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Disclaimer

Any opinions, findings, conclusions, or recommendations are those of the authors and

do not necessarily reflect the views of reviewers, people named in the acknowledgment, or the

project’s sponsors or participants, including the Israel Ministry of the Environment, Israel Ministry

of Health, Israel Union for Environmental Defense (Adam Teva V'Din), Tel Aviv Municipality,

Ashdod-Havel-Yavne Regional Association of Towns for Environmental Protection, U.S.

Environmental Protection Agency, the government of the United States, or the U.S. - Israel

Science and Technology Commission or Foundation. Nothing contained in this document is

legally enforceable, and it does not create any legal rights or impose any legally binding

requirements or obligations on any member of the public or on the project’s sponsors or

participants.

Although this document has been independently reviewed by qualified scientists, as with

all risk assessments, there are many areas of uncertainty associated with this analysis.  The authors

of this report have attempted to reasonably describe the strengths and limitations of this

comparative risk analysis.  Notwithstanding, there may be areas of uncertainty not identified in this

report that could affect the results and conclusion of this analysis.  Interpretation and application

of the results of this analysis, as with all risk assessments, should be done with due regard to

uncertainty.
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The appendices have been prepared so that they can be read as separate technical documents by individuals with specific disciplinary interests.

As a consequence, there are some redundanc ies between the main body of the documen t and these appendices.  Appendix E was almost

com ple tely rewritte n co ncurre ntly w ith the scie ntific pee r rev iew and therefore ha s no t und ergone the sam e lev el of re view as th e rest of th is

doc um ent.
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Overview

Air pollution contributes to death and illness in almost all countries.  The

World Health Organization estimates that air pollution will cause about 8 million deaths

worldwide by 2020 (WHO, 1999).  This report summarizes a binational collaborative

effort between the United States and  Israel to evaluate public health risks associated with

air pollution in two Israeli regions, Tel Aviv and Ashdod.  Extensive technical or

scientific background is not required to understand the main body of this report.  The

report is organized into an Executive  Sum mary and five m ain sections: "Introduction,"

"Background," "Project Approach," "Risk Characterization," and "Conclusions and

Recommendations."  The Introduction (Section 1) describes the comparative risk

project's goals, scope, management, and organization.  The Background (Section 2)

describes air pollution standards and guide lines in Israel and elsewhere and  the risk

assessment process.  Project Approach (Section 3) describes the risk assessment process

as applied in this comparative risk project.  Risk Characterization (Section 4) provides

risk estimates and discusses the results within the context of the uncertainties associated

with the comparative risk assessment.  Conclusions and Recommendations (Section 5)

summarizes important results, discusses the research and policy implications of the

results, and makes recommendations.  The report also includes six appendices, which

provide  technical deta ils: 

A. Regulation and Monitoring of Air Pollu tion in Israel, 

B. Assessment of Exposures to Ambient Concentrations, 

C. Health Assessment, 

D. Results, 

E. Summary of Air Pollution-Related Epidemiology Studies in Israel, and

F. References.1
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Forew ord

In a nation beset with near-daily threats to public security, bringing the attention of

policymakers and the general public to problems that are seemingly less immediate is no

small challenge.  Yet the threats posed by environmental pollution are real, tangible, and

quantifiable according to modern risk assessment methodology as practiced widely in the

United States and elsewhere.  Through rigorously conducted risk assessment analysis, it is

now possible to translate different levels of human exposure to environmental contaminants

into reliable estimates of morbidity and mortality among affected populations.

This study, A Comparative Assessment of Air Pollution Public Health Risks in Two

Israeli Metropolitan Areas, applies risk assessment methodology to air pollution hazards in

two metropolitan areas that stretch along Israel’s Mediterranean coastal plain: Greater Tel

Aviv, in the center of the country, and the Ashdod-Yavne region, lying some 25 kilometers

to the south of Tel Aviv. During two-and-a-half years of intensive research and analysis, a

joint team of Israeli and U.S. experts have examined air quality monitoring results in these

two regions, and compared them with health data from Israel and other parts of the world. 

Applying accepted risk assessment tools to  the co llected data , the team has arrived  at a

number of findings regarding illnesses and premature death resulting from exposure to air

pollution in the two regions.

Beyond the potential practical applications of our joint research findings, this study

represents an important effort in cooperation.  The sharing of expertise between Israeli and

U.S. research team members has been an invaluable exercise; just as pollution knows no

boundaries, so the sharing of knowledge and ideas need not be confined within national

borders.  Equally important has been the sharing of information and expertise among

government officials and scientists from the non-governmental sector in Israel.  This

cooperation has yielded practical results as well as an enhanced regard for professionalism

inside and outside government agencies in Israel.

In the spirit of bilatera l cooperation, the research team involved in this study would

like to thank the United States - Israel Science and Technology Foundation for its support of

this study.
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A Comparative Assessment of Air Pollution  Public Health Risks in Two Israeli Metropolitan Areas: 1995-1999

EXECUTIVE SUMMARY

Purpose and Goals

The project 's purpose is to provide in formation fo r Israeli

decisionmakers, the public, and nongovernmental organizations

about potential air pollution impacts on human health.  The

project goals are two-fold: (1) to assess public health risks

posed by existing air quality and (2) to build internal

professional capacity within Israel to understand and conduct

air pollution risk assessments.  Specifically, we estimated and

compared public health  risks posed by several com mon air

pollutants: particulate matter (PM), ozone (O 3), sulfur dioxide

(SO2) , and nitrogen dioxide (NO2).  Attributable cases of

mortality and illness were estimated in the Tel Aviv and

Ashdod regions of Israel, with a combined population of

approximately 1.2 million people.  This study can form the

foundation for future risk-based analyses of air pollution

sources and con trol strategies.

Air po llution contributes to death (m ortality) and illness

(morbidity) in most countries.  The World Health Organization

estimates that air pollution will cause about 8 million deaths per

year worldwide by 2020 (WHO, 1999).  In Israel, population

growth, veh icle use, and electr ical demand, among other factors,

contribute to the deterioration of air quality.  Am bient air

quality monitoring indicates violations of Israeli standards for

several pollutants.  Additional in formation about Israel’s air

pollution laws and monitoring is provided in Appendix A of

this document.  Monitoring data, however, are not adequate for

determining which pollutants pose the greatest threats to health,

nor do they provide an adequate basis for determining

cost-effective solutions to air po llution.  Risk assessment can

provide a context for air quality monitoring data.

The risk assessment was a joint project between  the Israeli

Ministry of Environment (MoE); the Israeli Union for

Environmental Defense (IUED, in Hebrew, Adam Teva

V'Din), a nongovernmental environmental advocacy

organization; and the United States Environmental Protection

Agency (EPA).  The technical workgroup that conducted the

analysis comprised representatives of MoE, IUED, the

Ashdod-Havel-Yavne Area Association of Towns for

Environmental Protect ion, the Tel Aviv municipality, and EPA.

The Israel Ministry of Health and the Israel Central Bureau of

Statistics made significant contributions to the project.

Methods

The relationships between air pollution exposures and

adverse human health responses appear similar across many

geographic regions of the world.  Human health responses

observed with air pollutant exposures1 in North Am erica were

used quantitatively to estimate the health effects of air pollutant

exposures in Israel.  Using data from countries other than Israel

allowed a more complete characterization of air pollution risks

than would otherwise be possible.  This North A merican

concen tration-response information was combined with local

ambient air pollutant concentration data to estimate the portion

of regional death and illness attributable to local air pollution

exposures.  Israeli data used include populations and sub-

population sizes, death and illness rates, and monitored ambient

air pollut ion concentrat ions.   Th is approach, described in detail

in Appendices B and C, has been used successfully elsewhere to

assess air pollution public health risks.  It should be noted that

only a subset of air pollutants, health effects, and exposure

durat ions were evaluated.

1
Data  on observe d or estim ated  hea lth eff ects tha t occu r in respo nse to

air pol lut ion exposures is termed in this document “concentrat ion-

respo nse.”

Uncertainty

Embedded in any risk assessment are judgments

for which complete scientific agreement has not yet been 

achieved.  Risk assessors are often faced with several 

plausible approaches to a problem that result in different 

answers to the question of risk.  Additionally, the assessor 

always has to cope with imperfect scientific data and

questions that cannot be answered with available data. The

judgments or sc ience-policy choices necessary to conduct a 

risk assessment can have considerable influence on the 

results.  Consequently, risk assessment should be viewed as 

a formal process for analyzing data, estimating risks and 

uncertainties, and presenting the results in a consistent 

manner, rather than as an approach leading to a precise 

and accurate statement of risk  (NRC,1994).
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2

•

attributed to PM2.5

• HOSPITALIZATION: In Greater Tel Aviv for 1997,

hospitalization attributed to PM2.5 due to all respiratory

causes from anthropogenic sources for all ages is

estimated to be approximately 2 percent of all

hospitalizations. This represents an estimated 370 (50-620)

additional cases in 1997.  Hospitalization due to all

respiratory causes attributed to PM10 for ages �65 is

estimated to be 6 percent, or 800 (720-1,110) additional cases.

Estimated hospitalization due to cardiovascular causes

10

2

• RESPIRATORY SYMPTOMS: In Greater Tel Aviv, an

10.  Approximately 14 percent, or an estimated

2.5.

6,000

10,

and an estimated average of 15 percent, or 4,400 (1,700-5,900)

cases per year, are related to PM2.5.  In both regions,

approximately 1 percent of asthmatic response for all ages is

esimated to be attributed to SO2..

These risk estimates are "best estimates" (i.e., bias neutral

in terms of under- or over- estimation of risks).  In other words,

the estimates do not include any margin of safety for protecting

public health.  It should be noted that while the health risks to

individuals from air pollution are relatively small, the overall

public health consequences are considerable.  At particular risk

for air pollution-related effects are individuals above 65 years of

age, children, and individuals with pre-existing diseases.  Due to

the many sources of uncertainty in the analyses presented here,

the risk estimates should not be interpreted as precise measures

of risk.  The risk assessment can, however, provide useful

information relevant to evaluating research priorities and risk

management options.  Additional details about the results of

this study can be found in Appendix D.

2
See Appendix D for a mult iyear

analysis.  Risk estimates are rounded to the nearest 10.

 in Greater Tel Aviv and Greater

er year for 1998-1999.

3

and Greater Ashdod from anthropogenic sources is

approximately 1 percent of the total annual mortality in

both regions.  In Greater Tel Aviv, there was an estimated

1997.

cases. PM data were not available for Ashdod
in 1995-1997.

Estimated hospitalization due to all respiratory causes

attributed to O , for ages �65 in Greater Tel Aviv and3

Greater Ashdod is approximately 8 percent and 12 percent 

of all hospitalization, respectively.  This estimaterepresents

approximately 1120 (330-1850) and 180 (50-290) 

additional cases in 1997.  An increasing trend in 

hospitalization is recognizedin both regions from 1995 to 

1997. In fact, estimatesalmost doubled in Ashdod.

Aviv and Greater Ashdod is estimated

2

Hospitalization due to all respiratory causes attributed to

SO in Greater Tel Aviv and Greater Ashdod is estimatedto 

be approximately 6 percent in both regions, or anestimated 

1000 (350-1610) and 220 (80-360) additional cases in 1997. 

Hospitalization due to respiratory infections attributed to

NO in Greater Tel 

to be approximately 4 percent and 2 percent respectively, or an 

estimated 615 (250-970) and 60 (20-90) additional cases in 

1997. An increasing trend in hospitalization is recognized in 

Ashdod from 1995 to 1997.  The estimated heath effects 

attributed to SO2 and NO
2

are considerably more uncertain

than are the estimates for PM and ozone.

related to PM

estimated 20 percent, or about 28,000 (14,400-37,000) cases per year, 

of respiratory symptoms in children for 1997-1999 are

20,000 (8,200-28,700) cases per year of respiratory

symptoms in children for 1997-1999, are related to PM

For Ashdod, approximately 20 percent, or an estimated

(3,000-7,700) cases per year for 1998-1999, are related to PM

Findings

       Air pollution in the Tel Aviv and Ashdod regions is 

estimated to increase both death and illness. Increased mortality 

is associated with both short- and long- duration exposures to 

air pollution. Illness appears most notably elevated for hospital 

admissions and for respiratory symptoms in children. Of the 

pollutants evaluated, PM and O3 are responsible for the 

greatest portion of cases of mortality and illness attributable to 

air pollution (several percent of normally occurring cases). This 

translates to hundreds to thousands of additional cases of death 

or illness per year in the populations of the Tel Aviv (about 1 

million) and Ashdod (about 220,000) regions. The percentage 

of total annual deaths and illness attributable to air pollution is 

generally similar in the Tel Aviv and Ashdod regions. The 

differences in the estimated number of deaths and illness per 

year are mostly, but not entirely, due to differences in the size 

of the populations of Tel Aviv and Ashdod. It should be noted 

Israeli ambient air quality standards.  It is expected that other 

urban areas in Israel with air pollution levels similar to those of 

Tel Aviv and Ashdod will experience similar public health 

impacts.  More specifically:

that significant risks are posed by exposures below current 

attributed to PM    for ages 65 is 3 percent, or 1220 (660-1,760)

additional deaths per year in Greater Ashdod for1995-

average 90 (50-130) deaths p

Ashdod from anthropogenic sources is approximately 8

percent per year of the total mortality in both regions.  In

Greater Tel Aviv, there was an estimated average of 620

(95 percent confidence intervals CI = 340-900) deaths per year 

for 1995-1999 and in Greater Ashdod, an estimated 

 in Greater Tel Aviv 

average of 80 (20-130) deaths per year, and an estimated 10 (5-20)

MORTALITY: Mortality due to long term exposure

Estimated mortality due to O
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4. Apply successful mitigation measures to other

geographic areas of Israel with similar pollution

levels.

5. Initiate public-health-based mitigation strategies,

e.g., public health warnings for high pollution

episodes.

6. Improve source apportionment for PM2.5 and O3

precursors.

In addition, the workgroup recommends new data gathering

and analyses to:

7. Expand monitoring for PM2.5 and other important

air pollutants for which monitoring data are not

available, such as carbon monoxide, lead, and other

air toxics.

8. Estimate indoor O3 concentrations and personal

exposures (e.g., time-activity analyses) to reduce the

uncertainty associated with O3 risk estimates.

9. Consider the need for additional Israel-specific

health data.

10. Update this assessment as new information

warrants.

Recommendations

The joint working group recommends that a

comprehensive air quality management plan be developed that

will:

1. Address PM2.5 pollution and mitigation measures in

the Tel Aviv and Ashdod regions to reduce PM2.5

emissions from transportation and industry.

2. Address O3

3

2

 pollution and mitigation measures in

the Tel Aviv and Ashdod regions to reduce O

precursors (i.e., volatile organic compounds and

NO ).

3. Evaluate year to year variations in monitored ambient

concentrations. Trend analyses should be conducted to 

determine if pollution levels are increasing over time. 

Ashdod warrants particular attention.
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Figure 1: Project Management

A Comparative Assessment of Air Pollution Public Health Risks in Two Israeli Metropolitan Areas: 1995-1999

1. INTRODUCTION

Project Purpose and Goals

The project’s purpose is to provide information for

Israeli decisionmakers, nongovernm ental organizations,

and the public about potential air pollution impacts on

human health.  The project goals are two-fold: (1) to

assess public health risks posed by existing air quality and

(2) to build internal professional capacity within Israel to

understand and conduct air pollution risk assessments.

Spec ifically, we estimated and  compared  public health

risks posed by severa l common air pollutants: particu late

matter (PM), ozone (O 3), nitrogen dioxide (NO2), and

sulfur dioxide (SO2).  Attributable cases of death

(mortality) and illness (morbidity) were estimated in the

Tel Aviv and Ashdod regions of Israel.  This study can

form  the foundation for fu ture risk-based  analyses of air

pollution sources and control strategies.

Project Organization and Management

This project is unusual in both its management and

comparative approach and can serve as a model for

future projects.  The project had its origin in 1998 during

informal discussions between a senior official at the U.S.

Environmental Protection Agency (EPA), Office of

Research and Development, and the Israel Union for

Environmental Defense (IUED), a nongovernmental

environmental advocacy organization in Israel.  The

original concept called for a com parative  human health

risk assessment across environmental media that could

assist Israel in establishing national environmental

priorities.  The concept evolved and, with the addition of

3

In April 2000, a workgroup was established,

composed of staff from the MoE, IUED, the Ashdod-

Havel-Yavne Area Association of Towns for

Environmental Protection, the Tel Aviv municipality, and

EPA.  The workgroup defined and conducted all tasks

jointly. The Israeli participants met regularly throughout

the project and communicated with their American

counterparts at frequent intervals.  The workgroup

reported to a Steering Committee of three people, one

each from MoE, IUED, and EPA.  The Steering

Comm ittee, in turn, reported at regular intervals to an

Executive Committee composed of MoE's Director

General and Deputy Director General; the Executive

Director of IUED; and the Project Director, Director of

the National Center for Environmental Research, EPA

Office of Research and Development (Figure 1).4

3
Under a 1991 bilateral agreement between MoE and EPA (Israel Ministry of the

Environment, 2001).

4
The Executive Committee at time of project completion (in alphabetical order):

Yitzhak Goren, formerly Director General, Israel MoE; Miriam Haran, Deputy Director

General, Israel MoE; Peter W. Preuss (Project Director), Director, EPA National

Center for Environmental Research, and Phil ip Warburg, Executive Director, IUED.

         Air pollution contributes to death (mortality) and 

illness(morbidity) in most countries.  The World Health

Organization estimates that air pollution will cause about

8 million deaths worldwide by 2020 (WHO , 1999).  In

Israel, population growth, vehicle use, and electrical

demand, among other factors, fuel deterioration in air

quality.  Ambient air quality monitoring indicates

violations of Israe li standards for several pollutants. Since

the U.S. air pollution standards are generally either quite

similar or higher than the corresponding Israeli standards,

we also expect a similar trend in the violation of U.S. 

standards.

the Israel Ministry of the Environment (MoE) as a project

partner, a decision was made to focus the first phase of

the comparative risk assessment on air pollution.  A joint

project proposal was drafted by EPA, MoE,  and IUED

and submitted to the U.S.-Israel Science and Technology

Comm ission, which approved funding for the project

through the U.S.-Israel Science and Technology

Foundation.
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Figure 2 :  Map of Israel Showing the Location of the Tel Aviv and Ashdod

Study Areas

Project Scope

Two geographical areas were selected by the

workgroup for the com parative air pollution risk

assessment: the Greater Tel Aviv metropolitan area and

the Ashdod region, located approximately 25 kilometers

to the south of Tel Aviv (Figure 2).  Tel Aviv was

selected because it is the largest urban center in Israel,

with a population of over 1 million people.  Major

sources of Tel Aviv air pollution are transportation and

power plants (Figure  3).  The G reater Ashdod area, with

a population of about 220,000 people, was selected  to

represent an Israe li industrial city.  Sources of Ashdod air

pollution include passenger vehicle traffic, truck

transportation, a power plant, a petrochemical facility,

metal recycling industries, agriculture-related industries,

and a large deep-water port on the Mediterranean Sea

(Figure 4).  Additional factors considered in selecting

these geographical areas for study included the  availability

of baseline health and ambient air quality data.

3 2 2

The project focused on four common air pollutants:

PM, O , SO and NO .  The health assessment relied

pollutants are known to have substantial efects on the 

ecosystem such as crop damage.

extensively on well-reviewed secondary publications,

including several U.S. EPA documents (A ir Quality Criteria 

Do cum ents; Staff Papers; a report to the U .S. Congress 

entitled, “Benefits and Costs of the Clean Air Act-

 Appendix D: HumanHealth Effects of Criteria Pollutants” 

(1996 a,b EPA, 1999); and the W orld Health O rganization ’s

“Guidelines for A ir Quality” (WHO , 1999).  Primary 

sources were a lso reviewed for the risk calculations.  Other 

com mon air pollutants with known human health effects 

(such as carbon monoxide, lead, benzene, and/or 

polycyclicorganic matter) were not evaluated due to limited

resources and monitoring data. 

 Also, no ecological riskassessment of the four pollutants

(PM, O3 , SO2, and NO2 ) was conducted; however, these 
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Figure 3 :  Map Showing Tel Aviv Study Area

The Tel Aviv study area includes the municipali ties of Tel Aviv, Benei Brak, Halon, Givatayim, and Ramat Gan. Also shown are the locations

of major stationary emission sources (power plant and industrial zones), major traffic arteries, and ambient air monitoring stat ions operated

by the Isra el Ele ctric C om pan y and  the Israe l Ministry of th e E nviron m ent.
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Figure 4 :  Map Showing Ashdod Study Area

Th e Ashd od s tudy are a inclu des  the city of A shd od a nd the tow ns o f Bna ya, Ge dera , and  Ga n-Ya vne .  Also  sho wn a re the lo cation s of m ajor sta tionary

emission sources (sea port,  oil  ref inery, power plant and industrial areas), major traffic arteries, and ambient air monitoring stat ions operated by the

As hdod-Havel-Y avne  Re giona l As sociat ion  for E nv ironm ental P rotection an d the  Israe l Ele ctric  Co m pany.
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A Comparative Assessment of Air Pollution Public Health Risks in Two Israeli Metropolitan Areas: 1995-1999

2. BACKGROUND

Regulatory Context

Israel has an active air pollution regulatory and

monitoring program.  Ambient air quality standards were

issued in Israel under the Abatement of Nuisances Law in

1971 and revised in 1992 (Gabbay, 1998: 85-86).  The

regulations provide maximum and annual and/or 30-

minute  or hourly average  ambient air concentration levels

for O3, SO2, carbon monoxide (CO), nitrogen oxides

(NOx), sulfate (SO4
2-), phosphate (PO4

3-), settling dust,

suspended particulate matter, respirable particulate matter

(PM10), three  metals in particu late matter, and eight air

toxins (IUED, 1993: C6-C8).  Israeli ambient air pollution

standards considered in this study are shown in Table 1,

together with standards/guidelines from other nations

and the World Heath Organization.  Additional laws

relevant to air quality  management are discussed in

Appendix A : Air Pollution Regulation and Monitoring in

Israe l.

Despite  these  regu lations, emission estimates and air

quality monitoring resu lts raise concern about air quality

in Israel.  The comparative risk assessment presented  in

this document provides context for air pollution emission

estimates and ambient air quality monitoring data and can

assist the Israeli government, nongovernmental

organizations, and the public in developing policy

decisions and research priorities.

Table 1: Ambient Air Quality Standards and Guidel ines in Israel and Elsewhere*

Po llutan ts Duration Israel
USA -

EPA

USA -

Ca lifornia
WHO Germany Europe

SO2 �g/m
3

½ h our 500 1000

Hour 655 350

24 hour 280 365 105 125 300 125

Year 60 80 50 140

NO 2 �g/m
3

½ hour
940

for  NOx

200

Hour 470 200 200

24 hour
560

for  NOx

100

Year 100 40 80 40

CO  mg/m
3

½ h our 60 60 50

Hour 40 23 30 10

8 hour 11 10 10 10

Year 10

O 3 �g/m
3

½ h our 230 120

Hour 235 180 180

8 hour 160 157 120

Year 50

PM10 �g/m
3

24 hour 150 150 50 ** 200 50

Year 60 50 20 ** 100 30

PM2.5 �g/m
3

24 hour 65 65

Year 15 12

Co nve rsion fa ctors: 1  mg/m
3 SO2=0.3 8 pp b; 1 m g/m

3 NO2=0.5 3 pp b; 1 m g/m
3 CO =0.8 7 pp m ; 1m g/m

3 O3=0.51 ppb

* It  should be noted that dif ferent countr ies have dif ferent forms of the standards, thereby affecting the ir actu al strin gency.

