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Summary findings

To develop efficient strategies for pollution control, it is
essential to assess both the costs of control and the
benefits that may result. These benefits will often include
improvements in public health, including reductions in

. both morbidity and premature mortality.

Until recently, there has been little guidance about
how to calcnlate the benefits of air pollution controls
and how to use those estimates to assign priorities to
- different air pollution control strategies. Ostro describes
a method for quantifying the benefits of reduced ambient
concentrations of pollutants (such as ozone and
particulare matrer) rypically found in urban areas
worldwide. He :hen applies the method to data on
Jakarta, Indonesia, an area characterized by little wind,
higa population density (8 million people), congested
roads, and ambient air pollution.

. The magnitude of the benefits of pollurion control
depend on the level of air pollution, the expected effects
on health of the pollutants (dos:-rapbnsc), the size of

the population affected, and the economic value of these

effects.

The results for Jakarta suggest that significant benefits

result from reducing exposure to both outdoor and

indoor air pollutants For example, if annual
concentrations of particulate matter were reduced to thc
midpoint of the World Health Orgamzanon guideline
(and former U.S. ambient standard), the estimates
indicate a reduction per year of 1,400 premature deaths
{with a range of 900 to 1,900), 49,000 emergency room
visits, 600,000 asthma attacks, 7.6 million restricted-
activity days (including work loss), 124,000 cases of
bronchitis in children, and 37 mxlhon minor resplratory
symptoms. -
In the case of Jakarta, the mcthodology suggess that
reducing exposure to lead and nitrogen dioxide should
also be a high priority. :
An important consequence of ambient lead pollution is
a reduction in learning abilities for children, measured as
1.Q. loss. Apart from that, reducing the proportion of '

‘respirable particles can reduce the amount of illness and
- premature mortality.

Clearly, air pollution rcprcscnts a significant pubhc
health hazard to residents of Jakarta and other cities
consistently exposed to high leveis of air pollution, such

~ as Bangkok, Mexico City, and Santiago, Chile.

- This paper—a product of the Public Economics Division, Policy Rescarch Department—ispart of a larger effort in1thcdcpamncnt
to analyze the economics of pollution control in developing countrics. The study was being funded by the Bank’s Research Support
Budgetunder the rescarch projece “Pollution and the Choice of Economic Policy Instruments in Developing Countries™ (RPO 676-

_ 48). Copics of the paper are available free from the World Bank, 1818 H Street NW, Washington, DC 20433. Please contact
Carlina Jones, room N10-063, extension 37699 (63 pages). May 1994.
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" 1. INTRODUCTION

© Until recently, there has been litte guidance about the cﬂcﬂaﬁoﬁ of the social costs of air
pollution and about using these costs to evaluate altemati'.;e air pbl[uti§n cohtroi strategies. With limited
resoﬁ:cés, ‘rational decisionthaldng rcqnircs some 'quantiﬁca,trion of the potential benefits of controlling
air pollution. These benefits are dependent on the expected _hcaltﬁ effects of the pollutant, the m'a'gnimrdér
of tlrlcrrerffect in response to air pqllution V(dose-response), the economic valuation of 'thg adverse effect,
and the enstence -of subbopulétions particularly sensitive 10 air pollutionr Infonnaﬁon about hcalth andr 7
economic effects of air pollunon needs to be catcgonzed for pollutams commonly dlscharged by mobxle

- and stauonary sources 'I'hls report d&scribes a method for detenmmng quanmanve estimates of the

, beneﬁ:s of reducing ambnent concentrations of five pollutants: particulate matter, sulfur dioxide. nitrogen

dioxide, ozone and lead. This methodology is then a;iplicd to Jakarta, Indonesia.r A brief review of the
effects of carbon mﬁnoﬁde and mrboh dioxide is also provided. Once the benefits (both quantified and -
unquannﬁcd) of control are calculated, they can be incorporated in decisions about prioritizing conu'ol
strategls For cost-benefit ana]ysxs of air pollunon control, a common denomination f0r various hmlth | 7
eﬁ'ects would be used. It could be based on willingness to pay, medicai treatment costs and the valne _
of lbst productive days and years. Such valuation is béyond the scope of this paper, however. |
It should be acknowledged howcver that large uncertainties about the existence and magnitude
_ of the health effects of air pollution continue to exist. Therefore, the analysis provxded below should be
'\-*Igwed as an attempt to present, in the judgemem of this author, the most Iikely and well-documented
" health impacts for which quantitative information exists. This assessmenz will probably change over time
as new clinical, epidemiologic and economic research is completed.
In the past, the U.S. Environmental Protection Agenéy has estimated the health and welfare
effects of air pollution in its'Regurlatory Impact Analysis for national ambient air quality standards, as
required byrrt-he Presidentjal Executive Order #12291 is#ued in 1981." Additional information and

methodological improvements were incorporated in the subsequent ahalysis of economic benefits of air
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quahty programs in selected U.S. Irocatioxjs.’-3 Recently, broad estimatés of the health benefits of
controlling ozone and particulate matter were provided for both the U.S. ahd for the ambitious control
plans being conhiciered in Southern Califbrhia.' a8 | | |

-The analysis reported here uses a similar approach to estimict® health effects of criteria philutam’s =
in Jakana, with two improvements: the most rgéeht set of research findings are utilized and a full range
of health endpoints are Vi_ncluded. Dosc-fésponsc fanctions that relate variohs health hutpomes to air
pollution hre taken from the available peer re» mwd litermre. Estimates of séiected health effects of alr
pollution are generated by épplying these fuhctions to 'arhbicht levels ehher observed from monitoring |
stations located throughout the city or estimated ﬁ'om availéblc dispersion niodels. Using Vnsul:s_ Vfromr
. -— both time-series and cross-sectional epidemiologic analyses from the United States, Canhda, and Brithih,
effects are estimated for $uch health outcomes:as premature mortality, hospital visits and admissions,
emergency room visits, restrictions in activity, acute respiratory symptoms, acute bronchitis in cluldren, _
asthma attacks; IQ loss, and blood pressure changes. At this time, _howhver, because of uncertaintiﬁ
- about the coverage and representaﬁvcness of the chisting’mohitots in the city, and about the applicability -
of hmlth stuclxes hndenaken m the U.S. to the developing world, thé' results should be viewed as
providing only genérai estimates of the impacts of ﬁr pollution. |

Following this introduction, there are four sections in this report. Section Il describes the
methodology for estirhating the heahh effects associated with changes in air pollutioh. The section also
details thé data and baseline assumptions that are hec&ssa_ry fo: such stimhtions. Section I provides a
brief review of the literature that quantitatively links changes in air pollutants with adverse health
oumdmes. From this review, -dost:-response functiohs, along with associated confidehce intervals, are |

developed. Also, suspected health effecl:s for which quantitative &snmates cannot be pr@vided, are
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indicated. Section IV applies the methodology and provides estimatés of health effects of air pollution
for Jakarta. Section V discusses the results and indicates the research and data on developing countries

' needed to enhance the accuracy of these estimates.

'II. METHODOLOGY AND BASELINE ASSUMPTIONS FOR
ESTIMATING HEALTH EFFECTS

~ A. Methodalogy
| V’II'hé estimation of the health and ecénomic effects of aif pollution involvés the use of methodology
' sumlar to that used'by the U.S. Envi;omhental VProtectiron Agency (EPA) in their Regulatory' Impact -
Analysis for a new national air quality standard fof parﬁ;ulate matter. Estimation tcchhiqliés are also
derivéd from the analyses of economic benefits Vc-af air quality control pfogf;ms in selected U.S.
locaﬁbnsﬁ"‘ To estimate the economic value éSsociatcd with changes in airrr pollution, four factofs must
bg determined: ﬁxe dose-response relationships, the sﬁsccptible popuiations, the relevant change in. air -
poiluﬁon, and an econpmic valuation ,of the health ehdporints. In this paper, health effecfs for a range
of health outcomes are provided, while valuation of thése is 'not performed. ' |
'i'he ﬁrst step is to develop estimates of the eﬂ'ects of Vailr' phllution on various heélth outcomes.
- ljose-response functions that relate heaithfimpacts to ambient levels of air pollution are taken from the
published epidemiologic literaturg. This step involves calculating the partial derivative (or slope, b) of
the dose-response ﬁmction, to provide an estimate of the chanée in the pre#alence of a given health effect
associa[éd wifh a change in bu[door air quality (A). Sufficient informaiion is providéd in this report to
understand the sources of the selected dose-response ﬁxnctions, but a more complete review of the

literature can be obtained in the EPA scientific review of the health effects of criterié poilutants I
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The next step involves 'multtplying this slope by the relevant population that is believed to-be
—exposed and susceptible to the air pellutant effect under consineration (POP). For certatn pollution-related
health effects this may mclude the entire exposed populauon, for othcr effects there may be pamcularly
Sensmve subgroups such as chrldren or asthmatrcs | | _

| A third step in the calculation of health effects of air po]luuon 1nvolves the change in air quahty |

(dA) under cons:derauon ‘The actual change is dependent on both the pohcy issue under constderatlon

and the available data For example, it may be relevant to consnder the change from current air polluuon -

s levels to some ambient air quality standard, e:ther a local one, the EPA standard or the WHO air quahty

' gmdelme A second change that might be relevant for cons:deratton isa gtven percent reduction, such
as 10 percent. A third method of detenmmng the relevant change in air pollutron is to assume that air

- quality changec in some simple proportion to the change in emissions, as in a snnple linear rollback
model. In that case, a 10 reductinn in the total tennage ot’ particulate emiSSions, for example, 1s assumed -
to reduce ambient nartimlate air pollution and health effects by 10 percent. Finally, the ambient changes

| assneiated with a given change ina stationary orarea-wi_de nbllution source can be caicnlated through
 use of computer mprlels, if the neeesaary data are available. 7

| In this renort, we examine a change frotn existing levels to several alternative ambient atandards. '

including: (1) proposed Indonesian Standards, (2) EPA ambient air quality standards (3) WHO guitlelines,

- and (4) Catifomia state ambient air quality standards. For the case of lead, we also calculate the benefits

associated with a 90 percent reduction of ambient lead, assumed to be accornplished through abanon

leaded gaspline. The relevant: standards, expressed in terms of the anmxalr average concentration in

micrograms per cubic meter (ug/m’), are as follows:
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Ambient Air Quality Standards for Annual Averages (microgranlslmJ)

' , Proposed , S _

Polluant Indonesian  EPA WHO  California
Total Suspended : ' S o '

Particles (TSP) - | 90  75* 6090 - s5¢
Lead L 05 NA 0510  NA
Nitrogen Dioxide =~ 100 100 N/A N/A
Sulfur Dioxide 60 80 0 N
Ozone o 200 240 150 180

*In 1986, the EPA standard was replaced by a PMI10 standard. # The California standard has been
converted from the current PM10 standard to a TSP equivalent for the purpose of this analysis. N/A
sngmfies standa.rds with averagmg time other than annual average.

