigen (SN, thiobarbituric acid-reactive substances (TBARSY, tyrosing hydroxylase

TR rumer pecrosts factor slpha (TNFah and vosculne sndetbelial growth factor (VELT)

in the hippocarnpus. Region specific inflammation and al-
terations in gene expression were also seen: after DEPs expo-
sure, suggesting a sclective vulnerability of specific neuronal
subpopulations similarly to the selective loss of specific
neurons that is typical for certain neurodegencrative diseases
[69, 83]. Although strain difference is an impertant variable
in a vartety of lung injury studies, it is a widely neglected
parameter in air poliution-induced CNS injury research {84,
8s}.

Vartations in the geographic location of sample collec-
tion, and seasonal climate vartations during the collection of
ambient air samples are neglected oftenly as well. However,
these parameters have a crucial impact on the results and
should be dearly described in all studies. Use of filtered
ambient air samples may, en one hand, simulate real-world
exposure conditions, on the other hand, the samples also
contain unidentified or unmeasurable components. Thus,
the inherent heterogeneities of inr vivo experimental para-
digms showa need for standardization of test parameters that
enables a more reliable comparison between studies from
different laboratories. The lack of such a standardized system
also hampers the ranslation of data from preclinical studies
to hugmans, In particular, the anatomy of the respiratory tract
and the nasal cavity, the breathing pattern {nasal breathing
is obligatory for rodents), and brain anatomy differ greatly
across species and impede generalization of the results. For
instance, while the olfactory mucosa lines more than 50%
of the surface of the nasal cavities in rodents, the human
olfactory tissue is restricted to a mere 3-5%. The use of
nonhuman primates would provide results more relevant to
humans, but poses great ethical concerns.

4.2. Epideniinlogical, Postruorten, and Clintical Studies

4.2.1. Stroke. While cardiorespiratory effects of air poliution
have been extensively investigated {3}, only preliminary
tindings are available on the effects of airborne pollutants on
the CNS, Strake is one of the moest prevalent CNS disorders
which can be caused by air pollution. A relationship between
air pollution and stroke was first reported after the Great
London fog [8], but similar results were obtained from dif-
ferent geographic regions that include Canada, Japan, Ttaly,
Sweden, USA, UK, France, Talwan, and Korea [86-95]. How-
over, a one-fo-one comparison of these studies is difficult
because each study measured different pollutants, inves-
tigated populations with different genetic background, or

people exposed to different envirommental conditions, in
addition to evalvating different stroke-related parameters.
Despite the experimental differences, a large number of stud-
ies demonstrated a positive correlation between stroke mor-
tality rates, hospital admission, and outdoor pollution (87—
90, 92-95], although contradictory resuits were reported as
well {91, 96]. Interestingly, a Canadian study showed that
only a specific subgroup of patients, those suffering from
diabetes mellitus, was at high risk for ischemic stroke [91].
Age and gender may also differentially affect the risk of air
pollution-related ischemic stroke. Elderly people and women
appear to be more sensitive to the effect of air pollutants {871,
It also appears that the air polintion-related ischemic stroke
risk is higher than the risk for hemorrhagic stroke [8, 86].
Hemorrhagic and ischemic strokes have distinct pathogene-
sts and also differ in terms of other risk factors.

Mechanistically, the correlation between air poliution
and stroke might be due to the observation that fine PM
and UFPs cxert procoagulant effects in wive [97, 98], Yet,
the stroke risk increases with both, short-term and long-
term exposure to outdoor air pollution {94, 991, aithough the
effects of long-term exposure on stroke risk are less promi-
nent {99}, in addition to these epidemiclogical findings, a
limited noember of in vive studies also support a close cor-
relation between air pollution and stroke. For instance, 5O;
inhalation caused cerebral changes similar to the alterations
resulting from middle cerebral artery occlusion {MCAQ) and
aggravated histological changes in ischemic brain regions
[160].

Alr pollution will continue to become a major health
problent, especially in developing countries and rapidly
growing economies. Unfortunately, booming economic de-
velopment increases air pollution and related discase includ-
ing stroke. Thus, there is a great demand 1o organize popula-
tion-based and prospective studies to evaluate and to develop
preventive measures against the unfavorable effect of aix
pollution on severe cerebrovascular diseases, such as ischem-
ic stroke.

4.2.2. Newrodegenerative Diseases. Concomitant with a gen-
eral increase in life expectancics worldwide, the incidence
and prevalence of common neurodegenerative diseases grow
as well, thereby increasing the financial and social burden
on individuals and society. Alzheimery discase {AD), the
most prevalen! neurodegenerative disease, is characterized
by extracellular deposition of amyloid-beta (Af) pepride
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fibrils knows as amvloid plaques and intracellular protein
aggregates called newrofibrillary tangles (NVTs) [101]. AD
is the most common cause of dementia in aged people,
affecting 27 miilion people globally. Parkinson’s disease
{PD)), the second common neurodegenerative disorder, is
caused by the degeneration of dopaminergic neurons in ihe
substantia nigra and a progressive loss of dopaminergic neu-
rotransmission: in the caudate and putamen of the neos-
triatum [102]. This severe movement disorder affects 1-2%
of the population above theage of 30. Most Al and P cases
are speradic, and age is the leading risk factor. The eticlogies

cogaitive impairment, and early/mild AY in humans {106].
Huowever, dense core neuritic plagues and NFTs could not be
observed consistently in the dogs. Because of the numerous
atmespheric contaminants found in the highly polluted air
of Mexico City, postmortem studies on resident feral dogs
could only link the néuropathology to the complex mixture
of ozone, PM, LPS, and unmeasurable air pollutants {14},
Thus, whether airborne UFPs are causatively involved in
the observed CNS change remain to be determined {5, 16].
However, the oil-combustion PM-associated metals nickel
and vanadium, as well as UFPs were detected in the dogs

of the—diseases; frowever; ~arenmultifactoriad, —wndtherisko—braing i foring dar brainr uprake of nrewdsand UFERy way

factors include environmental factors and genetic predis-
position, Environmental exposures to metals, air pollution,
and pesticides as well as nutritional factors are common risk
factors for neurodegenerative diseases [103]. Although dif-
ferent nenrodegenerative diseases have distinct pathologies
and clinical presentations, they often share common mech-
anisms such as protein aggregation, oxidative stress njury,
neureinflammation, microglial activation, apoptosis, and
miochondrial dysfunction, which ultimately result in the
toss of specific neurons [101, 102]. Accumulating evidence
suggest that exposure to alr pollution can trigger these com-
mon depominators of neurodegencrative diseases and lead to
neuropathology.

The first histopathological evidence for a link between air
pollution and neuropathology came from studies that were
carried out onanimal populations that are natuzally exposed
to polluted urben environments in Mexico City [1]. Using
light and electron microscopy, Calderén-Garciduenias et al,
reported significant imfammatory and neurodegenerative
changes in the olfactory mucosa, the olfactory bulb as well
as in subcortical and cortical structures in otherwise healthy
mongrel canines, whereas similar changes were not evident
iri control groups inhabiting less-polluted rural areas | 194].
Breakdown of nasal and olfactory barriers, alterations in the
BBB, and degeneration of cortical neurons were observed
even in animals that were younger than 1 year of age. With
growing age, and therefore extended exposure, the dogs
exhibited reactive astrogliosis, white matter glial cell apop-
tosis, ApoE immunoreactivity in vascular cells, and nonnen-
ritic plagues and NFTs. These findings suggest an accelerated
AD-like neuropathology in chronically exposed animuals.
Peral dogs naturally expesed to urban air pollution also
showed DNA damage in olfactory and hippocampal genomic
DNA [39], Cerebral inflarnmatory vesponses were associated
with the neurohistological findings as demonsirated by
nuckear transtocation of the neuronal NFxB p65 subunit,
increased inducible nitric oxide synthase {iNOS) immunore-
activity in endothelial, ghial and neuronal cells, and increased
endothelial and ghial COX-2 immunoreactivity [39, 104].
Aniraals from polluted areas exhibited deposits of diffuse
amyloid plaques a decade earlier than control animals from
less-polluted regions {39, 1041, Although most animals do
not develop the full haman pathology of AD, aged dogs
are known to suffer from cognitive dysfunctions that re-
semble key aspects of AD [105]. The decline in executive
functions and the impairment of learning and memory
represent A speclrum that comprises normal aging, mild

accur in natiral exposure scttings {11, 39},

Similar findings were recently observed in postmortem
céaminations of human saihiples and in laboratory aninals
[1, 14]. Adult human residenss of highly polluted urban areas
of Mexico City exhibit significantly higher COX-2 expression
in the olfactory bulb, the hippocampus, and the fromtal
cortex, and greater neurenal astrocytic accumulation of Affy
when conypared to age-, gender-, and education-matched
subjects from citics with low pollution levels {9, 13]. Based
on evaluation of the clinical medical records and information
from refatives and coworlcers by 2 physicians, each subject
was considered cognitively and nearologically fit when alive
[93. The neuropathology, however, could be observed in
subjects as carly as in thie second decade, suggesting that
neuropathologies fnduced by chronic exposure to high levels
of air pollution share similarities with the pathology of AD
[107]. Although NFTs or Af neuritic plaques could not he
observed because of the relative young age of the subjects,
neuroinflamation and intraneuronal Afy; accumulation in
target brain areas may be compatible with a premature
accelerated process preceding AD nearbdegenetation, Most
interestingly, a recent postmoriem study on children and
young adults who died suddenly has shown that lifclong
exposure to air pollution is associated with neuroinflam-
mmtion, altered innate immune rosponses, distuption of the
BBB, endothelial activation, and accumulation of disease
proteins {Af; and a-synuclein) in the CNS (10}, Moreover,
Affp-immunereactivity was higher in brain tissue derived
from carriers of the ApoFE £4 allele than those of ApoE £3
carriers suggesting that a specilic genotype constitukes a
higher risk for developing AD in a polluted environment.
The ApoE e4- allele is known to contribute to a genetic
predisposition for late-onset AD, although the mechanisms
by which Apol ef influences onset and progression of the
disease are not well understood {161, 108].

The accumulation of «-synuclein in the brain of young
people that were exposed to air pollution lifelong is notewor-
thy {30]. a-synuelein is 2 major component of Lewy bodies,
a pathological halimark of PD | 102}, Dopaminergic neutons
were found to be selectively vulnerable to DEPs both in
vitro znd i vive |46, 49]. However, a recent epidemiclogical
study from Canada did not support a direct link between the
markers of traffic-generated air pollution and P, although
an association between ambient manganese pollution and
the risk of physiclan-diagnosed P was reported [109].