* * W HO gu ide lines are  se t a t concentrat ions be low wh ich no or  li tt le  pub li c hea lth r isks a re  thought to  occur. A ll concent ra tions evalua ted  to  date fo r PM

app ear to p ose  som e risk  to pub lic hea lth. Co nse que ntly, no W HO  guide line va lue for P M ha s be en s et.
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Risk Assessment Process 

Risk assessment as a discipline has evolved over the

last 50 years to assist in establishing limits that would

protect human health and the environment from

exposures to hazardous substances.  Human health risk

assessment entails the evaluation of scientific information

on the hazardous properties of environmental agents and

on the extent of human exposure to those agents.  The

product of the evaluation is a statement regarding the

probability and degree that populations so exposed  will

be harmed (NRC, 1994).

Risk assessment is only one of several inputs to risk

management.5   Policy considerations d ictate the extent to

which risk information is used in decisionmaking and the

extent to which other factors , such as technical feasibility

and costs, play a role.  Risk managers also can use risk

assessments to rank environmental problems.

5
Risk mana gement is the term used to describe the process by which

r isk assessment resul ts are integrated with other informat ion to make

dec isions  abo ut the n eed  for, and  the m etho ds a nd e xtent o f, efforts to

reduce risk.

Embedded in any risk assessment are judgments for

which complete scientific agreement has not yet been

achieved.  Risk assessors are often faced with several

plausible approaches to a problem that result in different

answers to the question of risk.  Additionally, the assessor

always has to cope with imperfect scientific data and

questions that cannot be answered with available data.

The judgments or sc ience-policy choices necessary to

conduct a risk assessment can have considerable

influence on the results.  Consequently, risk assessment

should be viewed as a formal process for analyzing data,

estimating risks and uncertainties, and presenting the

results in a consistent manner, rather than as an approach

leading to a precise and accurate statement of risk  (NRC,

1994).
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Figure 5 : The  Risk  Asses sm ent P arad igm  and  Key Inputs

Th e risk  assess m ent parad igm  is sho wn in  the sq uare s an d inpu ts are

shown in diamonds.

* Exposure assessment in this document is based on using ambient

pol lutant concentrations as surrogates for personal exposures, without

adjustment for physical, behavioral,  or microenvironmental factors that may

influen ce a ctua l perso nal ex pos ures  (see  text for furthe r details ).

A Comparative Assessment of Air Pollution Public Health Risks in Two Israeli Metropolitan Areas: 1995-1999

3. PROJECT APPROACH

Risk Assessment Process

The approach taken in this report is to integrate

information on human responses to air pollution

exposures, co llected primarily in North Am erica, with

local information on populations, sub-populations, death

and illness rates, and air monitoring information.  This

integration yields estimates of the public health risks

associated with local air pollution.  The approach can be

expressed as follows:

  Observed North American Health Risks   Predicted Israel Health Risks

�

Monitored North American Concentration
�����

�����Monitored Israel Air Concentration

Generally consistent associations between health

effects and exposures are observed in the United States

of America, Canada, Western Europe, and Latin America,

but not for cities in Central and Eastern Europe. The

basis for the Central and Eastern European differences is

unknown, but could result from differences in exposure

measures, air pollution mix, climate, health status of the

population, health care, etc. (EPA, 2001:6-12, 6-144, 9-35,

9-45.)  Use of data collected in countries other than Israel

allows a more complete characterization of risk than

would otherwise be possible.  Relatively few studies of

Israe li air pollution health effects have been conducted.

In this project, it is assumed that populations in North

America and Israel have similar sensitivity to air pollution

and exhibit similar responses to exposure.  The validity of

this assumption is unknown.

Figure 5 illustrates a commonly used risk assessment

paradigm: exposure assessment, health assessment, and

risk characterization.  Key inputs to the risk assessment

are also shown.  Table 2 provides additional details about

the risk assessm ent inputs and end-products.
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Ta ble 2: K ey Com pon ents o f Risk  Asses sm ents

Exposure

Ass ess m ent*

He alth

Assessment

Risk

Characterization

Sources Monitoring
Physical and

Personal Factors
Demographics Effe cts En d P rod ucts

Source Categories

S Au tos /diese ls

S Po wer p lants

S Indus try

S Port act ivi ties

S Small sources

Emissions

Atm ospheric

Transformation

Ambient Monitoring

S Monitoring sites

S Data collection

S PM , O3, SO2, NO 2

Da ta

S Concentrat ion

S Averaging t imes

Housing

characteristics

Po llutant-S pecific

Ph ysica l factors

S Penetrat ion rates

S Deposition rates

S Dispersion rates

Microenvironmental

concentrations

Urban, rural and

comm uting/tra ffic

information

Demographic data by

census tract

Time-ac tivity

characteristics

S By age

S By gender

S By occupation

Population D ata

S By age

S By district

S By sub-populations

Baseline  He alth

Da ta

S Mo rtality

S Hospital ization

S Les s severe

effects

Ad vers e E ffects

S Mo rtality

S Hospital ization

S Les s severe

effects

C-R** Equations

S Exp osu re/he alth

integration

S Relative r isks

Estimates of Risk

Characterization of

Uncertainties

* Exposure assessment in this study is based on using ambient pollutant concentrations as surrogates for personal exposures without adjustment for

physical, behavioral or microenvironm enta l factors  that m ay influence  actua l personal ex pos ures  (see  text for furthe r details ).

** C-R = concentration-response, i.e., the quantitative relationship of ambient air concentrations to health responses or effects.

Exposure Assessment Using Am bient Air Q uality

Data

The pollutants eva luated here (PM, O3, SO2, and

NO2) were chosen, in large part, based on the results of

continuous ambient air monitoring conducted for the

past 20 years in Israel (see Appendix B: Exposure

Assessment).  L ittle or no monitoring data are available

for a variety of other com mon air pollutants known to

cause adverse health effects, such as carbon monoxide

and lead.  Ambient monitoring data indicate widespread

exposure to PM, O3, SO2, and NO2 in Israeli urban areas.

Personal exposures to ambient pollutants may

be estimated  using either direct or ind irect approaches.

Direct approaches measure the contact of the person with

the chemical concentration in the exposure media over an

identified period of time.  Direct measurement methods

include personal exposure m onitors that are worn

continuously by individuals as they encounter various

microenvironments and perform  their daily activities.

Indirect approaches use models and available information on

concentrations of chemicals in microenvironments, the

time individuals spend in those microenvironments, and

personal PM-generating activities to estimate personal

exposure.  However, exposure assessment in this project

relies exclusively upon using population-oriented fixed

site ambient monitoring data as surrogates for personal

exposures for the following key reason.

Most of the available epidemiological studies of

PM, SO2, NO2 and other pollutants’ health effects, in the

absence of personal exposure monitoring or modeling

data, use ambient outdoor community monitoring

measurements (typically 24-h average concentrations) in

the statistical analysis of pollution and  health effects

associations.  An important question often raised in the

interpretation of results from acute or chronic

epidemiological community-based studies of PM and

gaseous pollutants is whether the use of ambient

stationary site pollutant concentration data influences or

biases the findings from these studies.  Because  the hea lth

outcomes are measured on individuals, it is preferable to

use personal exposure measurements when available,

instead of surrogates such as ambient PM concentration

measurements collected at one or more ambient

monitoring sites in the community.  As described in the

recent EPA Draft PM Criteria D ocument (March 2001),

“the use of am bient concentrations could lead to

misclassification of individual exposures and to errors in

the epidemiological analysis of pollution and  health data
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depending on the pollutant and on the mobility and

lifestyles of the population studied.  Ambient monitoring

stations can be some distance away from the individuals

and can represent only a fraction of all likely outdoor

microenvironments that ind ividuals come in contact with

during the course of their daily lives.  Furthermore, most

indiv iduals are qu ite mobile  and move through multiple

microenvironments (e.g., home, school, office,

commuting, shopping, etc.) and engage in diverse

personal activities at home (e.g., cooking, gardening,

cleaning, smoking).  Some of these microenvironments

and activities may have different sources of PM and

co-pollutants and result in distinctly different

concentrations of PM [and other gaseous pollutants] than

those monitored by the fixed-site ambient monitors"

(USEPA 2001).  Consequently, it is possible that

exposures of some individuals may be incorrectly

classified if only ambient monitoring data are used to

estimate individual level exposures to PM and other

gaseous species.  However, the information base (on

physical, microenvironmental, behavioral, and exposure

factors) currently available for either the United States or

Israel does not allow us to implement an alternative risk

estimation methodology to the one employed here when

the health risk coefficients that predominantly exist are

based on analysis of ambient concentration-response

(C-R) relationships.

Section 4. Risk Characterization combines the

monitored ambient concentration data with published

C-R relationships6 from air pollution health studies to

derive estimates of health risks associated with exposures

to ambient pollutants in Israel.  Further characterization

of contributions of different indoor and outdoor sources

of air pollution to projected health effects will require

more difficult and complex analysis in the future.

Health Assessment Using Epidem iological Data7

The pollutants evaluated in this study are known

to cause a variety of human health effects (WHO, 1999

and EPA, 1999).  (See Appendix A for a listing of hea lth

effects.)  Evidence comes from a substantial body of

epidemiologic and clin ical studies .  Each pollutant is

associated with its own, somewhat unique set of health

effects.  A major challenge of a comparative assessment is

choosing effects and C-R relationships that y ield

reasonable comparisons among pollutants.

Effects

For this project, three measures of public health

impacts were evaluated: mortality; hospitalization; and

selected, less severe, health effects. These broad

categories were  chosen to facilitate comparisons across

the somewhat dissimilar endpoints associated with each

pollutant.  Mortality and hospital admissions were the

most com parable across pollutants.8   For the less severe

health effects category, characteristic effects of similar

severity were selected for comparison.  The selected

effects are incapacitating and/or adversely impact quality

of life, but are unlikely to result in death or require

hospitalization.  One such effect was chosen for each

pollutant except NO2.  The health data for less severe

effects associated with exposure to NO2 were considered

inadequate.  The less severe effects selected were: lower

respiratory symptoms in children (PM), decreased lung

function with symptoms (O3), and increased asthma

symptoms in asthmatics (SO2).  It should be noted that

these types of less severe effects can have significant

effects on public health via the greater number of people

potentially impacted relative to more severe effects like

mortality and hospital admission.  The heath effects

described above are summarized in Table 3.

6
Concentrat ion-response describes the quanti tat ive relat ionship of

ambient air concentrat ions to health responses or effects. The coefficient

is a number that represents the slope of the l ine from a plot of the

magnitude of a defined response for a given concentration.

7

8

2 r isk analysis was l imited

to hospital a dm ission s for res piratory infe ctions  (vs. all res piratory

causes)  because t 2 ry

Epidemiology is the study of the distribution and determinants of

diseases and injuries in human populations.  In epidemiology studies, the

num ber of ca ses vs . the num ber of ind ividu als a ffec ted is us ua lly reported.

Obviously, in some cases (e.g., mortali ty) these two measures are the

same. Clinical studies are the study of the distribution and determinants of

health-related states or events in specified human populations in a more 

controlled hospital or cl inical setting.

he data for NO and effects othe r than re spirato

infections were considered inadequate.

Specifically, respiratory and cardiovascular causes for hospital

admissions were selected for analysis because these causes are most

s trong ly  assoc ia ted  wi th  a ir  po llut ion . The NO
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Pollutant He alth E ffects

Pa rticulate

Matter

• Mo rtality

• Hospital admissions – respiratory and

cardiovascular

• Respiratory symptoms

Ozone

• Mo rtality

• Ho spital a dm ission s – res piratory

• Decreased lung function with symptoms

Sulfur

Dioxide

• Ho spital a dm ission s – res piratory

• Increased asthma symptoms

Nitrogen

Dioxide
• Hospital admissions – respiratory infect ions

Table 3: Health Effects Quantif ied for the Israeli Project

For mortality and hospital admissions, the Israel Ministry

of Health provided data specific  to Tel Aviv and Ashdod.

For less severe health effects, information on the

incidence9 of these effects in Israel was not read ily

available.  For the analysis, it was assumed that the rates

of respiratory symptoms in children and O3 sensitivity are

the same in Israel and the United States.  The incidence

similarity between these two countries

is not known.  Available information indicates similar

rates of asthma in the United States and Israel (The

Lungs Clinic, Rabin Medica l Center (In Hebrew),

http://www.lung-rmc.co.il).

Concentration-Response

The C-R relationship describes the magnitude of

a defined health response at given concentrations.  As

concentrations to which people are exposed increase, the

number of people affected increases.  North American

studies of human responses to measured air pollution,

from both epidemiologic and clinical studies, were used

to estimate the num ber of cases of death or illness

attributable to air pollution in the Tel Aviv and Ashdod

regions.10  In these studies, the relationship between

monitored air pollutant concentrations and observed

health effect is quantified.  The calculations of risks in

Tel Aviv and Ashdod also included local data on

population sizes and occurrence  of health effects.  Where

possible, studies of sim ilar design were  used to facilitate

comparisons across pollutants.

In many cases, multiple C-R studies exist for the

same pollutant and health effect.  When a single, optimal

study could not be identified to characterize the C-R

relationship, a science policy choice was made to use an

approximation of the mean or central tendency of the

most appropriate C-R relationships for the particular

effect in question.  In some cases, pooled C-R

relationships and an estimate of the central tendency were

taken from the secondary literature.  In other cases, the

C-R  relationship  was taken from one study most closely

approximating the mean of the possible C-R

relationships.  While we have attempted to present a suite

of C-R relationships that typify the current peer-reviewed

literature, it would a lso be reasonable to identify

alternative C-R relationships that may result in somewhat

different results. Additional information on the selection

and use of C-R relationships in this comparative risk

assessment is found in Appendix C: Health Assessment.

The following section (Risk Characterization) combines

the m onitored ambient concentration data (discussed in

the previous section) with the C-R information discussed

here to derive  estimates of health risks associated with

exposure to ambient air pollutants in Israel.

9
 “Incidence” is the rate at which new cases of disease or

health disorder arise in a populat ion.

10
North American studies were used due to the number of

studies available and the extensive review they have

un de rgone a s par t of the U .S . re gu latory scrut iny  of a ir

pollution. The  deg ree to  wh ich North  Am erican and Israeli C-R

relat ionships may differ is unknown.



Israel Air Pollution Com parative Risk Assessm ent

- 11 -

A Comparative Assessment of Air Pollution Public Health Risks in Two Israeli Metropolitan Areas: 1995-1999

4. RISK CHARACTERIZATION

Risk characterization integrates exposure and

health assessments to produce estimates of risk.  This

section provides quantitative estimates of public health

risks associated with existing air quality.  Additionally,

characterizations of the uncertainties in the resulting risk

estimates have been developed.  The confidence in the

underlying data is described in Appendices B: Exposure

Assessment and C: Health Assessment.  A more detailed

description of risks is provided in Appendix D: Results. 

Risk estimates are rounded to the nearest 10.  The risk

estimates presented  in this document are "best estimates"

(i.e., bias neutral in terms of under- or over- estimation of

risks).  In other words, the estimates do not include any

margin of safety for protecting public health.

Risk Estimates 

Table 4: Est imated Risks for Mortality – 1997

Annual Incidence (%  of total cases)

(95%  Con fidence Interva l)

Pollutant Health Effect
Population

Evaluated

Man-Made P ollution*

PM 10 PM 2.5

Grea ter T el A viv

Particulate Matter
Mortality – 

Long Term Exposures
�30 NA

680  (8%)

(370-980)

Particulate Matter
Mortality – 

Short-Term Exposures
Al l ages

220  ( 3%)

(60-380)

220  (3%)

(110-280)

Ozone
Mortality – 

Short-Term Exposures
Al l ages

90  (1%)

(30-150)

Greater Ashdod

Particulate Matter
Mortality –

Long Term Exposures
�30 NA NA

Particulate Matter 
Mortality – 

Short-Term Exposures
Al l ages NA NA

Ozone
Mortality – 

Short-Term Exposures
Al l ages

20  (1%)

(10-30)

10=[20  µg/m
3
]; PM2.5

3
]; O3=[8 ppb]; SO2=[2 ppb]; NO2=[5 ppb]

Estimated health risks associated with exposures

to ambient man-made (anthropogenic) air pollutants in

Greater TelAviv and Greater Ashdod for 1997 are shown 

in Tables 3, 4, and 5.  Estimated risks are shown for 

mortality, hospital admissions and selected , less severe ,

health effects. Additional analyses for 1995-1999 and 

for combined anthropogenic and naturally

occurring pollution are presented in Appendix D: Results.

NA  = es tim ate N ot  Ava ilab le

* Background concentrations: PM =[10  µg/m
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Table 5: Risk Estimates for Hospital Admissions – 1997

Annual Incidence (%  of total cases)

(95%  Con fidence Interva l)

Po llutants
He alth E ffects

Population

Evaluated

Man-Made P ollution*

PM 10 PM 2.5

Grea ter T el A viv

Particulate Matter
Respiratory –

Al l causes

�65 (PM10)

All ages (PM2.5)

800  (6%)

(470-1110)

370  (2%)

(50-620)

Particulate Matter
Cardiovascular – 

Selected causes
† �65

1220  (3%)

(660-1760)
NA

Ozone
Respiratory –

Al l causes
�65

1120  (8%)

(330-1850)

Sulfur Dioxide
Respiratory –

Al l causes
Al l ages

1000  (6%)

(350-1610)

Nitrogen Dioxide Respiratory infect ions
‡

Al l ages
620  (4%)

(250-970)

Greater Ashdod

Particulate Matter
Respiratory –

Al l causes

�65 (PM10)

All ages (PM2.5)
NA NA

Particulate Matter 
Cardiovascular – 

Selected causes
† �65 NA NA

Ozone
Respiratory –

Al l causes
�65

180  (12%)

(50-290)

Sulfur Dioxide
Respiratory –

Al l causes
Al l ages

220  (6%)

(80-360)

Nitrogen Dioxide Respiratory infect ions
‡

Al l ages
60  (2%)

(20-90)

* Background concentrations: PM10=[20  µg/m
3
]; PM2.5=[10  µg/m

3
]; O3=[8 ppb]; SO2=[2 ppb]; NO2=[5 ppb]

NA  = es tim ate N ot  Ava ilab le
†
For both c it ies , this  is  like ly  an underest imate of r isk.  Th is  est imate was limited to International C lassif ication of Disease (ICD)

Codes: 410, 411-414, 427. The original study (Schwartz, 1999) included ICD Codes: 390-429.
‡
For both cities, the ba seline population was available only for ICD  codes: 460 -519 (all respiratory causes); num ber of respiratory

infect ions (ICD codes: 464,466, 480-487, 494) was est imated at  ~ 55% of total admissions based on Burnett et al., 1997 and 1999.

Table 6: Risk Estimates for Other Health Effects – 1997

Annual  Incidence (%  of total cases)

(95%  Con fidence Interva l)

Po llutants He alth E ffects
Population

Evaluated

Man-M ad e P ollu tion* O nly

PM 10 PM 2.5

Grea ter T el A viv

Particulate Matter Respirato ry  Symptoms Ages 7-14
27140 (19%)

(14140-36520)

19470 (14%)

(8110-28170

Ozone
Impaired Lung Fu nction w ith

Symptoms
All ages NA

Sulfur dioxide Asthm atic Response Al l ages
(1%)

Greater Ashdod

Particulate Matter (PM10)
Respirato ry  Symptoms

Ages 7-14 NA

Ozone
Impaired Lung Fu nction w ith

Symptoms
† Al l ages <1490

Sulfur Dioxide Asthm atic Response Al l ages
(1%)

* Background concentrations: PM10=[20  µg/m
3
]; PM2.5=[10  µg/m

3
]; O3=[8 ppb]; SO2=[2 ppb]; NO2=[5 ppb]

NA  = es tim ate N ot  Ava ilab le
†
The r isk est imates for impaired lung function with symptoms from ozone are presented without adjusting for personal exposure.

Indoo r conce ntrations  of ozone are  typically much lowe r than  outdoor levels because ozon e is a highly reactive ga s. Accord ing to

Ozkaynak (1999) and Lee et al. (2002), typical indoor ozone levels in U.S. homes range around 10 percent to 30 percent of outdoor

concentrations, depending on presence of air conditioners and other indoor source or venti lation characteristics. On the other hand,

indoor/outdoor ozone ratios in residences with open windows could be much g reater, or around 0.7 (Lee et al., 1997). Unfortunately,

in the  absence o f Israeli-spec ific data on o zone  pene tra tion fac tors into loca l homes  (which a re  expe cted  to be  qu ite  differen t th an  in

the United States) and time spent outdoors by dif ferent individuals, it  is impossible to develop at this t ime a reliable t ime-weighted

persona l exposure factor, based on am bient ozone m easurements alone, that can be  used to ad just impaired lung function risk

estimates presented here using the ambient monitoring data collected in Israel. Moreover, the available C-R relat ionship for ozone

and impaired lung functions with symptoms suggests a threshold below which the C-R relat ionship is zero, which further complicates

this analysis. Thus, the calculations shown in this report, without employing a personal exposure adjustment factor, should be

cons ide red upper  boun d r isk  es tim ates  for  the p ro jected  lun g fu nc tion im pa irm en ts in Israe l.
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Considerable controversy exists about reported

associations between O3 and mortality.  In general, the

controversy revolves around the potential confounding

effects of PM.  In an attempt to shed additional light on

this issue, EPA evaluated in detail four studies that

controlled for PM as a confounder.  In three of the four

studies elevated relative risks for O 3 exposures and

mortality were observed.12

3

3

3

3

3

Hospital Admissions

Particulate matter , O3, SO2, and NO2  were

evaluated relative to increased hospital admissions.

Hospital admissions for a ll respiratory causes (PM , O3,

SO2),  respiratory infections (NO2), and selected

cardiovascular causes (PM) were considered. Increased

hospital admissions for these causes have been most

strongly linked to air pollution.  As was noted earlier,

substantial evidence implicates PM and O3 exposures as

causes of increased hospital admissions.  A few well-

conducted studies have also implicated SO2 and NO2

exposures in increased hospital admissions, but the

weight of evidence is not great at this time.  Hospital

admissions for NO2 were restricted to respiratory

infections (versus all respiratory causes) because the

evidence for other causes was considered inadequate.13

For comparative purposes, estimated hospital admission

risks for all four pollutants are reported here.  It should

be noted that the uncertainties associated with SO2- and

NO2- related hospitalizations are considerably greater

than the uncertainties associated with PM and O3.

PM, O3, SO2, and NO2 are all associated with

substantia l risks of increased hospital admissions.

Hundreds to thousands of increased annual hospital

admissions are estimated for G reater Tel Aviv.  Tens to

hundreds of air pollution attributable admissions are

estimated in Ashdod.  Risks range from 2 percent of total

respiratory infection admissions attr ibutable to NO2

(Ashdod) to 12 percent for all respiratory causes for O 3

(Ashdod).  In considering the relative estimated risks for

PM10, O3, SO2, and NO2, it should be noted that the C-R

relationships for PM and O3 are based on a subset of the

population, i.e., risks to individuals older than 65; C-R

11
Long- and short- term PM exposure analyses are considered

to be different analyses of the sam e pollutant-related effect

and should not be added together. To do so would double count

attributable deaths. Studies of long-term e xposures a re

believed to capture more fully pollutant-related deaths, as

com pared to studies o f short-term pollutant exposure s.

Studie s o f lon g-term  exposu res are , how ever , more d ifficu lt

and, conseque nt ly, few er  such  stu die s are  available . Fo r th is

reason, most of the studies included in this report rely on

short-term exposure characterizations, usually š24 hours.

12
For additional discussion, see: EPA's "Benefits and Costs of

the Clean Air Act, 1990 to 2010"(1999), page D-19.