With this ihformation, the &sﬁmaﬁ;d health nnpact can be represented as follows:

dH; =b*POP,*dA |
where: dH;, = Mge in populaﬁon risk of health effect i

b, = siope from dose-response curve |

POP, = population at risk of health efféﬁt i

dA = Mge in air pgllution under consideration 7

To complete rbeneﬁt estimation for health effects, one would calculate the economic valuation
of this effect (V;), as well. The valuation could be developed from estimates of the willinghess to pay
(WTP) for ;edixcing risk, in order to attach va]ue§ to the expv;cted. changes in premature ménality; or a

7 modified cost of illness (COI) approach, to value changes in morbidity. Thus, the change in total social -
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value (dT) of the hea.th effects due to the change in air pollunon under con5|deranon is the summation
| of all effects and can be represented by |

| dT = EVAH,

| Unformnately, there is still a great deal of uncertalnty and controversy about much of the
resmrch on which these estimates are based Recogmzmg this unccrtalnty, upper and lower bound ,
estimates are provided to indicate the ranges within whrch the acrual health effects are llkely to fall. In
additien, the caregories presented in this paper are not all-inclusive, since quantitatiVe evidence 1s not -
available for every health effect suspected of being associated with air pollution. Also, alr pollution has 7
been ussociated with non-health effects, Vincluding' materials damage, soiling, vegetation lr‘.;.ses and
- visibility degradation. | | | | | |
| These types of emissions suggest that the results of this analysis are likely to underestirmte the
heal:ll effects, and will certainly underestimate the total effects. resulting from air pollution.
B. Baseline Assul:nptlons |
An important quesnon in all of the health effects esnmates is whether a threshold level exists,

below which health effects no longer occur, or whether the slope of the dose-response function dummshos
' signiﬁcantly at lowerconcentrations. There is a presnmption by some that a threshold exists at the EPA
air quality sta.ndard, or r-at the WHO ambient guidelines for criteria pollumnts. Most of the smdi
reported here have estimated linear or log-linear functions suggesting a continuum of effects down to the
lowest levels, and have not specifically identified a threshoid level. When efforts have been made to
identify' a threshold, litde conclusive evidence has been found that one exists. In fact, many recemr
epidemlologic studies report an association between air pollution and health at ambient concentr:it_ions at
or below the current federal standard. The former Administrator of the EPA has stated, "in a
heterogeneous population it is uniikely that, for any pollutant. there will be a,single'scientifically

rdefensible threshold applicable to all people. Instead, there will be a series of thresholds for different
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- sensitive popu[ations-and a threshold of zero for some pcoble".? Therefore, for this report, we calculate
the effects of bringihg pollﬁtion down to al_temative S;andafds. without taking a posﬁtion on what wduld
happen at even lower pollutioh levels. |

" A basic assumpﬁon of the model is that the assocriatri-ojn' between air poilution and health
ésti_mated in thercited studies can Be applied to estimate therheraltlrl impact in Jakarta These studiesj_s'how :
ﬁt when the readings at ﬁxéd site mohifors _change. there is a changé in the obsén)ed incidencé of many
h:aith effects. Although the monitors do nét, méasufe acrual exposures, they do provide a geileral

~measure of air quality which is obviouslj} related o ultimate exbosure. The use of these fesnlts implicitly
| assumes # similar distribution of baseliner factors - health status (e.g., incidence of choﬁc diéease),
chemical composition of pollutahfs, occupational exposures, seasonality, time spént out of doors, general
activity - and that results from other studies can be applied to the study area. As described in gremér
detail in Section V, since the baseline health 5tatus in developing countries tends to be pborer than ihat
experienced in the western, de\feloped world, this assuxﬁption will likely leadrto an underesiimate 6f tﬁe
more severe health outcomes. Anather source of underestimation will be present since the population is |
| assigned a pollution concentration based on their residential location. Effects of air pollution ﬁill be
higher if thé person commutes to the central business district and the subscquenf higher exposures are |
incorporated into the mﬂysis. Therefore, the quantitative assessment of health effects preserted below

- are likely to be underestimates, | |

To the extent that the original studies were primarily t:me-series studies relating daily changes:
in aic pollution to the daily incidence of a health effeét, the likelihood of confounding from othef factors
is rmmnuzed For example, if a study was éonducted over a 3-month period, and daily emergency room
visits were associated with PM10, it is extrmdy unlikely that a change in smoking habits, occupationﬂ

- exposufe, diet, exercise and activity pattems; indﬁor exposure, etc. would change on a-daily basis and

be cofrelated with daily particulate matter enough to drive the observed association.
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Our use of epidemiologic studies a]sq assumes that the spatial relationship ﬁetween bollution
monitors and population that exists in the original studies is generally similar iﬁ .fakana. Thus, with these
assumpﬁons, the rélationship between the levels of air potlution and subseﬁueni health effects in the cited
‘studies canrbe extrapolated to gslim:ite the h&lth impact in Jakarta.

| III. REVIEW OF HEALTH VEFFECTS AND PROVISION OF DCSE-RESPONSE
, - - FUNCTIONS '

A. Selection Criteria | | |

| -For thls report, dose-response ﬁm;tions have been idenn’ﬁed and adap:éd from published
epidemiologicrand econon'ucs literature. These functions allow the estimation of the change m health
effects that would be expected to occur with changés in ambient pbumion levels. For each health effect, -
a range is presented within which the estimated effect is likely to fall. The central estimate is typically
selectéd from the middle of the ,rang'erreported in a given snﬁy, or is based on the most recent smdy
 using fhe most reliable estimarion methods available. When several different studies are available for a
~ given health effect, the range reflects the variation in results observed across the Smdies. When only one
study is available, the range is based oxi the staﬁstiml confidence that can be placed on the repbrfed-
re;sults. | |

The reported epidemiologic investigations involve two pﬁncipal snidy designs: stansnml '
iﬁference baséd on time-series and cross-sectional data sets. Time-series analysis examines changes in a
health outcome within a speciﬁc area as air pollution levels fluctuate over nme A cross-sectional analysis
compares the rate or prevalence_ of given heaith outéomesraéroés several locations for a given point in
time. The time-series studies have the distinct advantage of reducing or eliminating the pfoblems
associated with confounding or omitted variables, a common concern in ﬂle cross-sectional studies. Since
the population characteristics are basically constant over the sﬁxdy period, the ohly factors that may vary

with daily moriality are environmental and meteorologic conditions. In gcneral,' researchers are able to
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" more gésily elicif the effects of air pollutiqn and weather on health iﬁ the time-series studies. Therefore,
this review focuses primarily on time-series studies. The use and extrapolatioﬁ of results from time-series
analysis, hov}ever, is precrlicated'on'its applicability to o;hét areas and for other time periéds.
, VS-everal specific criteria had to be met for a paper to be included in this review. First, a proper
7 study design and mcthodology were required. Thergfore, there was a focus on time-series regression :
analyses tela;ing daily health effects to air pollutioh in a single city 61' metropolnan area. Seoox’ﬂ, smudies
that mmumzed confounding and omitted variables were included. For example, research that compared
ﬁwo éiti&s or regipns and characterized them as ;'high" ‘and 'low"- pollution area were not included
because of potexitial confoundiﬁg by other factors in the respective areas. Third, concern for the effects
of seasonality and weather had to be demonstrated. This could be accoﬁ:plished by either snmit’ying and |

analyzing the data by season, by pre-filtering to reduce patterns in the dara, by examining the mdepcndmt

effects of temperature and hum:duy and/or by correcting the model for possible autocorrelation. A fourth

criterion for inclusion was that the study had to include a reasonably complete analysis of the data. Such
analysis would include an careful exploration of the pnmary hypothesis as well as an examination bf the
robustness and sensitivity of the resuls to alternative functional forms, specifications, and influenial data | 7,
points, When studies reported the results of these alternative analyses, the ﬁndmgs judged as most
representative of the overall ﬁndingé were those that were summarized in this paper.r Fifth, for inclusion
in this review, the study had to provide an air poilution measure that conld be converted into a commbn
m."mc For example, smdies that use& weekly or monthly average concentrations or tlﬁt involvcd
measurements in poorly characterized metropolitan areas (e.g.; one monifof representing a large region)
were not included in this review. In addition, studies that used measures of particulate matter that could
not be converted into total suspended particulates (TSP or particle# of all sizes) or particulate matter

below 10 microns in diamneter (PM10) were not used. Sixth, the study had to involve relevant levels of
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air pollution. The air pollutioh levels in Jakarta are well within the range of those observed in the
epidemiologic studies used in this report.
B. Development of Dose-Response Estimates
1. Particuiate Matter |
Ebid&niologic studies provide dose-response relationships between concentrations of ambient
particulate matter and several adverée health outcomes including: mortality, mpiﬁtow hospital
admissions, 'emergency room visits, Vrestricted ,acﬁvity days for aduits. lower respiratory ﬂln&ss for
children, asthma attacks, and chronic disease. Among these studm staﬁsticallf significant relationships -
have been found using several alternative measures of particulate matter, including TSP, fine p:uﬁclw
(particles less than 2.5 microns in diameter), British smoke, coefficient of haze (COH) and sulfates. Few
have involved measurement of PMIO, the meric used by the EPA in the national ambient air quality
 standard. The smdiesrhave been conducted in several different cities and smsqns; thereby incorporating -
a wide range of ciimates, chemical compositions of particulate manet and populations.
- For comparison of resﬂm and the caldxlatioﬁ of final dose-response functions, alternative
measures of particalate matter were converted into PMI0. Ideally, this would be accomplished by
comparing co-located mohitbrs Vat each study site. Unfortunately, for many of the measures, these data -
are not available and we are forced to use broad estimates of the relationships ‘berween alternative
measures of particulate matter. The results of our analysis of consistency, however, indicates that the
ﬁndings are generally robust tc these assumbtions- To convent from TSP to PM10, we relied on theEPA
| estimate 7 that PMI10 is between 0.5 and 0.6 of TSP, and use the mean of 0.55. Using the reported
,avemgé from 100 citi& in 1980, we assumed that sulfatcs constitute approximately 0.14 of 'I'SP_.9
Therefo}e. the ratio of sulfates to PM10 is 0.25. The "British Smoke" (BS) measurement is based on the
amount of light reflected through a- filter paper stained by ambient air ﬁoﬁing through the paper. Since

monitors for BS do not admit particles greater than 4.5 microns in diameter, they are indicators of
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concentrations of fairly small partiéles, but they do not measure particle mass like TSP and PMIO.
However, available data for co-located BS and TSP monitors in London indicate an average ratio of
BS/TSP of 0.5, the same as the ratio ofPMlo to TSP.” Based on this,axrxd' additional analysis by the
California Air Rmm Board." it is assumed that PM10 is rougmg: equivalent 0 British smoke.
Premature Mortality. Since the effects of particulate air pollutibn on mortality isr the source
of su§h large potential benefits, the evidence for an effect and its potential magmmde will be reviewed
in détail- The most relevant studies are reviewed below. | |
| London. Among the earliest empirical estimate of mbnaiily outcomes associared with
particulate matter is the analysis of data from London for the winter of 1958-59, where a statistically
significant telaﬁdnship was found berween daily deaths and daily levels (24-hour average) of British
smoke. London data for 14 winters, 1958-59 through 1971-72 have been analyzed by Mazomdar et al.,”®
Ostro " and Schwartz and Marcus,'*® and reviewed by the U.S. EPA." [n the earlier wimers,. the levels
: of British smoke were extremely higil; the mean fo_rr the first seven winters was i?O pg/m’. However,
the mean for the last seven wmterswas 80'pglm’, and in three of the last four years the mean
concentrations were below 70 pg/m’. The concentrations of British smqke in Lbndon in the last ymrs
are more comparable to those cdmmonly found in the U.S. | |
Although these analyses involve several different statistical methods, the following gencral
conclusions can be Idrawn: (1) there is a strong relationship between particulate concentrations' and daily
mortality in London, which holds both for the entire data set and for individual years (the later years
exhibited almost an order of magr-limde decrease in air pollution coﬂcenﬁ:atiom); (2) there is no indication
of a "no effects VleVel" (i.e., a threshold) at the lower concentrations of air pollution experienced in
London; (3) the association between air pollution and mortality cannot be “explained Vawajrr' by
meteorologic factors or by serial corrclgtion in the data; and (4) fegardlss of the model specified, the

quantitative implications of the studies are very similar. For this review, quantitative estimates of the
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Londonrd'ata. are taken from Schwartz and Marcﬁs" which involves the most complgte examination of the
effects 6f temperature and humidity, autocorrelation, and functibnal for_fn. Their r&suits over the 14 years'
suggest the following for all-cause mortality: |
Daily mortality = 2.31 * (daily average BS)’S in London
The standard error of the estimated regfgssion' coefficient was 0.150. During the beriod of
study, there was an average of 280 deaths per day and # mean cqncemration of BS of 7174' pghm® in
London. Af;er taking the deriva!ivé of the abov¢ and substituting in the mean of daily deaths, the effei:ts
of PM10 can be expressed as:
% change in mortality = (0.4125 PM10-%) * change in PM10
Thus, at the mean level of pollution, 2 10 xg/m’ increase m PM10 is assoéiated'witb. a0.31
| percent increase in mortality. Iising plus or minus one standard error from ihé esﬁmafe, a confidence 7'
interval of 0.29 10 0.33 percent is obtained. This change is similar to thar ﬁredicted from the linear
models dtscﬁbed ébove. 7 | |
Ontario, Canada. Plagiannakos and Parker'™ used pooled cross-sectional and time-series data
for nine counties in Southern Ontario, Canada, for thg period 1976 to 1982. Their model attemﬁted 1
explain mortality as a function of several socioeconomic factors (education, population rovér age 65,
Varlcohol consumption), time, meteorology, and air pollution includinngSP, sulfates and sulfur dioxide.
There was no correction for autocorrelation. Since mean ambient concentrarions were not provided by
the authors, graphizal displays were used to estimate pollution levels. The mean for TSP appeared to be
approximately 70 ;;g/m’ while the mean for sulfate was approximately 12 pg/m. -
A thisﬁcally significant association was found beme:n all-cause mortality and sulfates, and
betoeca respiracory-related mortality and both TSP and sulfates. For all-cause mortality, the model with
the highest association betweex; air pollution and mortality, is represented by the follpwing quantitative