A further interesting similarity between air poliution-
induced neuropathologies and neuredegenerative disorders
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is the early involvement of the olfactory bulh {110}, Olfactory
dysfunction, especially in ApoE £4 carriers, can be seen from
childhood in individuals that grew up in highly polluted
environments. Yet, olfactory dysfunction is also among the
first elinical signs of AD and PD [111]. In sporadic PD,
olfactory impairment precedes motor symptoms by years
and is independent of the loss of dopaminergic neurons. In
AD, however, olfactory dysfunction and disease progression
correlate [1121,

Recent epidemiological stadies combined with psycho-
logical tests support an association belween chronic expo-
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In vivo studics have shown that prenatal exposure to
DEPs can also affect brain development {122, 123]. In ufere
administration of a low dose of DEPs {1.0OmgDEP/m®)
reduced locomotor activity and dopamine turnover in the
striatum {122] and affected monoamine metabolisms in a
varjety of brain regions generaily [123], Other air pollutants
can also adversely affect the brain during development. For
instance, when silica and titanium dioxide NPs were injected
intravenously to pregnant mice, they could be detected in
the fetal brain [124]. This suggests that NPs can cross the
matetiai-fetal barrier in the placenta and could cause neu-

sure to trafhc-related air pollution and decreased cognitive
function in both genders [113, [14]. Altogether, these find-
ings warrant further and more extensive epidemiclogical,
forensic, and toxicological studies that aim to understand the
association between chronic exposure and the risk of neu-
rodegenerative diseases development. Such efforts may lead
to the development of preventative strategies for these devas-
tating diseases in certain risk groups.

4.3. Implications for Neurodevelopmeni and Mental Health.
Normai brain development is a complicated process that
involves controlled cell proliferation, neuropal migration
from their place of birth to their final location, and the estab-
lishment of specific connections between neurons and target
tissues {115]. All of these processes are tightly controlled,
but are also influenced by environmental conditions. Air
pollutants can affect the brain at any age, but the developing
brain is particularly vulnerable because of its high neuronal
proliferation and differentiation rates and s immature me-
tabolism and imperfect BBB {116]. Disturbances of devel-
opmental processes i the brain can Tead to permanent
abnormalities that translate into later life.

in developing erabryos, the placenta serves as a barrier
against many envirommentally hazardous substances, but it
might not be protective against all components of air pol-
lution. Among documented hazards that affect neurodevel~
opment are certain industrial chemicals, matersal smoking,
alcohol, certain drugs, noise, diet as well as maternal stress
1117]. This section, however, only focuses on the effects of
air pollutants on neurodevelopment.

Ozone is one of the best studied substances in preclinical
examinations that assess the effects of exposure to an air
pollutant during the prenatal period. Prenatal ozone expo-
sure Jeads to permanent damage of the cerebellum [118] and
distuption of the cerebellar monoaminergic system [119].
In addition, prolonged prenatal ozone exposure altered the
levels nevrotrophic factor in the brain. CD-I rats showed
reduced nerve growth factor levels in the hippocampus and
increased brain-derived neurotrophic factor levels in the
steiatwm when exposed to ozone [120]. Changes in neuronal
responses and neuromal infury were also evaluated by
impmunohistochemistry in rats using c-Fos immunolabeling
as a marker for neutonal activity and tyrosine hydroxylase
labeling to highlight catecholaminergic nearon injury. Ozone
exposure during the prenatal period induced long-lasting
changes in the nucleus tractus solitarius (NTS), important
respiratory control center {1211

FOTOXICItY in Thie offspring. Using an ex vivo huiman placenal
perfusion model, Wick et al. found that nanosized waterial
can cross the placenta without affecting the viability of the
placental explant per se 11251, However, the ability of ambi-
ent air pollutants 1o cross the placenta needs further evalua-
tion to understand the fill spectrum of possible effects.

Epidemiological and clinical studies demonstrating a
negative impact of air poliution on newral development in
humans were performed in children living in Mexico City
110,11, 107]. 181 children of African-American and Domini-
can orighr from New York City, who had valid prenatal
polycyelic aromatic hydrocarbons {PAHSs) moenitoring data,
were evaluated for mental and psychomotor development at
age 3 {126]. Prenaial exposure to high concentration of PAHs
was found 1o be assoctated with a lower mental development
index at age 3. A second study from Boston, examined the
relation between B and cognition [127]. Long-term expo-
sure to CB particles was associated with 2 decrease in
cognitive testscores, even after adjustment for soctoeconomic
status, birth weight, smioking, and blood lead level, These
studics, however, have certain limitations, such as Hmited
monitoring of poliutants fevels and significant reduction in
the sample From the original cohort over time. Moreaver, the
presence of confounding factors was not addressed in these
studies. A third study showed that early-life exposure to
emissions from indoor gas appliances is negatively correlated
with neuropsychological development through the first 4
years of Jife. Children that carried the glutathione-S-trans-
ferase gene Val-105 allele were particulurly susceptible to the
effects [ 128}, Blectrophysiolagical examinations confirmed
disturbances in brain development as a result of exposure o
polluted air. Brainstem auditory-evoked potentials (BAEPs)
were compared across children from highly and lowly pol-
luted cities [ 129). Children from the highiy polluted environ-
ments displaved significant delays in the central conduction
time of BAEPs, suggesting that exposure to air polluation may
be a risk for auditory and vestibular impairment.

Prenatal exposure to air pojlutants may also constitute a
risk factor for neuradevelapmental disarders such as autism
and neuropsychiatric discases such as schizophrenia. Schizo-
phrenia is a chronic disease of the brain that is characterized
by positive and negative psychiatric symptoms as well as
cognitive dysfunction. The incidence of schizophrenia in
the population is about 1% [134]. Schizophrenia is caused
through a combination of genetic factors and environmentat
insults, for instance prenatal infection |131]. An increased
risk for schizophrenia is evident in people inhabiting
urban regions [132]. The exacr reasons remain unclear, but
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exposures to infectious agents or foxins from the urban
environment have been suggested as possible causes. An
important feature of airborne PM is that they may interact
with other pathogens to serve as transporters for viruses,
hacteria or molecules with infectious or antigenic properties,
for instance, bacteria cell wall components {133}, Contrary
results, however, were reported in a study from Finland,
showing a correlation between living in rural regions and
increased risk for schizophrenia {134}, The authors suggested
that nontraffic source of air pollution, such as firewood,
could have been a possible risk factor [ 1341,
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CNS pathology is probably a reswdt of the synergistic inter-
action of muliiple pathways and mechanisms [1]. Aithough
the exact mechanisras that are responsible for air pollution-
induced nevrotoxicity are poorly understood, postmortem
and experimental stodies suggest that air poliution causes
oxidative stress, neursinflammation, cerebrovascular dam-
age, and cell death, which are also common features of neuro-
degenerative disorders. Genetic and epigenetic mechanisms
might also be involved.

3.1. The Interaction of Air Pollurants with Cells and Cellular

Aoty on e other huind e s developiiend
disorder that is characterized by tmpairments in social inter-
action, verbal and nonverbal communication, and repetitive
behavior [135]. The prevalence for autism in the general
population has been reported to range from 0.2 to 0.6% with
an increasing trend over the recent years. Although, the exact
etiology of autism is still unclear, genetic, environmental,
and social factors may contribute to the development of the
disease [136]. Maternal exposure to air pollution during the
prenatal period may also be a risk factor. 284 autistic children
and 657 healthy controls were examined in a San Francisco
study that cvaluated the possible effects of air pollution
on autism development {137], An association was found
between the estimated concentrations of metals and solvents
in the ambient air around the birth residence and autism. An
association was elso found between autism and residential
proximity to freeways during the third trimester [ 138, These
alerting results suggest that subtle health effects, such as
functional delays in brain mataration and hnpairment of
neurobehavioral competences, should be included in studies
of chronic effects of urban air pollution [116).

As derived from studies on the aged population, air
poilution also has adverse effects on mental health during
adulthood (113, 1 14]. A study by Chen and Schwartz demon-
strated that neurobehavioral effects are associated with long-
ferm cxposure to ambient PM and ozone in adults [139].
Further longitudinal studies are urgently needed to fully
explore the relationship between long-term exposure and
neorobehavioral clranges and subsequent development of
neurocognitive impairment, such as cognitive decline and
dementia. Ten human volunteers were exposed to dilute
amounts of DEPs (300 pg/m*), and brain activity was moni-
tored by quantitative electroencephalography (EEG) show-
ing a significant increase in the EEGs median power fre-
quency and fast wave activity | 140]. Additional studies need
to determine whether other types of air pollutants elicit
comparable effects on brain activity. The use of recent and
more sophisticated technology, such as functional MRI and
recording of event related potentials, in future studies will
contribute to a betier understanding of the relationship be-
tween air pollution and mental health.

5. Cellular and Molecular Mechanisms of
Neuronal Injury Induced by Air Pollution
Air pollution can produce its adverse effects in the CNS

through a variety of cellular and molecular mechanisms
(Figure 1). Given the complex nature of polluted ambient air,

Organelles. Possible mechynisms by Witich wir poliuwmws o
interact with biological tissue depend on the size, the struc-
ture, and the composition of the components in the polluted
air, determining their spectrum of molecular activity and
entry routes. PMs can be taken up by mammaltian cells in
different ways, including phagocytosis, pinocytosis, passive
diffuston, receptor-mediated endocytosis, direct penetration
of the cell membrane, or transcytosis. Which route is taken
largely depends on the physicochemical properties of the
toxic components. PM that cannot enter cells directly could
still interact with surface proteins and change cellular signal-
ing and behavior.

There is a particalar relationship between the particle size
and the ways by which it can be taken up by cells, While
the uprake of fine particles (0.1-2.5 pim diameter) by macro-
phages is a specific receptor-mediated process (phagocytosis)
the wptake of uitrafine particles {<0.1 gm diameter} can
occur by other, nonspecific mechanisms. These mechanisms
may include electrostatic, van der Waals, and steric interac-
tions and are subsumed under the term adhesive interaction,
although the exact mechanisms semain to be determined
13, 33]. As mentioned hefore, ulirafine PMs can cross red
blood cell membranes rapidly and casily; a process that
appears to be mediated by an unideritified non-phagocytic
mechanism [33). Particles smmaller than 100nm could be
observed in iptralwminal erythrocvtes thet were collected
from fromtal lobe and trigeminal ganglia capillaries from
postmortern hrain tissue [ 107, UFPs have a very large surface-
to-volume ratio and are not enclosed by membranous or-
ganelles, which allow them to directly interact with intracel-
lular proteins, organelles, or DNA. Such particles may reach
specific organelles, such as mitochondria, lysosomes, and
nuclei, where they could induce an oxddative burst within
their membranes by interfering with NADPH-oxidase activ-
ity. They may alse induce the release of inflammatory
mediators and cviokines by the cell [15]. A recent study has
shown that exposute 1o airborne UPMs is associated with
mitochondrial damage, as reflected by an increase in the copy
mumber of mitochondrial DNA (mtDNA) [141]. Damaged
mitochondria may then contribute to increased oxidative-
stress through altered ROS production and subsequently
overloading the cell with ROSs, or by interfering with cellular
antioxidant defense mechanisms.