13
There are two aspects of r isk that must be considered. One

aspe ct is called “w eight of ev idence ” and refers to th e quality

an d qua nt ity of the  da ta  sugges ting a  causal rela tionship

between a po llutant and an effect. We ight of evidence is a

qualitative characterization of one's confidence in the link

between a pollutant and an effect. It is weight of evidence that

is discussed in this paragraph. The second aspect of risk is the

quantitative estimate that resu lts from evaluation o f the C -R

re lat ion sh ip and  exposu re . This  aspe ct of r isk  is d iscussed in

the next paragraph. The importance of these two aspects of

risk is evident in the following discussion of hospital admission

and h ighlighted in Figure 6. In Figure 6 , the respiratory

admissions for al l pollutants evaluated are similar and range

from 5-6 percent for PM10, O3,  SO2, and NO2. The amount and

quality of evidence linking pollutant exposure to increased

health effects, however, is much stronger for PM10 and O3 than

for SO2 and NO2. Hence, the risks for hospital admissions

shown in Figure 7 would be considered greater for PM10 and O3

than for SO2 and NO2 even though the quantitative estimates

are similar.

Mortality

PM and O3 were evalua ted for mortality risk s.

Data for SO2 and NO2 related mortality were 

considered inadequate. Both PM and O3 are associated

with significant risks.  Risk estimates suggest that PM

risks from anthropogenic sources are 3 percent of the

total annual deaths for short-term PM exposures and 8 

percent of total annual deaths for PM long-term

exposures.11

3

  Considering (1) the outcome

of this eva luation, (2) the  importance of the health effec t,

and (3) a desire to more broadly  compare the possible

public health risks posed by O  relative to PM, we  chose

to include O -associated mortality in this analysis .  This

comparative assessment suggests that if O  causes

increased mortality, the O -related effect is relatively small

compared to PM -associated mortality.  A reasonable

alterative to this approach would have been to not

evaluate the association between O and m ortality and to

await future studies of this issue.  To date, EPA has

chosen this latter approach.  Additional study of th is issue 

is clearly needed.

 This translates to hundreds of PM

attributable deaths per year in Greater Tel Aviv (95

percent confidence intervals (CI) = 110-280 for short-

term exposures; 370-980 for long-term exposures).

Ozone attributable risks from anthropogenic sources are

approximately 1 percent of the total annual deaths.  This 

roughly translates to dozens of O  attributable deaths

per year in Greater Tel Aviv (CI = 30-150) and about 15

additional deaths per year in Greater Ashdod (CI = 10-

3 0).
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relationships for SO2 and NO2 are based on the total

population.  These d ifferences are based on differences in

the design of studies from which the C-R relationships

were taken.  It is reasonable to expect that PM and O3

studies of risks to the total population would yield higher

numbers.

Less Severe H ealth Effects

PM, O3 and SO2 were evaluated for selected less

severe health effects. Each pollutant was evaluated for

one characteristic, similar severity effect.  The data for

NO2 effects were considered inadequate for evaluation.

The risk estimates for the three ranged from  hundreds to

tens of thousands of additional annual cases of adverse

health effects. One to 19 percent of the total number of

cases occurring were attributable to air pollution.

Estimated incidences in Greater Tel Aviv were:

approximately 27,000 annual cases (95 percent

Confidence Interval (CI) � 14,000-37,000) of lower

respiratory effects in children (cough, chest pain, phlegm,

wheeze) associated with PM and 3,400 or fewer annual

cases of increased asthmatic response associated with

SO2.

The exposure assessment for SO2 very short-

term exposures (e .g., 5 minutes) is complex.  The “at-

risk” population is exercising asthmatics.  The risk

assessment, as conducted here, calculates the incidence

assuming that a person with asthma is engaged in

moderate to heavy physical activity at the time and place

that a “peak” exposure occurs. In other words, the

assessment more reflects the occurrence  of a

concentration that could be expected to cause an effect

independent of the likelihood that a susceptible person

would be present when the peak exposure occurred .

More precise estimates of risk would require additional

information on time-activity and exposure patterns.

Consequently, these SO2 risks will likely be overestimates

and are more uncertain than are the assessments for the

other pollutants and  exposure durations.  In add ition, if

5-minute peak exposures exceed 3.0 ppm , the entire

population is at risk of experiencing bronchioconstriction.

Review of the Israeli monitoring data suggested that such

concentrations are unlikely over a wide geographic area.

Ozone-related cases of impaired lung function

were not evaluated in Greater Tel Aviv.  Estimated

incidences in Greater Ashdod were less than

approximately 1490 annual cases of impaired lung

function with symptoms associated with O3,
14 and 750

(CI= 620-940) or fewer annual cases of increased

asthmatic response associated with SO2.

Summary

Com parison of Risks Across Pollutants

Figure 6 high lights the cross-pollutants

com parison of the r isks presented  in Tables 4 , 5, and  6. 

PM and O3 appear to be assoc iated with higher risks,

more hea lth effects, and greater confidence in the data

relative to SO2 and NO2.  Evidence for SO2- related

health effects is  greater than for NO2.  PM appears to

pose greater risks than O3.  The evidence associating PM

and O3 with mortality, hospital admissions, and the less

severe health effects is substantial.  The evidence linking

SO2 and NO2 with mortality is considered inadequate at

this time.  Evidence linking SO2 and NO2 with hospital

admissions is considered limited for SO2 and very limited

for NO2.  Potential risks for increased hospitalization are

presented for all four pollutants, however, for purposes

of comparison.  The data linking PM, O3 and SO2 to less

severe health effects are substantial.  Data for NO2 and

less severe health effects were considered inadequate.

Data on indoor O 3 concentrations and time spent indoors

will be necessary for a more accurate estimate of less

severe health effects from O3.  Continued attention to

evolving data is warranted.

14
The estimated risk for impaired lung function with symptoms

from ozone is provided without em ploying a personal exposure

adjustment factor, and therefore should be considered an

upper bound risk estimates for the projected lung function

impairments in Israel.  See footnote to Table 6 and Ap pendix D

for addit ional information on this r isk est imate.
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Figure 6: Com parison  of Pollutants &  Selecte d He alth Effects

Annual Incidence - 1997

Greater  Te l Av iv

PM
10

 vs. PM
2.5

PM is a broad c lass of chemically and physically

diverse substances spanning several orders of magnitude

in size (see Appendix B for more details).  PM is often

divided into two categories based  on aerodynam ic

diameter: coarse (PM10� 10 microns) and fine (PM2.5 �

2.5 microns).  These categories are generally associated

with different pollution sources.  A substantial

component of PM10 is dust from  the earth’s crust.  A

substantial component of PM2.5 originates from

combustion sources, such as vehicle emissions and power

generation.  The association of health effects with PM2.5 is

clear.  The role of PM10 without the PM2.5 fraction is

more controversial, i.e., health effects associated  with

PM10 could be due to the PM2.5 fraction, or the PM10-2.5

fraction may independently cause health effects.  Figure 7

compares risks associated with PM10, which includes the

PM2.5 fraction, and risks associated with the PM2.5 fraction

alone.  The data presented in Figure 7 (studies used in

this project) suggest that the PM2.5 fraction is responsible

for the majority of risks observed when PM10 is used as a

measure of PM concentration.  Risk estimates for PM10

and PM2.5 should be viewed as providing alternative

estimates of PM risks.  The risk estimates for the two

different measures of PM  shou ld not be added together.

Attention to evolving information on the role of PM10-2.5

is warranted.
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Figure 7: PM
10

vs. PM
2.5

 Risks

Annual Incidence - 1997

Greater  Te l Av iv
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Figure 8: Man-Made vs. Background Pollution

Annual Incidence - 1997 

Hospital Admissions - Respiratory Causes

Greater Tel Aviv (GTA) and Greater Ashdod (GA)

Percentage (%) are the percent of the incidences associated with the man-made pollut ion.

PM hospita lization (respiratory causes) r isk estimates are not available for GA.

Anthropogenic Pollution vs. Background Pollution

An important issue rela ted to air pollution is

that of anthropogenic vs. background pollution.  The

“background” concentration is defined as the

concentration of a  pollutant present in the ambient air

from natural sources.15  For this project, risks associated

with both man-made and background pollution were

estimated (for details, see Appendix D: Results).  Man-

made pollution is always the most significant contributor

to risks, although contributions vary with pollutant.

Estimates of man-made contribu tions to

mortality risks range from 60 to 63 percent of total

pollution risks (man-made plus background) for O3 and

PM.  Figure 8 shows hospital admission risks associated

both with man-made pollution and background pollution

in Tel Aviv and Ashdod.  The percentages of man-made

pollution risk is similar in both cities, although there are

significant differences in the risk estimates.  Estimates of

man-made contributions to total pollutant-related

hospital admission risks (respiratory causes) in Greater

Tel Aviv are 65, 61, 69, 87, and 81 percent for PM10,

PM2.5, O3, SO2, and NO2, respectively.  Estimates of man-

made contributions of total pollutant-related hospital

admission risks (respiratory causes) in Greater Ashdod

are 61, 88, and 67 percent for O3, SO2, and NO2,

respectively.  PM risk estimates of hospital admissions

from respiratory causes for Greater Ashdod are not

available.  It should be noted that from the public health

perspective, the source of the pollution does not matter;

steps can be taken to mitigate risks posed by background

as well as man-made pollution.

15
Becau se of their unusua lly high PM  contributions, severe

windstorm  days we re eliminated from all calculations.
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Table 7: Uncertaint ies in Risk Assessment

Bias Uncertainties in Exposure Assessment An alysis

-/+ Contribution of naturally occurring background to ambient concentration. Sen sitiv ity analysis

-/+ Missing data due to  system atic calibration of equipment. Qualitative

- Elimination of dust storm  days from a nalysis. Qualitative

-/+ Num ber of monitors varies between  years. Qualitative

-/+ Limited number of monitoring stations for PM2.5 . Qualitative

-/+ PM 2.5 calculated as percent of PM10 . Qualitative

-/+ Use of area-wide concentrations as indicator of exposure. Qualitative

� No indoor air concen tration data for O3. Qualitative

-/+ No time-activity patterns. Qualitative

-/+ Inadequate source inventory. Qualitative

Bias Uncertainties – Health Assessment An alysis

- Subset of air pollutants, health effects, and exposure durations used. Qualitative

-/+ Predominant use of studies conducted in North America. Qualitative

-/+ Study ch oice in characte rizing the concentra tion - re sponse  relation ships . Sen sitiv ity analysis

-/+ Variability around the concentration - response slope estimate (�). Sen sitiv ity analysis

-/+ Limitation in health data. Qualitative

-/+
Non-accidental mortality data for 1998-1999 not available. (Calculations based on

1995-1997  data .)
Qualitative

-
Israel Ministry of Health data estimated to cover about 80 percent of the total

incidence.
Qualitative

-
Israel M inistry of Hea lth ICD  classification did no t always  corresp ond  exac tly to C-R

study ICD  codes.
Qualitative

-/+
Percentage of the populat ion with selected, less severe effects was calculated using

U.S. data.
Qualitative

-
Risks calculated only for sub-populat ions evaluated in original C-R studies; est imates

not extended to the total populat ion.
Qualitative

-/+ Threshold vs.  nonthreshold public  hea lth responses unknown Qualitative

(-)Indicates likely underestimate of risk.

(+)Indicates likely overestimate of risk.

(-/+) Unknown or inconsistent direction of bias.

Uncertainties

This section highlights some of the uncertainties

that are embedded in the  risk assessm ent.  Tab le 7 lists

important uncertainties and indicates the direction that

the uncertainty is be lieved to b ias the assessment, if

known.  Additionally, the sensitivity of the risk estimates

to a few se lected uncertainties was investigated.  This

sensitivity analysis is intended to prov ide a genera l sense

of the impacts that assumptions can have on the risk

assessment results, rather than a thorough

characterization of the uncertainties.  As noted earlier, the

judgments, or science-policy choices, necessary to

conduct a risk assessment can have considerable influence

on the results.

The impacts of selected uncertainties are shown on

the estimated risk for PM2.5 long-term mortality in Figure

9.  The intent of Figure 9 is to illustrate to those

unfamiliar with risk assessment how single assumptions or

scientific judgments can impact risk estimates (i.e., the

study choice, selection of C-R relationships, and the

choice of ambient background concentrations, the first

three bars) and how individual assumptions combine to

further increase the uncertainty in the risk estimates

(fourth bar).  This example is restricted to risks estimated

for mortality associated with long-term PM2.5 exposures

and to three important assumptions that have been made

in the Israel assessment.  It is important to realize there

are many such assumptions em bedded in any risk

assessment.  Figure 9 is shown as an example of the

importance of considering uncertainties in any risk

assessment and is in no way a thorough characterization

of the uncerta inties in the Israel assessment.

Individual uncertainties shown in Figure 9 are: (1)

health-study choice, (2) variability around the C-R

coefficient (also called slope estimate or beta, “�”), and (3)

background pollutant levels.  Each of these uncertainties

and their underlying assum ptions is briefly discussed.

S The first bar in Figure 9 illustrates how study

choice  impacts risk estimates. There were two

reasonable studies that could  have been used in this

analysis of PM mortality and long-term  exposures:
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Dockery et al. (1993), and Pope et al. (1995).  The

Pope study was chosen for use in our analysis

because it best met our selection criter ia, i.e., a

newer and larger study.  The Pope et al. study

included over half a million adults in more than 151

cities versus the Dockery et al. study of 8,111 adu lts

in six cities.  Also, the Pope study was designed to

address some issues that had been raised by

Dockery et al. (US EPA, 1996b, pages V14-15). The

Dockery et al. study, however, is a reasonable

alternative for estimating risks.  Dockery et al.

estimated a 26 percent higher average mortality in a

PM-exposed  population than would  be expected  in

a similar but unexposed population.  In contrast,

Pope et al. estimated a 17 percent higher average

mortality than expected.  The first bar in Figure 9

shows how use of one study versus  the other study

would yield different estimates of re lative risk.  In

this particular case, the risks presented in the Israel

assessment for PM-associated mortality are lower

than would have been estimated if the Dockery et

al. study had been used.

S The second bar in Figure 9 illustrates how

variability in the estimate of the  C-R coefficient in

a single  study can impact risk  estimates.  The

second bar shows the statistical variability in the

estimate of the C-R coefficient (95 percent

confidence intervals) from one single study (Pope et

al., 1995).  Ninety-five percent confidence intervals

indicate that, statistically speaking, one is 95 percent

confident that the "true" C-R coefficient lies within

the range indicated by  each end of the second bar in

Figure 9.  In this specific case, the Pope et al. study

suggests that "true" increase in m ortality risks is

very likely to be between 9 and 26 percent greater in

a PM-exposed population than in a similar

unexposed population; also there is an equal

probability that the "true" risk could be higher or

lower than the mean.  The possibility that the "true"

risk is outside of th is range also cannot be e liminated .

The Israel com parative risk assessm ent presents

both the mean and the range of estimates derived

from the upper and lower 95 percent confidence

intervals (see Table D as an example, espec ially

Table D1-B for the variability shown in Figure 9 -

PM2.5 associated mortality, annual exposures, annual

incidence 1997.)  The approach taken in the Israel

assessment is that presenting the means and the

ranges of risk provide the users of the risk

assessment the greatest amount of information.

Discussing the estimated risks in terms of ranges

also helps to avoid an unrealistic sense of precision

in the risk estimates.  An alternative approach to risk

characterization that has been used elsewhere is to

use the upper 95 percent estimate of risk.  In this

example that would be the 26 percent estimate from

the Pope study.  This type of assessm ent generally

describes risks as being equal to or less than the 95

percent upper confidence interval of the risk

estimate.  This approach assum es that it is better to

present a reasonable worst-case estimate of risk and

avoid potentia lly underestim ating public risks.  This

latter approach in effect builds a m argin of safety

for public health into the risk assessment.  An

argument against this latter approach is that degree

of public health protection is a component of risk

management rather than risk assessment.

S  The third bar in Figure 9 illustrates how the choice

of background (also called naturally occurring)

levels of pollution impacts risk estimates. In the

Israel assessment, risks associated with both total

pollution and man-made pollution were evaluated.

To estimate the risks associated with man-made

pollution, an estimate of background is deducted

from  the exposure  estimate prior to estimating risks. 

The "true" background level is difficult to

determine.  It varies with location, seasons, weather

conditions, etc.  Additionally, in Israel, few monitors

are located in areas completely unaffected by

man-m ade pollution.  How the background levels

used in the Israel assessment were determined is

discussed in Appendix B.  What is presented in the

third bar of Figure 9 are three concentrations of

PM2.5 that were considered reasonable for use as

background pollutant concentration levels, and how

these choices impact the estimates of risk.

S The fourth bar in Figure 9 illustrates how the three

individual uncertainties discussed above may

interact to further increase overall uncertainty and

impact risk estimates. The fourth bar illustrates the

risk estimates if one uses reasonable alternatives

from each of the preceding individual examples and

combines them in a manner that emphasizes the
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Figure 9: Effects of Several Uncertainties on Mortality Risk Associated With Long-Term PM 2.5 Exposures in Greater Tel Aviv - 1997

Yellow (l ight colored) squares represent the data used in this risk assessment; blue/purple (dark colored) squares represent

reasonable, alternative cho ices.

maximum and minimum estimates of risk that

could be calculated using alternative, reasonable

assumptions.  It can be seen from this simple

example that impact on estimated risks can be large.

Each individual uncertainty evaluated could account

for a two-fold difference in the risk estimates, while the

combined uncertainties could make a ten-fold difference

in the risk estimates.  When the possible impact of all

uncertainties is considered, the difference between

estimated and actual risk could be significantly greater.

Ideally, a more complex analysis of all of the important

uncertain ties for each pollutant and health effect would

be conducted and presented as an integral part of the risk

assessment. Such an uncertainty assessment was outside

the scope of this effort.  Additional details of this analysis

are presented in Appendix C: Health Assessment.
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A Comparative Assessment of Air Pollution Public Health Risks in Two Israeli Metropolitan Areas: 1995-1999

5. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The comparative  risk assessm ent suggests

significant public health risks are posed by air pollu tion in

Israel.  The assessment focused on the Tel Aviv and

Ashdod regions, with a combined population of

approximately 1.2 million people.  Four pollutants were

evaluated: PM, O3, SO2, and NO2.  Risks were estimated

for mortality, hospital admissions, and selected less severe

health effects.  Important conclusions are:

1. Estim ated risks in Greater Tel Aviv, attributab le

to the evaluated air pollutants, are hundreds of

additional deaths per year, thousands of

additional hospital admissions, and tens of

thousands of less severe health effects.  Risk

levels in Ashdod are generally similar, but the

incidence (number of cases) is approximately

five-fold lower due to Ashdod's smaller

population.

2. Significant risks are posed by exposures below

current Israeli ambient air quality standards.

3. Both short- and long-duration exposures appear

to produce health effects.

4. At particular risk are individuals older than 65,

children, and individuals with pre-existing

diseases.

5. There are some differences in apparent risks

between the two regions.  The basis for these

differences is unclear but may result from

differences in amounts and sources of pollution,

with concomitant differences in population

exposures.  Major sources of air pollution in Tel

Aviv and Ashdod are transportation and power

plant emissions.  Ashdod sources include a

petrochem ical facility, metal recycling industries,

agriculture-related industries, and a large

deep-water port.

6. Pollutants of concern in descending order are:

PM, O3, SO2, and NO2.  Concern is substantially

greater for PM and O3 based on the magnitude

of the re lative risks, the number of health effects

associated with each pollutant, and the degree of

confidence in the underlying data.

The risk assessm ent focuses on health effects

with human evidence linking the pollutant in question to

the health effects of concern.  The evidence for this

association comes from m ultiple sources that are

consistent and coherent in their findings,16 suggesting a

16
In  othe r words , th e m ajor ity of s tudie s a re  in agree men t in

term s o f wha t hea lth  ef fects a re  associa ted w ith  spec ific

pollutants and the approximate magnitude of the responses

(consistent).  In addit ion, there is a logical link between the

various health outcomes and what is known about the

under ly ing bio log ica l mechanism (coherent) .  These two

attributes greatly increase the level of confidence in the data.

causa l role for am bient pollution in contributing toadverse 

health effects.  It is possible, however, that a pollutant

thought to be the causative agent might be acting as a 

surrogate for an unevaluated pollutant or pollutants, or

other factors that are the true causative agents.

Alternatively, it has been suggested that air pollutant

effects are caused by exposure to the mixture of pollutants

and that risks cannot be adequately apportioned on a 

pollutant-by-pollutant basis. Current methodologies do 

not allow for resolution of these issues. Overall the health 

risks to individuals from air pollution are relatively small, 

the overall public health consequences here appear 

considerable.

Despite the consistency and coherency  in the 

data with respect to hea lth effects, significant

uncertainties exist. The major uncertainties associated

with the risk analyses are high lighted. Due to the many

sources of uncertainty in the analyses presented here, the

risk estimates should not be interpreted as precise

measures of risk.  The risk assessment can, however,

provide useful information relevant to evaluating 

research priorities and risk management options.
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Recommendations

The joint working group makes the following

recommendations:

1. Address PM2.5 pollution and mitigation measures

in the Tel Aviv and Ashdod regions to reduce

PM2.5 emissions from transportation and

industry.

2. Address O3 pollution and mitigation measures in

the Tel Aviv and Ashdod regions to reduce O3

precursors (i.e., volatile organic compounds and

nitrogen oxides).

4. Apply successful mitigation measures to other

geographic areas of Israel with similar pollution

levels.

5. Initiate public-health-based mitigation strategies,

e.g., public health warnings for high pollution

episodes.

6. Improve source apportionment for PM2.5 and

ozone precursors.

In addition, the workgroup recommends new

data gathering and analyses to:

7. Expand monitoring for PM2.5 and other

important air pollutants for which monitoring

data are not available, such as carbon monoxide,

lead, and other air toxics.

8. Estimate indoor ozone concentrations and

personal exposures (e.g., time-activity analyzes)

to reduce the uncertainty associated with ozone

risk estimates.

9. Consider the need for additional Israel-specific

health data.

10. Update this assessment as new information

warrants.

Evaluate year to year variations in monitored 

ambient concentrations. Trend analyses should 

be conducted to determine if pollution levels are 

increasing over time. Ashdod warrants particular 

attention.

3.
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This appendix provides a brief overview of

Israel’s current air pollution laws and regulations,

the Israel Ministry of the Environment’s air quality

program, and Israel’s ambient monitoring

infrastructure.  Emissions estimates and summaries

of air quality data for the Tel Aviv and Ashdod study

areas are found in Appendix B: Exposure

Assessment.

Israel’s Laws and Regulations

Israel employs a variety of national,

regional, local, and facility-specific legal and policy

tools for regulating air pollution.  The main law for

air pollution control in Israel is the Abatement of

Nuisances Law (1961).1  The law authorizes the

Minister of the Environment to promulgate

regulations defining what constitutes “unreasonable

air pollution,” e.g., ambient standards, and also

empowers the Minister to issue “personal decrees.” 

These personal decrees can be issued against

specific polluters to require compliance with

emissions standards, monitoring, or any other action

necessary to reduce the nuisance.  For example,

some of Israel’s power generation stations that are

significant sources of air pollution are required,

through personal decrees, to use low sulfur content

fuels and other air pollution control measures.   The

Abatement of Nuisances Law also requires that any

permit issued by any Israeli government authority

(i.e., national or local) be in compliance with

regulations promulgated pursuant to this law.

Ambient air quality standards were first

issued under the Abatement of Nuisances Law in

1971 and revised in 1992.2  The regulations provide

maximum and annual and/or hourly average

ambient air concentration levels for Ozone (O3),

sulphur dioxide (SO2), carbon monoxide (CO),

nitrogen oxides (NOx), sulphate (SO4)), settling dust,

phosphate, suspended particulate matter, respirable

particulate matter (PM10), three metals in particulate

matter, and eight air toxins.3  The Israel ambient

standards for SO2, NO2, CO, O3, PM10, and PM2.5

considered in this study are shown in Table A-1,

together with standards and guidelines from other

states and the World Heath Organization (WHO).