- relationship:
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log (annual mortality in Ontario) = 0.047 log (sulfate)

The standard error of the estimated coefficlent is 0.0235. To estimate the change in mortahty
pen pg/m3 of PMIO, we take the total denvanve of (3) and obtain:
| % change in mortality = 0.047 (change in sulfate/mean rsulfate)

Substituting the mean concentration of sulfates and thc ratio of sulfate to PMIO:

% change in monahty 0.098 * changc in PMlO

This indicates that a change in PMIO of 10 nglm’ corresponds toa 0.98 percent change inall- -
cause mortality. Applying plus and minus one standard error, a 10 pg/m’® changer in PM10 generates an
 effect ranging from 0.49 to 1.47 percent. |

Steubenville and Philadelphia. Two recenl: time-series studies®® used similar methods to
examine thc association between daily nlortality and TSP. Both studies controlled for the effects of
weather and seasonality, and in both a staummlly significant relaﬁonship'was found bctween TSP and
mortality. After converting to PM10 eqmvalence the Sfcubenville study implies that a 10 ug/m’ changc
- inPM10 cnrrsponds t0 a2 0.64 percent increase in mortality over baseline. The confidence interval, based
on plus or minus one standard error, is 0.44 to 0.94 percent. The Philadelphia study implies that a 10
ughm® in PM10 is associated with a 1.20 percent increase in mortality, with a one standard error
confidence mterval of 0.96 to 1.44 percent. | o

Santa aara County. A recent time-series analysis exanuncd the relatwnshlp between
coefficient of haze (COH) and mortality for the mctropolitan area surrounding San Jose, California.®
Daﬂy mortality and suspended particles measured as COH were compared between 1980 and 1986. A
‘staristically significant association was found between COH and both all-cause mortality and respiratorjr-*r
relaied mortality, after controlling rfnr temperature and humidity. Thc models were also tested for the

influence of year, season, day, and weather, with little change in the overall results.
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The general'modelr for all-cause mortality, chosen by the author as mﬁst representative, is
~ indicated the following: N

Daily moﬁality in Santa Clara = 0.0084 COH
The standard error of the estimated ﬁocfﬁciem was 0.0029.

To obtain the effect of a 10 pg/m® change in PM10 on the percent Mge in mortality, several
adjusﬁnéms must be made. First, as discussed by the author, only rreadings from the cemral city monitor
were used in | the smdy. This monitor averaged about one-third higher concentrations than the |
| metropolitan-wide average, a metric typicaily uséd inrthe other studxes The author also found that the
COH to TSP ratio was at least one. Therefore, we assume that PM10 is approximately- ;SO*COH.V
Finally, the study popnlatioh averaged aboﬁt 20 deaths per day. Therefore, we ad_]us: the coefficient by
(4/3)(1/.5)(1/20) to obtain: - | | | | |

7 % change in mortality = 0.112 * cha.nge in PMlOV

ThlS implies that a 710 pg/m? change in PM10 results ina 1.12% cﬁmge in mortality. Applying
" the standard error, we obtain a range of effect of 0.73 1o 1.51 percent associated with a 10 pg/m’ change
in PMI0. | | |

Ozkaynak and Thurston. Additional evidence is provided by 2 studj using cross-sectionﬂ data.
Ozkaynak and Thurston’® examined roughly 100 metropolitan arcas in the United States using the 1980
vital statistics. This study con&olled for socioecbnomic characteristics and conducted additional sensirivity
analysis to determine the impact of certain cities and alternative model specifications. The gmms found
staiistically significant relationships between mortality raies and alternative measures of ambient

particulate matter including sulfates and fine particulates. Specificaily, the study reports that existing

- sulfate concentrations (mean of 11.1 ug/m®) correspond to a 4 to 9 percent increase in morality.

Assuming a ratio of sulfates o PM10 of 0.25 as above, this suggests that a 10 pg/m3 change in PM10

corresponds to a 0.92 to 2.06 percent change in all-cause mortality, with 2 mean of 1.49 percent.
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- Summary of mortality effect. This review suggests that the recent studies linking particulate
matter to mortality generate remirkably consistent results™® (see Table 1). The mean effect of all
pgfm? chahge in PM10 implied by these stadies varies between 0.31 and 1.49 percent, with a2 mean of

0.96 percent. Several more recent studies support this magnitude of effect®®® and indicate that a 10

pgfm’® change in PM10 relates to a 1 percent change in mortality. In our range of studies, the upper .

confidence level varies between 0.33 and 2.06 percent with 2 mean of 1.30 percent, with a mean lower
bound of 0.62. Although similar smdies have not been undertakenm Indonesia, there is ohé set of data
available to test-for the. existence of an effect. Annualrmortality and TSP in Bandung have been reported
for 1983 through 1989.% Rcér&ssiom run on these datz suggest that a 10 pg/m’ change in TSP is
associated with a 0.695 percent change in mortality, if a crude mortality rate of 0.01 is assumed. This
corresponds to 1.26 percent change in mortality assoclamd wirhr a 10 pg/m’® in PM1Q. If the crude
mortality rate is 0. 007 210 pg/m’ change in PM10 lsassocmed thhaO 99 percent changemmortahty
Regardless of the assumed crude mortallty rate, the estuna.ted air pollunon eﬁ’ects are falrly similar to -
those denved from the studiez summarized above. Therefore, we assume the followmg association:

Central percent change in monahty = 0.096 * change in PMIO

Table 1: Summary of Mortality Studies Indicating Percent Change in All-Cause Mortality
- Association with 10 gg/m’ Change in PMI10 '

Central High

Estimate : Estimate*
~ London, UK 31 : 33
Ontario, Canada .93 1.47
Steubenville, Ohio .64 .94
Philadelphia, PA 1.2 o 1.44
Santa Clara County, CA 1.12 7 1.51
'US Metropolitan Area : 1.49 : S 2.06

* A high (low) estimate is obtained by mcreasmg (decreasing) the coefficient by one estlmated standard
deviation. The crude mortality rate in the U.S. is approxlmately 0.007.. ,
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The upper and lower percent changes in mortality have ;oeﬁiciems of 0.130 and 0.062,
tespeétivaly; The central estimate for the mumber of cases of premature mofcality; can be expressed as:
" Change ir: mortality = 0.096 * change in PMI0 * (1/100) * crude mortality rate * exposed
- population. _ o - ' ,
The crude mortality rate in the U.S. is @proﬁm@y 0.007, while in Indonesia the rate is
0.0095. However, since Jakarta is expected to have a lower mortality rate than the rest of Indonesia, we

_assume a rate of 0.007. 'l'hctcfore. the range of changes in mortality (per person) is: -
- Upper change in mortality = 9.10 * 10 * change in PM10 7'
" Central change in mortality = 6.72 * 10° * change in PM10

- Lower change in mortality = 4.47 * 10 * change in PMI10

Respiratory Hospital Admissions. As described above, Plagiannakos and Parker'® used pooled

cross-sectional and time-series data for nine counties in their study fof the period 1976 to 1982 southern
Ontario, Canada. A statisticaliy significant relationship was Vfound betwcen the inéidencc of Vhospital
admissions due to respiratory diseases {(RHA) and ambient s_u.‘."aie lévels. Additional evidence fl-)l_’ an
effect of particulates on hospital admissions is provided by a study by Pope.” In this study a statistically
 sigificant assocxanon was found between monthly RHA, including admissions for pneumonia, asthma
and bronchitis, and monthly average PM10 in two valleys in Utah swdied between 1985 and 1989,
Ozone concentrations were close to baseline during the winter seasons when bofh PM10 and RHA were
clevated. so the effect appears to be mbsﬂy related to particles. After analyzing, the results suggest the
Vfollowin'g functions: - |
 Upper change in RHA per 100,000= 1.56 * change in PM10
Centrgl change in RHA per 100,000 = 1.20 * change in PM10

Lower change in RHA per 100,000 = 0.657 * change in PM10
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Emergency rRoom Visits. Sametet al.?‘rranalyzed the relationship l)etween cmergexicjr room visils -
(ERV) and air poliution levelsr in Steubenville, Ohio. an industrial town in the midW&stem United States.
'Daily ERV (mean 94.3) at the primary hospital in the area were marched thh daily levels of total
: suspended partu:ulates (TSP), sulfur dloxldc levels, and nitrogen dioxide levels for March April,
October, and November of 1974 through 1977. Daily ERV were regressed on tnaxlmum temperamre and
each of the pollutants in sepame runs. The particulates and sulfur dioxide coefﬁcients were statistically
significant in separater regression, but these measures were highly correlatgd.

‘We have selected the estimated regression coefﬁcient for TSP as the best estimate and have used
plus or minus one standard deviation from the coefficient to generate- lugh and low estimates. The results
obtained by &.met et al indicate the followmg relationship: _

Change in daily ERV = .011 * change in daily TSP in Steubenville

Since me_apprﬁxima:e population in Steubeaville during this period was 31,000, and PMIO is

" 0.55 of TSP, we anmialize this equation and obtain an estimate of:

- Central change in ERV per 100,000 = 23.54 * annual change in PM10

The upper and lower coefficients are 34.25 and 12.83, respectively.

Restricted Activity Dayg. Restricted activity days (RAD) include days spent in bed, days missed
frorrl work, and other days when activities are significantly restricted due to illness. Ostro™ 'examirlecl the
relationship between adult RAD in 2 two week period and fine particles (FP. diameter less than 2.5
microns) in the same two week period for 49 metropolitan areas irl the United .States. The RAD data were
from the Health Interview Survey cdnducted annually by the National Cerxter for H&lth Statistics. The

FP data were estimated from visual range data available for airports in each area. Since fine ?articles
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have a more sigﬂiﬁcam impaét on visual faxige than do large suspended particles, a direct rciaﬁonship can
be estimated between visual range and'FP. o ) | |
Separate regression estimates were obtained for 6 years, 1976-1981.% A statisﬁcailj significant

relationship between FP and RAD was found in each year and supported earlier findings relating RAD

to TSPf We selectéd the approximate average of the six coefficients in calculating a ;entrral, estimate, and
derived the upper and lower estimates from the range in the coefficients over thé six years. The fb@ of
‘the estimated relationship was such that the coefficient for FP gives the pérc@mgc change in RAD -
associated with a unit chzu’ige in FP. Specifically, the results indicate: |

| ChangeinRADperadultperym:b*annualRAD*rchangeinFP

where the high, central, and low estimate of b are 0.0076, 0.0048, and 0.0034 respectively.