Interaction of airborne PM with cellular proteins can also
result in protein degradation and protein denaturation. Loss
of enzyme activity and formation of autoantigens are possi-
ble consequences | 142]. Environmental NPs can also signifi-
cantly increase the rate of protein fibrillation, which provides
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a possible link between air pollution and neurodegenerative
disorders [143, 144]. If these findings can be confirmed
under realistic i1 vivo conditions, it would have far-reaching
consequences with respect to the mechenisms underlying
neurodegenerative diseases 12}, Other key molecular path-
ways that are affected in neuradegenerative diseases lead to
misfolding, aggregation, and accumulation of proteins in the

brain [145; 146]. PMs that have the capabifity to enter nerve

cells could contribute to these processes, so could oxidative
stress that is indaced by the air pollutants.
Cellular responses to oxidative stress can lead to changes
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{11, 80}, and prefrontal white matter hyperintense lesions
were observed in these studies. However, any experimental
study specifically focusing on the effects of air poliution on
oligodendrocytes and myelin has not been reported so far.
Brain endothelial cells and pericytes are other candidate tar-
get cells. Exposure t0 TVEPs resulted in éndothelial activation
and dysfunction in rat brain capillaries, but cell viability was
not assessed ne-the study [47].

Besides apoptosis and necrosis, additional cell death
mechanisms may also contribute to air pollution-induced
CNS injury. Increased levels of sutophagic vacuoles were

in mitochondria and other organclics, notably e endoplas-
mic reticium (ER), and eventually triggers the cell toentera
cell death pathway [147, 148]. Mitochondria, as regulators
of celiular enetgy metabolisin and apoptosis, arve critical
organelles in switching between different celiular responses
leadingto death or survival of the cell. Perturbed ER calcium
homeostasis may also contribute 1o neuronat dysfunction
and degeneration in neurodegenerative disorders [149]. The
ER is critical for early protein biosynthesis steps of secreted
and membrane proteins, which occurs in the Jumen of the
ER, where the ER machinery assists in their folding.

Loss of ER homeostasis triggers siress responses, which
are 2 hallmark of many inflammatory and neurodegenerative
diseases [150]. Recent studies have shown that exposure (o
aitborne PM causes ER stress in lung tissue [151, 152].
Newrodegenerative disorders are often characterized by the
aggregation and accomulation of misfelded proteins {153],
Protein folding stress in the ER may lead to activation of
the unfolded protein response (UPR). Organic DEP chemi-
cals mduce an UPR and proinflanmatory effects in human
bronckial epithelial cell line [154]. However, the possible
rélationship between TR stress and exposure to air pollution
has not heen studied in the context of CNS ceils, The in-
teresting crosstalk between innate immune pathways and ER-
stgnaling that regulates the intensity and duration of innate
immunc responses should also be considered in neuroin-
flammation-induced by air pollution {150].

5.2. Newronal and Glial Cell Peath, Alr pollation-induced
loss of neurons is a consistent finding in postmortem and
experimental studics, and neuronal cell death may be direct
or indirect via microglia activation. It is noteworthy that
several different types of NPs; including ambient UFPs, target
mitochondria dircctly [42, 142). This can lead to disruption
of the mitochondrial electron transport chain, which leads
to increased superoxide radical production. Furthermore,
ambient UFPs perturb the permeability of the mitochondrial
transition pore, resulting in the release of proapoptotic
factors and vliimately programmed cell death [142]. It has
also been suggested that presynaptic terminals are a target for
NP-mediated changes in glutamatergic neurotransmission,
which can result in neuronal damage and finally neurode-
generation [155].

In addition to neurons, other CNS cells may also be
target of air pollution. Indeed, astroglial cell death has been
reported upon exposure o high dose of ozone in vitro [48],
As suggested by MRI studies in dogs and children of Mexico
City, oligoedendroglial cells may be affected by air pollution

ohsérved tpon exposure of cells to NMS ir vilfo {156]AT-
tophagy is @ cellutar process for the disposal of damaged or-
ganelles or denatured proteins through a lysosomal degra-
dation pathway. The intetaction of NMs with the sutophagy
pathway may be disruptive to neurons, leading to severe
structural changes and ultimately cell death. Impaired auto-
phagy is also implicated in the pathogenesis of neurodegen-

erative disorders {157]. However, the exact role of autophagy

in CNS injury induced by air pollutants remains to be
identified. :

5.3. Oxidative Stress, DNA Damage, and Genetexicity. Oxida-
tive stress refers to an imbalance between the production of
ROS and the cells ability.to detoxify reactive intermediates or
to repair celhalar damage coused by ROS, They are highly
reactive molecules because of their unpaired electrons and
form as natural byproducts of a cell normal oxygen metab-
olism. They also fulfill important roles in cell signaling and
homeostasis. However, during times of environmental stress
such as air poflution, ROS levels can increase dramatically,
resulting in significant damage to cellular components, in-
cluding proteins, lipids, and PNA. Disturbances in the nor-
mal redox-state of tissues can canse toxic effects through
the production of peroxides and free radicals {e.g., chemical
species that contains one or nore unpaired clectrons). The
two most important oxygen-derived free radicals are super-
oxide and hydroxyl radicals. ¥ree radicals are important for
a number of biological processes, such as the elimination
of bacteria by phagocytic cells. Excessive ROS accumulatior,
however, poses a challenge for cell survival, and cells have
developed defense mechanisms against excessive amounts of
ROS that include antioxidant enzymes {superoxide dismiu-
tase, catalase, and glutathione reductase, glurathione perox-
ides) and antioxidant moelecules {glutathione, taurine, sele-
nitm, vitaming E and C).

Unider normal conditions, ROS are generated at low
concentrations and are easily neutralized by celluar antiox-
idant defenses such as glotathione (GSH) and antioxidant
enzymes [142], However, ander conditions of excess ROS
production, antioxidant and detoxification enzymes (phase
Il enzymes; are induced. The expression of genes thatencode
these enzymes contain antioxidant response elernents (ARE)
in their promoter regions, which contains a binding site
for the nuclear factor (erythroid-derived 2)-like 2 {Nif2)
transcription factor {158]. At moderate levels of oxidative
stress, the Nrf2 protective response pathway is activated;
resuiting in mitogen-activated proteln kinase- (MAPK)
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and NF«B- (a redox-sensitive transcription factor} induced
proinflammatory responses [142]. Increased intracellular
calcium levels also mediate the activation of these signaling
pathways. At high levels of oxidative stress, perturbation of
the mitochondrial permeability transition pore and the elec-
tron transfer chain cause apoptotic and necrotic cell death.
Nrf2 reguiates the expression of numerous cytoprotective
genes that function to detoxify reactive species produced
during ambient air poliutant metabolic reactions, highlight-
ing the dmportant role of Nvf2 in the defense against air
potlutant-induced toxicity [158]. Dysfunction of Nrf2 may
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provide evidence for an increased risk of mortality due to air
poliution [167].

54. Microglial Activation. Microglia, the macrophage-tike
cells of CNS, are the principal players in the brain’s innate
imnrune response. They are the immumocompetent cells of
the brain that continuously survey their environment with
highly motile extensions {168]. Microglial cells normally
provide tissue maintenance and immunc surveillance to the
brain and exert a neuroprotective role by their ability to
phagocytose aggregated disease proteins and pathogens and

also be a risk factor for neurodegenerative diseases such as
PD [ 159}, However, the possible role of N1f2 in air pollution-
induced injury has not yet been studied in the context of
CNS.

The brain is especially vulnerable to oxidative stress
injury because of its high metabolic activity, its low activity
of antioxidant enzymes (superoxide dismutase and catalase),
its low content of endogenous radical scavengers, sach as
vitamin C, its high cellular content of lipids and proteins,
and its high amounts of redox metals such as iron and copper
which can act as a potent catalyst for ROS production {103,
160]. Oxidative stress has been consistently linked to aging-
related neurodegenerative diseases leading to the generation
of lipid peroxides, carbonyl profeins, and oxidative DNA
damage in tissue samples from affected brains [103, 161].
Metals, pesticides, and air pollutants, all of which have been
associated with neurodegeneration share a common feature,
namely, their capacity to lead to increased production of
reactive oxygen and nitrogen species. Although each pollu-
tant has its own mechanism of toxicity, several air pollutants,
like ozone, sulfur dioxide, volatile organic compounds, and
PM, are oxidants that can act divectly on cellular components
and disturh physiological functions [17, 162-164]. Some of
these pollutants go through a series of metabolic reactions
catalyzed by phase II enzymes, in order to be detoxified and
excreted. These reactions involve chenical medifications,
like oxidation, to increase the solubility of the original
compound so that it can be excreted. During these metabolic
reactions, many reactive intermediates, particularly ROS, are
produced {158}, Both postmortem and in vive studies have
recently revealed a link between oxidative stress and air pol-
lution-induced CNS injury 110,47, 71, 73, 78]. For toxicolog-
ical screening studies, more refined approaches, for example,
the use of nanosensors to detect ROS generation by NPs wiil
ererge with thme {32, 142].

Exposure to combustion particles is consistently associ-
ated with oxidative damage to DNA and lipids in humans
detected from leukocytes, plasma, urine, and exhaled breath
[165, 166], The evaluation of apurinic/apyrimidinic sites in
nasal and brain genomic DNA in healthy dogs naturaily
exposed to urban poilution in Mexico City showed DNA
damage suggesting a tink te air pellution [39]. DNA damage
is also crucial in aging and in age-rclated disorders, such as
AD. The processes involved in particle-induced genotoxicity
remain poorly enderstood, because the particles are uniguely
complex and of diverse physicachemical characteristics [16].
Interestingly, @ recent study evaluating the link between
gaseous air pollutants and brain cancer mortality did not

fo secrete newrotrophic factors. Microgha ceds rapidiy
change their celt morphology in response to any disturbance
of nervous system homepstasis and are then referred to as
activated on the basis of morphological changes and expres-
sion of cell surface antigens [ 168]. Microglial activation is the
main cellular event during neuroiniflammation. The activa-
tion of microgha results in the production and release of 2
myriad of inflammatory cascade mediators, including Nitric
oxide {NQ), chemokines, proinflammatory cytokines, ROS,
and reactive nitrogen species {RNS) those are deleterious
to the CNS [169]. Microglial activation and inflammation
are also associated with progressive neuronal apoptosis in
human veurodegenerative diseases [170-172]. However, it
is not clear whether activation of microglia and the inflam-
matory résponses play a role in the catise of the disease or
whether cell activation is a response to the carly changes
associated with the disease process.