1
 Israel Ministry of Foreign Affairs, 1994. “Abatement of

Nu isances Law , 196 1 (Eng lish Translation ),”

http://www.israel.org/mfa/go.asp?MFAH0aww0.

2
 Gabbay, S., 1998. “The Environment in Israel,” Israel

Ministry of the Environment, Jerusalem, Israel, 85-86.

3
 Israe l Union  for En vironmental De fense, 19 93 . “Israel’s

Env ironmenta l Laws,” Israe l Ministry of the Environm ent,

Jerusa lem, Israe l,  C6 -C8.
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Table A-1: Ambient Air Quality Standards and Guidelines in Israel and Elsewhere*

Po llutants Duration Israel
USA -

EPA

USA -

Ca liforn ia
WHO Germany Europe

SO2 �g/m
3

½ h our 500 1000

Hour 655 350

24 hour 280 365 105 125 300 125

Year 60 80 50 140

NO �g/m
3

½ h our
940

for NOx

200

Hour 470 200 200

24 hour
560

for NOx

100

Year 100 40 80 40

CO  mg /m
3

½ h our 60 60 50

Hour 40 23 30 10

8 hour 11 10 10 10

Year 10

O3 �g/m
3

½ h our 230 120

Hour 235 180 180

8 hour 160 157 120

Year 50

PM10 �g/m
3

24 hour 150 150 50 ** 200 50

Year 60 50 20 ** 100 30

PM2.5 �g/m
3

24 hour 65 65

Year 15 12

Con version fa ctors: 1 m g/m
3
 SO2=0 .38 pp b; 1 m g/m

3
 NO2=0 .53 ppb; 1 m g/m

3
 CO =0.87 pp m; 1mg /m

3
 O3=0.51 ppb

* It should be noted that different countries have different forms of the standards, thereby affecting their actual stringency.

** WHO guidelines are set at concentrations below which no or little public health risks are thought to occur. Al l concentrations

evaluated to date for particulate matter appear to pose some risk to public health. Consequently, no WHO guideline value for

particulate m atter has been se t.

Additional regulations under the Abatement

of Nuisances Law include a prohibition of black

smoke emissions from facilities (1962) and vehicles

(1963), a prohibition on the use of heavy fuel oil for

heating systems (1972), regulations preventing

“unreasonable air and smell pollution” from solid

waste disposal facilities (1990), and regulation of

dust emissions and corrective measures from

quarries (1998).  In addition to the Abatement of

Nuisances Law, Israel has several other laws for

controlling air pollution.  The Licensing of Business

Law (1968) allows for the provision of special

environmental conditions with business licenses

(e.g., emission/discharge standards) for individual

facilities.  The Operation of Vehicles (Engines and

Fuel) Law (1960) authorizes the Minister of Finance,

in consultation with Minister of Transportation, to

4
Gabbay, S., 1998. “The Environment in Israel,” Israel

Ministry of the Environment, Jerusalem, Israel, 86.

5
 Israe l Minis try  of Foreign A ffa irs, 199 9,  Israe l’s A ir

Resources  Management P rogram,

http://www.israel.org/mfa/go.asp?MFAH00ib0.

The Ministry of Transportation’s regulations

under the Traffic-Ordinance (1961) prohibit

registering vehicles that do not conform with

emission standards. Gasoline vehicles must be

tested annually for compliance with CO emissions

standards. Diesel vehicle exhausts are tested for

opacity.  The Ministry of the Environment also

conducts spot checks of vehicles’ compliance with

emission standards.  The Public Health Ordinance

regulate fuel and engine types.  The Planning and

Building Law (1965) requires an Environmental

Impact Statement under regulations developed in

1982 for all new buildings and land use.  This law

has been used successfully to restrict emissions

from planned installations by requiring best 

available technology-based emissions

standards
5
.

4
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(1940) authorizes the Ministries of Health and the

Environment to implement measures to prevent

environmental nuisances affecting public health.  At

a local level, municipalities and associations of

towns have enacted bylaws for pollution prevention

and for collecting monitoring fees.6  A significant

milestone was the enactment of the 1996

amendments to the Prevention of Environmental

Nuisances (Civil Action) Law (1992) which provide

legal standing for citizens and citizens’

environmental groups against environmental

hazards.7

Israel Ministry of the Environment’s Air Quality

Program

Despite these laws, air quality remains a

significant problem in Israel.  In 1994, “to bring

about significant improvements in air pollution

abatement and prevention,” the Ministry of the

Environment began implementing a “comprehensive

new program for the management of air

resources.”8  The main components of the Air

Resources Management Program are:

• Prevention of air pollution through the

integration of environmental considerations

and physical planning, monitoring, and

intermittent control systems.

• Legislation and enforcement, including

ambient and emission standards.

• Improvement of fuel quality.

• Research.

• International cooperation.

• Individual treatment of pollution sources.

• Reduction of pollutant emissions from motor

vehicles.

In addition, the Ministry of the Environment

has considered developing a comprehensive Clean

Air Act to provide additional statutory tools to

improve air quality.

The initial intent of Israel’s air resources

program was to focus on three major areas:

developing emission standards for stationary

sources, reducing mobile source emissions, and

deploying an air quality monitoring network.  The

Ministry of the Environment drafted and proposed

strict stationary source emissions standards in 1994,

based on the German TA Luft guidelines and U.S.

EPA 40 CFR 60 regulations.9  The Ministry of the

Environment intended to promulgate these

standards in 1996, but they still remain a draft

today.  Instead, on January 21, 1998, the Ministry

of the Environment entered into a “covenant on air

pollution abatement” with the Manufacturers

Association of Israel.10  The covenant provides a

framework for cooperative implementation of the

draft emissions standards according to an

established time frame. 

To curb vehicular emissions, beginning in

1994 the Ministry of Transportation required

catalytic converters on all imported gasoline-

powered motor vehicles (i.e., all new motor

vehicles, since Israel does not manufacture

automobiles).  In addition, the Ministry of

Infrastructure required a gradual phase-out of lead

from gasoline, planned to be completed in 2003.

Israel’s Ambient Air Quality Monitoring

Network

The State of Israel faces air quality

challenges similar to those of most of the developed

countries in the world.  Some of the problems are

even more intense in Israel as a result of its unique

geographic and economic features.  Most of the

country's economic activities take place in a narrow

strip along the Mediterranean coast which extends

65 km from Ashdod in the south to Netanya in the

north and 10 km from the coast line eastwards. 

About 2.6 million people (approximately half of

Israel's population) live in this densely populated

area of 650 km2, with a standard of living that is

generally higher than that of the rest of the country.

In addition, more than 60 percent of the total

number of vehicles (more than 1,600,000) travel in

this area each day and most of the energy

production facilities of Israel (five major power

plants with total capacity of 7000 MW) are found

here.  Therefore, most of Israel's air pollution
6
 Gabbay, S., 1998. “The Environment in Israel,” Israel

Ministry of the Environment, Jerusalem, Israel, 86-87.

7
 Israel Ministry of the Environment, 1998. Environmental

Legislation and En forcem ent,

http://www.environment.gov.i l/Eng-

site /Leg isla tion_ an d_En for cemen t.h tm l.

8
 Israe l Minis try  of Foreign A ffa irs, 199 9.  Israe l’s A ir

Resources  Management P rogram,

http://www.israel.org/mfa/go.asp?MFA00ib0.

9
Graber, M., Summer 1995. Transit ion to Clean Technologies

Through Implementation of Emission Standards, “Israel

Env ironment B ulletin,” Israel Ministry of the  Env ironment,

Vol. 18, No. 3, 21-24.

10
 Israel Ministry of the Environment, Winter 1998. Covenant

on A ir Pollution Abateme nt, “Israel Environment Bu lletin,”

Vol. 21, No. 1, 8-12.
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Figure A-1: Map showing Israel Ministry of the Environment

Ambient Air  Quality Monitoring Network (MANA)

emissions occur in a very small area.  Moreover, the

most frequent trade winds and the afternoon sea

breeze are westerly, transporting primary and

secondary air pollution eastward (inland).

Until recently, air quality monitoring in

Israel was carried out locally, operated by

municipalities, associations of towns for

environmental protection, and the Israel Electric

Company (IEC).  Five separate networks exist that

monitor power plants, ensuring adherence to SO2

ambient air quality standards.  They also have an

alert and response system to enable switching to

low sulfur fuel oil during poor dispersion conditions. 

To tackle additional air quality problems such as

transportation NOx emissions and photochemical

smog formation and transport, the Israeli Ministry of

the Environment decided to establish a national air

quality monitoring network, or MANA (acronym

transliterated from Hebrew).

The existing networks in the following cities

are operated by associations of towns for

environmental protection: Haifa, Hadera, Ashdod,

and Ashkelon.  The IEC operates its network in

these regions as well as in the Tel Aviv metropolitan

area.  In addition to this primarily population-

oriented monitoring, source-oriented monitoring is

carried out by the IEC at small power plant gas

turbines and by the Ports and Rails Authority in the

Eilat port.  MANA stations are mainly population-

oriented, but there are transportation-oriented

stations located at a pedestrian level on the main

streets in some cities. Figure A-1 shows a map of

the MANA monitoring stations and networks.
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The U.S. National Research Council identifies four

steps for human health risk assessment: hazard

identification, concentration-response assessment,

exposure assessment, and risk characterization.1

This appendix describes the specific approach used

for conducting the exposure assessment for air

pollution in the Tel Aviv and Ashdod study areas.

Exposure assessment involves specifying the

population(s) that might be exposed to the agent(s)

of concern, identifying the routes through which

exposures can occur (e.g., air, food, or drinking

water), and estimating the magnitude, duration, and

timing of the doses that people might receive as a

result of their exposures.2  As described previously

in this report, personal or population exposures are

assumed to be the same as ambient pollutants

concentrations measured at fixed-site monitors. In

other words, to maintain consistency with available

air pollution epidemiology data, ambient

concentrations are used as surrogates for actual

personal exposures.

The selection of pollutants for this study,

particulate matter (PM), ozone (O3), sulfur dioxide

(SO2), and nitrogen dioxide (NO2), was based, in

large part, on concerns raised by the results of

ambient air quality data.  These data were

developed through continuous ambient air

monitoring that has been conducted for the past 20

years by means of monitoring networks located in

the study areas of Greater Tel Aviv and Ashdod. 

Unlike some other comparative risk assessments,

sophisticated modeling of monitored data was not

necessary because of the extensive ambient air

quality monitoring systems operating within the

study areas.3

This appendix provides information about

the sources (Source Characterization) and emissions

(Emission Inventory Estimations) of these

pollutants, the monitoring of their concentrations in

the ambient air of the study areas (Ambient Air

Quality Monitoring), and a discussion about the

exposure data, including uncertainties (Exposure to

Air Pollution in Tel Aviv and Ashdod).

1
National Research Council (1994) pages 26-27.

2
ibid.

3
For an example of such modeling, see USEPA, 1997.
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SOURCE CHARACTERIZATION

Sources of pollution in the study areas include:

• A 528 megawatt and a 1,200 megawatt low

sulfur, heavy-fuel-oil-fired power plant

located on the coastline in North Tel Aviv

and North Ashdod, respectively;

• A large refinery located near the power

plant in North Ashdod;

• Numerous medium and small high sulfur

heavy-oil-fired industrial boilers serving a

variety of industrial processes in both

areas;

• A large urban street network in Tel Aviv

through which an estimated 500,000

vehicles travel each day;

• A complex transportation network in

Ashdod, involving automobiles, many

heavy trucks, and a seaport.

The main pollutants emitted from the

power plants are SO2, NOx, and PM resulting from

combustion of heavy fuel oil.  The main emissions

from vehicles are carbon monoxide (CO), NOx, PM,

SO2, and organic compounds.  As of 1993, all new

gasoline cars imported to Israel must be equipped

with catalytic converters, which leads to lower

emissions of CO, NOx, and organics.

Ashdod

In addition to automobile traffic, sources of

Ashdod air pollution include truck transportation, a

power plant, a petrochemical facility, metal recycling

industries, agriculture-related industries, and a large

deep-water port on the Mediterranean Sea.

Stationary Sources: The most significant

emission source is the 1,200 MW "Eshkol" power

plant, consuming around 1.2 million tons of various

quality (0.5, 1 and 2 percent sulfur) heavy oil fuel

per year.  The second largest source is the oil

refinery, which consumes heavy oil fuel and fuel oil

gas.  A major fraction of the pollutants from the

refinery is emitted during the process of production

and not as a result of fuel consumption.  There are

also numerous smaller sources, such as Agan

Chemicals, asphalt and concrete batch plants, and a

variety of other factories, some of which have

combustion units.  To the east of the city there is

another smaller industrial zone, occupied by a few

factories with combustion units.  In addition to the

criteria pollutants, these two industrial zones emit

heavy metals and organic compounds.

The power station's stacks are about 150

meters high; the refineries' stacks are about 80

meters high; and all the other stacks are lower.  The

fact that major emissions are released high above

the city, combined with the local meteorology,

greatly influences the dispersion of the plumes and

the ambient pollutant concentrations detected at the

monitoring stations.  For example, the highest

concentrations of SO2 were detected in the Nir Galim

area, located southeast of the northern industrial

zone and downwind of the major stacks in the

primary wind direction.

Mobile Sources: Approximately 100,000

private cars and 5,000 trucks and heavy trucks are

registered in Ashdod and its surroundings.  Traffic is

augmented by a major road junction between the

northern and southern parts of the country located

in the study area.  A major south-north

transportation route (Road No. 4) is located about

10 km east of Ashdod, and an east-west road (No.

41) connects the Gedera area to Ashdod.  A main

route leads from the junction of these roads to the

city of Ashdod and to a national cargo seaport. 

Trucks use this road heavily.  Ships, working

vehicles, and the port itself emit particulate matter

and combustion-related pollutants (SO2, NOX, and

CO).

Greater Tel Aviv

The main sources of air pollution emissions

in Tel Aviv are mobile sources (automobiles, buses,

two-wheeled vehicles), the Reading Power Plant,

and a number of small industrial facilities and

factories.

Stationary Sources: Located on the coast

in the northern section of the city at the mouth of

the Yarkon River, the 528-megawatt Reading Power

Plant is the dominant stationary source in Tel Aviv. 

The plant burns heavy residual [#6] oil.  Since

1993, the maximum sulfur content of fuel oil burned

in the plant has not exceeded 1 percent.  This has

resulted in a marked improvement in SO2 air quality.
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Figure B1: Estimated Annual Emiss ions of  CO, SOx,  NOx, and Suspended Partic les in Israel

The ch art illustrates the estimated a nnua l emissions in Israel from 1980-1999 .  Data are from  the Israel Bureau of Statistics,

2001, Statist ical Abstracts of Israel 2000, http://www.cbs.gov.il/shnanton51.

Mobile Sources: Each day, an estimated

460,000 motor vehicles travel within the

metropolitan area of Tel Aviv and its neighboring

cities.  Of these, 70,000 vehicles are diesel,

including all of the region's taxi, bus, and shuttle

bus fleets.  Given the long hours of operation of

public transport vehicles, their contribution to air

pollution in the region is significantly higher than the

average vehicle.

EMISSION INVENTORY ESTIMATES

Emission estimates and air quality

monitoring results have contributed to concerns

about air pollution in Israel.  Estimated emissions of

selected air pollutants show a variety of patterns

(Figure B-1).  Emissions trends in Israel are

influenced by various factors, including rapid

population growth and changing consumption

patterns, increasing electrical demand and

production, lowering the sulfur content of fuel oil

consumed by power stations, increasing numbers of

vehicles and miles traveled, the introduction of

catalytic converters, and the introduction of private

diesel vehicles.  As a result of these influences, the

relationship between emissions, air quality, and

human health risk is not straightforward.
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Estimated inventories of daily emissions

from stationary and mobile sources in Ashdod and

Tel Aviv are shown in Tables B-1 and B-2,

respectively.

Table B-1: E stimated Inven tory of Daily Emissions 

in Ashdod (ton/day)

Sources PM SO2 NOx CO

Stationary

Powe r

     Plant
5.5 75 85 NA

Industry

(including

refineries)

0.8 28 6 NA

Mobile 0.6 0.6 2.6 50

Table B-2: E stimated Inven tory of Daily Emissions 

in Greater Tel Aviv (ton/day)

Sources PM SO2 NOx CO

Stationary

Power

Plant

4.3 31 .7 9 1

Industry 0.1 1.8 0.1 0.02

Mobile 2.1 0.4 12 .3 265

As illustrated in Tables B-1 and B-2, industrial

sources are thought to be responsible for the

majority of air pollution emissions in the Ashdod

area.  In Tel Aviv, mobile sources likely contribute

the largest amount of NOx and CO, while the power

plant is considered the major pollution source for

SO2 and PM. Calculations of stationary-source

emission estimates for the Ashdod study area are

based on stack measurements using data from the

year 2000, and the largest factories were taken into

account.  Emissions from stationary sources in Tel

Aviv are estimated based on stack measurements

and fuel consumption.

Mobile-source emission estimates for

Ashdod are based on a municipal car registration list

and assumptions made for the average distance

traveled per vehicle.  Mobile source emission

estimates for Tel Aviv are based on Israel Central

Bureau of Statistics (CBS) 1996 survey data

concerning commuting habits within the Tel Aviv

metropolitan area, emission factors given by the

Israel Ministry of Environment, and calculations

made by the Tel Aviv Municipality.   In determining

emission factors, low speed driving was assumed for

both areas and year-group. Data were combined

according to the data available for the vehicle fleet

age distribution.  Table B-3 shows the calculated

emission factor for private cars in Tel Aviv and

Ashdod.  Table B-4 shows the emission factors

calculated for diesel vehicles.

Tab le B-3: Em ission Fac tors U sed for P rivate (G asoline) C ars (g/km )*

Age G roup
Ashd od Te l Av iv

NO x CO NO x CO SO 2 TSP H C

1993 and on 0.11 15.50 0.11 15.50 0.03 0.01 3.50

1988 - 1992 * 0.80 * 50 1.08 37 0.03 0.01 3.50

Before 1988 * 0.80 * 50 0.80 50 0.03 0.01 3.50

* In Ashdod, data were not available to differentiate between car ages prior to1992.

Tab le B-4: Em ission Fac tors U sed for D iesel V ehicles (g/km )*

Vehicle Class NO x PM CO SO 2 H C

Trucks up to 4 tons 1.43 0.3 1.17 0.08 0.38

Trucks above 4 tons 16.9 1.18 3.51 0.25 2.34

Taxi 0.72 0.27 0.89 0.06 0.23

Bus 20 1.87 6.25 0.24 4.87

Motorcycle > 50 cm3 0.3 0.13 20 < 0.01 6.08

Motorcycle < 50 cm3 0.05 0.04 10 0.01 3.15

* No  profess ional travel w as ac counte d for in the C BS s urvey, so  trucks a bove  4 tons w ere no t repres ented  in the calculations , and a ll trucks w ere as sume d to

be  small.
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METEOROLOGY

Meteorology is one of the most important

factors influencing air pollution and driving

atmospheric dispersion patterns.  The Greater Tel

Aviv and Ashdod areas are located on the coastline

of the Mediterranean Sea, so they are strongly

influenced by the sea breeze.  In Ashdod, the

primary wind directions (annually) are north to

northwest during the day and east to southeast

during the night.  In Tel Aviv, the primary wind

directions are west to northwest during the day and

east to southeast during the night.  Boundary layer

depth is variable and sometimes bounded by ground

inversion, a situation that leads to high pollutant

concentrations near the ground, especially during

the cold winter months.

AMBIENT AIR QUALITY MONITORING IN

TEL AVIV AND ASHOD

The Ministry of the Environment, the Israel

Electric Company, and the local environmental

agencies operate ambient air quality monitoring

networks in the Tel Aviv and Ashdod study areas. 

The monitoring stations that make up these

networks, locations of the stations, and the

pollutants monitored are summarized in Table B-5

and illustrated in Figures B-2 and B-3.

Table B-5: Monitoring Networks in Tel Aviv and Ashdod  (X indicates parameter is monitored)

No. S ta tion Name City O3 TSP PM 10 PM  2.5 NO2 SO2 CO

Wind Speed

and

Direction

Tel Aviv Area

1 Yad Leban im Ramat Gan X X X

2 Shikun  Ba vli Te l Av iv X

3 Mech abei Esh Ramat Gan X X X X

4 Bitzaron TA X X

5 Bnei Beraq Bnei Beraq X

6 Taha na  Merkazit Te l Av iv X X X X X X

7 Antokolski Te l Av iv X X X X

8 Tel Baruch Te l Av iv X X

9 Shikun Lamed Te l Av iv X X

10 Tipat Halav Te l Av iv X X

11 Amiel
*

Te l Av iv X X

12 Ironi Dalet* Te l Av iv X X

13 Ironi TZ* Te l Av iv X X

14 Yad Avner* Te l Av iv X X X X X X

15 Rem ez* Benei Beraq X X

Ashdod Area

1 Egude Ashdod X X X X X

2 Gan-Yavne Gan Yavne X X X

3 Gedera Gedera X X X X

4 Hevel-Yavne Hevel-Yavne X X X

5 Benaya Benaya X X X

6 Rova Yud Ashdod X X X X X

7 Rova YA Ashdod X X X X

8 Ne r-G alim Ne r-G alim X

9 Gan-Darom Gan-Darom X

10 Kvzat-Yavne Kvzat-Yavne X X X X

11 Kfar -Aviv Kfar -Aviv X

12 Yavne Yavne X X X X X

13 Yesodot Yesodot X

*Station began operation in 1999
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Figure B-2:  Map Showing Tel Aviv Study Area

The Te l Av iv  study area inc ludes the munic ipa lit ies  of  Te l Av iv, Benei Brak, Ha lon, Givatay im, and Ramat Gan. A lso shown

are the locations of major stat ionary emission sources (power plant and industr ial zones), major traffic arteries, and

ambient air m onitoring sta tions ope rated  by the  Israel Electric Com pany and  the Israel Ministry of the  Env ironment.
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Figure B-3: Map Showing Ashdod Study Area

The Ashdod study area includes the city of Ashdod and the towns of Bnaya, Gedera, and Gan-Yavne.  Also shown are the locations of

major  sta tiona ry em iss ion  sources (sea  po rt,  oil ref ine ry, pow er  plant  and indu stria l area s), major  tra ffic a rte ries, a nd  am bient  air

mon itoring s tations  operated  by  the A shdod-Havel-Ya vne R eg ional A ssoc iat ion  for  En vironmen ta l Protec tion and  the Israe l Ele ctric

Com pany.
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Figure B-4: Annual Average PM10 Concentrations from Ambient Air Quality Monitoring Stations in Israeli Cities

Tel Aviv is located in the central coastal plain, Haifa on the north coa st, Ashkelon on the south coast, Jerusalem in the e astern

cent ra l region,  and Yavne  abou t 30 km southe as t of Tel A viv .  W ith  the e xcep tion o f Yavne , the ann ua l average con cent ra tion is

ca lcu lated  from the m ean o f mult iple  sta tions  (N) loca ted w ith in the  area .  Ann ua l averages  for  1995 -199 7 a re  on ly ava ilab le

for Tel Aviv. Data are from Israel MoE.

Ambient air monitors, complying with standard U.S.

EPA ambient monitoring methods, are located in

each of the monitoring stations listed in Table B-5

and continuously monitor the concentrations of the

pollutants indicated.  Except for stations 10 to15, all

stations were in operation during the 1995-1999

study period.  All stations operating during the study

period were located at a height of about 10 meters

above ground; therefore, the measurements reflect

the general air quality in the area and are not

directly influenced by traffic emissions in the

immediate vicinity of the station.