To convert this function for our use, we use the following information ﬁfom the original study:
the annual average RAD per aduit was about 19 days and sulfates were 40 percent of FP. Therefore, we

analyze the results and.convert from FP to sulfates to PM10, to obtain the following relationship:

- Upper change in RAD per person per year = 0.0903 * change in PM10
Central change in RAD per person per year = 0.0575 * change in PMIO

- Lower change in RAD per person per year = 0.0404 * change in PM10

These estimates are applied to all adults. Subsequent work by Ostro®-*2 focused on currently
working males and obtained generally similar results. |

Loﬁu Respiratory Iliness in Children. Estimates of lower respiratory iiln&ss in children are

ﬁased on an analysis by Dockery et al.® of children in six cities in the United States. The study related

‘TSP, PM15, PM2.5 and sulfate levels to the presence of chronic cough, bronchitis, and a composite
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" index of respiratory illr:ess (prevalence of cough, bronchitis; or réspiratorj illhess) as measured during
health eiaxﬁinations of saxﬁples of children in each city. A logistic regression analysis .was used to .
estimate the relationship between the probablllty of an illness bemg present and the average of thc 24-hour
mean concentrations durmg the year precedmg the health examination. Due to the likely overlap of the
health endppm; measures, only the results for bronchitis is Vused, notmg that this cquld include chromc
cbugh or a more general respiratory illh&s. The results are applied to the'population age 17 and belo-w, |

(17.07 percent of the total population). The basic findinss that are used suggest the following:

Log odds of broachitis = log (B/(-B)) = 0.02368 * PM15.
| where B = the baselme probability of bronchitis | 7
' The change in the probability of bronchitis due to a change in PM10 can be calculated since, after
taking the partial derivative of the above, the following holds: |
dB = b p, (-p)) * change in PM15 |

" where:

dB = change m probability of bronchitis, b = estimated regression coefficient, aﬁd Po = baseline -
probability of bronchitis. | | '

To determine :he-effecf, of a change in PMIO,'wé aséume that it is 0.9 of PM15 and use the
baseline probability of bfohchitis of 6.47 percent. The central estimate uses the estimated regression
coefficient reporte& by Docke'ry'et al. (0.02368) and the upper and lower ranges are plus or minus one
standarc® error from this coefficient (0.03543 and 0.01197).

| 'Thcret'ore, the cént:al esnmate | for the effect of a unit chahge in PMIO equals
: (0.02368)(110.9)(0.0647)(0.9353) = 0.00169. Izlcorpprating the above data, the following relationship

for changes in the annual risk of bronchitis in children are determined as:
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Upper change in bronchitis = 0.00238 * change in PM10 |
Central change in bronchitis = 0.00169 * change in PM10

Lower change in bronchitis = 0.0008 * change in PM10

Asthma Attacks. Several smdles have related air pollunon 10 increases in exacerbation of asthma.
For example, in a study of asthmancs in Los Angeles, Whmemore and Korn* reported a relatlonshlp
betwecq exacerbations of asthma and dmly concentrations of TSP and ozone using lcgistic regression
analysis._ Also, Ostro et al.® recently reported an association between ;evérgl different air pollutants,
including sulfates, and increases in asthima attacks among adults residing in Deaver. Additional evidence
for an effect of particulate matter on asthmatic chiidren is provided by Pope et al.* This sﬁldy examines
the effects of air pollution on a clinic-based sample and from a school-based (and relatively untreated) |
sample. Associations were reported between paftiwlaté matter, measured as PM10, and both respiratory
symptoms and tﬁc use of medication. | | |
The Ostro et al study took place during the winter months when asthma attacks were influenced
by nspiratbry infections. Thus, this study is used to help derive the upper estimate. Spmiﬁcﬂly, the
c;.cntral estimate of this study 1s averaged wﬁh the upper estimate of Whittemore and Kom study to
génerate the upper bourd. The central and lower bound estimates are derived from Whittemore and
Korn’s central regression estimate and mmus one standard error. For our calculations, their reported
asthma attack incidencé of 0.26 was haived to bétter represent the general population of asthmatic;, sinée ,
many asthmatics with fow attack prevalen;é were dropped Vfrom the analysis. 'fhe regressioﬁ model
includes both TSP and ozone so the total effects on asthma are apportioned to these two pollutams; in
accordance with their findings.
As described in greater detail in Section IV, ba#ed on available Indonesian data, we have assumed

that 8.25 percent of the population of Jakarta are asthmatic versus approximately 5% in the U.S.¥. The .
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'estimates for increases in the annual probability of an asthma attack (per asthmatic), based on annual

changes in particles, are:

Upper change in asthma attacks = 0.273 * change in PM10
Central change in asthma attacks = 0.0326 * change in PM10

- Lower change in asthma attacks = 0.0163 * change in PM10

Respiratory Syl_np: oms. Reépimory Symptoms are an addiﬁonal measure of acute effects of air
péllution._ Results of Krupnick et al.*® can be used to determine the effects of particulate mﬁer. This
study examined the daily occurrence of upper and lower respiratory symptom among a panel of adulﬁ '
in Southern California. A Markov process model was developed to determine the effects of -air poilution
on health which incorporated the probability of illxiess on the prior day and cdhtrolled for autocorrelation.
Among the pollutants examined independently, coefficient of haze (COH) was found to be statistically
associated with the probability of reporting a symptom (b=0.0126, s.e. = .0032). Data from the study
suggest a ratio of COH(units/100 ft) and TSP of 0.116. The marginal éffect of COH was calculated by -
incorporating the staﬁonary probabilities as described m the paper.r Thergfore. u#ing the results of
regﬁ:ssions when COH was the sole pollutant Vini:luded as an explanatory variable, the following ranges'

 were determined:

-Upper change in symptom days per year per person = 0274 * change annual PM10
Central change in symptom days per year per person = 0.183 * change annual PM10

Lower change in symptom days per year per person = 70.091 * change annual PM10
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Chronic Bronchitis.  Recent epidenﬁologic, studies have related long-term exposure of _'air o
pollution to a higher prevalence of chronid respiratory disease or significant decréments in lung function.
For example, Detels et al.® fouﬁd that residents living in therlr.os Ahgeles air basin who were exp:sed
over a long period of time to relatively high levels of particulates and oxides of sulfur and nitrogen had
significantly lower lung function than a cohort less exposed. Abbey et al. conducted a study on 6,600

Seventh Day Advenﬁsté, nonsmokers who had lived forrat least 11 years in California. In this sﬁldy,
-ﬁanicipmts above age 25 (n=3914) \irerematched with 10 years of exposure to ﬁmbieht bollutants ba;scd
on theii: mbnthly residential lowtipn. New cases of chronic bronchitis between 1977 and 1987 ﬁere
* recorded. A logistic model was estimated that included adjhstment for sex, past and passive smoking and
ob.cubational exposure. A statistically significant association was reported between long-term exposure )
to TSlr’rand chronic bronchitis. Using the mean incidence rate of bronchitis durihg the 10-year period,
| the funcuons were linearized and converted to PM10 equivalence, and ammal number of cases of

'bronchms can be &nmated The functions are as follows

Upper change in chronic bronchitis = 9.18 x 105 * change in annual PM10
" Central change in chronic bronchitis = 6.12 x 10-* change in annual PM10

Lower change in chronic bronchitis = 3.06 x 10"° * change in annual PM10

Other (Non-quantified) Healfh Effects_., There is linﬁmd evidence linking long term exposure o
TSP to increases in cancer in women.® Since TSP includes several marerials known or believed to be
cércinogenic, reductions in particulate matter will likely rednce cancer cases, as well. There also may
be other acute and cﬁronic effects for which nb émpirical information is currently available. For
example. the mortality effects calculated in this study ohljr relate to acute amsﬁm- longer term

~ exposures w0 pamr:les may mcrmse the hkehhood of premature monahty Finally, no estimates are
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provided for changm in lung function that are likely to occur after exposure to certain forms and lévels
of particulate marter. "

Table 2 summarizes the morbidity outcomes associated with panicnlais in this review.

7 Tabl_e 2: Morbidity Effects of 10 pg/m® Change in PM10

. Morbidity Central - - High'
RHA/100,000 ' - 120 : 15.6
ERV/100,000 2354 , 342.5
RAD/person o 0.575 0.903
LRI/child/per asthmatic 0.0169 o 0.0238
Asthma attacks/per asthmatic* 0.326 2.73
Respiratory Symptoms/person : 1.83 o , 2.74
Chronic Bronchitis/100,000 - 612 - 91.8

*Applies to the 8.25 percent of the Indonesian population that is assumed asthmatic.
#A high (low) estimate is obtained by increasing (decreasing) the coefficient by one estimated standard
derivation. ' , - , '

2. Sulfur Dioxide 7
Effects of sulfur dioxide (S dg on the respiratory system have been observed after either short-
term (less than one h'ourr average) or longer term (24-hourrarverage or longer) eﬁposurcs. Several recent
 epidemiolagic studies indicate that changes in 24-hour average exposure to SO, may affect luog fanction,
the incidence of respiratory 'symp:onis and diseases, and risks of mortality. These studies have been
conducted in different geographic locations and climates, and ﬁth different populations and covarymg
pollutants. Although many of these invesﬁgations also indicate that particulate matter or ozone was
associated with these adverse health outcomes, several studies appear to show an effect of SO, alone.
Furthermore, in some of the publicarions reporting an effect of both SO, and particulates, they are bighly

correlated, but in others, the correlation of the daily levels is only weak to moderate. Thus, it is possible
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to infer an effect of SO, or a sulfur snecies highlj related to SO,. Below, a brief review of several ,
relevant studles and available dose-resnonse relationships are provided.
Premarure Mortality. Epidemiologic smdies undertaken in several locations indicate that SO;,
_acting alone or as a surrogate for nther sulfur-related spet:les is associated with increased rislc of
mortalny These includes studies in France,® England,®, Poland “ and Athens s Unfortuna:ely,
of the avaﬂable studies do not provide dose-response functions. Our estimate is derived from Hatzakis
erals A brief summary of the studies indicating an effect of SO, on lnortality follows. It is also
' important to note thar afier oxidation in the atmosphere, some of the SO, will furn into sulfate. As
reported in the earlier section ofpartieillate matter, changes in sulfates are associated with both 'mommy
and Inorbidity. Therefone. sormeof the benefits of reducing SO, relaxe to the reductions in particulate
matter described above, 2nd one should be aware of potential double counting of health benefits &rom
reduced pollunon. |
Derriennic et al.< analyzed dally monal:ty for individuals over 65 years of age in Marseilles and
Lyons, France between 1974 and 1976. Daily ayerages of SO: and suspended particulates were .03 ppm
~and 106 pglmz; respectively, but momhly SO, averages were above .07 ppm during certain tnnes of the
year. These two pollutants were modemtelf correlated (r = .46). Seasonal influences were preﬁliered f
from the data, which were also corrected fnr autocorrelation. The authors noled that temperamfe, which
was inversely correlared with SO, was correlated with respiratory-related mortality in Lyons and with
' cardiovascular-related mortality in Marseilles. The results, based on multiple regression and controlling
for temperature, indicated a st:msncally significant association between SO, and respiratory deaths in both
cities, and between SO, and circulatory deaths in Marseilles. The authors argue that the SO, effects are
mdependent of the unpact of temperamre since the regtessxon coeﬁit:lent relatmg SO, to respiratory
, mortaluy is sumla:r for the two cities, but in only one is temperamre correlated with mortality. Snmlarly,

the association of SO, with circulatory deaths in Marseilles (but not Lyons) may be explained by the high -
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corteletion in that city between SO, and temperature, and temperature and mottality. No association
between pama:latesand mortality was detected in either clty
~ Chinn et al.® investigated the association between morzality of peaple ztged 45 10 74 and air

pollution in London, England and Wales. Mean SO, and smoke levels for 1971 are not provided
explieitly, but visual inspection of the relevant graph in the text suggests means of .06 ppm and 80 pg/m?,
respectively. Two age groups for both men and women were analyzed those aged 451064 and 65 to 74.
- In addition to total mortality, several specific canses of death were cor.sxdered mcludmg hypertenswe ,
 disease, influenza, and chronic bronchitis. There was little correlation between either SO, or smoke and
mortality, prompting the authors to suggst this was a neganve study. However _one particularly
significant finding was a correlanon between SO, and mortality from chronic bmnchms among men above
65 (r = .22) and women between 45 and 65 (r = .26). '

Krzyzanowski and Wojtyniak® examined the association berween individual-specific deily
mortality and air pollution over a tcn-yeur period for residents living in Cracow, Poland versus those
living just outside the city. The results indicated a significant statistical relationship between an' pollution,
measnred as pamculate matter and SO2 and all-cause mortality for men.
| Hatzakis et aI. explored the relanonshlp between daily mortaltty and air pollunon i Athens,
Greece during 1975-1982. Mean daily levels of SO, and British smoke were 85 pg/m® and 63 pg/m?,
respectively, with an average of 28.48 duthsper day. The pollutants were faitly strongly correlated (r
= .55). Mortality was adjusted for seasonal patterns over time by calculating an observetl minus predicted
measure. Regression anzlysis was used to control for temperamre hutmdtty holidays, and annual,
seasonal, monthly and weekly trends. SO, and excess all-canse mortality were correlated when all other
mdcpendent variables were taken into account. Particulates, however, were not related to mortahty