Microglia are also activated in response to aggregated
disease proteins (Af and o-synuclein), bacterial endotoxins
{LPS), proinflammatory cytokines, MMP-3 released from
apoptotic neurons, and environmental nevrotoxing [1, 173).
An important molecalar component of microglial responses
is the toll-like receptor 4 (TLR4}, a pa thogen-receptor known
to initlates an inflammatory cascade in response to varicus
NS stimuli [174]. LPS, as the prototypical endotoxin,
binds to a CHRA/TLRAMDZ receptor complex and enables
TLRA signaling, Haman autopsy studies showed evidence for
increased CD14 expression in response to chronic exposure
1o high levels of air pollution, indicating an activation of
either infiltrating monocytes or the resident microglial cells
{112]. Sirnilar findings were observed in brain fissue of young
healthy dogs exposed to air pollution [80}. As demonstrated
by morphological changes and increased superoxide pro-
duction in a neuron-glia cell culture system, DEPs can also
activate microgha i vitro {46]. Furthermore, neuron-glia
eocultures treated with DEP showed selective dopaminergic
neurotoxicity that only occurred in the presence of microglia,
indicating that activated microghia cells mediate the neu-
ronal damage. Neoron-glia co-cultures derived from mice
lacking functional NADPH oxidase, the enzyme responstble
for extracellular superoxide production, were insensitive
to DEP-induced neurotoxicity, indicating that microglia-
derived ROS mediate DEP-induced dopaminergic nearotox-
feity {1, 461, Interestingly, cytochalasin T, a phagocytosis
inhibitor, reduced DEP-induced superoxide production in
enriched-microghia cultuges, implying that DEP is phagocy-
tized by microghia to trigger the production of superoxide
146}, whereas UFPs themselves can inhibit phagocytosis in
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alveolar macrophages [175]. This difference may result from
the differences in cell or particle type. A very recent in vivo
study could also demonstrate DEP-induced microgiial acti-
vation, neuroinflammation, and dopaminergic neurotoxicity
(49}

Metals associated with air pollution are also able to
activate microglia. Manganese, a component of industrial-
derived air pollution, is able to activate rat microglia in vitro
[176]. Microghial activation by manganese chloride also in-
duces dopaminergic newrotoxicity in vifro and application
of antioxidants, such as superoxide dismutase/catalase, glu-
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[184]. Although it has recently been shown that the NALP3
inflammasome is involved in the innate Immunc response
to AB in microglia {185, the specific pathophysiologic role
of the inflammasome in neurodegenerative disorders stilt
remains to be clarified | 186).

The organic substances adsorbed onto wirborne Asian
sand dust activate the NALP3 inflammasome in macrophage
cell lines and murine fung [ 1871, Exposure of macrophages to
CB induces inflammasome activation and pyroptosis [188].
The identification of pyroptosis a5 a cellular response to
carbon NP exposure is novel and has important conseguen-

tatmone, NAC, or mhabitors of NO biosynthesis signihcantly
protected dopaminergic neurons against damage [177].
LPS on the other hand amplifies nevrotoxicity induced by
activated microglia in response to manganese chloride {178},
Interestingly, the responses of microglia and astroglhia to these
activators differ, although both cell types are regarded as
cellular components of the brain's innate immune system.

5.5, Newroinflanunation and Inflammasome Activation, Neu-
roinflammation is a complex and innate response of neural
tissue against harsmful stimull such as pathogens, damaged
cells, and other rritants within the CNS. A crucial compo-
nent of innate immunity in the ONs tnvolves the produc-
tion of proinflammatory cytokines mediated by inflamma-
some signaling {1795, The tnnate immune cells in the CNS,
microglia and astrocytes, express pattern-recognition recep-
tors {PRRs), for example, TLR4, which participate in the
assembly and activation of the inflamimasome [179]. The
inflammasome itself is a multiprotein complex that consists
of caspase 1, PYCARD, NALP {4 NOD-like receptor servisy
as & PRR), and sometimes caspase 3 or caspase 11 [180].
Nudeotide-binding domain, leucine-rich repeat, pyrin do-
nain containing 3 (NLRP3} are a key component of the
inflammasome complex, which also includes ASC. {apoptotic
speck-containing protein with a card) and procaspase-1
[181}. The exact composition of the inflammasome depends
on the activator which initiates its assembly, that is, dsRNA
will trigger one nflammasome composition, whereas as-
bestos will induce the assembly of a different variant. The
inflammasome promotes the maturation of inflammatory
cytokines such as I-1f and interleukin 18 {1L-18). 1t has
also been shown to induce cell pyroptosis, a process of
programmed cell death that is distinct from apopiosis [181].
The inflammasome orchestrates the activation of caspase
precursors, which in turn, cleave the precursor forms of the
eytokines as 1L-18, 11-18 and interleukin-33 {1L-33), which
triggers an inflammatory response, or the release of toxins
fromr glial and endothelial cells {179].

Inflarmmasome activation was recently shown to be in-
duced in acute brain injury as well, thus the NLRP1 in-
flammasome may constitute an important component of the
CNSs’ response to traumatic brain injury [182]. An inflam-
masome complex also forms after experimentat focal brain
ischernia as could be demonstrated by immunohistochemical
analysis of inflammasome proteins in neurons, astrocytes,
microglia, and macrophages [183]. The NLRP3 inflam-
masome also plays an important role in an experimental
model of MS, which is mediated by caspase-1 and [L-18

tes fOr envitonmental and health-related issnes. Anather
study showed that TiO; and 5i0; NPs activate the NLRP3
inflammasome in cultured keratinocytes, murine jung, and
dendritic cells 1189, 190]. Whether air pollutants induce in-
flammasome activation in CNS and neuroglial cells remains
to be tdentified.

5.6. Reactive Astroghiosis. Asttocytes are characteristic star-

shaped gliai cells that outnumber neurons in the brain about
fivefold. They perform many functions, incloding biochem-
ical support of cerebral endothielial cetls that form the BBB,
provision of nutrients to the nervous tissue, maintenance of
extracellular ion batance, buffering of excess newrotransmit-
ters, secretion of neurotrophic factors, controf of cerebral
blood flow, supporting neurogenesis as well as repatr of
injured brain and spinal cord [191]. Reactive astrogliosis
is a ubiquitous feature of CNS pathologies {192]. At later
stages of CNS disorders, astrocytes become activated and
contribute to neuroinflammation and neurodegeneration.
Astroghia were reported to be activated in humans that
were chropically exposed to high levels of air pollution, as
evidenced by enhanced glial fibrillary acidic protein {GFAP)
expression [9, 10]. Animal studies investigating ozone ex-
positre showed that astroglial cells that dre locdted close
to brain capillaries have enhanced expression of 1L-6 and
TNEg [79] or are increased in number {193]. However,
it is unclear whether the astroghia respond to components
of air pollution, 1o the inflanumation, and oxidative stress
produced from other cell types or to cellutar damage [ 1}

5.7, Impacts on the Blood-Brain Barrier. The BBB is the major
site of controlled blood-CNS exchange. This physical barrier
protects the CNS from potential toxins and pathogenic
agents. An intact BBB is important for the proper function-
ing of the UNS by actively controlling cellular and molecular
trafficking between the systemic circulation and the brain
parenchyma [i94]. Cerebral endotheliai cells have Iuminal
tight junctions that form the physical barrier of the inter-
endothelial deft. Endothelial cell are covered on the outside
by a basement membrane, which also surrounds pericytes.
Around these structures end-feet processes from nearby
astracytes can be found which seal the BBB additionally
[195]. The BBB integrity is impaired in many common CNS
disorders such as AD, PD, and stroke {196]. Activation or
damage of the various cellular components of the BBB facil-
itates feukocyte infiltration leading to CNS injury, Systemic
inflamymation induced by inhaled air poliutants can disturb
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the integrity of the BBB through the effects of circulating
proinflaromatory cytokines and LPS on cerebral endothelial
cells. [1]. Furthermore, an increase in ROS is a common
trigger for many downstream pathways that directly mediate
BBB compromise such as oxidative damage, tight function
modification and matrix mefalloproteinases (MMP) acti-
vation [197]. Air-borne particulate matter has been iden-
tified both in huwman brain capillaries and in the brain
parenchyma, although the exact transport mechanisms are
wnclear {10]. Additionally, increased expression of intercel-
ludar adhesion molecule (TCAM) and vascular celi adhesion

15

© Si0n exposie significantly decreased genomic DNA methy-

Tation and levels of the related methyl transferase in normal
HaCaT epithelial cells line {2051, DER exposure induces Cox-
2 gene expression by increasing histone H4 acetylation and
histone deacetylase 1 (HDAC!) degradation in bronchial
epithelial ceils {204]. Similar results were also obtained from
in vive studies [206]. Exposure of inbred mice to particulate
air pollution caused hypermethylation in spermatogonial
stem cells. Human studies showed that either short- or
long=term, exposure to air pollution in elderly can couse
hypomethylation in peripheral lymphocytes [207, 2081, In

—pnetecnle - (VCAND wasohiserved ~incerebral vascularure

suggesting endothelial activation. As demonstrated by an ex
vivo study, DEPs induce oxidative stress, proinflammaiory
signaling, and P-glycoprotein up-regulation in the rat brain
capillaries [47]. These findings suggest that the BBB is an
important target for air poliutants. Therapeutic strategies
that aim to change BBB permeability may combat neurctoxic
effects of air pollutant on the CNS.

5.8 Gene-Air Pollution hitevaction and Epigenctic Mecha-
nisms. Individual differences that were observed upon expo-
sure o the same polluted ambient alr suggest that gepetic
susceptibility is likely to play a role in response to air pol-
lution {198]. Gene-air pollution interaction was extensively
studied in pulmonary and cardiac disorders [198, 199].
There are, however, only a limited number of studies that
address gene-air polludon interaction in CNS injury, The
Apo 4 ailele shows an amplifier effect on brain injury caused
by exposure to air pollution [187]. Air pollution-induced
olfactory dysfunction, also an early indicator for neuro-
degeneration, was higher in Apo &4 carriers {110} and
experimental in vivo studies showed that APOE™ mice were
more vulnerable to neuropathology induced by air pollution
[66--681.