Measurement data are recorded and stored

each half-hour by instrumentation connected to the

monitors.  Data are then transferred by

telecommunications systems to computer terminals

located at the Israel Ministry of Environment

monitoring centers in Ramle and Tel Aviv, at the Tel 

Aviv Municipality environmental department, and at

the offices of the Ashdod-Havel-Yavne Regional

Association for Environmental Protection.  The data

are processed by these agencies to obtain averaged

data in the formats required for comparison to

ambient air quality standards.

Particulate Matter

Figure B-4 shows the ambient

concentration of particulate matter less than 10

microns aerodynamic diameter (PM10) in several

Israel cities.  Concentrations consistently approach

or exceed the Israel annual ambient standard of 60

�g/m3 for PM10, although there are relatively few

exceedences of the 150 �g/m3 daily standard.  A

key factor in the dispersion of particulate matter in

the region is the meteorological systems that create

dust storms originating in the deserts of North Africa

and the Arabian Peninsula.
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Figure B-6: Total Exceedence s of the H alf-Hour Isra el Standard for O zone  (O3) from Several Regions in Israel for 1998-

1999 Annual (1998-1999) and regional variability in O3 concentration in Israel are illustrated by dif ferences in the number

of times concentrations exceed the Israel half-hour ambient standard. Data are from Israel MoE.

Figure B-5: Exceedences of NOx Half-Hour Standard in Tel Aviv, Israel

The large number and var iability of exceedences of Israel’s half-hour NOx standard are thought to reflect the impact of

emissions from transportation (MANA stations located at street level along major traffic arteries) and power generation, as

reflected by Israel Electric Company (IEC ) stations. Data are from  the Israel Ministry of the  Env ironment.

Nitrogen Oxides

The majority of the exceedences of the

Israel nitrogen oxide (NOx) standards are thought to

be due to transportation emissions.  As shown in

Figure B-5, the 940 �g/m3 half-hour standard can be

exceeded several hundreds of times per year at

Israel Electric Company (IEC) monitoring stations in

the Tel Aviv metropolitan area.  The NOx

concentrations to which motorists and pedestrians

are exposed are several times greater than those to

which the general public is exposed.  These higher

exposures are indicated by the number of times the

half-hour NOx standard is exceeded at MANA**

transportation monitoring stations that are located

at street level of major traffic arteries.  Most of the

NOx exceedences occur during the winter and during

the change of seasons.
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Figure B-7: Annual SO2 Maximum H alf-Hour Concentrations in Tel Aviv and Ashdod, Israel

Ambient annual (1995-1999) maximum half-hour SO2 concentrations in Tel Aviv and Ashdod are shown. The Israel standard of 500

ug/m
3
 is regularly approached or exceeded in Ashdod, but not in Tel Aviv. Data are not available for 1996. Data are from the Israel

Bureau of Statist ics, 2001, Statist ical Abstracts of Israel 2000, http://www.cbs.gov.il/shnaton51.

Ozone

Figure B-6 illustrates the number of 

exceedences of the Israel half-hour standard of 230

µg/m3 for ozone (O3).  O3 is a secondary pollutant

that is formed as a result of chemical reactions

among pollutants exposed to solar radiation in the

atmosphere.  O3 formation is very dependent on

local meteorological conditions and, therefore,

shows significant annual and seasonal variability. 

The highest O3 concentrations occur during the hot

summer months when solar radiation is greatest.  O3

also displays regional variability with the highest

concentrations often occurring at distances from the

sources of the O3 precursors (e.g., as occurs in

Jerusalem), or where local topography provides

conditions for entrapped air masses (e.g., Haifa). 

Sulfur Dioxide

Figure B-7 shows ambient annual maximum

half-hour sulfur dioxide (SO2) concentrations from

monitoring stations in the greater Tel Aviv and

Ashdod areas.  Due to the lowering of the sulfur

content in heavy fuel oil used in power plants and in

diesel fuel and the use of emission control

technology in coal-operated power plants, SO2

concentrations in Tel Aviv seldom exceed the

standards. Despite these efforts, the SO2 half-hour

standard was exceeded in Ashdod 10 times in both

1998 and 1999.
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Exposure to Air Pollution in Tel Aviv and

Ashdod

Ambient air quality monitoring data were

used to approximate exposure to air pollutants in

the Tel Aviv and Ashdod study areas.  Summaries of

the monitoring results in the study areas of Greater

Tel Aviv and Ashdod are presented in Table B-6 as

combined averages for all monitoring stations in

each study area, for the years 1995 to 1999.  Data

are only presented for the years in which risks are

calculated.

Sources for monitoring data are the

Ashdod-Havel-Yavne Regional Association of Towns

for Environmental Protection, the Tel Aviv Municipal

Environmental Division, and the IEC monitoring

stations.  Methods for data acquisition differ among

systems and regions, and modifications are made on

a regular basis.  In general, most pollutants are

measured every half-hour.  These half-hour

measurements are calculated to give one-hour and

24-hour averages. In no case where greater than

75 percent of the data were missing or otherwise

determined to be questionable was the average

concentration calculated.  Thus, if 75 percent of the

half-hour averages were not measured, neither the

hourly nor daily average concentrations were

calculated.  In addition to missing values, data were

also reviewed for bias.  For example, in some cases

there are "0" values that represent a null.  These "0"

values were not included in calculations.  Every data

set for every pollutant, from all stations, for each

year, was reviewed to identify gaps and

inconsistencies.

Table B-6: Monitoring Results in Greater Tel Aviv Study Area (�g/m
3
)

O3

Annual

Average

O3

Annual

Average

of 8-hour

Daily

Maximum

PM 2.5*

Annual

Average

(estimated

as 50% of

PM10)

PM 10

Annual

Average

NO2

Annual

Average

SO2

Annual

Average

SO2

Annual

Average

of

5-m inute

Peak

(2.5 x

hourly)

SO2

Annual

Average

of D aily

1-hour

Maximum

Israe li
Standard

No
Standard 160

No
Standard 60

No
Standard 60

No
Standard 280

US NAAQS 50 100 80 365

Tel Aviv Study Area

No. of
Stations

3 3 2 3 9 9 9

1995 33 Not
Measured

24 47 72 20 50 43

1996 35 Not
Measured

28 56 73 16 39 35

1997 40 60 28 56 49 15 37 40

1998 32 65

1999 28 56

Ashdod Study Area

No. of 

Stations

1995 34 57 Not
Measured

Not
Measured

18 7 17 25

1996 45 71 Not
Measured

Not
Measured

28 8 20 26

1997 46 67 Not
Measured

Not
Measured

27 11 28 42

1998 28 56

1999 28 56

* PM2.5 concentrations were not measured.  They are estimated as 50 percent of PM10 concentrations.  Although no PM2.5

sampling and measurement instruments were available at any of the monitoring stations in either the Tel Aviv or Ashdod

regions during 1995 - 1997, concurrent sampling of PM2.5 and PM10 from s tations in Te l Aviv since 2001 su pport th e validity

of these estimate s.
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DISCUSSION OF EXPOSURE MONITORING

RESULTS

Ashdod: Average annual O3 concentrations

increased during the 3-year period studied, from 34

�g/m3 in 1995 to 45 in 1996 and 48 �g/m3 in 1997. 

Annual average NO2 concentrations increased from

18 �g/m3 in 1995 to 28 and 27 �g/m3, in 1996 and

1997, respectively.  This may indicate an increase in

emissions from mobile and stationary sources,

although differences in meteorological conditions

cannot be ruled out as an influencing factor.

Tel Aviv: Annual average concentrations of

SO2, NO2, and O3 from the individual monitoring

stations were used to create maps of air pollution

levels in the Tel Aviv area.  From these maps city-

wide differences in concentrations could be

observed.  It was not possible to characterize the

spatial distribution for PM10 because there were not

enough stations measuring PM10 to provide

significant geographical variation.

In the Tel Aviv area, the highest annual

average SO2 concentrations (16 - 21 �g/m3) were

measured in the southern half of the area, while the

concentrations measured in the northern half were

about one third lower (10 - 15 �g/m3).  For annual

average NO2 concentrations, the trend was reversed

and more moderate, i.e., the concentrations

measured in the northern and central areas

averaged approximately 52 �g/m3, while the

southern half was 47 �g/m3.  For O3, the

north-south trend was similar to SO2, i.e., the

maximum 1-hour average concentrations measured

in the northern and central areas averaged

approximately 215 �g/m3, while in the southern half

an average value of 260 �g/m3 was recorded.

Uncertainties

Representative measurement data were not

available for many sections of the areas studied. 

For risk calculations, the composite average

measurements for all the stations were taken as

representing the exposure throughout each area. 

Thus, the various monitored and non-monitored

areas were assigned the average value for the entire

area, resulting in relatively “non-polluted” areas

receiving higher-than-expected exposure levels and

relatively “polluted” areas receiving lower-than-

expected exposure levels.  For NO2 and O3, this

meant that it was necessary to extrapolate to the

entire Tel Aviv area based on measurements

performed at only three stations, and for PM10 from

measurements at only two stations.  For Ashdod,

only three monitoring sites were available for PM. 

Thus, the area-wide exposure levels for these

pollutants are based on a relatively minimal amount

of actual measurement that covers only a small

portion of the areas studied.

Instruments for measuring PM2.5 were not

available at any of the monitoring stations in both

the Tel Aviv and Ashdod areas during the study

period of 1995 to1999.  Thus, PM2.5 was not

monitored but was calculated based on the

assumption that 50 percent of the PM10 is PM2.5.  The

assumption was supported by statistical comparison

of PM10 and PM2.5 measurements in Ashdod area.  In

addition, concurrent monitoring of PM2.5 and PM10 at

stations in Tel Aviv since 2001 support the validity

of these estimates.

A substantial uncertainty centers on natural

versus man-made sources of pollution. Natural

sources contribute to pollution in the atmosphere. 

This is particularly true for fine and coarse particles. 

The “background” concentration is defined here as

the concentration of a pollutant present in the

ambient air that is caused by natural sources.  In

this document, risks are calculated for both man-

made and for combined man-made and background

pollution (see Appendix D: Results).

There is considerable uncertainty regarding

appropriate background concentration, and this is an

important area for subsequent study in Israel.  For

example, background levels of PM vary by

geographic location and season.  The natural

component of the ambient concentration arises from

physical process of the atmosphere (e.g., wind-

blown dust) as well as emissions from natural

sources (e.g., emissions from vegetation).  The

exact magnitude of this natural portion for a given

geographic location cannot be precisely determined;

it is difficult to distinguish from the long-range

transport of man-made particles and gases.

The range of expected background

concentrations on a short-term basis is much

broader.  Specific natural events such as wildfires

and dust storms can lead to very high levels of PM,

even higher than those concentrations observed in

polluted urban atmospheres.  Disregarding such

large and unique events, some estimate of the

range of “typical” background on a daily basis can

be obtained from reviewing multi-year data and

special studies.
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In determining background concentrations

for this comparative risk assessment, several inputs

and possible values were considered, including:

• Minimum levels observed.

• Measurements from remote and relatively

unpolluted areas.

• Background levels taken from literature and

other countries.

• Lowest 1 and 5 percentiles of measured

concentrations.

• Concentrations measured during midnight

to 5 a.m. (relatively low production in

facilities and low transportation).

• Measurements likely to be influenced from

industrial sources were omitted.

Table B-7: Background Concentrations
Pollutant Concentration

PM10 20 �g/m3

PM2.5 (estimated as 50% of PM10) 10 �g/m3

O3 8 ppb
SO2 2 ppb
NO2 5 ppb

In general, background concentrations

were determined using best professional judgment

and are considered as a best estimate given

available information.  For the purpose of estimating

the background concentration in this study, the

lowest short-term concentration (1-hour, except 24

hours for PM) measured in a calendar year was

selected as the background concentration, even

though it was not necessarily entirely the result of

emissions from natural sources.  A summary of the

background concentrations used in this risk

assessment is found in Table B-7.
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The U.S. National Research Council

identifies four steps for human health risk

assessment: hazard identification, concentration-

response (C-R) assessment, exposure assessment,

and risk characterization.1  This appendix describes

the specific approach used for conducting the hazard

identification and C-R assessment for air pollution in

the Tel Aviv and Ashdod study areas.

Hazard Identification

Hazard identification entails identification of

the pollutants that are suspected to pose health

hazards, a description of the specific form of toxicity

(such as respiratory toxicity or cancer) that can be

caused by the pollutant of concern, and an

evaluation of the conditions under which these

forms of toxicity might be expressed in exposed

humans.2  Information for this step is typically

derived from epidemiological, clinical, and/or animal

studies.  There is a large body of health information

on the air pollutants addressed in this report.  The

pollutants evaluated in this study are known to

cause a variety of health effects in humans at

ambient levels.  These effects have been observed

in many studies and at many locations around the

world.3  Table C-1 identifies human health effects

associated with the pollutants and the subset of

effects for which risks are quantified.

1
National Research Council,  1994, pages 26-27.

2
Ibid.

3
WHO (1999) page 32; USEPA (1997) pages 6-12.
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Figure C-1: Increases in Ho spital Adm issions for Respiratory

Conditions as a Function of Ozone Concentration

The equa tion that calculates the line describing the relative

change in hospital admissions as a function of increasing

ozone concentration is shown as “y”.  “R
2
" is the correlat ions

coefficient, a measu re of how well the line “fits” the data ; a

“1" is a pe rfect corre lation.  Adap ted from  WH O (1999 ).

Table C-1: Human Health Effects o f Selected Pollutan ts

Pollutant
Effects Quantified for

the Israeli Project

Ad dition al Effects

Quan tified Elsew here
Unquantified Other P ossib le Effects

Particula te

Matter

Mortality

Hospital admissions -

respiratory and

cardiovascular

Respirato ry  symptoms

ER v is its  - asthma

Worse asthma status

Lower and/or upper

respiratory illness

Restricted activity days

Days o f work lost

Decreased lung

function

Infant m ortality

Chronic lung diseases

othe r th an  bron ch itis

Lung inf lammation

Cancer

Ozone

Mortality

Hospital admissions -

respiratory

Decreased lung

function w ith

symptoms

Hospital admissions -

cardiovascular

Adu lt onset o f asthma

ER v is its  - asthma

Restricted activity days

Chronic sinusit is and

hay fever

Increased airway

responsivene ss

Lung  fibros is

Lung inflammation

Immunologic changes

Chronic lung diseases

Cancer

Sulfur

Dioxide

Hospital admissions -

respiratory

Increased symptoms

in asthma tics

Mo rtality

Hospital admissions -

cardiovascular

Decreased lung

function

Mortality

Respirato ry  symptoms

in non-asthm atics

Nitrogen

Dioxide

Hospital admissions -

respiratory infect ions

Hospital admissions -

cardiovascular & other

respiratory

Respiratory

illness/symptoms

Increased airway

responsivene ss

Decreased lung

function

Lung inflammation

Immunologic changes

Air Concentrations and Health Responses

Characterizing the relation between air

concentrations and health effects is generally called

concentration-response (C-R) assessment.  C-R

assessments entail a further evaluation of the

conditions under which the toxic properties of a

chemical might be manifested in exposed people. 

Particular emphasis is placed on the quantitative

relation between the exposure concentrations and

the toxic response.  The development of this

relationship may involve the use of mathematical

models.  The C-R assessment may include an

evaluation of variation in response, such as

differences in susceptibility between young and old

people.4  An example of a C-R relationship is shown

in Figure C-1.  This figure illustrates the relation

between short-term increases in ozone

concentrations and increases in hospital admissions.

4
National Research Council (1994) pages 60-66, 206-210.
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Selection Criteria

For this project, 13 studies or groups of

studies were selected to characterize the

relationships of particulate matter (PM), ozone (O3),

sulphur dioxide (SO2), or nitrogen dioxice (NO2)

concentrations to specific health responses.  The

seriousness of the health responses evaluated

encompasses mortality to respiratory symptoms,

such as coughing and wheezing.  Each of the 13

studies or groups of studies provides information

similar to that seen in Figure C-1, i.e., the

quantitative relationship between air pollutant

concentrations and health effects.  All studies used

in this assessment, either epidemiologic or clinical,

are based on health effects in humans. The studies

were chosen using criteria outlined in Table C-2.

In spite of the wealth of data available for

the studied pollutants, the ideal data sets for

quantitative comparison of pollutants are not

available.  Studies often evaluate different

subpopulations and/or exposure parameters.5  Three

examples of the difficulties of comparative risk

assessment and study selection are provided:

First, at the time this analysis was

conducted, there was only one available

study of SO2 and hospital admissions (all

respiratory causes) that met our study

selection criteria.  This study used the daily

1-hour maximum as the exposure metric

and the population of interest was “all ages"

(Burnett, 1999).  This is in contrast to the

selected PM and O3 studies that used a daily

average exposure metric and the “ >= 65

population.”  Rather than not evaluate SO2

hospital admissions, we chose to include

this study in the evaluation, although

several characteristics of the study were

different from the selected PM and O3

studies.

Second, at the time of this analysis four well

conducted, large epidemiology studies of

ozone mortality were available that had

been extensively reviewed.  Two studies

used 1-hour daily maximum O3

concentration for the exposure metric and

two studies used daily average O3

concentrations for the exposure metric.  It

can be reasonably argued that the 1-hour

ozone metric is a better exposure metric

than the daily average; however, the Samet

(1997) study, that used the daily average

exposure metric, was chosen for use in this

study primarily because it controlled for the

greatest number of possible confounding air

pollutants (NO2, SO2, particles, and carbon

monoxide).

Third, at the time of this analysis there were

several epidemiology studies on the

respiratory effects of O3.  In the 1996 U.S.

Environmental Protection Agency’s

assessment of O3, the Thurston et al.

(1992) study was selected as the most

appropriate study of hospitalization.  This

and several other studies were considered

for use in the Israel assessment.  The

Schwartz (1995) study was chosen for

several reasons: (1) it conformed to the

selection criteria more closely than several

other available studies; (2) the Israeli data

for hospital admissions for “all causes" was

available, whereas the hospital admissions

data for “asthma” was not readily available;

(3) the comparison between O3 and PM was

considered particularly important; hence,

the choice of the Schwartz (1995) O3 study

made several characteristics the same or

similar for the ozone and PM comparison,

i.e., methods, relevant subpopulation >= 65,

exposure metric, and health effect (all

respiratory causes).

These three examples illustrate the difficult scientific

judgments that must be made in conducting a

comparative risk assessment.  A simple example of

how study choice and other assumptions can impact

risk estimates is discussed earlier in the document

in the uncertainties portion of risk characterization.

In addition to the difficulties identified in

the preceding paragraph, very similar

well-conducted studies can report different C-R

relationships.  In such instances, a single, optimal

study cannot always be identified and additional

judgments must be made concerning the selection

of a C-R relationship.  In this analysis, a science-

policy choice was made to use an approximation of

the mean or central tendency of the most

appropriate C-R relationships for the particular

effect in question.  In some cases, several studies

were pooled and an estimate of the central tendency

was developed.6  In other cases, the C-R

relationship estimate was taken from one study

5
Subpopulation is defined here as a portion of the population

that has different characteristics than the general

populat ion. One such characterist ic can be a dif ferent

sens itiv ity to air  po llut ion .  Subpopu lat ion s com mon ly

evaluated in air pollution studies include the elderly,

children, and individuals with preexisting diseases, such as

asthma.
6

Taken from USEPA , 1996b.
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most closely approximating the mean of the possible

C-R relationships.  While we have attempted to

present a suite of C-R relationships that typify the

current peer-reviewed literature, it would also be

reasonable to identify alternative C-R relationships

that may result in somewhat different results.

Selected Studies

Tables C-3 through C-6 show the

concentration response functions selected for use in

this study.  Each pollutant assessed in this study is

listed together with its associated exposure

duration, health effect, population or sub-population

studied, the relative risk of exposed versus

unexposed population, and the slope estimate (�)

and the equation used to describe the C-R

relationship.

Table C-2: Considerations Used in Selecting Health Studies

Peer reviewed

Only peer reviewed research was used.  Studies that have undergone the extensive review

associated with the U.S. regulatory process were preferred. In particular, EPA's "Benefits and

Costs of the Clean Air Act" and the criteria pollutant staff papers were util ized to identify crit ical

studies and C -R coefficients.

Study type

Stud ies repo rting effects in hu mans were u sed e xclusively. On ly studies con taining C -R

coeff ic ients were used in the quantitative evaluation of r isks.  Studies that facilitated

comparisons across pollutants, and studies consistent and coherent with the larger body of

l iterature, were preferred.

Study period
Studies examining a relatively longer pe riod of time , and there fore having m ore data, are

preferred be cause the y have  greater statistical power to de tect effects.

Stud y date

More recent studies are generally preferred because of recent improvements in design and

techniques. However, studies that became available after this analysis was begun in late 1999

were not included.

Study population

Studies examining a relat ively large sample are preferred, although this does not exclude the

possibility of study ing popu lations th at are po ten tially more se nsitive to  pollutants, e .g.,

asthmatics, children, or elderly.

Study location

North American studies were used exclusively in select ing the C-R coeff ic ients due to the

extensive data  developm ent, review, and docum entation associated w ith the U.S. regulatory

process.  S tudie s condu cted  in Israe l were a lso  reviewed  (se e A ppen dix  E:  Sum mary o f A ir

Pollut ion-Related Epidemiology Studies in Israel). No Israeli study reviewed contained the

necessa ry C-R coe fficients needed for quantitative assessme nt, but the Israeli studies were

considered qualitatively.

Pollutants included
Studies that evaluate more pollutants are generally preferred to studies considering fewer

pollutants.  Studies that attend to potential co-linearity between pollutants are preferred.

Effects included

Only health effects were included (although air pollutants are known deleterious ecological

effects).  Health effects that could be compared across pollutants most easily were preferred.

Not all health effects were evaluated.

Measures of PM

For studies of particulate matter, only studies measuring PM10 and/or PM2.5 were used. Other

measures of particulate matter, such as total suspended particulate matter (TSP), coefficient of

haze (COH ), or black smoke (BS ), were not use d; evidence indicates that PM 10 and PM2.5 are

more directly correlated with adverse health effects than are these more general measures of

PM.

Ideally, the impact of all-important

scientific judgments would be evaluated in an

uncertainties analysis.  Uncertainties analyses help

to characterize the sensitivity of the risk estimates

to such judgments.  A detailed, quantitative

uncertainties analysis was outside the scope of this

effort; however, an example of how such

judgments can quantitatively impact the estimates

of risks is provided (Figure 9).



7
As in the original analyses, the 95 perce nt confidence intervals are provided from  pooled studies and the standa rd error of beta is provided for single studies.

8
 Pooled re lat ive risk estimate - 10 locat ions/functions: Schwartz et al. , 1996a; Ito and Thurston, 1996; Pope et al. , 1992; Schwartz,  1993a; Kinney et a l. , 1995; USEPA, 1996b, Table VI-2, pages VI

12-13; July 2, 199 7 EPA  memorandum  - To The  PM docket, From: H arvey Richm ond, RE : Corrections to Risk Analysis Tables and Figures in the PM  Staff Paper.

9
 Pooled  relative risk estima te - 4 locations/functions: Schwartz, 1995; Schwartz, 1996; Schwartz et al., 1996b; USEPA, 1996b, Table VI-2, pages. VI 12-13 ; July 2, 1997 USEPA memorandum -

To: The  PM docket, From: H arvey Richm ond, RE : Corrections to Risk Analysis Tables and Figures in the PM  Staff Paper.