The high estimate of the mortality effect is taken from the crude (i.e. no covariates included)

_ regression results of this study. The linear coefficient relating SO, to daily deaths was 0.0346. Thusa
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10 pg/m’® (or,0.00-4f ppm) change in SO, is associated _with a daily mcrease of 0.346 dtmhs or a
0.346/28 48 =1.21 pei'oent increase. For the lower range of the effect, we use the regression equations
~ that includds adjustment for s&sonaﬁty, year, interactions betweenr. year and season, day of study, several
'mcteorologic faétors,, and dummy variables for months. These adjustments result in a lowering of the -
mcﬁiciem to 0.0058 (s:ahdard error ='0.0029, p = 0.046), suggestingra 107 pg/m’ change in SO, is
associated wi:h 202 petcént change. in mortality. The central estimate uses the model ﬂlu adjusts for -
. s&ﬁonality and year and implies Vthat al0 ,uglm3 Mge is associated with a 0.48 percent change in

. morality. The ranges are as follows:

~ Upper percent change in mortality = 0.121 * change in SO,
Central percent change in mortality = 0.048 * change in SO,

Lower percent change in mortality = 0.020 * change in SO,

Respiratory Symptoms. Recent studies that provide evidence of an effect of SO, on symptoms
include Charpm et al..* Bates and Siﬁo,““, Ponka,® Dodge et al.,® and Schwartz et al. %2 Dose-
: response infqrmatioﬁ can be generated from the larter two studies. o
| Schwartz et al." relate daily levels of SO, to respiratory symptoms among a sample of
approximately 280 children in Watenom,Massachuscﬁs who were part of the Harvard Six-Cities Study
A daily diary completed by parents recorded several acute symptoms of their children including upper
| respiratory illness and cough. Ther correlaﬁon ﬁmong pollutants was not reported. A logistic regression
was used to examine the relationship of pollution té these symptoms. Sulfur dioxide had a smistically
significant association with cough. The impacts of other pollutants were unclear from this primarily
methodological aﬁiclc. Nevertheless, the results suggest the following:

logit (cough) = 0.0130 * SO, (ppm)
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The stzindérd error of the estimated regression coefficient was 0.0059 and the mean incideace
- rate was one percent. Taking thc dcnvanve converting into pglm’ a ppm 2,860 pg/m’), annuahzmg

and substituting, we obtain the followmg funcuons for children:

Upper change in the probability of coﬁgh per 1,000 kids per year = 0.0262 * chahge in SG,
Central change in the probability of cbugh-per 1,000 kids per year = 0.0181 * change in SC,

Lower change in the probability of cough per 1,000 kids per year = 0.010 * change in SO,

Schwartz ét al.® examined the effects of air pollution among 2 populﬁtiqn beginning nursing
school in Los Angeles in the early 1970s. Daily diaﬁes were completed and provided information on
: ihcidgncc of symptoms including cough, phlegm, and chest Vdiscomfort. Pollutants under investigation
| included oxidants, sulfur dioxide, njtrdgen dioxide and carbon monoxide. In models corrected for
aumwnelation, a significant association was found berween SO; and chest discomfoﬁ.' Daily

concentrations of SO, averaged approximatdy 0.09 ppm. Specifically, the results indicared:
logit (chest discomfort) = 1.88 * SO, (ppm)

The standard error of the estimated regression coefficient was 0.094. Taking the derivative, annualizing,
converting into pg/m’® and substituting the mean rate of chest discomfort of 0.04, the following functions

are obtained:

Upper change in probability of chest discomfort per year = 0.015 * chingc in SO,
Central change in the probability of chest discomfort per year = 0.010 * change in SO,

Lower change in the probability of chest discomfort per year = 0.005 * change in SO,
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Table 3 summarizes the health effects that have been quantified for SO..

Table 3: Effects of 10 pg/m’ Change in SO, Concentrations

| . Central ~ High'
Sulphur Dioxide 7 : ~ Estimate Estimate
* Moruality {percent change) 048 121
7 Rspiramry Symptoms/ o , ' :
1,000 child/year 018 26
Chest Discomfort/adult/year - - ) 010 15

#A high (low) estimate is obtained by increasing (decreasing) the coefﬁci;m by one estimated standard
derivation. - - , :

3. Ozone 7

Ozone is the primary component of photochemical smog. As such, it has been associated with
several adverse respiratory 6utcom&s including mcrmsed upper and lower respiratory symptoms, eye
irritation (o_xidams), restrictions in activity, and exacerbation of asthma. Most of the evidence of thé
effects of ozone is derived from clinical studies in which subjects are exposed to a known amount of
ozone irnra controlled setting. For example, healthy individuals may be exposéd to moderate levels of
ozone in a chamber while engaging in moderate exercise. Unfortunately, these Qtudia hsualiy focus on
changes in lung function and less so on increases in symptoms. Also, it is difficult to develob dose-
response functions from some of these studies or extrapolate from their findings to the free living
population. However, several epidemiplogic studies are availab]é and provide a basis for dose-response

estimates.
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Re;sg-' iratory Hospital Admissipns. Cufrent evidence indicatqﬁs that ozone may be associated with
hospital ndmissions related to respiratory disease (RHA).®*" This possibﬂify is supportadby findings
from panel studjfs of asthmatics indicating that exacerbations occur m response to ozone 3455 Cl&nrly,
somé of these exacerbations may result in either 'emergency foom visits or hdspital admissions.
Unfortunately, becausé of the Ligh covariatinn between ozone and other nollutants in ;he summer when
most of tﬁe studies have been undertaken, itis d1fﬁcult to determine the effect on RHA nttﬁbutable 0o
ozone alone. However, by using information from several studms it is possible to begin to apportion
the effects of the different pollutants. Thurston et al.* found a significant association between VRVHA and
both ozone and sulfates in New York City (the Bronx) and Buffalo in the summer 1988, In this analysis.
- con'ecrions for autocorrelation and day-of4week effects were made-r At themmn, the effect of ozone was |

~ approximately twice the effect nbserved for sulfates. Burnett et al.* also reported a staristically
significant association befween hospital a&[nissions and bothrozone and sulfates in Ontario, Canada for
‘the years 1983 through 1988. Their findings suggest ﬂlnt the ozone effect was approximately 3 times that
of sulfates. based on a regresnion equation that included both pollutants. Therefore, it is rﬁsonablc 0
apportion the effects of RHA based on the relative coefficients in Thurston ef al. The average of the

coefficients fof t_he two cities in that paper 1s21.3 RHA per day/ million/ppm ozone. which becomes the

céntral estimate_ with a standard error of 10.9. Thus, after annualizing, the functions for RHA become:

Upper change in RHA per'person = 0.012 * change in daily 1-hour max ozone (ppm)
Central change in RHA per person = 0.0077 * change in daily 1-hour max ozone (ppm)

Lower change in RHA per person  =.0.0038 * change in daily 1-hour max ozone (ppm)

Restrictions in Activitv. Portney and Mullahy*® used the 1979 Health Intervieiv Survey

* conducted by the National Center for Health Statistics, to examine the relationship between ozone and
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 the occurrence of minor restrictions in activity (MRAD). These involve restrictians in activity that do not
- result in either work loss or bed disability. Individﬁal-level hcalthdata for 14,000 adults living throughout
the U_ﬁtéd States were combined with data on air poﬂution and meteoro'logy._rThe health outcome was
‘based on a t_wp—week recall period. | The geheral regression inddd iﬁdudt:d sodoecoﬁémic and
demographic factors, chronic hnlth status, and city-wide variables. A statistically significant association -
. was foﬁnd between the number of MRAD in a tﬁro—weel-crpe,riod and ozone concentrations during a similar
period. | |

For the most general results, using a poisson model the coefficient on ozone represents the
Vpercem change in MRAD per person per two weeks for a one part per million (ppm) change in ozope.
'Ihe estimated beta coefﬁmem was 6.883, witha standard error of 3.4 (p < .05). Therefore, the central

% cha.nge in MRAD per two week period = 6.883 * change in two week average of 1-hour
daily maximum ozone

Since the mean MRAD per two week period is roughly 0.19, the above
_equation becomes: , 7
%V change in MRAD per year = (6 883)(.19)(26) * change in annual average of l-hour
' maximum ozone (ppm)
This implies that reducing the average daily maximum 6zone concentration by 001 ppm for one
jmr wouid reduce the number of MRAD per person by 0.34. The high and low ranges are de&elo?ed
by using plus and minus one stan&ard error of the esumate Thé annual increase in the number of cases

per person for a change in the annual average of the 1-hour daily maximum of ozone (ppm) is:
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- Upper MRAD per pérson per year = 51.0* chhnge in 1-hr max ozone (ppm) |
| Central MRAD per person per year = 34.0 * change in I-hr max ozone (ppm)

Lower MRAD per person per year = 17.0 * change in 1-hr max ozone (ppm)

Respiratory Symptoms. R&sults of Krupnick et al.*® can be ﬁsed to estimate the effects of ozone
on respiratofj symptoms. As noted above, tl;lis,study examined the daily occu’rrencé of upper and lower
reépiramry symétoms among a panel of adults m Southefn California. A Mark;:w process model, whiéh -
Vincorporated the ﬁrobability of illness on the prior day and controlléd for autocorrelation. was déveloped'
to determine the effects of air pollution on health. |

Many 'regréssion mddels mncluded both ozone and particulate matter. Théréfore, to brgvent
double counting, the effects of these pollutants were apportioned according td the tégressidn results when
the pollutants were examined together. The marginai effect of ozone was calculated By incorporating the :
Statibnary probabilities as dcscribed in thé paper. The high estimate is obtained from the spcciﬁmtion-
~ that includes all other pollutants, thc central estimate includes only some of the pollutants and the low .
estimate is one standard error below the central estimate.  Therefore, the followmg ranges were
detennined for the number of symptom days related to a change in thc annua.l average of 1-hour daily

. maximum ozone:

‘Upper change in symptom days per year per person = 96.6 * change in 1-hour max ozone (ppm) ,
. Central change in symptom days per year per person = 54.75 * change in 1-hour max ozone (ppm)

Lou-/er chaligc n symptoin days per year per person = 28.11 * change in 1-hour max ozone (ppm)

Eve Irritation. Schwartz et al.¥ provide empirical estimates relating oxidants to eye irritation

using the data from a population beginning nursing school in Los Angeles, as described above. Using-
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lqgistic models corrécted for antocorrelation, a signiﬁmnt associatioh was found bérween oxidams and
daily inciﬂenée of eye irritation. Speciﬁca.lly, the results indicatedf

logit (eye irritaﬁon) = 0.0202 * ozone (pphm) 7

The standard error bf the estima:edr regrssion coefficient was 0.0018. Taking the derivativé, -
analﬁing, and éubsﬁmﬁng thé mean incidence rate of eye discomfort of 3.75 pércent; the following
7 functions are obtﬁilied for adults, in terms of cases per year per annual chahge in aver'agerl-hour

" 'maxlmumr i ozone (ppin):

Upper change in eye irritations = 29.9 * change in 1-hour max ozone (ppm)
Cenrtral change eye irrita;ions = 26.6 * change in 1-hour max ozone (ppm).