Anaother susceptibility gene for the effects of air poliution
in the brain may be the glutathione-S-transferase gene
{GSTR1) becanse of its important role as radical scavenger
[128). Adverse effects of exposure to nitrogen dioxide on
cognitive function are more significant in chiidren with any
GSTP1 Val-105 allele. Since oxidalive siress, and inflamma-
tory progesses are conunon denominators of air poliution-
induced neuropathology, oxidative stress and inflanmna-
tory pathway genes including Glutathione S-transferase
Mo HGSTMI}, GSTPL, NAD(PIH dehydrogenase guinone
1{NQO1), TNF, and TLR4 are further logical candidates for
the study of the association with the susceptibility to air
polhatants [ 2001,

Air pollutants can change gene expression through a
broad array of gene reguiatory mechanisms. Epigenetics is
a posttranscriptional contral mechanism in gene regulation.
Changes in DNA methylation and histone acetylation leads
to imprinting, gene silencing, and suppression of gene ex-
prression withoul aliering the sequence of the silenced geires
1201). Epigenetic alternations ave often involved in the path-
ogenests of neurological disorders {202, 203]. Abr pollution
refated neurological damage may occur via epigenetic effects
and could be demonstrated {204, 205]. Nano and microsized

aadition, hightr exposire to traffic-related air polliition i3
associated with shorter leukocyte telomeres, which is a sign of
biological aging {2091, Further studies are necessary to clarify
in how much epigenetic changes contribute to neurological
symptoms caused by air pollution.

6. Conclusions and Pature Prospects

Ajr poliutants have been, and continue to be, major con-
tributing factors to chronic diseases and mortatity, thereby
dramatically impacting public health. Al pollution is a glob-
al problem and has become one of the major issues of public
health as well as climate and environmental protection. The
effects of air poliutants are thus at a high level of interest for
scientific, governmental, and public communities. An in-
creasing number of people are exposed 1o a complex mixrore
of inhalable NPs and toxic chemicals occupationally or as a
resuit of man made and natura!l disasters, such as war, fires,
and volcanic eruptions {210, 211]. Air pollution Is increas-
ingly recognized as an important and modifiabic determi-
nant of cardiovascular and respiratory diseases in urban
communities {3, 16]. Although adverse cardiopulmonary
outcomes have been the focus of many studies, air pollution-
related damage to the CNS has been widely neglected.
However, there is mounting evidence that air pollution also
contributes to CNS damage or increased progression of
neurodegenerative disorders.

The data discussed as part of this critical update highlight
that UFPs rapidly translocate from the lungs into the cells
and into the blood circulation. There is good evidence that
oxidative stress occurs in other organs, such as the heart
and the brain. The breadth, strength, and consistency of the
preclinical and clinical evidence provide a compelling argu-
ment that air pollution, especially traffic-derived pollution,
causes UNS damage and that there is a clear link between
air pollution and neurclogical diseases. Airborne particles
cause neuropathology, which seem to be mediated by direct
.or indirect proinflammatory and oxidative responses. Both,
the physical characteristics of the particle itself and toxic
compounds adsorbed on the pasticle may be responsible for
the damage. The time of exposure has a key role in damage.
Minimurm doses of pollution can be handled by the organism
whien this exposure is acute, but the same doses admimistered
chronically lead to an oxidative stress state that can produce
neuredegeneration. Astroglia, cerebral endothelial cells, and
microglia in particular respond to components of air pol-
lution with chronic activation, inflamumation, and oxidative
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stress 1], CNS effects can be chronic, can begin in early
childhood, and may accurnulate with age [11.

Given the enormous complexity of the CNS and the
complex pature of air pollution, the resulting CNS pathology
can have many underlying causes and pathways and could

“be due o synergistic interaction of multiple pathways and
mechanisms making it difficult to pinpoint a dear stimulus-
response telationship. While epidemiological data link in-
creased risk for stroke, MS, and PD 1o the exposure to
specific air pollutants, forther expesimental and mechawistic
studies aiming at the association between the components
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of air pollution ad the development of CNS discases ake
of pressing importance for mental health [1]. The adverse
effects of the complex mixtures of polluted air components
are poorly understood. Por instance, the contribution of
direct effects of aithorne UFPs to CNS injury remains to be
worked out in detail, and data os the presence of UFPs in the
human CNS are still lacking to date, The biological studies
can be stengihened by the use of recent discovery tools
and platforms, such as proteomics and genomics, to develop
biomarkers for toxicity sereening 142} The main problems
that are encountered in testing air pollutants toxicity in
humans are dosimetry, the lack of appropriate standardized
protocols, and geod quantitative descriptions of real-world
exposure conditions [60, 142]. Novel detection methods
need 10 be develaped for exposure assessment and dosimetry
caleulation, ‘

Our current knowledge provides a basis for much more
extensive epidemiological, forensic, and toxicological studies
aimed at identifying the underlying mechanisms of neural
damage, and strengthening of the assodation between
chronic exposure to air pollutants, and the visk of developing
nenrological diseases. However, epidemiclogic and observa-
tional data are limited by imprecise measurements of pol-
lution exposure, the potential of environmental, and social
factors to confound the apparent associations. Since genetic
susceptibility s likely to play 2 role in respomse to air
pollution, gene-environment interaction studies can be a
teol to explore the mechanisms and the importance of mo-
lecular pathways for the association between air pollution
and NS damage [198]. Inconsistencies between studies
sometimes prevent us from drawing firm conclusions. The
limited sample size of most studies, difficulty in quantifying
expostite, providing & qualitative description of active com-
pouents from complex envirommental air samples, method
of ascertatument, tirme of measuroment, and collinearity be-
tweenn polimants make difficult to use for the study of

gene by genc inferactions {200}, More studies and more

mtensive collaborationsare needed to generate larger and
more diverse cohorts aud standardized data that would allow
us to draw stronger conclusions {198). The roles of genc-aiy
pollution interactions and epigenetic mechanisms nead o be
considered {200]. Better understanding of the mediators and
mechanisms of CNS injury due to air poliution will help to
develop preventive and treatment strategies for the protec-
tion of individuals at risk. Improving air quality standards,
minimizing personal exposures, and the redesign of engine
and fuel technologies will also reduce air poljution and its
consequences for neurological morbidity and mortahity.
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Noise Pollution

What is Noise Pollution?
* Noise pollution is unpleasant noise created by people or machines that can be
annoying, distracting, intrusive, and/or physically painful.f
« Noise pollution can come from sources such as “...road traffic, jet planes, garbage
trucks, construction equipment, manufacturing processes, lawn mowers, leaf

blowers, and boom boxes,”

» Noise or sound is measured in decibels (dB). An increase of
\  about 10 dB is approximately double the increase in loudness.#
| + Aperson’s hearing can be damaged if exposed to noise levels
over 75 dB over a prolonged period of time. The World Health
Organization recommends that the sound level indoors should
be less than 30 dB.

What are the health concerns related to Noise Pollution?

° The World Health Organization (WHO) and the U.S. Environmental Protection
Agency {EPA) recognize the harmful health effects of noise pollution.iv ¥

» According to the CDC, noise pollution is “an increasing public health problem”
that can lead to a variety of adverse health effects."

* Problems related to noise include hearing loss, stress, high blood pressure,
interference with speech, headaches, disturbance of rest and sleep, productivity
and mental-health effects, and a general reduction in one’s quality of life.t

Noise Pollution and Children in the Child Care Setting

¢ Studies show that children in classrooms who are exposed to noise pollution
experience reading delays, "

« Children exposed to noise pollution learn o tune out not only noise but also the
teacher’s voice, which can harm their reading and language skills.

e Children have more difficulty understanding spoken language and distinguishing
the sounds of speech when learning in a noisy environment. v

¢ Children from noisier areas have higher resting blood pressure and higher stress
levels.™

+ Children develop better concentration skills in a quiet environment.ix

What you can do:
Consider possible sources of noise pollution in the child care
setting and identify effective ways to reduce harmful impacts:
= Try to use acoustical tile ceilings, wall coverings, and
bookshelves to absorb sound.*
*  Close windows and doors to shut out noise from road
and plane traffic.
* Place noisy activities next to each other, away from
areas needing quiet for concentration on quiet, learning activities.

Children’s Environmental Health Network www.cehn.org  March 2009
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THE EFFECTS OF NOISE ON CHILDREN AT SCHOOL: A REVIEW
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ABSTRACT

This paper reviews rescarch on issues relating to the cffects of noise on children at
school. Arcas covered include factors affecting speech intelligibility in the classroom;
the effects of environmental and classroom noise on children's academic performance;
children’s annoyance due to noise; and swrveys of classroom noise levels.
Consistencies and discrepancies between the results of various studies are highlighted.
The paper concludes by outlining some current acoustic standards for classrooms.

1. INTRODUCTION

There has been a great deal of research in the past 30 years into the effects of noise on
children’s learning and performance at school. This has been mainly concerned with
the primary school age range (5 to 11 years), and has included studies of the effects of
chronic exposure to different kinds of environmental noise and of other kinds of
classroom noise. Many of these studies have examined the effects of noise on
children's cognitive processing in a range of tasks and on their academic performance
at school. In addition to the examination of the cffects of noise on children's
performance, a limited number of surveys have investigated the annoyance
expericnced by children in relation to their noise exposure at school.

A major cffect of noise 1n the classroom is the reduction of speech intelligibility, and
the hearing and understanding of speech by children of different ages in various noisc
and acoustic conditions is a related important rescarch field.

In paralle]l with studies of the effects of noise at school, there have been several
surveys of classroom noise and acoustics, and investigations into the way in which the
acoustics of classrooms may be improved. Concern about the effects of noise on
children’s Jearning, and how they may be mitigated, is reflected in current work
towards improving standards for classroom acoustics.

2. GENERAL EFFECTS OF NOISE ON CHILDREN

In the past 30 years there have been many investigations examining the relationship
between noise exposure of school children and their performance in various cognitive
tasks. The earlier studies were concerned mainly with external environmental noise
exposure of schools, but more recently the effects of infernal classroom noise have
been investigated. It is generally accepted that noise has a detrimental effect upon
the learning and attainments of primary school children [1,2]. At the beginning of the
1990s there were two major reviews of previous work fo date in this area [3,4], both
of which concluded that chronic noise exposure of young children has a particularly
detrimental effect upon their reading ability. More recently Picard and Bradley [5]



J. Building Acoustics (0(2}, 97-106, 2003

have published a major review of issucs related to speech intelligibility in classrooms,
which covers many aspects of noise and acoustics in the classroom.

in investigating the effects of environmental noise on children a wide range of
attainments and performance factors have been considered. These include literacy [6-
1], attention {12-17], mathematics [7,11], and memory [18-21]. Tasks that involve
language, such as reading, and those that have high cognitive processing demands
involving attention, problem solving and memory appear to be those most affected by
exposure to noise [4, 11, 20, 22] although such effects are not always evident {6, 7,
23-25%

In summary, it appears from this body of work that the general effects of chronic
noise cxposure on children are deficits in sustained attention and visual attention;
poorer anditory discrimination and speech perception; poorer memory for tasks that
require high processing demands of semantic material; and poorer reading ability and
school performance on national standardised tests.