10
 Schwartz, 1999; USEPA, 1999, Table 18, page D76.

11
 Lower respiratory symptoms were defined as cough, chest pain, phlegm and/or wheeze.

12
 Risks to asthmatic children are almost twice as high as for healthy children.

13
 Schw artz et al., 1994 ; USEPA, 1996 b, Table VI-2, page s VI 12-13 , relative risk converted from  odds ratio reported in original paper.
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Table C-3: Concentration-Response Functions for PM10

Pollutants

with Exposure

Durations

Health Effects

Relevant

Population

or

Subpopulat

ion

Relative Risk

per 50 ug/m3

(95%

confidence

intervals
7
)

�

(� � =

standard

error of �)

Comments

PM 10 Short–term E xposures

Daily averages

Sho rt -Term  Mortality
8

Al l ages
1.04

(1.01, 1.07)
0.000784 � Nonaccidental daily mortality = -[y0 � (e ���P M

10-1)] � pop

Hospital Adm issions-

Respiratory: all causes

(ICD codes: 460-519)
9

Ages �65
1.09

(1.05, 1.13)
0.001723 � Respiratory admissions = -[y0 � (e

���P M
10-1)] � pop

Hospital Admission 

Cardiovascular: all causes

(ICD codes: 390-429)
10

Ages �65
1.04

(1.02, 1.05)

0.000737

(0.000170)
� Cardiovascular admissions = -[y0 � (e ���P M

10-1)] � pop

Lower R espiratory

Symptoms
11,12,13

Ages 7-14
2.03

(1.36, 3.04)
0.0142

Wh ere: y 0 = daily LRS incidence rate per person = 0.0015



14
 Pope et al., 1995, 51 locations; USEPA, 1996b, Table VI-2, pages VI 12-13.

15
Pooled relat ive r isk est imate - 6 locations: Schwartz et al.1996a; USEPA, 1996b, Table VI-2, pages VI 12-13.

16
 Thurston et al., 1994; USEPA, 1996b, Table VI-2, pages VI 12-13.

17
 Schwartz et al., 1994; USEPA, 1996b, Table VI-2, pages VI 12-13 ; relat ive r isk converted from odds ratio reported in original paper, USEPA, 1999, Table 18, page 77.
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Table C-4: Concentration-Response Functions for PM2.5

Po llutants

with

Expo sure

Durations

He alth E ffects

Relevant

Population

or

Subp op ula tio

n

Relative Risk per

25 ug/m
3

(95%  confidence

intervals)

�

(� �  =

standard

error of �)

Comments

PM 2.5 Long-term Exposures

Annual

median
Ann ual mortality

14
Ages �30

1.17

(1.09, 1.26)

0.006408

(0.001509)
�Nonaccidental mortality = �[y0 � (e ���PM

2.5 �1)] � pop

PM 2.5 Short-term Exposures

Daily averages

Short -Te rm

Mortality
15

Al l ages
1.04

(1.02, 1.05)
0.001569 �Nonaccidental daily mortality = �[y0 � (e ���P M

2.5 �1)] � pop

Hospital admission

 All respiratory

causes (ICD

codes: 466, 480-

482, 485, 490-

493)
16

Al l ages
1.15

(1.02, 1.28)
0.006 �All respiratory admissions = ß � �PM2.5 � pop

Lower R espiratory

Symptoms
17

Ages 7-14
1.44

(1.15, 1.82)

0.01823

(0.00586)

Wh ere: y 0 = daily LRS incidence rate per person = 0.0015



18

 Schwartz, 1995 (Tacoma); USEPA, 1999, Table 17, page 67.

20
 The measure used was a 15 percent decrease in forced expiratory volume, which is generally considered to be adverse.  Ozone-induced symptoms include cough, throat irritation, chest pain on

deep inspirations, nause a, and shortn ess of bre ath (USEPA, 1996a).

21
 Folinsbee et al., 1988; Horstman et al., 1990; McDonnell et al., 1991; Argonne National Laboratory, 1996, Figure B.28, page 113.

22
 Original study ages 18-30 (with moderate exertion), but the C-R function can be applied to all ages.  Ozone responses decrease as a function of age; hence r isks will be somewhat overestimated

for age grea ter than 30 and underestim ated for ages less then 18 (USEPA, 1996a).
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Table C-5: Concentration-Response Functions for Ozone

Po llutants

with

Expo sure

Durations

He alth E ffects

Relevant

Population or

Subpopulation

Relative Risk

(RR)

�

(� � = standard

error of �)

Comments

Ozone

Daily

averages

Da ily mortality
18

Al l ages 1.02/20 ppb
0.000936

(0.000312)
�Daily mortality = �[y0 � (e ���O

3 �1)] � pop

Hospital

Adm issions-

All respiratory

causes (ICD

codes: 460-519)
19

Ages �65 1.07/10 ppb
0.00715

(0.00257)
�All respiratory admissions = �[y0 � (e ���O

3 �1)] � pop

Daily 8-hour

maximum

Impaired Lung

function w ith

symptoms
20     20a 

Al l ages
22

1.09/60 ppb
4.9

(see next column)

Rc(C) = (a + bC ) � 100%

3

1: a = - 0.2087; b = 4.9

Rc(C) = 0% if (a = bC) is < 0; Rc(C) = 100% if (a+bC) is >100%

Threshold ~ 0.043 ppm, hence, below this R(C) = 0.

R(C)  =  % population response rate as a function of C, the [O ] in ppm.

For 8 hr exposures and 15% decrement in FEV

Samet et al . , 1997; USEPA, 1999, Table 17, page 65.

19

the incidence assuming that a person exposed is engaged in moderate exertion. As a consequence, the actual risk of impaired lung function is likely be lower.

21

20a The functions from the Argonne National Lboratory report are based on exposure-response function and not ambient concentration response. In addition, the risk assessment, as conducted here, calculates 



23
Until recent ly, it  has been generally thought that the effect of ambient SO2 exposures was limited to increased asthma symptoms in asthmatics. However, a few recent, well-conducted studies

suggest that health impacts of SO2 may be broader than  previous ly thou ght and includ e increases in re spirato ry diso rde rs oth er than  asthma.

24
 Burnett, 1997; USEPA, 1999, Table 19, page D81.

25
The exposure assessment for SO2 very short-term exposures (e.g., 5 minutes) is complex. The "at-r isk" populat ion is exercis ing asthmatics. The r isk assessment, as conducted here, calculates the

incidence  assum ing that a  person w ith asthm a is engaged in moderate to h eavy  phys ical activity at the  time and p lace tha t a "peak" exposu re occu rs.  In othe r word s, the assessm ent m ore re flects

the occurren ce of a concen tration that could be expe cted to cause  an effect independent of the likelihood tha t a susceptible person w ould be prese nt whe n the pe ak exposure occurred. More p recise

estimates of r isk would require addit ional information on t ime-act iv ity and exposure patterns. Consequently, these SO2 r isks wi ll likely be overestimates and are more uncertain than are the

assessments for the other pollutants and exposure durations. In addition, if 5-minute peak exposures exceed 3.0 ppm, the entire population is at risk of experiencing bronchoconstriction. Review of

the Israeli monitoring data suggested that such concentrations are unlikely over a wide geographic area.

26
 L inn et al.,1987, 1988, 1990; Roger et al., 1985; USEPA, 1999, Table 19, page D81.

27
Burnett, 1999; USEPA, 1999, Table 16, page D62.
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Table C-6: Concentration-Response Functions for Sulfur Dioxide and Nitrogen Dioxide

Po llutants

with

Expo sure

Durations

He alth E ffects

Relevant

Population or

Subpopulation

Relative

Risk

(RR)

�

(� �  =

standard

error of �)

Comments

Sulfur Dioxide

Daily 1 hour

max
23

Hospital admissions -

All respiratory (ICD

codes: 493, 464,

466,480-487, 490-

492, 494, 496)
24

Al l ages
1.02/4 .0

ppb

0.00446

(0.00293)
�Respiratory admissions = �[y0 � (e ���SO

2 �1)] � pop

5 min peak/hr

estimated

using

1 h r x 2.5
25

Increased asthma

symptoms
26

All ages;

Exercis ing

asthm atics

1.2/0 .6-1

.0 ppm

0.00589

(0.00247)
� = constant = �5.65

� = 0.00589

SO2 = peak 5 minute conc. = Hourly SO2 ppb � 2.5

pop = 5.61% � 1.7% (5.61% of general population are asthmatics � 1.7% of asthmatics

that exercise

Nitrogen Dioxide

Daily averages

Hospital admissions

Respiratory infections

(ICD codes: 464,

466,480-487, 494
27

Al l ages
1.04/25.

0 ppb

0.00172

(0.000521)

� Resp. infections admissions = �[y0 � (e ��� NO

2 �1)] � pop

y0 = daily hospital admission rate for respiratory infections per person = 1.56 � 10�5
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Israeli Demographic Data Population Data

28

An example of these data is shown in Table C-7.

The population was characterized partially by age

and disease state to match the subpopulations

evaluated in the C-R studies.

28
 See : The  Lungs C linic, Rabin M edical Center (In  Hebrew ),

UR L: ht tp://www.lung -rm c.co. il.

In addition to the information on the

relationship between pollutant concentrations and

health effects, certain demographic data are needed

to estimate risks.  Specifically these data describe(1) 

the total population and selected subpopulationsizes 

by age in Greater Tel Aviv and Ashdod and (2)rates

of death and disease in these populations(termed 

here “baseline health”).  The population data are 

used as a surrogate for the number of people 

exposed.  The baseline health data estimate death

and illness from all causes except accidents,murder, 

and suicide.  Risks attributed to air pollution are 

calculated as a percentage of the baseline health

data.  Data for the study areas were obtained from

two sources: Israel Central Bureau of Statistics 

andthe Israel Ministry of Health.

Population and subpopulation data were

obtained from the Israel Central Bureau of Statistics

for towns and villages within the study area by age

groups (all ages, 0 - 1, �30, and �65 years of age)

for the years 1995 to 1999.  The portion of the

Israeli population that is likely to be asthmatic was

estimated based on data from the United States,

where 5.6 percent of the population is asthmatic. 

According to the Asthma Association of Israel, about

5 to 8 percent of the population are asthmatics.
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Population Grea ter T el A viv Greater Ashdod

Total 959,543 181,328

Ages �65 149,393 18,648

Ages �30 514,418 87,523

Children, ages 7-14 142,012 26,836

Asthm atics 53,830 10,172

        *   Mortality data was provided by the Israel Central Bureau of Statist ics. Morbidity data was provided by the Israel

Ministry of Health.

Baseline Health Data

Mortality data were available from the

Israel Central Bureau of Statistics for the years

1995 to1999.  Mortality rates (incidence per

100,000 people) were available for 1995 to 1997.

Rates were calculated based on mortality from

disease (excluding suicide, murder, and accidents). 

For 1998 to 1999, only total mortality figures were

available (including suicide, murder, and accidents).

Mortality rates for these later years were adjusted

using the average ratio between mortality from

disease and total mortality for the years 1995 to

1997.  The average was then applied to estimate

mortality rates for the years 1998 to 1999.  An

example of these data is shown in Table C-8.

Table C-8: Baseline Health Effects (incidence/10 0,000 population/year)
*

He alth E ffects Grea ter T el  A viv Greater Ashdod

Mortality

A.  All  ages 860 569

B. �30 yea rs 1577 1138

Mo rbid ity

A. Hospitalization

Respiratory - all causes (�65 yrs)

ICD Codes: 460-519
9264 8290

Respiratory - all causes (all ages)

ICD Codes: 460-519 2512
1877

Cardiovascular - selected causes  (�65 yrs) ICD Codes: 410, 411-

414, 427, 428
31,783 23,059

B. Respirato ry  Symptoms

Respiratory symptoms (daily incidence in children (ages 7-14)** 0.15% 0.15%

Asthm atics 5.6% 5.6%

*  Mortality data were provided by the Israel Central Bureau of Statistics.  Morbidity data were provided by the Israel Ministry of

Health.

**Lower respiratory symptoms: cough, chest pain, phlegm, wheeze.

Table  C-7 : Population Da ta for Gre ater Tel Aviv and Ash dod (1997 )*
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29

Despite the consistency and coherence in

the data with respect to health effects, significant

uncertainties exist. These uncertainties can impact

the risk estimates and interpretation of the results. 

The notable uncertainties are shown in Table 7:

Uncertainties in Risk Assessment, which appears on

page 18.  Instances in which these areas of

uncertainty may result in over- or under-

estimations of risk are noted.

• The results of increasing exposures to most

pollutants are: (1) the percent of the

population affected increases (incidence),

(2) the severity of the effect increases, and

(3) other effects begin to occur.  It is

difficult to evaluate simultaneously these

multiple changes as a function of

concentration.  Consequently, it is common

to look at the incidence of a defined health

effect as a function of concentration while

holding the other variables constant.  This is

the approach taken in this report.  It is

important to remember, however, that as

the incidence increases, it is likely that both

the severity of the effect and the types of

other health effects are increasing

simultaneously.

• Evaluation of pollutant-related public health

impacts is complicated by the fact that most

pollutants can produce multiple effects in

the same population.  The pollutants cause

both similar or dissimilar effects.  This

makes attribution of effects to a specific

pollutant more difficult when multiple

pollutants are present.

• There is controversy about the degree of

risk posed by very low exposures.

Historically, there has been a commonly

held belief that below a certain

concentration no health effect occurs.  The

concentration below which no effects occur

is called a "threshold for effect." More

recently it has been suggested that

thresholds do not exist or cannot be

identified in large, diverse populations.

(Apparent observed thresholds can be

artifacts of small sample size or crude

measures of toxicity.)

In most recent epidemiological studies, no

thresholds have been observed.  In other words, no

pollutant concentrations were studied that were not

associated with health effects.  The existence or

absence of a threshold is important to the risk

assessment because the large majority of people

who are exposed to the lowest concentrations can

contribute significantly to the total estimate of risk;

i.e., if low-exposure individuals are below some

unidentified threshold, and if a threshold is not

included in the calculation, the risk will be

overestimated.  Alternatively, if a threshold is

assumed but does not exist, the risk will be

underestimated.  The resolution of this controversy

will not occur in the near future.  For this

assessment, if an apparent threshold was observed

in the original study from which the C-R coefficient

was derived, a threshold was assumed in the risk

calculations.  If no threshold was observed in the

original study, no threshold was assumed in the risk

calculation.

29
Personal communication from the Israel Israel Ministry of

Health.

Uncertainties

The Israel Ministry of Health provided hospital

admissions data for the years 1995 to 1997,

grouped by the International Classification of

Disease (ICD) codes (9th revision) for age and year.

Diseases include: acute myocardial infarction; other

ischemic heart disease; cardiac dysrhythmias and

heart failure; respiratory diseases, including

bronchitis, emphysema, asthma, chronic airway

obstruction; pneumonia; and influenza.  City-specific

disease rates were used.  These rates are believed

to underestimate actual admissions, potentially by

as much as 20 percent.

The baseline incidences of the less severe

health effects (asthma and respiratory symptoms)

were estimated based on U.S. data.  Subsequently,

data from the Israel Israel Ministry of Health

confirmed that asthma rates in the United Statesand

Israel were similar. The similarity of respiratory 

symptoms incidence between U.S. and Israel in 

unknown.

The health information presented here is

largely consistent and coherent. In other words, the

majority of studies are in agreement in terms ofwhat

health effects are associated with specific pollutants 

and the approximate magnitude of the responses 

(consistent). In addition, there is alogical link 

between the various health outcomes and what is 

known about the underlying biologic mechanism 

(coherent). These two attributes greatly increase the 

level of confidence in the data.

In addition to the uncertainties presented in

Table 7 (page 18), important conceptual issues

should benoted relative to the risk estimates.  The 

issues tonote here are: results of increasing 

exposures,multiple effects, and thresholds vs. no-

thresholds.
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Summary

This section has identified and discussed

the key components of the health assessment:

• Health effects commonly associated with

PM, O3, SO2, and NO2 and a subset of

health effects evaluated in this study.

•

•

•

These data, when integrated with the

exposure assessment, yield estimates of air

pollution public health risks and a qualitative

understanding of the associated uncertainties.

Key scientific studies quantitatively linking

human health effects and air pollutant

concentrations used in risk calculating.

Demographic data used as inputs to therisk

calculations included both population data

and baseline health data for mortality and 

morbidity.

Uncertainties.
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Tables D1, D2, and D3 summarize estimated cases

of mortality (death) and morbidity (illness)

attributed to four air pollutants in the Greater Tel

Aviv and Greater Ashdod study areas.  Each table

presents the estimated mean number of cases (in

bold), followed by the percent of total cases of the

health endpoint in parentheses estimated due to

that pollutant.  The 95 percent confidence interval

for the risk estimate is provided in the parenthesis

underneath.  Two different measures of particulate

matter (PM), PM10 and PM2.5, were also evaluated.

Tables are organized by health effects.  For each

pollutant and specific health effect, the number of

cases (incidence), the percent of baseline incidence

that these cases represent, and the 95 percent

confidence intervals are given.1  Unless otherwise

noted, presented risks are to the total population. 

The narrative in the following sections refers to the

average values of the years evaluated.  Risk

estimates are rounded to the nearest 10.

The risks discussed below were calculated

for total pollution (overall risks) (Tables D1-A, D2-A,

and D3-A) and anthropogenic pollution (Tables D1-

B, D2-B, and D3-B).  As noted in Appendix B:

Exposure, background concentration, or the

concentration attributable to natural sources, was

defined as the lowest monitored concentration.  By

subtracting background concentrations from the

total monitored concentrations, man-made pollution

levels were estimated.

1
Disease has many causes. The baseline incidence is the number of

cases of specif ic health effects from al l  causes. The pol lut ion-

attr ibuted cases can be calculated as a percentage of the cases

resulting from all causes. Because this calculation is expressed as a

percentage of the population, i t is not affected by changes in the

population. Consequently, it may be used to compare risks across

different years and cities with different population sizes. It is,

therefore, the measure of r isk preferred by many people.
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RISK ESTIMATES FOR MORTALITY2

(Tables D1-A and D1-B) 

Overall Risk from Natural and

Anthropogenic Pollution (Table D1-A)

There are an estimated 1,100 and 150

cases/year of mortality (ages 30 and up) in Greater

Tel Aviv and Greater Ashdod, respectively, from

long-term exposures to PM2.5.  The estimated

number of cases remained relatively stable during

the period 1995 to 1999 for Greater Tel Aviv and

the period 1998 to 1999 for Greater Ashdod.  These

estimated rates account for approximately 14

percent of yearly baseline mortality due to disease,

ages 30 and up, in Greater Tel Aviv and Greater

Ashdod (Table D1-A).  PM data were not available

for Ashdod in 1995 to 1997. 

Annual mortality attributable to short-term

exposure to PM2.5 and PM10 is estimated to be 350

cases/year in Greater Tel Aviv for the years 1995 to

1999 and 50 cases/year in Greater Ashdod area for

the years 1998 to 1999.  This is about 4 percent of

the mortality from disease in both regions.  Risk

estimates for PM2.5 and PM10 should be viewed as

alternative estimates of the total health impacts of

particles on health and should not be summed.3

Exposure to natural and man-made ozone

(O3) is estimated to be 140 mortality cases/year in

Greater Tel Aviv, 1995 to 1997.  This is

approximately 2 percent of baseline mortality from

disease.  In Greater Ashdod, pollutant-related

mortality is estimated to be 20 cases/year (1995 to

1997) or 2 percent of mortality from disease.

Anthropogenic Risk (Table D1-B)

Mortality due to long-term exposure to

PM2.5 from anthropogenic sources is estimated to be

620 cases/year in Greater Tel Aviv and 90

cases/year in Greater Ashdod (1995 to 1999).  This 

is approximately 8 percent of mortality in both

regions.

In Greater Tel Aviv an estimated 180

cases/year (2 percent) in 1995 to 210-230

deaths/year (3 percent) from 1996 to 1999 are due

to short term exposure to anthropogenic

concentrations of PM10 and PM2.5. In Greater Ashdod,

there are an estimated 30 cases/year, representing

3 percent of mortality from disease between 1998

and 1999.

Short-term exposure to man-made O3 is

estimated to be 1 percent of mortality in Greater Tel

Aviv and Greater Ashdod. In Greater Tel Aviv, this

was an estimated 70 cases in 1995 and 1996 and

90 cases in 1997.  In Greater Ashdod, there were an

estimated 10 cases in 1995 and 1996 and 15 cases

in 1997.

RISK ESTIMATES FOR HOSPITAL ADMISSIONS

(Tables D2-A and D2-B)

Overall Risk from Natural and

Anthropogenic Pollution (Table D2-A)

Hospitalization of people 65 and older from

all respiratory causes attributable to natural and

anthropogenic PM10 is estimated to be 1,040 cases

in Greater Tel Aviv in 1995 (8 percent of total

hospitalization due to respiratory causes), increasing

to an estimated 1,240 (9 percent) in 1997.  In

Greater Tel Aviv, natural and anthropogenic PM2.5 is

estimated to have caused approximately 500 cases

of hospitalization (all ages) in 1995, increasing to an

estimated 590 in 1999.  This represents 3 to 4

percent of hospitalizations due to respiratory

causes.4

PM10 is also associated with increased

hospital admissions for cardiovascular causes.

Hospitalization for people 65 and older due to

selected cardiovascular causes (ICD Codes 410,

411-414, 427) is estimated to have increased from

1,670 in 1995 to 1,890 in 1997 in Greater Tel Aviv. 

This represents approximately 4 percent of yearly

hospitalization of the elderly due to cardiovascular

causes.

Hospitalization of all ages from all causes of

respiratory illness attributable to exposure to

combined natural and anthropogenic sources of O3 is

estimated to be 1,510 cases (11 percent of total 

2
Mortality is based on deaths from disease, excluding

accidents, mu rders, and su icides.

3
In addition, long- and short-term  PM e xposure a nalyses are

considered to be different analyses of the same

pollutant-related effect and sh ould not be ad ded toge ther.

To do so wil l double-count attributable deaths. Studies of

long-term exposures a re believed more fully to capture

pollutant-related deaths relative to studies of short-term

pollutant exposures.  Studies of long-term exposures are,

howe ver, more  difficult; consequently fewer such  studies are

available . Fo r th is rea son,  most of the s tudie s included in  th is

report rely on short-term exposure characterizations. The

evaluation of PM short-term exposures is included to allow

comparison with these othe r studies.

4
Morbidity data for 1998 and 1999 were not available;

estima ted pe rcenta ges w ere a ssum ed to b e similar to

previou s yea rs (3 pe rcent).
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hospitalization due to respiratory causes), increasing

to an estimated 1,830 in 1997 (13 percent) in

Greater Tel Aviv.  In Greater Ashdod, hospitalization

attributable to O3 is estimated to have increased

from 150 cases (12 percent) in 1995 to an

estimated 260 cases (13 percent) in 1997.

Exposure to sulfur dioxide (SO2) is

estimated to contribute an average of 1,100

hospitalizations year (respiratory-all causes, all

ages) in Greater Tel Aviv from 1995 to 1997.  This

represents about 7 percent of all hospitalizations in

Greater Tel Aviv due to respiratory causes.  In

Greater Ashdod, the number of cases increased

from an estimated average of 75 in 1995 to 1996 to

250 in 1997, an increase from 4 to 7 percent of

hospitalizations of all ages due to all respiratory

causes.  It should be noted that factors such as

unusual meteorology can cause idiosyncratic

changes in monitored ambient concentrations and

consequent risk estimates.  SO2 levels in Greater

Ashdod should be watched closely to determine if

the data represent a long-term increase in ambient

concentrations and risks.   From 1995 to 1997,

there was actually an improvement in the sulfur

content in the fuels used by the Eshkol power plant

and the refineries.  An increasing number of

relatively small facilities using higher sulfur content

fuels might explain the increase in SO2

concentrations and the increase in SO2-attributed

hospitalizations.

Nitrogen dioxide (NO2) is estimated to

cause 1,100 cases (6 percent) of hospitalizations (all

ages) from respiratory infections during 1995-1996,

and an estimated 750 cases (4 percent) in 1997 in

Greater Tel Aviv.  In Greater Ashdod, estimated

cases for the same health effect range from 30 to

90 between 1995 and 1997, remaining at around 2

to 3 percent of hospitalizations (all ages) for

respiratory infections.