Lower change in eye irritations = 23.4 * change in 1-hour max ozone (ppm)

Asthma Emceﬁaﬁon. Whittemore and Korn* studied the acute effect of oxidants (including
~ ozone) oﬁ the increasedrpmbabili[y_of a daily asthma attack. The data were taken from 16 paﬁcb of adult
asthmatics located in six Los Angeles communities. The median one-hour maximum oxidant level ranged
- from 0.03 to 0.15 ppm across the communi;i&s studied. with single day p@ks of 0.40 ppm. The.smdy 7
used a statistically powerful approach to estimate both individual-level and groué’ effects. Oxidants were
' found to be sta[istically rélated to exacerbation of .asthma, after controlling for asthmé status on the
previous day, temperature. humidity, and day of study. Usingr a logistic mbdel. they dbtaiﬁed a
7 regression cdefﬁciem of 1.66 and a standard error of 0.72. We use a baseline daily probability of asthma
, attack cr)fVO. 13 as discussed above. |

In 2 similar study using_daily data on asthmatlcs in Houston. Stock et al.% repﬁrt an association '
between ozone and the likelihood of an asthma attack. The regression specification included several
ﬁollﬁtams. pollen, humidity, temperature and whether an effect occurred on the previous day. The results

from the regression model that included particulate measurements was used to generate the upper bound.
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The results were not used for the central estimate since the sample size was so small (n=41). Therefore,

the functions for the effect of ozone in terms of ppm-1-hour maximum are:
Upper change in asthma attacksfper year = 189.8 * change in ozone (ppm)
Central change in asthma attacks per year = 68.44 * change in ozone (ppm)
Lower change in asthma attacks per year = 38.69 * change in ozone (ppﬁ)) '

“Table 4 summarizes the outcomes that have been 'quan,tiﬁed for ozone.

Table 4; Effects of 1 ‘ppm Change in Ozone

Central Estimate®  High Estimate

Hospital AdmissionSlpersons | 0.0077 ' | 0.012

Minor Restrictions in Activity/person - 340 - 510
- Respiratory Symptoms/person : 54.75 - 96.6
' Eye Irritation/adult ' .26.6 29.9

Astima Exacerbation/asthmatic - 6844 189.8

- *The coefﬁcients'r apply to the annual average of the daily 1-hour maxunum ozone.

4. Lead
| Exposure to ambient lead occurs primarily from leaded fuel in antomobiles and from stationary
- sources inéll_lding pﬁmary :md seconm smelters and bhttery recycling plaﬂts. Once absorbed, lead is
distributed throughout the body and is only: slowiy removed. Lead has been reported to cause many
different health effects. Based on current knowledge, clinical effects that may occur at the lowest blood

lead concentrations include neurodevelopmental effects in children, and hypertension and related
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éardiovascular conditions in adults. These two effects provide the basis for our estimates of the impact
of lead,'. A thorough review of health outcomes associated with lead exposure is provided by U;S. EPA’“;
® and ATSD.®

Effects of Lead on Blood Pressure in Adults. The association between lead and increased blood

' pressure was first observed in ammals This effect has Vbeen shoﬁvn across a range of dosés and in several
species,"’ and has beeﬁ examined in oc'cuprationalr and population-baséd épidemiologic sﬁdies. The
population-based stuies wil be briefly reviewed here. o |
Several investigators®® have used NHANES II data, publi#hed be ‘the Naﬁdn-alr Center for

Health Statistics, 10 investigate the relationship between blood lead level and blood pressure. NHANES
Hisa large, individual-level databasé that includes information on a variety of potentially coﬁfounding
factors. Therefore, thesc studies avoided,common study desigh- problems (e.g., healthy worker effect,
workplace exposures to othcr‘toxic'agems;, selecti;m bias, and pfoblems of contrbl group selection).

Using these data, Harlan et ﬂ.“ demonstra[ed -statistical-ly significant linear assdciatibns (p<0.00i)
between blood lead concentrations and both systolic and diastolic blood pressure among males aged 12
-to 74 years Further analyses reported by Pirkle et al.© fof:used on white males, aged 40 to 59 years. This
‘age grmip §vas used to reduce any potential confounding effects of age on blood pressure. In the subgfoup
studied, sighiﬁcant_associations were found between blood lead and blood pressufe even after controlling
for most risk factors known to be correlé:ed with bldo_d pressure. thhermore,- no threshold for the effect
‘was observed across a blood lead range of 7 to 34 micrograms per deciliter of blood (ug/dl). Schwartz
reanalyzed the data of Pirkle et al. And showed thﬁt the association decreased but ;emained significant fof
both systoiic and diastolic blood préssu_re when adjusted for site.5% In addition, an association between
blood lead and the likelihood of hypénensinn (diastolic blood pressure greater than 90 mm Hg) was

reported.
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Additiohal sﬁpport fof the effect of blood lead 'on diastolic blood pressure is ptqvided by another
major population-based study conducted in Britain by Pocock et al.,%% data from the Canada Health
Survey,® and a study Qf San Francisco bus drivers byr_ Sharp.” o o

Taken togethet. these studies indicate a significant effect of lead on blood pressure andr
hypertension. In adrditibn-,r investigators have estimated the subsequént Vimpact of a increase in blood
~ pressure (due to inc;caSes in blood lead) on other significant cardiovascuiar events. For ex-ample., large-
scalé epidemiologic studies including the Pooling Project Research Grp p” and the Framingham studyﬁ
| have shown that elevated blood pressure increases the risk of cardxovascular disease. For example, ﬁe'
Pooling Projec'tr reported that $moldng, senﬁnfcholesterol. and diﬁstolic blood pressure were major risk
factors in the incidence of coronary heart disease (CHD). The Ffanﬁnghm study™ was one of the studies
| , included in the Pooling Project. Besides estimating the incideﬁcc of CHD, this studjr of white hﬁddlc-éged |
men considéred the incidence of deaths from all causes Dia#tolic blood pfessure was agﬁn identified as '
a significant predictor of ali-éaﬁse mortality. These studies were used by Pirkle ret al.® to csnmate the
quantitative effects of blood lead on diastolic blood pfessﬁre and subsequeht CHD and morality. |

| The methodblogy used here to estimate the effects of lead on blocd pressure is similar to that
used by the U.S. EPA in its analyses of the effects of reducing lead in gasoline and the effects of
reducing lead in drinking water.™ Dose-response functions are provided to estimate the eff:;:t of a change
in air lead on the likelihood on hypertensidn, and the effects of more.serious health outcomes including
myocardial infarction (heart attacks) and mortality.

Hypertension. To estimate the change in hypertension related to air lead w= use dose-response
Monﬁﬁon provided by Schwartz et al.”” Additional documentation for thrisrestirmtion process is found
in Pirkle et al.® and Brennan et al.”® The estimates are based on a logistic regressios of the probability
of hypertension vershs blood lead. The Origina] estimates were conducted for the subs2 of the population

of adult males age 40 to 59. However, sensitivity analysis conducted by Schwanz et al.* and analysis
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by Landis and Flegal” indicate that it is not unreasonable to apply the blood lﬁd—blood'prmnre_'
relationship to all males, age 20 to 70. | |

The probability of hypertension as a fanction of log of blood lead is expressed by:
ChangeinH = (I + exp 744 - 0.793 (In PbB,))* - (1 + exp (2.744 - 0.793 (In PbE,)*
where: 7 . |

" “The standard ecror of the estimate of 0.793 is 0.25.

H = the probability of hypertension -

~ PbB, = initial blood lead level (ug/dl)
PbB, = new blood lead level (ug/dI)

Since the risk of all-cause mortality and of heart attacks was provided as a function of diastolic
blood pressure, the association between blood lead and diastolic blood pressure is needed. Based on Pirkle
e aL® and U.S. EPA.™ we use the following relationship: |

change in DBP = 2.74 (in PbB, - In PbB,)
where DBP = diastolic blood pressure |
| Using the sample means of the independent variables in the Poolmg Project, we can express the
relationship between the change in blood pressure and the change in the probability of a CHDVevent (on-
fatal lhyomidial infaction) in the following ten years as:
Change in Pr(CHD) = (1 + exp (5.0 - 0.030 (DBP,))* - (1 + exp (5.0 - 0.030 (DBP,))*

where PR(CHD) = the 10-year probability of a coronary heart disease event; DBP; initial and new
diastolic blood pressure levels.
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Premature Mortality. The Framingham study™ can be used to estimate the change in mortality
due to the change in diastolic blood pressure. Controlling for serum cholesterol levels and smoking, the

association can be estimated by:

change in PrMORT) = (1 -+ exp (5.3 - 0.035(DBP,))" -
| (1 + exp (5.3 - 0.035(DBP)))*

where PR(MORT) the 12 year probabxhty of death from all-causes and the standard error of the
 coefficient of 0 035 is .007. |
For this analysm itmay be nmsary to establish a relationship betwecn changes in lead emmad 7
. into the air and subsequent concentrations of lead in the blood of adults. 'rq determine this relationship,
we relied on manyr of the ﬁtudis that relate air concentrations to the subsequent change in blood lead
through many different media and exposure routes. Results are obtained from both observational sfudies
in the field and studies in experimental exposure chambers. The latter are particularly useful in providing
estimates of the blood lead/air lead slope since they may involve longitdinal examination of individuals
exposed to relatively small changes in air lead under controlled conditions. A review of many of these
studies is supplied by EPA.® Corsldenng both the expenmemal and observatlonal mfonmnon. we
assume 2 blood ladlan' lead slope of 2. 0 for adults

Smce quantitative relationships have becn stabllshed between air lead and blood lud and
between blood lead and health effects, we can use the above information to directly estimate health effects
related to changes in ambient lead. ' D .

For adults, the effects of ambient lead on blood pressure can be expressed as:

| changeinH = (1 + exp (2.744 - 0.793 (In 2PbA))" -

(1 + exp (2.744 - 0.793 (In 2PbAz)))"
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H = the probability of hypertension
PbA, = initial air lead level (ug/dl)

PbA, = new air lead level (ug/dl)

~ The initial air lead level is the current average concemntion for the popuiation, while the new ,
air lead level is the presumed ambient standard. The calculated change in ﬁsk of hypertension is then
multiplied by the adultrmalc population to obtain the total number of cases. We can also cstimate thc
effect ﬁf a change in air lead on diastolic blood pressure and subsequeni circulatory disease. Based on -

Schwartz” the change in diastolic blood pressure can be expﬂssed as:
change in DBP = 2.74 (In PbA, - In PbA,)

As 2 baseline level of DBP, the U.S. ave-rager of 76 mm Hg is appropriate. The change in
diastolic blood pressure {due to a change in air lead) can be calculated and substituted into the follqwiing 7
equations to estimate thersubsequem changes in mor:ality and a coronary heart disease. |
| change in Pr(CHD) = (1 + exp (5.0 - 0.030(DEP))" - (1 + exp (5.0 - 0.030 (DBP))"*
change in P{MORT) = (I + exp {5.32 - 0.035(DBP)))" - (1 + exp (5.32 - 0.035(DBR))'
whcré PR(CHD) = the 10-year probability of a coronary heart diseasé event; DP; = initial and new

diastolié blood pressure levels; and PR(MORT) = the 12 year probability of death from all causes.

Effects of Blood Lead on Neurodevelopment in Children. Research indicates that lead’s

heumdcvelopmental éﬁ'ects, at low to moderate exposure levels appear to include: (1) decreased |
iﬁtelligence; (2) short-term memory loss, (3) reading and spelling underachievement, {4) impairment of

 visual motor functioning, (5) poor perception integtatioh, (6) disruptive classroom behavior, and (7)
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impaired reaction time.” Prospective studies in Boston,” Cincinnati,® Clevel:_ind.‘“ and Port Pirie
(Australia)® have examined the relationship between alternative measures of intelligence and

concentrations of l&d in blood in children. Taken together, these studies indicate an association between

general measures of mtelhgence and either pre- or post-natal blood lead concentrauons No threshold -

level has been identified.

| Needleman and Gatsonis®™ conducted a méta-z;nalysis using severai recent studies that relate lead
exposure with nw:odévelobmcntal effecﬁ in children. From thelr rcvic\ir of 724 studi'cs, six can be used
1o providcr regression coefficients that relate a 1 pg/dl change in blood lead to subsequent IQ
decrements.**! ' Reanalysis of the studies was conducted by the Centers for Disease Control (DO
which computed the estimated change in IQ for every unit change in blood lead. Each regression
coefﬁcien: was weighted by mé inverse of tt.ie-vaﬁance around each coefficient. Thus, they obtainad,a"
result that indicated each 1 ug/dl change in blood lead results in a 0.25 ‘point change in 1Q. Winneke et
al.” combined results from eight countries using a common study protocoi to examine the effects of blood
lead on IQ. The strongest effects were observed between blood lead and visual-motor integration.
Intelligence scores were also related to lead levels, bﬁt the effects were less consistent across thc groups.
However, the aggregate impact using all 1700 children éuggcsted that mean IQ dropped by 0.12 for every
7 p.gldl increase in blood lead. This estimate supports the CDC estimate for the U.S., which is incorporéted
into our estimates. Therefore. the association between blood lead and 1Q is assumed t0 be:

IQ decrement = 0.25 IQ points * ch:mge in blood lead (pg/dl) |

Agam it is useful to relate the health eft‘ect o amblcnt concentrations; this reguires the
establishment of a relation between air lead and blood lead These studies typxmlly compare ambient
concentrations and blood lead levels for mdmduals m:dmg near some [wd source wnh a "controt
group”. The studies attempt to control for age, sex, and other potential confounders and effegt modifiers.