The types of noise which have been considered in these studics include aircraft noise
[6,7,9,22, 26, 27]; train noise [19, 28, 29], traffic and street noise [30, 31]. Many of
these studies have focused on the effects of noise from a single source, although noise
exposure in the classroom is likely to be due to a combination of intemal and external
sources. Despite this, there have been few studies in which the effects of irrelevant
noise in the classroom have been considered. One such study is the large scale
investigation by Shield and Dockrell [11] which examined, separately and in
combination, the effects of environmental and classroom noise on children's
perceptions of noise and performance.

3. SOURCES OF NOISE IN THE CLASSROOM

The noise in a classroom is made up of external noise which is transmitted through
the building envelope, pius internally generated noise, so that children in school may
be exposed to noise from a wide variety of sources. External noise is likely to consist
of a range of environmental noise including noise from transportation sources,
indusirial noise, plant noise and the noise of people outside the school. An additional
source of noise which is reputed to cause significant disturbance to teaching is the
noise of rain falling on lightweight school roofs [32,33].

The predominant external noise source, particularly in urban areas, is likely to be road
traffic [34,35] although aircraft noisc may also affect many schools, with fewer
schools exposed to railway noise.

A survey m 2000 by Shield and Dockrell [36] of noise sources outside schools in
London found that the predominant sources were cars (outside 86% of schools),
aireraft (54%), lorries (35%;) and buses (24%), with 11% of schools exposed to
railway noise. This distribution of sources agrees closely with the occurrence of
sources recorded outside dwellings around the UK during the 2000/2001 National
Notse Incidence Survey (NNIS) [34] (for example NNIS found 87% of dwellings
exposed to road traffic noise, and 12% of dwellings exposed to railway noise.) It can
therefore be assumed that these figures are likely to reflect the typical noise exposure
of schools in industrial societies.
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Studies of annoyance caused by noise heard in schools by Dockrell er al {37-39]
suggest that certain occasional noise events such as overflying aircraft, trains or sirens
may affect children and teachers disproportionately to their contribution to the overall
noise environment of a school.

In addition fo external noise transmitted through the building facade 1o a classroom,
noise inside a classroom may include noise from teaching equipment (computers,
projectors and so on), noise from building services in the classroom, and noise
transmitted through the walls, floor and ceiling from other parts of the school. Shield
et al [11, 36], however, in 2 survey of 140 primary school classrooms, found that the

dominant-source-of noise-fnra primary schoolclassroonyis the noise generated by the
pupils themselves as they take part in a range of classroom activitics.

4. SPEECH INTELLIGIBILITY

A major effect of noise and poor acoustics in the classroom is the reduction of speech
intelligibility. If children are unable to understand the teacher then the major function
of a classrcom in providing an environment that enables the transfer of information
from teacher to pupil is impaired. In addition it is important, both for learning and for
social interaction, that children are able to hear and understand their peers in the
classroom.

4.1 Children’s understanding of speech

There have been many studies of children's understanding of speech in different noise
and reverberant conditions, some of which have paid particular attention to the
acoustic conditions of classrooms. These studies have shown that young children are
far more susceptible to poor acoustic conditions than adults. Nelson [40], in
describing the development of the 2002 ANSI standard on classroom acoustics [41],
gives a brief review of recent work in this area. It has been shown through research
with children of differing ages that a child's understanding of speech in noise and
reverberation does not reach an adult level until the Jate teenage years. Before this
time, the younger the child the greater the detrimental effect of noise and
reverberation [42-45], with children under about 13 years of age being particularly
susceptible.

Children and adults who are hearing impaired arc more seriously affected by noise

and reverberation than those with normal hearing. It is estimated that at any one time
up to 40% of children in a primary school class in the UK or USA may have some

form of hearing 1mpairment [40,46], due to cither permanent damage to their hearing
or a temporary condition such as a cold or car infection. Furthormore, many children
with permanent hearing impairments are now educated alongside their mainstream
peers, in accordance with the principles of social inclusion and legislation such as the
Americans with Disabilities Act [47] and the UK Disability Discrimination Act [48].
it is therefore particularly important to achieve good acoustic conditions in
classrooms to meet the needs of these children.

There are other groups of children for whom understanding their teachers and their
peers can be difficult in the classroom, for example children who are not being taught
in their first language [40, 49, children with disorders such as afttention
deficit/hyperactivity disorder [50], and children with speech and fanguage difficulties.
These children may be casily distracted in poor acousiic conditions or may have
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general problems in processing language, which will be exacerbated in classrooms
with poor acoustics.

4.2 Acoustic factors affecting speech intelligibility in classrooms

The room acoustic factors that affect speech intelligibility are background noise level
and reverberation time. Both Bradiey and Hodgson and their colleagues [51-56] have
carried out experimental and theoretical studies to investigate the relationship between
these factors and speech intelligibility in the classroom. A general conclusion of these
studies is that noise is the more critical factor and that criteria for acoustical
conditions in the classroom should be based upon speech intelligibility. In work with

adults Bradley el T35 found that noise; rather thin feverberation, was the most
significant factor in understanding speech and that the most important parameter for
speech intclligibility is the signal (that is, speech) to noise ratio. As the levels of
teachers' voices vary, this mcans that it is particularly important to reduce the
background noise level in a classroom. Bradley [52], in an analysis of measurements
of acoustical conditions and speech intelligibility in classrooms for 12 and 13 year old
students, concluded that 30 dB{A) was an appropriate background notse level, with
optimum reverberation times of 0.4 to 0.5 seconds. There is however some
disagreement about the ideal value of the signal to noise ratio for classrooms. Finitzo-
Hicber and Tillman [57] in 1978 rccommended a signal to noise ratio of 12 dB for
both normal hearing and hearing impaired students althoogh others [58, 59] argued
that a higher $/N value of 20 to 30 dB is required for the teaching of hearing impaired
children. More recently Bistafa and Bradiey {53], following a series of theoretical
studies, recommended that the speech to noise ratio should be greater than 15 dB
throughout a classroom, 25 dB being the ideal value and 20 dB an acceptable value 1
m in front of speaker. These values asswme a reverberation time of less than 0.4 to
0.5 seconds. Signal to noise ratios of 15 or 20 dB are recommended for classrooms by
the American Speech-Language-Hearing Association [60] and the British Association
of Teachers of the Deaf [61] (see section 9).

It is usual to assume that speech intelligibility will increase as reverberation time
decreases to zero [62]. Although it is generally accepted that, to maximise speech
intelligibility, it is necessary to have a relatively short reverberation time, Hodgson
and Nosal [54] argue that, when the noise inside a classroom is taken into account,
longer reverberation times arc possible without compromising the speech
intelligibility. When accounting theorctically for noise of cquipment and occupants in
a classroom, they predicted that it was possible to achicve high speech inteliigibility
with reverberation times of up to 1 second, depending on the size of the room.
However, the authors concede that their results may not be appropriate in the case of
younger and hearing-impaired listeners.

Picard and Bradley, in a major review of research on speech intelligibility in
classrooms [5], compared measured noise levels and teachers’ voice levels from a
range of studies. They estimated that in reality the speech to noise ratio varies from 3
dB in a kindergarten to almost 7 dB in university classrooms.

5. EFFECTS OF ENVIRONMENTAL NOISE

The majority of the research into the effects of noise on children’s performance n the
classroom has examined the issue in one of fwo ways. Either the performance of
children cxposed long term to significant levels of cnvironmental noise has been
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compared with that of children with fow noisc exposure; or the effects of a reduction
in environmental noisc on children’s performance in the classroom have been studied.

Much of the published work on the effects of external noise has concerned pupils in
schools exposed to aircraft noise. In the early 1970s Crook and Langdon [63] found
that in schools around Heathrow aircraft notse had a significant fmpact on teaching by
interfering with speech and causing changes in teachers’ behaviour in the classroom.
Two major studies around airports in the 1980s and 1990s involving children aged
from 8 to 12 found impaired performance in noise exposed children [4, 6, 7, 64]. In
these studies high noise exposure was associated with poor fong term memory and

reading comprehension, and decreased motivation in school children. Typical levels
of aircraft noise to which the schools were exposed were 95 dB Lyen [6,7]. A recent
study of children in schools affected by aircraft noise from Heathrow Airport, m
which children in schools within the 63 dB(A) Lacgisneus 2ircraft noise contour were
compared with children in schools outside the 57 dB(A) contour [10, 65, 66] also
found that noise affected reading ability for the bardest items.

The effects of chronic exposure to aireraft noise appear to be long term. Cohen et af
[7] found that reducing the noisc inside a school by 16 dB(A) had little effect on
children’s performance. More recently Hygge [64] found that even when the noise
source is removed, as in the closure of an airport, it takes several vears for the
detrimental effects of neise exposure to cease.

Other studies have examined the effects of school exposure to train and road traffic
noise. Bronzaft and McCarthy [29] found that children on the quieter side of a school
next to an elevated railway had reading scores higher than children on the side
exposed to the train noise, at levels of up to 89 dB(A). A noise abatement programme
reduced the train noise inside the school by 6 to 8 dB(A), after which no difference
was found between the reading scores on the two sides of the school {671

In the UK road traffic noise has been found to cause dissatisfaction with the
classroom cnvironment among teachers: Sargent er al [68] found that there was a
greater incidence of complaints about noise at levels above 60 dB(A) Laj. Lukas ef
al [69] found that exposure to traffic noise had a detrimental effect upon children's
reading ability. More recently tests in both primary and secondary schools exposed to
noise from road traffic have found that noise has a detrimental cffect on children’s
attention {70, 71]. The levels of road traffic noise in these studies were around 70
dB(A) on average,

Hygge [20] investigated the effects of noise from various transportation sources on
children aged between 12 and 14. Noise of different sources was played at 66 dB(A)
in the classroom. Aircraft and road traffic noise were found to affect long term recall
whereas the noise from trains had no effect.

Shield and Dockrell [35] compared external noise levels at over 50 London schools
with the schools’ scores in standardised assessment tests (SATs) of chiidren aged 7
and 11. There were significant relationships between external noise levels and SATs
scores, the relationships being stronger for the older children. The noise parameter
that had the highest correlation with SATs results was L., suggesting that it is the
noise of individual events, or acute exposure, which may have the most significant
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effect. In contrast to other studics, the subjects most affected were mathematics and
scicnce. The significant relationships were maintained when the data was corrected
for school socio-economic factors such as percentages of children for whom English
is not the first language and percentages of children receiving free school meals.
Similarly, Haines et o/ {72} found that chronic exposure to aircraft noise was
significantly negatively related to performance in the standardised mathematics tests
of 11 years olds, although the relationship was not statistically significant when the
data was corrected for socio-economic status.