Anthropogenic Risk (Table D2-B)

PM10 hospitalization risk estimates

(respiratory - all causes; ages �65) increased from

600 cases (5 percent) in 1995 to 800 cases (6

percent) in 1997 in Greater Tel Aviv. 

Hospitalizations attributable to PM2.5 (respiratory -

all causes; all ages) averaged an estimated 380

cases/year in 1996 to 1999.  This represents about

2 percent of all hospitalizations.  In Greater Ashdod,

there are an estimated 80 hospitalizations

(respiratory-all causes; all ages) from PM2.5 for 1998

and 1999.  In Greater Tel Aviv, hospitalization due

to cardiovascular causes (ages �65) from PM10,

increased from an estimated 970 cases (2 percent)

in 1995 to an estimated 1220 cases (3 percent) in

1997.

In Greater Tel Aviv, O3 hospitalization risk

estimates (all respiratory causes, ages �65)

increased from 830 in 1995-1996 to 1,120 cases in

1997.  This represents a 2 to 3 percent increase.  In

Greater Ashdod, hospitalization risks from O3

increased from an estimated 80 cases (7 percent) in

1995 to an estimated 180 cases (12 percent) in

1997.

In Greater Tel Aviv, an estimated 1,000

cases/year (6 percent) of hospitalizations

(respiratory - all causes; all ages) were due to SO2

in the years 1995 to 1997.  In Greater Ashdod,

hospitalizations due to SO2 (respiratory-all causes,

all ages) increased from an estimated 60 cases (3

percent) in 1995 to an estimated 220 (6 percent) in

1997.5

An average estimated 960 cases of

hospitalization were due to respiratory infection

from NO2 in Greater Tel Aviv in 1995-1996 (6

percent), decreasing to an estimated 600 cases (4

percent) in 1997.  In Greater Ashdod, NO2 attributed

hospitalizations (respiratory infections; all ages) are

estimated to be 10 (1 percent) in 1995, increasing

to an estimated 60 (2 percent) in 1997.

RISK ESTIMATES FOR LESS SEVERE HEALTH

EFFECTS (Tables D3-A and D3-B)

Overall Risk from Natural and

Anthropogenic Pollution (Table D3-A)

In Greater Tel Aviv, in 1995, there were an

estimated 36,000 cases of respiratory symptoms6 in

children (ages 7-14) from PM10, increasing to almost

40,000 cases in 1999.  This represents an estimated

increase from 25 to 28 percent of doctor-diagnosed

cases of lower respiratory symptoms in children

ages 7-14.  Cases of the same health effect and age

group from PM25 is estimated to have increased from

approximately 26,000 (18 percent) in 1995 to an

5
As was noted earlier, substantial evidence implicates PM

and O3 exposures as causes of increased hospital

adm issions. A few w ell-conducted  studies have a lso

implicated SO2 and NO2 exposures in increased hospital

admissions, but the weight of evidence is not substantial at

th is time. Hospita l admiss ions for NO2 were restricted  to

respiratory infect ions (versus all causes), because the

evidence for other causes is inadequate. For comparative

purposes, est imated hospital admission r isks for all four

pollutants are reported here.

6
Lower re spiratory symptom s were defined as cough , chest

pain, phlegm and/or wheeze.
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estimated 29,000 cases (21 percent) in 1999.  In

Greater Ashdod, the number of respiratory

symptoms in the same age group from PM10 is

estimated at approximately 8,000 cases in 1998 and

1999, representing about 28 to 29 percent of the

cases in this age group.  Cases for same age group

and health effect from PM2.5 in 1998 and 1999 are

estimated at 6,000 cases in Greater Ashdod, which

represents 20 to 21 percent of all cases in children

ages 7-14.

The risk estimates for impaired lung

function with symptoms from O3 are presented

without adjusting for personal exposure.  Indoor

concentrations of O3 are typically much lower than

outdoor levels because O3 is a highly reactive gas. 

According to Ozkaynak (1999) and Lee et al.

(2002), typical indoor O3 levels in U.S. homes range

around 10 percent to 30 percent of outdoor

concentrations, depending on presence of air

conditioners and other indoor source or ventilation

characteristics. On the other hand, indoor/outdoor

O3 ratios in residences with open windows could be

much greater, or around 0.7 (Lee et al., 1997).

Unfortunately, in the absence of

Israel-specific data on O3 penetration factors into

local homes (which are expected to be quite

different than in the United States) and time spent

outdoors by different individuals, it is impossible to

develop at this time a reliable time-weighted

personal exposure factor, based on ambient ozone

measurements alone, that can be used to adjust

impaired lung function risk estimates presented here

using the ambient monitoring data collected in

Israel.  Moreover, the available C-R relationship for

O3 and impaired lung functions with symptoms

suggests a threshold below which the C-R

relationship is zero, which further complicates this

analysis.  Thus, the calculations shown in this

report, without employing a personal exposure

adjustment factor, should be considered upper-

bound risk estimates for the projected lung function

impairments in Israel.  Impaired lung function with

symptoms (all ages) due to O3 exposure in Greater

Ashdod is estimated at less than approximately 700

cases in 1995, increasing to less than an estimated

5,000 cases in 1996 and 1997.  This increase might

be explained by two related factors.  First, the C-R

relationship for impaired lung functions for all ages

due to O3 has a threshold concentration of 0.043

ppm.  A larger number of daily 8-hour maximums

exceeding this C-R threshold were recorded in 1996

and 1997 than in 1995.  Second, the annual

average concentration of O3 increased in Ashdod

from 1995 through 1997.  Eight-hour exposure data

needed for this assessment were not available for

Greater Tel Aviv.

Asthmatic responses in exercising

asthmatics (all ages) in Greater Tel Aviv and Greater

Ashdod from SO2 is estimated at 1 percent or less

for 1995 to 1997.  As was noted earlier, the very

short-term nature of an exposure of interest is very

uncertain; hence, the risk estimate represents a

likely maximum potential for exposures of concern.

Anthropogenic Risk (Table D3-B)

Anthropogenic PM10 caused an estimated

22,000 (16 percent) cases of respiratory symptoms

in children ages 7-14 in 1995-1996, increasing to an

estimated 27,000 (19 percent) in 1997 in Greater

Tel Aviv. PM2.5 caused an estimated 16,000 cases in

1995 to 1996, increasing to about 20,000 in 1999. 

This represents an increase from 11 to 14 percent in

this age group.  In Greater Ashdod, for the same

health effect, there were an estimated 5,700 cases

in 1998 and 1999 from anthropogenic PM10

exposure; about 20 percent of all cases in children

age 7-14.  PM2.5 that originated from man-made

sources in Greater Ashdod caused an estimated

5,000 cases (17 percent) in 1998 and an estimated

4,000 cases (13 percent) in 1999.

O3 caused fewer than an estimated 20

cases of impaired lung function with symptoms in

Greater Ashdod in 1995, fewer than approximately

800 cases in 1996, and fewer than an estimated

1500 cases in 1997.  For Greater Tel Aviv, data for

8-hour averages of O3 were not available.  As noted

earlier, these calculations, without employing a

personal exposure adjustment factor, should be

considered upper-bound risk estimates for the

projected lung function impairments from

anthropogenic O3 in Israel.

Increased asthmatic response in exercising

asthmatics (all ages) in Greater Tel Aviv and Greater

Ashdod from SO2 is estimated at 1 percent or less.7

Summary

Figure D1 illustrates the data presented in

Table D2-B.  The data in this figure clearly show

several underlying patterns of exposure and risk. 

Upward trends are clear for O3 in both cities.  This

warrants particular attention.  The increase in

Greater Ashdod's SO2 levels in 1997 should be

investigated further.  From the perspective of air

pollution levels and percentage of baseline

7
Exercising asthmatics are considered the most sensitive

sub-popu lation, hen ce, the m ost at-risk. As noted  earlier,

the u ncer ta int ies  in this  ve ry shor t-term exposu res ana lys is

are high; the r isk est imate should be considered an upper

bound on possible risks.
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Figure D1: Com parison of Greater Tel Aviv (GTA) and G reater Ashdod (GA) Air Pollution Risks

Hospital Admissions-Respiratory Causes

Man-M ade Pollution Only 

1995-1997

Note: PM10 risk estimates are not available for Greater Ashdod.

incidences, air pollution in Greater Ashdod appears

more severe than that of Greater Tel Aviv for O3 and

PM; air pollution levels in Greater Tel Aviv for NO2

and SO2 appear worse than in Greater Ashdod in the

years 1995-1996.  SO2 levels were similar in 1997.

More people, however, are affected consistently in

Greater Tel Aviv, due to its larger population.  Trend

analysis should continue and be updated as new

data become available.

One of the most significant issues highlighted by the

data presented here is the impact of natural and

anthropogenic sources on public health risks.  Both

appear to impose significant burdens on public

health.
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Table D1-A: Risk Estimates for Mortality: Natural and Man-Made Pollution

(Background C oncentration: 0  ug/m
3
)

Pollutant

He alth

Effects:

Mo rtality

Population

Evaluated

Annual Incidence

1995

Annual Incidence

1996

Annual Incidence

1997

Annual Incidence

1998

Annual Incidence

1999

PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5

Grea ter T el A viv

Particulate

Matter

Annual

Exposures
�30 NA  (a)

1170

(14%)

(640-1660)

NA  (a)
920  (11%)

(500-1320)
NA  (a)

1140  (14%)

(620-1620)
NA  (a)

1150 (14%)

(630-1630)
NA  (a)

1110 (13%)

(600-1570)

Shor t-Term

Exposures
Al l ages

320  (4%)

(80-540)

320  (4%)

(160-400)

340  (4% )

(90-560)

340  (4%)

(180-410)

350  (4%)

(90-590)

350  (4%)

(180-430)

390 (5%)

(100-650)

390 (5%)

(200-480)

360 (4%)

(90-610)

360 (4%)

(180-440)

Ozone
Shor t-Term

Exposures
Al l ages

140  (2%)

(50-230)

140  (2%)

(50-230)

150  (2%)

(50-250)
NA  (b) NA  (b)

Greater Ashdod

Particulate

Matter

Annual

Exposures
�30 NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (a)

160  (14%)

(90-220)
NA  (a)

150  (13%)

(80-210)

Shor t-Term

Exposures
Al l ages NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (c)

50  (4%)

(10-80)

50  (4%)

(20-60)

50  (4%)

(10-80)

50  (4%)

(30-60)

Ozone
Shor t-Term

Exposures
Al l ages

20  (2%)

(5-30)

20  (2%)

(10-30)

20  (2%)

(10-40)
NA  (c) NA  (c)

(a) No suitable epidemiological study identif ied.  (b) No Israel health data available.  (c) No monitoring data available.

Estimated mean number of cases are presented in bo ld , followed by  the  percen t of tota l cases of the he alth endpoint  in paren theses.

The 95 percent confidence interval for each risk est imate is provided in the parenthesis underneath.
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Table D1-B: Risk Estimates for Mortality: Man-Made Pollution

(Background Concentrations: PM10= 20 ug /m
3
; PM2.5= 10 ug /m

3
; O3= 8 ppb; SO2= 2 ppb; NO2= 5 ppb)

Pollutant

He alth

Effects:

Mo rtality

Population

Evaluated

Annual Incidence

1995

Annual Incidence

1996

Annual Incidence

1997

Annual Incidence

1998

Annual Incidence

1999

PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5

Grea ter T el A viv

Particulate

Matter

Annual

Exposures
�30 NA  (a)

670  (8%)

(360-970)
NA  (a)

450  (6%)

(240-650)
NA  (a)

680  (8%)

(370-980)
NA  (a)

680  (8%)

(370-980)
NA  (a)

630  (8%)

(340-910)

Short-Te rm

Exposures
Al l ages

180  (2%)

(50-310)

180 (2%)

(90-230)

210  (3%)

(60-350)

210  (3%)

(110-260)

220  (3%)

(60-380)

220  (3%)

(110-280)

260  (3%)

(70-440)

260  (3%)

(140-320)

230  (3%)

(60-390)

230  (3%)

(120-290)

Ozone
Short-Te rm

Exposures
Al l ages

70  (1%)

(20-120)

70  (1%)

(20-120)

90  (1%)

(30-150)
NA NA

Greater Ashdod

Particulate

Matter

Annual

Exposures
�30 NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (a)

90  (9%)

(50-130)
NA  (a)

90  (8%)

(50-120)

Short-Te rm

Exposures
Al l ages NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (c)

30  (3%)

(10-50)

30  (3%)

(20-40)

30  (3%)

(10-50)

30  (3%)

(20-40)

Ozone
Short-Te rm

Exposures
Al l ages

10 (1%)

(3-10)

10 (1%)

(5-20)

15 (1%)

(5-25)
NA  (c) NA  (c)

(a) No suitable epidemiological study identif ied.  (b) No Israel health data available.  (c) No monitoring data available.

Estimated mean number of cases are presented in bo ld , followed by  the  percen t of tota l cases of the he alth endpoint  in paren theses.

The 95 percent confidence interval for each risk est imate is provided in the parenthesis underneath.



i
For both cit ies, this is likely an underestimate of r isk.  This estimate was limited to ICD Codes: 410, 411-414, 427.  The original study included ICD Codes: 390-429.

ii
For bo th cities, the ba seline population was ava ilable on ly for ICD codes: 460-519 (a ll respiratory  cause s); num ber o f respiratory infec tions (ICD  codes: 464 ,466 , 480-487 , 494) was  estima ted a t

~ 55 percent of total admissions based on Burnett et al., 1997, 1999.  See references for complete citation.
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Table D2-A: Risk Estimates for Hospital Admissions: Natural and Man-Made Pollution

(Background concen tration: 0 ug/m
3
)

Pollutant He alth E ffects
Population

Evaluated

Annual Incidence

1995

Annual Incidence

1996

Annual Incidence

1997

Annual Incidence

1998

Annual Incidence

1999

PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5

Grea ter T el A viv

Particulate

Matter

Respiratory -

all causes

� 65 (PM10)

Al l ages

(PM2.5)

1040  (8%)

(600-1440)

500  (3%)

(70-820)

1060  (8%)

(630-1450)

590 (4%)

(80-970)

1240  (9%)

(720-1720)

580  (3%)

(80-960)
NA  (c)

680 (b,d)

(90-1120)
NA  (c)

590  (b,d)

(80-960)

Cardiovascu lar - 

selected causes
i � 65

1670  (3%)

(910-2410)
NA  (a)

1810  (4%)

(1000-

2580)

NA  (a)

1890  (4%)

(1030-

2730)

NA  (a) NA  (b) NA  (b) NA  (b) NA  (b)

Ozone
Resp iratory - 

all causes
�65

1510  (11%)

(450-2480)

1490  (12%)

(440-2430)

1830  (13%)

(550-2970)
NA  (b) NA  (b)

Sulfur

dioxide

Resp iratory - 

all causes
Al l ages

1230  (7%)

(440-1980)

960  (6%)

(340-1550)

1150  (7%)

(410-1840)
NA  (b) NA  (b)

Nitrogen

dioxide

Respiratory

infect ions
ii Al l ages

1120  (6%)

(450-1750)

1070 (6%)

(430-1680)

760  (4%)

(300-1200)
NA  (b) NA  (b)

Greater Ashdod

Particulate

Matter

Respiratory -

all causes

� 65 (PM10)

Al l ages

(PM2.5)

NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (a)
90 (b,d)

(50-130)
NA  (a)

90 (b,d)

(50-120)

Cardiovascu lar - 

selected causes
i � 65 NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (c) NA  (a)

120 (b,d)

(10-190)
NA  (a)

120 (b,d)

(20-210)

Ozone
Resp iratory - 

all causes
�65

150  (12%)

(40-250)

230  (16%)

(70-370)

260  (17%)

(80-410)
NA  (b) NA  (b)

Sulfur

dioxide

Resp iratory - 

all causes
Al l ages

70  (4%)

(30-120)

80  (4%)

(30-130)

250  (7%)

(90-410)
NA  (b) NA  (b)

Nitrogen

dioxide

Respiratory

infect ions
ii Al l ages

�30  (2%)

(10-50)

�50  (3%)

(20-80)

�90  (2%)

(40-140)
NA  (b) NA  (b)

(a) No suitable epidemiological study identif ied.  (b) No Israel health data available.  (c) No monitoring data available.

(d) Hospital admission data not available; the C-R equation allows calculat ion of hospital admission based on total populat ion.

Estim ated m ean  number  of cases a re p rese nted in bo ld, followed by  the  percen t of tota l cases of the he alth endpoint  in paren theses.

The 95 percent confidence interval for each risk est imate is provided in the parenthesis underneath.



i
For both cit ies, this is likely an underestimate of r isk.  This estimate was limited to ICD Codes: 410, 411-414, 427.  The original study included ICD Codes: 390-429.

ii
For bo th cities, the ba seline population was ava ilable on ly for ICD codes: 460-519 (a ll respiratory  cause s); num ber o f respiratory infec tions (ICD  codes: 464 ,466 , 480-487 , 494) was  estima ted a t

~ 55 percent of total admissions based on Burnett et al., 1997, 1999.  See references for complete citation.
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Table D2-B: Risk Estimates for Hospital Admissions: Man-Made Pollution

(Background concentration: PM10=20 ug /m
3
; PM2.5=10 ug /m

3
; O3=8 ppb; SO2=2 ppb; NO2=5 ppb)

Pollutant He alth E ffects
Population

Evaluated

Annual Incidence

1995

Annu al Incidence

1996

Annual Incidence

1997

Annual Incidence

1998

Annual Incidence

1999

PM 10 PM 2.5 PM10 PM2.5 PM 10 PM 2.5 PM 10 PM 2.5 PM 10 PM 2.5

Grea ter T el A viv

Particulate

Matter

Respiratory -

all causes

�65 (PM10)

Al l ages

(PM2.5)

600  (5%)

(350-840)

290  (2%)

(40-470)

660  (5%)

(400-900)

380  (2%)

(50-630)

800  (6%)

(720-1110)

370  (2%)

(50-620)
NA  (b)

470 (b,d)

(60-770)
NA  (b)

380 (b,d)

(50-620)

Cardiovascu lar - 

selected causes
i �65

970  (2%)

(520-1400)
NA  (a)

1140  (2%)

(640-1610)
NA  (a)

1220  (3%)

(660-1760)
NA  (a) NA  (b) NA  (b) NA  (b) NA  (b)

Ozone
Resp iratory - 

all causes
�65

820  (6%)

(240-1350)

840  (7%)

(240-1380)

1120  (8%)

(330-1850)
NA  (b) NA  (b)

Sulfur

dioxide

Resp iratory - 

all causes
Al l ages

1080  (6%)

(380-1740)

820  (5%)

(290-1330)

1000  (6%)

(350-1610)
NA  (b) NA  (b)

Nitrogen

dioxide

Respiratory

infect ions
ii Al l ages

980  (6%)

(390-1530)

940  (6%)

(380-1470)

615  (4%)

(250-970)
NA  (b) NA (b)

Greater Ashdod

Particulate

Matter

Respiratory -

all causes

�65 (PM10)

Al l ages

(PM2.5)

NA  (c) NA  (c) NA  (c) NA (c) NA (c) NA (c) NA  (b)
75 (b,d)

(10-120)
NA  (b)

80 (b,d)

(10-130)

Cardiovascu lar - 

selected causes
i �65 NA  (c) NA  (c) NA (c) NA  (c) NA (c) NA  (c) NA  (b) NA  (b) NA  (b) NA  (b)

Ozone
Resp iratory - 

all causes
�65

80  (7%)

(20-140)

160  (11%)

(50-260)

180  (12%)

(50-290)
NA  (b) NA  (b)

Sulfur

dioxide

Resp iratory - 

all causes
Al l ages

60  (3%)

(20-90)

70  (3%)

(20-110)

220  (6%)

(80-360)
NA  (b) NA  (b)

Nitrogen

dioxide

Respiratory

infect ions
ii Al l ages

10  (1%)

(10-20)

30  (2%)

(10-50)

60  (2%)

(20-90)
NA  (b) NA  (b)

(a) No suitable epidemiological study identif ied.  (b) No Israel health data available.  (c) No monitoring data available.

(d) Hospital admission data not available; the C-R equation allows calculat ion of hospital admission based on total populat ion.

Estimated mean number of cases are presented in bo ld , followed by  the  percen t of tota l cases of the he alth endpoint  in paren theses.

The 95 percent confidence interval for each risk est imate is provided in the parenthesis underneath.



i
  The risk estimates for impaired lung function with symptoms from ozone are presented without adjusting for personal exposure. Indoor concentrations of ozone are typically much lower than

outdoor levels because ozone is a highly reactive gas. According to Ozkaynak (1999) and Lee et al. (2002), typical indoor ozone levels in U.S. homes range around 10 percent to 30 percent of

outdoor concentrations, depending on presence of air condit ioners and other indoor source or ventilat ion characterist ics. On the other hand, indoor/outdoor ozone ratios in residences with open

windows could be m uch g reate r, or around 0 .7 (Lee  et al., 1997 ). Unfortunate ly, in the  absence o f Israel-specific data on  ozone penetra tion factors into local home s (wh ich are e xpec ted to b e qu ite

different than in the United States) and time spent outdoors by dif ferent individuals, it  is impossible to develop at this t ime a reliable t ime-weighted personal exposure factor, based on ambient

ozone m easu rem ents a lone, tha t can be use d to ad just impaired lung  function risk estimate s prese nted  here  using the am bient m onitoring da ta collected in Israel. Moreover, the ava ilable C -R

re lationsh ip for ozone and impaired lung funct ions with symptoms suggests  a threshold below which the C-R re lationsh ip is  zero,  which further complicates th is  ana lysis . Thus,  the ca lcu lations shown

in this  repo rt,  withou t employing a  pe rsonal e xposure adjus tm en t factor , sh ou ld be con sidered  uppe r-b ound  risk e st imates  for  the p ro jected  lun g fu nc tion im pa irm en ts in Israe l.
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Table D3-A: Risk Estimates for Other Health Effects: Natural and Man-Made Pollution

(Background concen tration: 0 ug/m
3
)

Pollutant
He alth

Effec ts

Population

Evaluated

Annual Incidence

1995

Annual Incidence

1996

Annual Incidence

1997

Annual Incidence

1998

Annual Incidence

1999

Grea ter T el A viv

Particulate

Matter - PM10
Respiratory

Symptoms

-  Children

Ages 7-14

36060 (25%)

(18960-47650)

36350 (26%)

(19620-47590)

39640 (28%)

(21490-51310)

40690 (28%)

(22240-52450)

39610 (28%)

(21500-51270)

Particulate

Matter - PM2.5

26010 (18%)

(10850-37380)

26620 (19%)

(11530-37630)

29180 (21%)

(12490-41000)

30060 (21%)

(13080-42060)

29170 (20%)

(12510-40960)

Ozone

Impaired

Lung

Function with

Symptoms

All ages NA  (c) NA (c) NA  (c) NA  (c) NA  (c)

Sulfur

dioxide

Asthm at ic

Respon se
Al l ages (1%) (1%) (1%) NA  (b) NA  (b)

Greater Ashdod

Particulate

Matter - PM10
Respiratory

Sym ptoms

-  Children

Ages 7-14

NA  (c) NA  (c) NA  (c)
8150  (29%)

(4400-10530)

8310  (28%)

(4520-10780)

Particulate

Matter - PM2.5

NA  (c) NA  (c) NA  (c)
5990  (21%)

(2540-8430)

6120  (20%)

(2640-8600)

Ozone

Impaired

Lung

Function with

Symptoms
i

Al l ages < 710 < 4950 < 5120 NA  (b) NA  (b)

Sulfur

dioxide

Asthm at ic

Respon se
Al l ages (1%) (1%) (1%) NA  (b) NA  (b)

(a) No  suitable ep idem iological study identified.  (b) No Isra el hea lth data available.  (c) No m onitoring da ta ava ilable. (d) Fo r Particulate M atter PM 10 and PM2 .5 for Respiratory S ymptom s - 

Children ages 7-14 the risk estimate percentage is for the total age group.