Although these studies linking blood lead in children to air lead suffer from problems with measurement
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and methodology, taken together they descn’be a fau:ly consistent range for the blood lead/air lead
aggregate slope of between 2.5 and 53.%Ifan assocnauon is needed to apply this methodology a slope
of 3.9 is recommended.

_ Therefore for chlldren, the relanonshlp be(ween air lead and loss in IQ becomm

1Q decrement = 0.25 IQ points/(pg/dl of blood lead) * 3.9 ng/dl in biood lead per xg/m? change
“in air lead, '

1Q decrement = 0.975 [Q points * change in air lead (ug/m’)

~ Table 5: Effects of 1 pg/m® Change in Ambient Lead*

Low Estimate  Central Estimate’ High Estimate

IQ loss, points per child ** - - 575 -
Cases of Hypertension - - '

(one million males aged 20-70) 44 800 7 72,600 97 ,_800
Non-fatal Heart Attacks - ,

(one million males aged 40-59) 180 ' 340 500
Deaths , ,

(cae million males aged 40-59) 200 : 350 650

’Assumes change from 0.5 to 1.5 gg/m’® and a diastolic blood pressure of 76mm Hg.
*For lead, the effect of exposure time is not well lmown;
**]; is uncertain whether effect occurs at certain stage (say age 3) or through chﬂdhood A reasonable

interpretation is that a child on average will avoid an IQ loss of .975 if it grows up with ambient lead
concentrarions of .5 rather than 1.5 pg/m’.

5. Nitrogen Dioxide
The epidemiologic evidence foe an effect of nitrogen ¢ioxide (NO,) on respiratory symptoms

is more uncertain than the effects of the other criteria pollutants described above. Many studies have
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demonstrated an effect on children from indoor exposure to gas stoves, the primary source of indoor |
NO,. However, effects from outdoor NO, on either children or aduits have rarely been found. This may
be due to (1) large errors related to mwsunng outdoor NO, (smoe ammal expenmems mdlmte that very

short peaks may be responsible for the adversc h&lth outcomes); (2) the occurrence of effects only at the

o hxgh Ievels of NO, assocxated wnth gas stoves; or (3) the possibllny that chronic, not acute, effects of NO,

are lmportam. However, at least one recent epidemiologic study has found health effects related to
ambient NO;: |
" Ina nnnalysns of the Los Angeles student nurses data described earlier, Schwanz and Zeger™
found an assoclanonr between NO, and the increased likelihood of phlegm - production. Dally
coocem:raﬁoos of NO, averaged approximately 0.13 ppm Specifically, the results indicated:
| logit (respiratory symptams) = 0.343 * NG, (ppm) |
The standard error of the estimated regression coefficient was 0.343. Taking the derivatives,
substituting the mean incidence rate of phlegm of 0.0345 and analyzing, the following functions are

obtained for adults, based on a average annual change in the 1-hour daily maxmmm.

Upper change in respiratory symptoms per year = 14.42 * change in NG, (ppm)
Central change in respiratory symptoms per year = 10.22 * change in NO, (ppm)

Lower change in respiratory symptoms per year = 6.02 * change in NO, (ppm)

6. Carbon Monoxide

Carbon monoxide (CO) affects health by interfering with the transport of oxygen to the heart
and other muscles and to brain tissues. When CO enters the respiratory system, it forms
carboxyhemogIObin (COHDb) and redoces the oxygen caﬁying apacity of the blood. Individuals with

ischemic heart disease or coronary artery disease, which is the leading cause of disability and death in
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industrialized nations, are particularly #t risk from exposure to CO. since they My ﬁave a restricted -
" flow of qugi:n in the blood. Increases in ox:;rgeﬂ demand from increased activity or reductions in oxygen
delivery can result in décr;ased time to the omset of angina peciéris in this g_roilp. - At higher
concentrations of CO, people with anemia and other blood disorders, chronic iung disease, pregnant
women, fetuses, and newborns may be at risk. At much higher levg:ls, healthy individﬁals'a;re also at risk
of much less severe effects, such as headache and fatigne. | | |
Unforﬁmately, there is little quantitgtivc dbsc-response information hnkmg co exposurer_tor a
meaningful heﬁlth endpoint.rPart of the difficulty in estimating dose-fcsponse is due to thé nature of co
itself. CO dissipates rapidly in the environment and while it may exist at high concentrations near a
squrcc; suchasa highway, much lower concentratioﬁ may exist only a short dlstance away . Thérefore, ,
| the use of fixed-sitc monitors to indicate population expésufe is often inappropriate. Because of these

shortcomings, no quantitative estimates of the effects of CO are provided in this review.

7. Cérbﬁn Dioxide

In recent yeass, there has been increasing concern about man’s potential to alter the énh’s
climate through ihc cmission$ of gases that may result in 2 "greenhouse effect". Specifically there is
evidence that excess emissions of gases, including carbon dioxide (CO,), methane, nitrous oxide,
tropospheric ozone, and chlorofluorocarbons may be associated with a rise in mean global temperamure.
Howcvcr, at this time, major uﬂccitaimiw about this phenomenon still exist and 'préclude the development
of quantitative estimates associated with health effects. Flrst the precise association between the
production of CO, and global warming is unknown. Second, the relationship between global warming and
subsequent health outcomes are unclear. Global .wam:ihg will likely result in a rise in sea levels and
changes in climate. However, there is little information about the impact thesé changes will have on

health outcomes. Therefore, no quantitative effects related to CO, are presented in this report.
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_IV. APPLICATION TO JAKARTA, INDONESIA

A. Background Infomaﬁon 7,
Iam the capital of Indonesia, is located in the tropics, _]ust south of the equator. The city is
located on a level plain on the northwest coast of thc island of Java and océupies around 650 ka2, at 7
to 10 meters above sea level. The population is believed to be around 8.2 to 9 million, but some estimates
have put it as high as 12 miliion. 'i'he citj' is very densely pOpuIé.ted with densities ranging from more
than 30,000 per km2 in central Jakarta to less than 10,000 per km in most other pants of the city.
Average annual temperature is 27.5°C, with a humidity of around 80 percent, and low wind speed. The
low wind, high populﬁtion density, and hlgh rates ,Of car ownership (currently 1.7 million veh:cles in
Jakarta) indicate the potgntial for signiﬂc_ant air pollution concentrations. | 7
" Data from the Ministry of Population and Environment provide population information for 7'
subdistricts of Jakarta. A report from the Bandung Insﬁﬁne of Technolbgy” ﬁ:ﬁhef disaggregates the
population datar into5x5 km grids. This report also is the source of ihfdnnation on currcm ambient |
pollutioq levels. For this analysis, the total populaszc fof Jakarta is assumed to 8.2 million. Indonesian
census data indicates that 35.7 percent of the population is below age 18. |
| Since existing monitors piovide incompleté coverage of the region, particulate matter
conoenﬁaﬁéns for metropolitan Jakarta weré based on dispersion models developed by Doedomo et al. %
Emissions data are provided for the four major activities in Jakarta: fuel use from transportation,
ihdustrial sources, fuel use for household cooking, and the burning of solid waste. Transportation
emissions are based on density rate of traffic for each subdistrict of Jakarta. Fuel-specific estimates are
provided for automobﬂes, moforcycl&s, buses énd trucks. Industrial- emissions are based on land use
information from the city government that details the location and kind of plaht operation. Household fuel

‘use and solid waste are assumed proportional to population densitj in each gnd Open burning is the
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primﬁry means of solid waste dxsposalm Jakarta. Aﬁer total emissions w&e calc'uiated for each grid éell,
a Eulenan nmhi{bdx dispersion model, mcorporatmg local metéorologic and topographic fémr:s, was
developed and used. |

' For'trhis repon; 'onlyr benefits related to reductions in TSP,V' lead and nitrpgen'dioﬁde are
estimated. Estimates are not provided for pollutants such as carbon moﬁoxide, ozone, and sulfur dioxide
| 7 because of a lack of monitoring (ozone), a lack of dose-response ihformﬁtion (carbon monoxide), and
concentrations that are below the zir quality stardards (sulfirr dioxide). OF the emissions of TSP, an
‘estimated 30 p=rcent come from transportation sources (including gasoline and diesel-powered vehicles),
35 percent from fuel combustion (including rgsidenﬁal cooking), 8 percent from solid waste disposal
* (including municipal incinerator_s and openbummg), 15 percent from industrial pmc&s, and 12 percent
from other sources including construction and fugitive dust. Figure 1 displays the resultant mopleths for
anmual averages of TSP, in 1989. Ambient concentrations were determined for each grid and combined
with the population data for that grid to calculate the population-micrograms of exposure. As such, this
" methodisa signiﬁdnt improvement over previous stndm that have calculated city-wide averages for the
entire metropolitan area based on readings from one or more fixed site monitors. The results, supported
by recent monitoring efforts, suggest that ambient concentrations of anaual average TSP aré 3to 4 times
 the levels typically observed in the United States. | |

For lead concentrations in Jakarta, vehicles using leadeci gasoline are the primary sourcé,r

_ although smelters and battery recyclers also contribute. For nitrogen dioxide, 73 percent of the emissions
are from the transportation sector, with il;dustry contributing around 16 percent. Figures 2 and 3 display 7
the isopleths for lead and nitrogen dioxidé for 1989. Again, the figures indicate that the levels are
- substantially higher than levels ;bscrved in the United States, and higher than most existing ambient

standards by a factor of 3 or 4.
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* Baseline health status in Indonesia is much poorer than that observed in the U.S. For example,
the infant mortahty rate in Indonesta is 78 per 1000 live births versus 10.1 m the U.S. The difference
is due to a multitude of factors assocxated with poverty and lower income such as high population deasity
and lower Icvéis of nﬁtrition, medical care and -access, and to factors related to behavior and
Vinfrastructure such as occupational exposures, high exposure to passive smoke and kerosene cookers and
insufficient ventilation in the homes. For example, Achmadi"_ examined # cohort of children unﬁer five
and found that the episodes of acute respiratory tract infection are related to the degree of indoof air
quality, population density, and socioeconomic starus . Research in the U.S. and Britain has indicated that
frequent epxsodts of loﬁe: mpnratory disease mayrbé a#sociated with chronic obstructive pulmonary
disease in adulthood. Particular problems may be expected in rural areas where an estimated 38% of the
households cook with wood or charcoal, frequently indoors, in stoves without flues and in poorly
ventilated kitchens, most of the year. In urban areas like Jalérta. unvented kerosene cookers may bea
significant source of r&s'pilamryr disease. The 1990 Census reports that in Jakarta, 84..percenf of all
households cook with ch. follbwed by gas 1.6 pércent). wood orVCharcolal (2.3 percent), and
electric (2.1 percent). In some msﬁ. therefore, extrapolating dose-response estimates from Mm
developed countries may undecestimate the more serious health outcomes associated with both acure and
| chronic exposures.