While it appears from all these studies that both chronic and acute exposure fo

environmental Toise may adversely affect children's academic performance, there are
many other factors, often unreported, that may influence performance and interact
with the effects of noise. These include child based factors such as ability, language
or social deprivation. In their study of London schools, Shicld and Dockrell [35]
found that there was a high correlation between a school's extemal noise level and the
percentage of children having free school meals at the school, the latter being a
recognised indicator of social deprivation in an arca {73,74]. This suggests that
deprived children already living in noisy areas attend schools where their exposure to
environmental noise may additionally negatively affect their academic performance.

6. EFFECTS OF CLASSROOM NOISE

There has been less research in the past into the effects on children of noise in the
classroom, than of environmental noise. However, research in this area is mcreasing,
several recent studies having investigated the effects of internal noise on children's
reading, numeracy and overall academic performance [11, 75-77].

Hetu ef al {3] found a significant drop i children’s performance, particularly in
learning to read, when the background neise level interfered with speech. Mackenzie
[75] compared the performance of children in primary school classrooms that had
been acoustically treated, thereby reducing background noise levels and reverberation
times, with children i untreated classrooms. Children performed better in word
inteliigibility fests in the acoustically freated rooms, the improvement being
particularly marked when other pupils were talking in the classrocoms. Similar resulis
were obtained by Maxwell and Evans [76] in a study of pre-school children who had
been exposed (o levels in the classroom of 75 dB{A). Following acoustic trcatment to

reduce the noise the children’s performance improved in letter, number and word
recognition. In contrast, in a study of older children, aged 13 and 15, working in
levels of 58 to 69 dB(A) during mathematics classes [77] there was poor correlation
between sound level and standard of work; however, there was a significant
relationship between annoyance and the effect of noise on schoohwork (see section 8
for further discussion of annoyance).

Shield and Dockrell {781 in comparing standardised assessment test scores with
internal noise levels in 16 schools found significant relationships between background

(Lo levels in classrooms and test scores for several subjects. The test which
showed the strongest association with noise was the English test of the older (age 11)
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7. REASONS FOR THE EFFECTS OF NOISE ON CHILDREN

There is a need for further work to examine the reasons for the cffects of noise on
children’s performance, in particular what aspects of their cognitive processing are
affected by different types of irrelevant noise. A number of possible explanations
have been proposed. These include cognitive coping {23] and fevel of arousal [4,79].
The cognitive coping hypothesis suggests that children deal with excessive levels of
environmental sound by tuning it out. This, it is argued, results in indiscriminate
tuning out of all stimuli resulting in generalised poor attention [9]. This explanation
would imply that a full range of cognitive tasks would be affected. and this is not
what appears to happen. In contrast increased arousal could have the effect of

increasing performance on fasks where irrefevant items are screened, but continued
high levels of arousal may result in an inability to concentrate. More recently the
cffects of environmental noise have been conceplualised by Evans ef of [26] in terms
of ‘helplessness’. However, both the arousal and the learned helplessness hypotheses
fail to make clear predictions about the ways in which eavironmental noise will
differentially affect cognitive skills.

A eriticism of studies of the effects of irrelevant noise on adults s that they have
mainly involved the performance of simple laboratory tasks in background noise or
specch [801. A marked exception to this is the work of Banbury and Berry [80,81]
who cxamined the disruption of office related tasks by speech and office noise, and
confirmed the negative effect of noise exposure on more complex cognitive tasks.
However, results obtained with adults cannot necessarily be generalised to children as
children’s cognitive and linguistic skills are less developed than those of adults.
Shield ef af [11] carried out a series of experimental investigations in schools to
examine the ways in which different irrelevant sound sources interfered with
children’s processing of verbal and non-verbal tasks. They found that children's talk
in the classroom had a detrimental effect upon the verbal (reading) task but that the
addition of random environmental noise events improved performance on this task. A
non-verbal (speed of processing) task was detrimentally affected by both elassroom
talk and cnvironmental noise individually, the worst performance ocecurring in a
combination of these two sounds.

8. CHILDREN'S PERCEPTIONS OF NOISE AT SCHOOL

The most widespread and well documented subjective response to noise is annoyance.
However, while there have been many studies concerned with annoyance caused o
adults by different types of noise, including ones which have established dose
response relationships between noise and annoyance, children's annoyance due to
noise is a refatively under researched arca. Yet children's annoyance may be a
important factor in determining the effects of noise; indeed Lundquist e7 of [78] found
that there was a stronger relationship between school performance and annoyance
than between sound level and performance.

Some of the studies of the effects of noise on children already discussed have also
considered children's perceptions of sound. Children at school have consistently been
found to be annoyed by chronic aircraft noise exposure [22,65]. In their study of the
effect of high levels of aircraft noise Haines er a/ [65] demonstrated that annoyance
levels due to aircraft noise were significantly higher among children in schools
exposed to high levels of aircraft noise compared with schools with lower exposure
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levels. [n contrast, levels of annoyance due to road traffic noise both at school and at
home did not differ significantly across the high and low aircraft noise schools,

Children may be aware of noise without necessarily being annoyed by it. A recent
survey by Dockrell and Shield [37-39] of over 2000 London primary school children
aged 7 and 11 years, in schools exposed to a range of envirommental noise sources,
found that children were aware of, and some were annoyed by, specific noise sources.
The older children were more aware of the noise, while the younger children found
noise more annoying. The most annoying noise sources were trains, motorbikes,
lorries and sirens, suggesting that it is intermittent loud noise events which cause most

annoyance to chiidren while at school.

9. CLASSROOM NOISE LEVELS

Despite the body of rescarch into the effects of poor speech intelligibility and noise on
children in the classroom, there is relatively little published data on typical noise
levels in classrooms. Farthermore, owing to changes in instrumentation, measurement
techniques and parameters over the past 30 years, the data that is available is limited
in scope and often difficuit fo interpret in terms of current noise parameters and
methodologics. The reported levels have on the whole been presented as single figure
ratings, either in dB{A) with no explanation of which acoustic parameter was
measured, or in terms of Laeq without reference to time or classroom activity. Ina
review of classroom noise data pubhished between 1977 and 1991, Hodgson et al [82]
report that in most cases it is difficult to determine precisely how the measurements
were obtained and in what classroom conditions. Picard and Bradley, in a recent large
scale review of classroom noise levels also note the lack of detailed data on noise in
classrooms [5]. However, with increasing interest world wide in school and
classroom acoustics, the rate of publication of classroom and school noise data is
increasing. For example, the UK government has recently funded several large scale
studies of classroom noise and the effects of noise on children [9,11,83], and similar
work is currently being undertaken on a European wide basis [84].

Published data include measurcments of teachers' speech levels, background levels in
empty classrooms and levels due to stadent activities in the classroom. However,
previous surveys have shown a wide range in noise levels in classrooms, as discussed
below.

9.1 Teachers' speech levels

The review by Hodgson ef ol [82] found that data on teachers' speech levels ranged
from 40 to 80 dB(A}. Picard and Bradley [5] also note the wide range in reporied
speech levels, the variation being due to different measurement methods and
microphone positions. From the published data they estimate that the average speech
level in a classroom, 2 metres from the teacher, is 60.1 dB(A).

9.2 Background levels in empty classrooms

In empty classrooms the noise is llkely to be due to sources w1thm the classroom such
as ventilation system noise, plus noise transmitted from other areas in the school and
from external sources. The review by Hodgson er af {82] found measured levels of
ventilation noise in classrooms ranged from 23 to 55 dB(A).
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10.1 WHO Guidelines
The WHO guideling values for schools [94] are summarised in Table 1.

Table 1. WHO guidelines for maximum noise levels and reverberation times in
schools

Notse level, | Reverberation

dB La, time, seconds
Classrooms 35 (.6
Halls and cafeterias - <]

Qutdoor playgrounds |55 -

The background noise level of 35 dB(A) Laey in classrooms is based upon the
assumption of 55 dB(A) for a typical teacher's voice level at a distance of 1 m, and of
the need for a signal to noise ratio of 15 dB. It is not clear whether the reverberation
time requirements apply o occupied or unoccupied rooms. The guidelines state that
both background noise level and reverberation time should be lower for hearing
impaired children. The maximum noise level of 55 dB{A) in outdoor playgrounds is
chosen to be the same value as for outdoor residential arcas in daytime, in order to
prevent noise annoyance.

10.2 ANSI §12.60-2002

The American National Standard S12.60-2002 "Acoustical Performance Criteria,
Design Reguirements, and Guidelines for Schools' [417 was published in 2002 and
provides design criteria and guidelines for new and refurbished classrooms and other
learning spaces. The standard specifies limit values for background noise levels and
reverberation times in 'core learning spaces’ (that is teaching spaces including
classrooms, conference rooms, libraries, music rooms and so on) which are classified
according to their volume, see Table 2. The spaces are assumed to be furnished but
unoceupied.

Table 2. ANST §12.60-2002: Maximum background noise levels and reverberation
times in leamning spaces

Volume of space Background noise | Reverberation
level, dB L pco thowr | time, seconds

<283 m’ 33 0.6

> 283 m’ and < 566 m° | 35 0.7

> 566 m 40 -

The standard also includes sound nsulation requirements, expressed as STC ratings,
between core learning spaces and adjacent areas. For example, the minimum STC
between two core learning spaces is 50, between a core learning space and corridor
45, and between a core leaming space and cafeteria 60.

The standard includes annexes which give the rationale for the setting of the criteria;
advice on noise confrol, confrol of reverberation” and sound insulation: and
recommendations for good practice to verily conformance to the standard.
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10.3 Building Bulletin 93

In the UK, although there has been guidance available on the acoustic design of
schools since 1975 [95, 976], there have up to now been no legal requirements for
compliance with the standards. However from July 2003, the acoustic design of
schools is to be regulated under amendments to the Building Regulations. The
standards, which will have to be met by both new and refurbished schools, are
contained in Building Bulletin 93 'Acoustic Design of Schools', published by the
Department for Education and Skills [32].

Building Bulletin 93 replaces Building Bulletin 87 'Guidelines for Environmental

BPesiprrinSchools {957 whichgave advice on heatiig; ™ lighting, ventitationand
acoustics in schools. James [96] discusses the background to the writing of Building
Bulletin 93,

Building Bullctin 93 is a comprehensive document specifying indoor ambient noise
levels, reverberation fimes and sound insulation requirements for over 30 types of
teaching and learning spaccs in schools. [t also includes gnidance on noise control,
design of rooms for speech and music, the needs of and technology available for
hearing impaired children and case studies of good and bad examples of school and
classroom design.

Examples of the performance standards for maximum indoor ambient notse levels, in
terms of Laeq.20min, and reverberation times are shown in Table 3. Both noise levels
and reverberation times are for unoceupied and unfurnished rooms. The reverberation
time is the mean of the values at 500 Hz, 1000 Hz and 2000 Hz. Figures in brackets in -
Table 3 are the corresponding values from Building Bulletin 87, where a direct
comparison is possible. (Note that the background noise level in Building Bulletin 87
was expressed as a 1 hour Laeg and the reverberation time was the mean of the 500 Hz
and 1000 Hz values.) In general, the requirements of Building Bulletin 93 are more
stringent than those of Building Bulletin 87, to reflect increased awareness of the
effects of noisc and reverberation on children, and in particular the needs of hearing
impaired children.

Table 3. Building Bulletin 93: upper limits for indoor ambient noise levels and
reverberation times for a selection of school rooms

Indoor ambient noise | Reverberation
level, dB Laey 30min time, seconds
Primary school classrooms 35 (46) <{.6 (1.5-0.8)
Secondary school classrooms | 35 (40) <0.8 (0.5-0.8)
Large (> 50 pecople) lecture | 30 ¢35) <1.0
Toom
Classrooms  specifically for { 30 <0.4
hearing immpaired puptls
Library study arca 35 (40} <10 ¢(6.5-1.0}
Asgsembly halls 35 ¢33) 6.8-1.2
Science lab 40 (40) <B.8 (0.5-0.8)
Crymnasium 40 <1.5 ¢1.0-1.5)
Dining rooms 45 (5t} <1.0 (0.3-0.5)

Values tn parentheses are corresponding values from Building Bulfenin 87 [96]
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Building Bulletin 93 also specifies the reguired sound insulation between the various
different kinds of teaching spaces. The sound insulation requirements are based upon
the ciassifications of the rooms according to their ‘activity noise’ {Jow, average, high
or very high) and their 'noise tolerance' (very low, low, medium, high). The sound
insulation is specified in terms of a weighted standardised level difference
Durermemanw Where the reference reverberation time is the upper limit of the specified
RT for the receiving room. The required values of Dyrermemun.w tange from 30 dB for
the insulation between a sowrce room with low activity noise (eg study room) and a
receiving room with a high folerance level {eg dining room) to 60 dB between a
source room with very high activity noise (eg music classroom) and one with very

low tolerance {eg drama studio). The impact sound insulation of floors is specified in
terms of the weighted standardised impact sound pressure level Liyrermimaxyw. Which is
15 also defined by reference to the maximum RT of the receiving room. The required
values of L'ytmmtmanw Fange from 53 dB for rooms such as music classrooms and
jarge fecture rooms fo 65 dB for science laboratorics, sports hall, dining rooms and so
on.

Building Bulletin 93 also contains standards for open plan spaces, which are specified
in terms of the speech transmission index, STE The performance standard is that any
open plan teaching or study arcas should be designed so that the STI is greater than
0.6.

10.4 Standards for hearing-mpaired pupils

Organisations concerned with the needs of deaf and hearing-impaired people aiso
provide guidance on the acoustic requirements of classrooms. Examples include the
position paper on acoustics in educational settings of the American Speech-Language-
Hearing Association (ASHA) [60], published in 1995, and the recommended
standards for classroom acoustics published in 2001 by the British Association of
Teachers of the Deaf (BATOD) [61]. The recommendations of both of these
organisations include unoccupied ambient noise levels, reverberation times and signal
t0 noise ratios, as shown in Table 4.

Table 4. Recommendations of ASHA and BATOD for classrooms

| ASHA (1993) BATOD (2001)
Background noise levels 30 - 35 dB(A) < 35 dB(A)
Reverberation time <0458 <04, 125 Hz to 4000 Hz
Signal to Noise ratio >15dB >20 dB, 125 Hz to 750 Hz
=15 dB, 750 Hz 10 4000 Hz

In 2002 ASHA published a further report on appropriate facilities for students with
speech-language-hearing disorders [97], the major part of which is concerned with the
acoustics of classrooms.

11. CONCLUSIONS

The rescarch evidence shows that noise does have an effect on children's performance
at schoel, with older children in the primary schoo! age range appearing to be the
most affected by noise. Children are also annoyed by noise at school. Measurement
surveys of classrooms show that classroom noisc levels can be bigh, particularly in
classrooms without acoustic treatment, and that this is often due to the noise of
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classroom activity. One cause of the detrimental effect of noise is the degradation of
speech intelligibility in the classroom. The precise nature of the effects of noise upon
the cognitive processes of children, however, is as yet not fully understood.

There is increasing awareness among the architectural, educational and acoustical
professions about the effects of noise on children and the need to create good acoustic
conditions in the classroom. This is being reflected in current national and
international standards on classroom acoustics.
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Listening Effort at Signal-to-Noise Ratios that are
Typical of the School Classroom

Howard, C. S., Munro, K. & Plack, C. J. (2010},
Listening effort at signal-to-noise ratios that are typica
of the school classroom. [nternational Journal of
Audiology, 49, 928-932.

. This editorial discusses the ciinical implications of an
independent research study. The original work was no
associated with Starkey [aboratories and does not

reflect the opinions of the authors.

Everyday aclivities often require attention to more
Aﬁthan one concurrent task. The ability to do this

successfully depends on a number of factors;

ncluding distractions, the difficulty of the tasks and



and reading information on a board or a computer
screen, while also listening to the teacher and
comments or guestions from other students. To
complicate matters, these tasks are often carried out
n the presence of varying levels of background noise.

Classroom noise has a detrimental effect on learning
{Shield & Dockrell, 2003). Completing more than one
ask at a time in a noisy place may adversely affect
earning because it requires greater listening effort on
behalf of the student. In other words, in the presence
of background noise and when attending to multiple
asks, greater cognitive resources must be dedicated
0 understanding speech. This means that
. performance on one or more of the tasks, including |
| comprehension of the spoken lesson, can deteriorate. |
“*“Classmom signal to noise ratios (SNRs) have been
measured in the range of -7dB to +5dB (Amold &
Canning, 1999; Crandell & Smaldino, 1995, 2000).
Low SNRs are known to have a particularly
detrimental effect on speech perception for
nearing-impaired listeners, especially children (Blandy |
& Lutman, 2005; Jamieson et al. 2004). Therefore, the
effect of SNR on listening effort and classroom
multi-tasking are of special concern for
hearing-impaired students.

Listening effort can be measured in adults with
self-report ratings, in children it is usuaily measured
with dual-task paradigms. Hicks and Tharpe (2002)
. compared the performance of children with mild
_hearing loss to that of normal hearing children in a

| ecognition at 70dB in quiet and in multi-talker babble ;\
t SNRs of +10dB to +20d8. The Secondary task

Hig *ﬁ:f‘ The authars :mmd thaf r@actaom time was Iomgwr .

Sty it



| for the hearing-impaired children than for the
normal-hearing children, suggesting that the
hearing-impaired children required more listening
effort, therefore devoting fewer cognitive resources to
the secondary task. Interestingly, there was no
significant effect of SNR on listening effort.

_experiment with hearing-impaired and normal-hearing |

Bt

_8-12 vyear olds. The primary task was o categorize

and +6dB. The secondary task involved completion of
a dot-to-dot puzzle. Performance on the secondary
task decreased when both tasks were performed
together, though there was no significant effect of
hearing loss or SNR.,

The authors of the current study surmised that the ,
SNRs used in previous studies were too favorable and
did not represent typical classroom SNRs. SNR may
indeed have a detrimental effect on multi-tasking, but
the SNRs used in previous experiments might not
have been sufficiently challenging to vield an effect.
The study summarized in this blog post aimed {o
measure listening effort in a dual task paradigm using
SNRs that were more typical of classroom
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. normal-hearing children, age 9-12 years, participated
. _inthe study. None of the subjects had any history of
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_ children’s background chatter (Hamilton. 2008}, which



the authors deemed most similar to typical classroom
background noise. The level of babble was adjusted
to create four SNR conditions; quiet, +4dB, 0dB and
-4dB. The secondary task involved rehearsing sets of
5 visually-presented digits and reciting them at a later
time. Each task was presented alone and together in
dual-task condition. In the dual-task condition, the
string of 5 digits was presented for 3 seconds. Then, a
set of 5 words was presented and scored before the

found a significant effect of SNR and task
combination, as well as a significant interaction
between SNR and task combination. in other words,

task condition when SNR decreased.

For performance on the secondary task, there was
ess of an effect of SNR in the single task condition,
suggesting that subjects were able to ignore the
background noise successfully as they compieted the
_ visual recall task. For the duai task condition, digit
recall performance decreased significantly, especially |
for lower SNRs. There was a strong, significant
nteraction between SNR and task combination,
showing that performance decreased more
substantially in the dual task condition when SNRs
were lower.

As expected, mean perfarmance on the word
recognition test decreasec with lower SNRs. In
. general, the dual task condition yielded simifar word
. recognition performance, but for lower SNRs,

. performance on the secondary task deteriorated,




. increasing background noise. This is consistent with
results found for adult subjects, in which decreased
performance on a secondary reaction-time task was
found when noise was added to the primary listening
task (Downs & Crum, 1978).

Afi test stimuli used in the current experiment were
. presented under headphones. This test condition
. removes acoustic cues that would be experienced in

the classroom where there is spatial separation
between primary and secondary speech stimuli,
Future work with hearing-impaired children listening in
a spatially distributed sound field would more closely |
approximate a classroom environment. Additionally,
the use of hearing aids with directional microphones

of SNR. Further research is needed to iluminate the
interactions among these variables.

The current study showed a clear deterioration in
secondary task performance as the SNR decreased,
suggesting that increased listening effort was required @
in conditions with poorer SNRs. This has important ¢
implications for classroom environments, in which
children are regutarty required to listen and perform
secondary tasks such as taking notes and reading
visual materials. As classroom background noise
increases, children are likely to have fewer cognitive
resources available to attend to the spoken lesson,
take notes and participate in discussions. Decreases
n classroom noise levels may be achieved in many
ways, including classroom architecture and design,
the use of acoustic damping and noise reduction
materials and organization of students’ workstations.

These observations have particular importance for
_hearing-impaired students, who are more likely {o
suffer deleterious effects of classroom background
noise. Although this study did not include
hearing-impaired listeners, the findings support the



continued recommendation of preferential seating, FM|
systems and other efforts to improve signal to noise
ratio in the classroom.

.
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