Because of all of these factors,r Indonesians ﬁxpeﬁmce high rates of morbidity from acute
fﬁpiratory infections, and a high prevalence of chronic respiratory disease. Although resﬁimory
conditions in Indoﬁsia have not been conclusiiely linked to indoor and outdoor air pollution, there is
ample descriptive ewdence of the magmtude of the problem. The 1990 Indonesian Census indicates that

, -among chi]drgn umier’age five, acute respiratory infections accoumt for 14.4 percent of all morzality. It

is the second leading cause of death after diarrheal disease, which is responsible for 15.6 percent of all
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mortallty for this age group. It is likely that the rates of rcspn'atory disease are higher among lnfants in
the more densely populated cities. _

For Indonesia asa whole (all ages). inﬂanunation' of the r&piratory tract was the sixth leading
cause of dmth (aﬁcr accldcnts diarrhea, ca:dlovascular dxseasc tuberculoses, and measles), accountmg
for 6.2 percent of all mortalxty % In the U.S., diseases related to respiratory tract information account
' for about 4.4 percent of all mortahty However, in Jakarta, this outcome accounts for 12.6 percent of
all mortahty, more than double the rate for all of Indoncsxa. It is reasonable to hypothesize that exposure
to hngh indoor and outdoor air pollutlon, along with high population density and limited health care
access, may bcmponsiblc for these higher rates in the city. For the eotirc populiation, upper rcspiratory
tract conditions are the leading cause of morbidity, responsible for 44.8 percent of all reported cases. In
Indonesia in 1986, acutc respiratory tract infections had the highest rcportcd prcira.lence rate at 21.3 per
1000. Folioaving this outcome in prevalence were skin infections a 6 per 1000), gastrointestinal tract
conditions (6.9), other infections (6.5) and bronchitis and asthma (6.4) (Ministry of Health 1989). Data
from the 1990 Indonesian census indicates that among children under agc ﬁvc living in Jakarta,r 10.7
percent experienced cough or shortness of breath during the two weeks prior to the census survey periodt |
Of these, 65 percent werc taken to a health care facility. Finally, as the indicator of respiratory disease
status, a study of asthma in chitdren rcported a prevalence rate of 16.5 percent’ versus approximately '
10 percent among children in the United States, 10 percent in Bogor 6 percent in Jogjakarta, and 3.7 -
pcrccnt in Bali. The health data are revealing partwularly whcn rclauvc rates of respiratory dtsease in
Jakarta are compared not only with these United States, but even with other cities in Indonesia, or with
the country as a hole, which may be a more appropriate baseline for comparison Using this information,
we assumed a baseline rate of asthma for the population of Jakarta of 8.25 percent or (16.5/10) times thc

U.S. asthma prevalence rate of 5 percent.
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B. Estimated Health Effects

The estimates of the reduction in health effects achieveci from reaching alternative standards of
particulate matter are provided in Tables 6 through 8. Significant reductions in health effects could be |
" expected. For'exam-pler, if annual TSP were reduced to the lilidpoint of the WHO guideline V(alsortrhe

former U.S. standard) of 75 ug/m® (Table 7), his centeal estimates suggest an expected reduction per
'year of 1,400 deaths (\ﬁth a range of 900 to 1,900), 2,500 hospital admissions for respiratory disease,

' 49,000 emergency room Visits, soo,doo asthma ﬁmls. 7.6 million restricted activity days including work
loss, 125,000 cases of bronchitis in children, 37 million minor respiratory symptoms, and 12,000 cases
of chronic bronchitis. Meeting the Indonesian standard (Table 6) might save an estimated 1200 livesper
year (range 750 to 1,600) and rcdu;e restrictions in acl:mty b& 6.3 million days. Attaining the lower
California standard wculd save almost 1,800 lives per year (range 1,100 to 2,400) and 47 million days

.of restricted activity. Clearly, partimxlaﬁ: matter air pollution represents a significant pub[ié health hazard
and economic burden to residehts of Jakarta and to residents of other cities consistcnﬂy exposed to such
high levels of particulate matter such as Mexico City, Bangkok, and Santiago, Chil.

' Table 9 displays the health effects associated with current Ievels of lead in Jakarta. For example,
rco-nsider the effects of redl;lcing lead from current levels to the low end of ﬁe range of the WHO
guidelines (aimual évemgc of 0.5 pg/m’). For this casé. the model estimates a annual decrease of 136,800
éases of hypértension, 190 cases of coronary heart disease, 158 cases of mortality related to
cardiovascular disq!se inr adult men, and a total loss of 2,070,000 IQ points iq chlldrcn : |
Table 10 relates -similar calcul#tions for rrcducing nitrogen dioxide concemraﬁons to the

Indonesian standard of 0.05 ppm (100 pg/or’).
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v IMPROVING THE ESTIMATES OF AIR POLLUTION DAMAGES: UNCERTAINTIES
AND FUTURE NEEDS

_As lndlcated in the mtroducnon, the current estimates of the benefits of reducing ambient levels |
| of pamCulate matter are based on broad averages and fairly simple assumptions. Nevertheless they do
provide information about the health effects that can be quanuﬁed. These effects can, in turn, be valued
inrorder to provide a range for the economic value of eenttolling t.hese pollutants. These esnmates can
then form the baSis for prioritimtioh when choosing among several air pollut-im control strategies as virrelll
as for assessing the value of additional control efforts. Additional uncertainties arise when applying these
. numbers torothet countries, particularlf those that are less developed. This sectioﬁ provides a brief review

of the major areas of uncertainty in the estimates, and describes tasks that could be undertaken to reduce

this uncemmty 'l'he greatest uncertamtxes are generated by the need to emapolate the epldemmloglc -

health effects from the U.S. and _Westem mdustmhzed nations to o;her countries.

Most of the 'dose-mponse' functions provided in the literature are based on research conducted
primarily in the U.S. Extrapolating these results to countries in very different stages of developmeht adds -
additional uncertainty to any estimate of benefits associated with reduced air pollution. These uncertainties
arise since we thust assume thatthe population charaeteristics that relate to the sensitivity to air pollution
. inthe U.S. will be similerly diStributed in other countries. This may inr.lude factors such as: age and sex
distribution, smoking rates, generalr health status, excreise and diet, medical access and use, competmg
risks, averting behavior, and activity patterns. | | |

It may be instructive toeonsjdc: a few cases that indicate the importance of these differences
when extrapolating from the U.S. studies. For exampie, consider the effects of activity patterns on the
| effective dose. VIdully, the dose would reflect the ambient air quality and the amount of time spent
outdoors. Studies of populations in the U.S. suggest that people spend about 90 percent of their time

indoors. Many of these indoor environments are well sealed and dramatically reduce the penetration of
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outdoor pollutants into the indoors. (The tight homes also may keep indoor pollutants indoors,rhowever').
Therefore, the estimated dose-response relationships between a@bieht air pollution and health, by
" necessity, incorporate the lirée proportion of time spent indoors by most people. This oooeot wiil lead
" to a significant @derass&ssfneﬁt of dose when applying the exi-sting dose;response funciions to warm
ciimates such as those in South'and Southeast Asia, Latin America, aod parts of South America. An
underesﬁmate is likely because residents in these climates will likelj spend a greafer portion of their time
~ outdoors, both on a daily and an annual basis. In addition, indoor exposures in the homésrrin many of
these countries appears to be 'quite high. If this is true, it xs iikc[y that a given level of air pollution,
evorything else constant, would generate much greater health effects in poorer, warmer countries. |
Other disparities i_:etweon comtﬁes may result in differént_ quantitativo ﬁnpams rfrom expaosure
to ambient air. For oxaﬁlple, some developing countries may haye' a greater proportion of individuals with
chronic respi:atory disease, and will not have the public warnings on high' air Vpollution days that occur
in the U.S. This could signiﬁcandy increase the health impacts of 2 given level of air pollution. Simﬂarly,
deficiencies in vitamin C and E, likely to be more common in the developing world, reduce the host
defeose mechanism ahd may increase the effeots of air pollution. | |
Only after epidemiologic studies are completed in some of the developing countries, canrthe
' uncerﬁhw about the impaot of these factors oe reduced. In the mean time, the suggosted methodology
| -is fo assume either thai the demographic aod health status profiles in the doveIOping world are snmlar to
those where the original studies were undertaken, or mako some arbitrary odjustmems to the dooe- _
r@onse relationships. Of particular importance would be studies relating mortality, hospital visits,
asthma and respiratory symptoms to both indoor and ouidoor air-pollutioo in Jakarta. A study design that
involvesr the collection of daily counts of mortality or emergency room visits in state-owned faciiities for
~ the city as whole, would be appropriate for comparing air pollution effects with those developéd from

the U.S. This effort would require conscientious data collection and management, and quality-assured



-50 -

daily airr pollution monitoring. Stﬁdies of symptom:;mlogy among the general [rmpulationram.i of asthma
exacerbation could be accomplished rthrough recruitment of cohorts living within Jakarta. As data sets
on health and air pollution arcrrpresently becoming available, including thbse from less developéd
countries, knowledge will like[yrimprove drmnatic:illy over the next few years. Surely if such research
can contribute to a better understanding of how to maximiie the benefits of control programs, they can

be well worth the cost.
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Summary Table of Dose-Respgse Functions: Estimated Increment in Annual Health Eﬂ'ects '
Assouated with Unit Change in Pollutants

RAD = Restricted activity days; LRI =

MRAD = Minor restxicted activity days.

PPHM = Parts per hundred million

lower respiratory illness;

‘Pollutants
(Units)

7 PM10 SO, - Ozone ~ Lead NO,
Outcome (10 ug/m®) (10 pg/m’) (pphm) (1.0 pg/m?) (pphm)
Premature Mortality (% change) 0.96 0.48
Premarture Mortality/100,000 6.72
RHA/100,000 12.0 1.70
ERV/100,000 2354
RAD/person 0.575
LRI/child : 0.016
Asthma symptoms/asthmatic 0.326 0.68
Respiratory symptoms/person 1.83 0.55
Chronic bronchitis/100, 000 61.2
MRAD/person 0.34

- Respiratory symptoms/1,000 0.18

* children

Respiratory symptoms/adults 0.10 0.10
~ Eye irritations/person : 0.266 :

Hypertension/100,000 adult 7,260

males '
~Coronary diseasef 100,000 adult

males ,

| 3.0

Premature Mortality/100,000 adult 35.0

males :

IQ decrement (100.000) 97,500

children)

Note: RHA = Respiratory hospital admissions; ERV = Emergency room visits;
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Health Effect

Low Medium High
Premanure Mortality 750 1,200 1,600
Hospital Admissions 1,100 2,000 2,700
Emergency Room Visits 22,100 40,600 59,100
Restricted Activity Days ' 4,460,000 6,330,000 9,905,000
Lower Respiratory Illness (children) 49,300 104,000 - 146,600
Asthma Atracks 232,000 464,000 3,885,000
Respiratory Symptoms 15,705,000 - 31,000,000 47,100,000 -
Chronic Bronchitis 4,800 9,600 14.300

Table 7: Health Benefits ef Reducing Particulate Matter to WHO Standard

Health Effect Low Medium High
Premamure Mormality 900 1,400 1,900
Hospital Admissions 1,400 2,500 3,200
Emergency Room Visits 26,600 - 48,800 71,000
Restricted Activity Days 5,360,000 7.595.000 ‘11,876,000
Lower Respiratory Iliness (children) 59,200 125,100 176,200
Asthma Armacks . 279,000 558,000 4,668,000
Respiratory Symptoms 18,872,000 37,331.000 56.619,000
Chronic Bronchitis - 6,100 12,300 18,400
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Table 8: Health Benefits of Reducing Particulate Matter to California Standard

Health Effect : Low Medium High
Premamire Mortality . : 1,100 1,700 2,400
Hospital Admissions- : , 1,700 3,100 4,100
Emergency Room Visits 33,600 , 61,700 89.800
Restricted Activity Days 6,762,000 9,571,000 14,949,000
Lower Respiratory Illness (children) 74,800 158,000 , 222,600
- Asthma Artacks : ) 353,000 705,000 - - 5,900,000
Respiratory Symptoms 23,844,000 - 47,165,000 71,533,000

Chronic Bronchitis ' 8,000 16,000 24,000"

. Table 9: Health Benefits of Reducing Ambient Lead

Standard
Effect , Indonesian - -WHO ' Reduction
Hypertension ' 62,350 135660 241,000
Non-fatal Heart Attacks . : 68 - 190 559
Premarure Mortality - 57 158 461
- IQ Loss (points) 1,091,860 2,073.205 3,130,918

Table 10: Health Benefits of Reducing Ambient Nitrogen Dioxide to Indonesian Standard

_ Low  Medium ngh

 Respiratory Symptoms { millions) 1.04 LT 2.50
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