Estimated mean number of cases are presented in bo ld , followed by  the  percen t of tota l cases of the he alth endpoint  in paren theses.

The 95 percent confidence interval for each risk est imate is provided in the parenthesis underneath.



i
The risk estimates for impaired lung function with symptoms from ozone are presented without adjusting for personal exposure. Indoor concentrations of ozone are typically much lower than

outdoor levels because ozone is a highly reactive gas. According to Ozkaynak (1999) and Lee et al. (2002), typical indoor ozone levels in U.S. homes range around 10 percent to 30 percent of

outdoor concentrations, depending on presence of air condit ioners and other indoor source or ventilat ion characterist ics. On the other hand, indoor/outdoor ozone ratios in residences with open

windows could be m uch g reate r, or around 0 .7 (Lee  et al., 1997 ). Unfortunate ly, in the  absence o f Israel-specific data on  ozone penetra tion factors into local home s (wh ich are e xpec ted to b e qu ite

different than in the United States) and time spent outdoors by dif ferent individuals, it  is impossible to develop at this t ime a reliable t ime-weighted personal exposure factor, based on ambient

ozone m easu rem ents a lone, tha t can be use d to ad just impaired lung  function risk estimate s prese nted  here  using the am bient m onitoring da ta collected in Israel. Moreover, the ava ilable C -R

re lationsh ip for ozone and impaired lung funct ions with symptoms suggests  a threshold below which the C-R re lationsh ip is  zero,  which further complicates th is  ana lysis . Thus,  the ca lcu lations shown

in this  repo rt,  withou t employing a  pe rsonal e xposure adjus tm en t factor , sh ou ld be con sidered  uppe r-b ound  risk e st imates  for  the p ro jected  lun g fu nc tion im pa irm en ts in Israe l.
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Table D3-B: Risk Estimates for Other Health Effects: Man-Made Pollution

(Background concentration: PM10=20 ug /m
3
; PM2.5=10 ug /m

3
; O3=8 ppb; SO2=2 ppb; NO2=5 ppb)

Pollutant He alth E ffects
Population

Evaluated

Annual Incidence

1995

Annu al Incidence

1996

Annual Incidence

1997

Annual Incidence

1998

Annual Incidence

1999

Grea ter T el A viv

Particulate

Matter - PM10
Respiratory

Sym ptoms

-  Children

Ages 7-14

22440 (16%)

(11290-30900)

22750 (16%)

(12010-30690)

27140 (19%)

(14140-36520)

28620 (20%)

(15010-38450)

27150 (19%)

(14160-36550)

Particulate

Matter - PM2.5

15780 (11%)

(6370-23350)

16390 (11%)

(7070-23620)

19470 (14%)

(8110-28170)

20580 (14%)

(8350-29700)

19490 (14%)

(8130-28180)

Ozone

Impaired Lung

Function with

Symptoms

All ages NA  (C) NA  (C) NA  (C) NA  (b) NA  (b)

Sulfur

dioxide

Asthm at ic

Respon se
Al l ages (1%) (1%) (1%) NA  (b) NA  (b)

Greater Ashdod

Particulate

Matter - PM10
Respiratory

Sym ptoms

-  Children

Ages 7-14

NA  (C) NA  (C) NA  (C)
5750  (20%)

(2940-7720)

5640  (19%)

(2960-7610)

Particulate

Matter - PM2.5

NA  (C) NA  (C) NA  (C)
4800  (17%)

(1670-5940)

4060  (13%)

(1710-5860)

Ozone

Impaired Lung 

Function with

Symptoms
i

Al l ages < 20 < 840 < 1490 NA  (b)

NA  (b)

Sulfur

dioxide

Asthm at ic

Respon se
Al l ages (1%) (1%) (1%) NA  (b) NA  (b)

(a) No  suitable ep idem iological study identified.  (b) No Isra el hea lth data available.  (c) No m onitoring da ta ava ilable.  (d) For  Particulate M atter PM 10 and PM2 .5 for Respiratory S ymptom s - 

Children ages 7-14 the risk estimate percentage is for the total age group.

Estimated mean number of cases are presented in bo ld , followed by  the  percen t of tota l cases of the he alth endpoint  in paren theses.

The 95 percent confidence interval for each risk est imate is provided in the parenthesis underneath.
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APPENDIX E:

SUMMARY OF AIR POLLUTION-RELATED EPIDEMIOLOGY IN ISRAEL1

Prepared by Eric Karsenty, MD, MPH

* A number of studies have been conducted

in Israel over the last two decades to determine the

association between respiratory diseases and air

pollution in urban surroundings. These studies were

conducted all over the country in cities with different

levels of air pollution (e.g., Tel Aviv, Haifa, Hadera,

Ashdod, Ashkelon, and Yavne).  Most of these

studies took place in cities where a coal burning

power plant was present (e.g., Tel-Aviv, Hadera,

Ashdod) or with an air polluting industrial area (e.g.,

Ashdod, Haifa, Beit-Semesh). The studies that have

been carried out in Israel can be placed into the

following four categories, discussed in detail below:

• Pulmonary Function and Respiratory

Symptoms

• Hospital Admission and Emergency Room

Visits

• Mortality

• Cardiovascular

Pulmonary Function and Respiratory

Symptoms

Ongoing research surveys have taken place

in Israel since 1980 to assess the influence of the

installation of coal-burning power plants on the

health of the surrounding populations.  These

studies took place in the Hadera (Goren and

Goldsmith, 1986; Goren, Hellman, and Goldsmith,

1988; Goren et al., 1991; Goren and Glaser, 1995;

Goren and Hellman, 1995; Goren and Hellmann,

1997; Goren et al., 1999) and in the Ashkelon areas

(Goren, Bibi, and Goldshmidt, 1991; Peled et al.,

2001).  Additional studies were conducted in Tel

Aviv, where an old oil-burning power plant has been

active for decades, and in towns with air of polluting

industrial areas: Haifa (Goren et al., 1990; Epstein

et al., 1991; Goren and Hellmann, 1993), Ashdod

(Goren and Hellmann, 1988) and Bet-Shemesh

(Goren et al., 1999). 

A permit to build and operate the first 1400

megawatt coal-fired power plant in Israel was given

on the condition that three monitoring systems--

environmental, agricultural, and health--would be

set up near the power plant.  A series of cohort

studies was carried out in the Hadera area, that

included second-, fifth-, and eighth-grade school-

children living in three communities with different

expected levels of air pollution.  Follow-up studies

were conducted every 3 years (Goren and

Goldsmith,1986; Goren, Hellman, and

Goldsmith,1988; Goren et al, 1991;  Goren and

Glaser, 1995; Goren and Hellman, 1995; Goren and

Hellmann, 1997; Goren et al., 1999).  Children

performed pulmonary function tests,2 and their

parents filled out American Thoracic Society-National

Heart and Lung Institute health questionnaires. 

Statistical analysis of the data was carried out using

SPSS3 and BMDP4 software.  Differences in

prevalence of reported respiratory symptoms and

diseases according to area of residence were

analyzed by means of the X2 test.  To evaluate the

combined effect of all background variables in the

pooled data set of the two areas of residence, a

1
Although a working draft of this appendix was

peer reviewed, it  was subsequently entirely rewritten (and

greatly improved upon) by Dr. Karsenty.

2
Spirom etry is the c lassic pulmonary  function te st,

which m easure s the volume of air inspired or expired as a

function of time. It can monitor quiet breathing and thereby

measure tidal volume, and also trace deep inspirations and

expirations to give information about vital capacity.

Spirometry may also be used to measure forced expiration

rates and volumes and to compute FEV1/FVC ratios. In a

norm al forced expiration curve , the volume  that the sub ject

can e xp ire  in one  second  (re ferred  to as  FEV1)  is usually

about 80 percent of the total forced vital capacity (FVC), or

som ething  like fou r liters ou t of five. Spirometry canno t,

howe ver, access information about absolute lung volum es,

because it cannot measure the amount of air in the lung but

only the am ount en tering or leaving (Interactive Respiratory

Phys iology, Johns  Hopkins Un iversity, 1996 ).

3
SPSS (Statistical Package  for the Social Sciences)

is a data management and analysis product. It can perform

a variety of data analysis and prese ntation functions,

including statistical analyses and graphical presentation of

data. See: Nie NH, Hull,  CH, Jenkins JG, Steinbrenner K,

Bent DH (1975) SPSS: Statistical Package for the Social

Sciences. Second edition. New York: McGraw-Hill.  See also:

Hul l CH, Nie NH (1981) SPSS UPDATE 7-9: New Procedures

and Fac ilities fo r Rele ases  7-9.  Ne w Yo rk: McG raw-H ill.

4
BMDP is  a set  of p rogram s fo r statist ica l analysis

using a  com mon con trol language for data inpu t,

transformations, and analyses. See: Dixon, WJ (ed.) (1983)

BMDP Stat istica l Software (Vol.  1, 3rd ed.), Berkeley, CA:

University of California Press.
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logistical model was applied for the expected

frequency of each respiratory condition.  The

variables used in the logistical regressions included

crowding index, parents’ education, and household

heating.  The odds ratio of suffering from a

respiratory condition in the polluted area relative to

the low-polluted area was calculated from the

logistical regressions.  It should be stressed,

however, that the use of logistic models in Israel is

problematic as there is a large degree of

interdependence between variables such as ethnic

origin, level of education, number of siblings, and

socio-economic level.  Therefore, the basic condition

of strict independence of the variables for the model

cannot generally be respected.  Later studies tried

to avoid this problem by using other statistical tests.

A significant (p = 0.0024) increase in the

prevalence of asthma was observed among fifth-

grade children in all three communities studied

between 1980 and 1989.  At the same time, a

significant (p = 0.0172) rise in the self-reported

prevalence of wheezing accompanied by breathing

difficulty was observed.  Pulmonary function tests of

children reporting a history of asthma or of

wheezing accompanied by breathing difficulty were

generally lower than those of the other children,

suggesting that the increase over time in the

prevalence of asthma was a true increase in

morbidity and not due to reporting bias.  A similar

trend could not be found for the prevalence of

bronchitis and other respiratory conditions among

the studied children.  Changes in the prevalence of

background variables over time could not explain

the significant rise in the prevalence of asthma

among the children.  The increased prevalence of

asthma could be observed in all the communities

studied and did not seem to be connected with the

operation of the power plant.

Among the cohort gathered in 1983 of

second-graders living in the area expected to be

most polluted, a significant increase in the reported

prevalence of respiratory symptoms (cough and

sputum, wheezing with and without cold, and

wheezing accompanied by breathing difficulty) was

evident in 1986.  The prevalence of asthma among

fifth-graders in this area was twice the prevalence

(p = 0.0273) when they were second-graders.

Among the children from the older cohort (fifth-

graders in 1983) living in this community, a similar

although milder trend could be observed, especially

with regard to an increased prevalence of asthma in

1986 compared with 1983 (13.9 percent versus 8.1

percent).  Annual increases in pulmonary function

tests in the four groups of children (boys and girls

from both cohorts) were found to be higher in the

community expected to be polluted (especially in the

younger cohort) compared with the two other

communities.  The discrepancy between the

increased prevalence of respiratory symptoms and

diseases and the higher annual increase in

pulmonary function tests among children from what

was expected to be a more polluted community may

be partly attributable to differential annual increases

in height and to a different distribution of

background variables (such as socioeconomic

status, passive smoking, heating, and respiratory

diseases among parents) in the three communities.

The effects of socioeconomic background,

smoking habits, and pulmonary diseases in the

families on the distribution of respiratory symptoms,

respiratory diseases, and pulmonary function tests

of the children were also analyzed. Paradoxically,

better pulmonary function tests and a lower

prevalence of respiratory diseases were reported

among children from crowded homes, though an

excess in reported respiratory minor symptoms was

noted.  Mothers' smoking was found to be connected

with significantly higher prevalence of bronchitis, but

not with a higher prevalence of asthma, a significant

lower FEV1/FVC,5 or a trend of lower FEV1 and

pulmonary function tests among their children. 

House heating did not affect the prevalence of

respiratory symptoms and diseases of the children. 

A significantly higher prevalence of respiratory

symptoms and diseases was found among children

with a family history of pulmonary diseases, but no

reduction of pulmonary function test parameters

could be observed among them.  The maternal

contribution to respiratory symptoms and diseases

of their children appeared to be more important

than the paternal side.  Most respiratory symptoms

were more common among children with a history

of pneumonia in childhood, especially those who had

pneumonia recently.

Patients of eight clinics operated in the area

by the General Sick Fund, served by 16 physicians,

were followed up.  The clinics were selected that

were located as near as possible to the air pollution

monitoring stations to be representative of different

levels of exposure to pollution.  A health recorder

summarized each day's visits to each physician and

tabulated the total visits for each day and the visits

due to respiratory tract complaints.  Multivariate

stepwise regressions on total and on respiratory

complaints were carried out.  The independent

5
During ep isodes of acute asthm a, pulmonary

function tests reveal an obstructive pattern . This includes a

decre ase in the rate  of maximal expiratory air flow (a

decrease in FEV1 and the FEV1/FVC ratio) due to the

increase d resistan ce, and a reduction  in forced vital capa city

(FVC) correlating with the level of hyperinflation of the lungs.
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variables in the regressions were sulfur dioxide,

meteorological parameters (such as temperature

and humidity), and influenza epidemics.  Only

outdoor temperature was almost always significantly

correlated with respiratory complaints, but less

correlated with total visits among adults and

children. Ambient air pollution levels did not exceed

the Israeli air quality or the more stringent local air

quality standards, the monthly and annual average

sulfur dioxide and nitrogen oxides values were very

low.

Goren and Hellman (1995) examined

possible links between respiratory conditions among

schoolchildren and exposure to environmental

tobacco smoke and other home and community

exposures.  More than 8,000 second- and fifth-

grade schoolchildren who lived in three towns along

the Israeli coast were administered pulmonary

function tests, and their parents completed

standardized health questionnaires.  The

prevalences of the most reported respiratory

symptoms were found to be higher, some of them

significantly so, among children whose fathers or

mothers were smokers, compared with children of

non-smoking parents.  These reported conditions

were significantly more frequent among children

growing up in medium- and highly-polluted

communities than among children from low-polluted

areas.  House heating with kerosene or gas was

seldom associated with higher prevalence of

respiratory conditions among children.  No

consistent trend of reduced pulmonary function tests

was associated with exposure to environmental

tobacco smoke, with community pollution, or with

house heating pollution. Exposure of schoolchildren

to their parents' cigarette smoke and to community

air pollution appeared to be associated with a higher

prevalence of respiratory symptoms but not of

impaired pulmonary functions.

A tentative effort to compare the health

status of the population living in the Hadera region

to the population living in the Ashdod area, a more

heavily industrially polluted area, was also

conducted by Goren, Hellmann, and Goldsmith

(1988).  The results of the cross-sectional survey of

second- and fifth-grade schoolchildren living in two

communities with different levels of air pollution did

not enable meaningful conclusions due to the

existence of a strong confounding bias.  In this

study, the parents of the children filled out ATS-

NHLI health questionnaires.6  The prevalence of

reported respiratory symptoms and pulmonary

diseases was found to be significantly higher among

children growing up in the polluted community

(Ashdod) than in the low-pollution area (Hadera). 

Relative risk values, calculated from the logistic

models, were in the range of 1.47 for cough without

cold to 2.66 for reported history of asthma among

children from Ashdod, as compared with the Hadera

children.  The logistic models used in the analysis, 

however, included background variables that could

be responsible for the observed differences.

A similar study to the one done in Hedera

by Goren et al. (1991) was planned in the southern

coastal area of Ashkelon.  Peled et al. (2001)

studied differences in lung functions of school-age

children who lived near the electrical power plant in

the Ashkelon.  Lung-function tests were performed,

and the American Thoracic Society questionnaire

was administered in three study periods during the

years 1990, 1994, and 1997.  Measurements of the

air pollutants (sulfur dioxide, nitric oxides, and

ozone, but not particulate matter) were also made

during the study periods.  Statistical analyses

included an estimation of a series of fixed-effects

regression models.  A total of 2,455, 1,613, and

4,346 observations were included in the analyses for

study years 1990, 1994, and 1997, respectively. 

The authors controlled for age, sex, height, weight,

parents' education and smoking status, and being

born out of Israel.  Substantial differences in lung

function across the different communities and study

periods were demonstrated in the study area;

however, no significant association with air pollution

was demonstrated.

The Bet Shemesh study was inconclusive.

During the spring of 1995, Goren et al. (1999)

studied schoolchildren age 7-13 in two nearby

communities.  In one community, the population

was exposed to pollution from a cement factory and

quarries; the population of the second community

was not exposed to pollution from these sources.  In

the polluted area, total suspended particulate matter

and levels of airborne particles less than 10 microns

frequently violated the 24-hour Israeli standard of

6
 One of the most used questionnaires in asthma

studies is the ATS-DLD-78, elaborated by the American

Thoracic Society (ATS). It is composed of 46 questions about

respiratory diseases, and has been init ial ly released for

adm inistration in children ove r 13 yea rs of age. Afterwards,

ATS has adapted this questionnaires to parents and

guardians of children under 13 years of age

(ATS-DLD-78-C). See: Ferris BG (1978) Recomended

Respiratory Disease Questionnaires for use with Adults and

Children in Epidem iological Research. Am  Ver Re sp Dis;

188:1-79.
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200 �g/m3 and 150 �g/m3, respectively.  Lung

functions of the children were measured and parents

completed an American Thoracic Society-National

Heart and Lung Institute health questionnaire, which

included information about respiratory symptoms

and diseases of the children and information about

background variables.  Minor respiratory symptoms

(cough without cold, sputum without cold, and

cough accompanied by sputum) appeared to be

more prevalent among the 638 children who were

growing up in the community that bordered the

industrial zone, compared with 338 children from

the unexposed community.  Diagnosis of asthma by

a family practitioner was also greater, but the

difference was not statistically significant.  No

consistent trend of reduced pulmonary function tests

was observed among these children, though the

average peak expiratory flow was significantly lower

than among the control group.

Epstein et al. (1991) studied the effects of

exposure to SO2 levels in a representative sample of

over 3,500 households in the greater Haifa area. 

The sample was drawn from 16 high- and low-

pollution neighborhoods that also represented

different socioeconomic strata.  A very significant

relationship was found between levels of pollution in

residential and work areas and self-reported

respiratory symptoms and diseases.  This finding

was strongly supported by a statistically significant

relationship between actual measured levels of SO2

in the 2 weeks prior to the interview, the use of

medical services by both adults and children, and by

the number of days activity was restricted during

that period.

Between 1984 and 1989, Goren et al.

(1990, 1993) conducted a cohort study in the Haifa

Bay area.  While the first phase of the study was

inconclusive, the second phase was hampered by a

reporting bias.  During spring 1984, 2,334 second-

and 2,000 fifth-grade schoolchildren living in three

areas in the Haifa Bay region were studied.  The

parents of these children filled out American

Thoracic Society and the National Heart and Lung

Institute health questionnaires, and the children

performed pulmonary function tests.  A trend of

higher prevalence of most reported respiratory

symptoms was found for schoolchildren growing up

in the medium- and high-polluted areas compared

with the low-pollution area.  Analyses using logistic

models found a trend in increased reporting of

minor respiratory symptoms (relative risks ranging

from 1.38 for sputum with cold to 1.81 for sputum

without cold, among children in the polluted area). 

No consistent reduction in pulmonary lung functions

was observed.

During spring 1989, seventh-graders

(second-graders from the 1984 cohort) were

reexamined and a new cohort of fifth-grade children

was studied using the same techniques as in 1984.

A very significant rise in the prevalence of most

reported respiratory symptoms and diseases was

observed among both fifth- and seventh-grade

schoolchildren in 1989 compared to 1984, especially

in the low- and medium-polluted areas, and less in

the high-polluted area.  Changes over time in the

pulmonary lung functions of the older cohort were

similar in the three areas. Results of the pulmonary

lung functions of the fifth-graders from 1989 were

similar to the ones found in 1984 among the first

cohort fifth-graders.  A closer examination of the

logistic models used for the analysis show that the

most significant factor in 1989 was the subjective

attitude of their parents towards the deleterious

effects of air pollution on their children's health, and

the subjective estimate of their children's exposure

to pollution rather than measured exposure.  This

strong reporting bias appeared to be the result of a

huge campaign carried out during the survey

against the main polluters in the Haifa Bay area.

Colin, Said, and Winter (1985) studied the

prevalence of exercise-induced asthma in 313 Haifa

schoolchildren: 160 living in an unpolluted urban

area close to the sea and 153 living in a rural

kibbutz (communal agricultural settlement) in the

proximity of polluting industries.  The overall

prevalence of exercise-induced asthma was 8.6

percent; it was higher in the kibbutz group, but the

difference was not significant.  The prevalence

tended to decrease with increasing age and did not

change with sex.

Hospital Admission and Emergency Rooms

Visits

Various studies have been conducted in

Israel to examine the correlation between air

pollution, weather conditions, airborne allergens,

and the incidence of emergency room visits due to

respiratory complaints (asthma, COPD, chronic

bronchitis, etc.) in Tel-Aviv, Petah-Tiqva (Garty et

al., 1998), Beer-Sheva (Gross et al., 1984; Porath

et al., 1995) and Haifa (Cohen et al., in publication)

areas.

Garti et al. (1998) examined the

correlations between air pollutants, weather

conditions, airborne allergens, and the incidence of

emergency room visits of children with acute

asthma attacks.  The 1-year prospective study took

place in the Schneider Pediatric Medical Center in

Petach Tiqva, which serves the central area of

Israel.  Data on daily concentration of air pollutants,
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weather conditions, and selected airborne allergens

were collected and compared with the number of

emergency room visits of asthmatic children.  A

study group of 1,076 asthmatic children (aged 1 to

18 years) was gathered between 1 January and 31

December 1993.

Correlations between fluctuations in

emergency room visits of asthmatic children and

various environmental parameters were more

relevant for weekly than for daily values. 

Emergency room visits correlated positively with

concentrations of NOx, SO2, and with high

barometric pressure.  A negative correlation was

noted with O3 concentration and minimal and

maximal temperature.  There were no significant

correlations with concentrations of particulates,

humidity, or airborne pollen and spores.  An

exceptionally high incidence of emergency room

visits of asthmatic children was observed during

September.  This peak coincided with the beginning

of the school year and the Jewish holydays, possibly

associated with an increase in the number of viral

infections and/or emotional stress.  The correlations

between emergency room visits and the

environmental factors increased significantly when

the September peak was excluded, revealing that 61

percent of the variance in emergency room visits

was explained by NOx, SO2, and O3 concentrations,

46 percent by weather parameters, 66 percent by

NOx, SO2, and barometric pressure, and 69 percent

by the combination of air pollutants and weather

parameters.

In 1980, Gross et al. (1984) examined both

total visits and visits for respiratory conditions to the

Soroka Medical Center to test whether rain, heat, or

pollutants led to increased requests for emergency

room care.  This hospital, located in Beer-Sheva,

delivers medical services to the entire population of

the southern part of Israel.  Total visits for adults

were 72,375, of which 1,727 (2.4 percent) were for

selected respiratory conditions. Total visits for

children were 19,232, and respiratory conditions

were 3,980 (20.7 percent).  There was a marked

seasonal excess of respiratory visits for children in

winter, and a lesser excess for adult respiratory

conditions.  Non-respiratory conditions and overall

visits were higher in summer months.  Fewer visits

occurred on Saturday and on Friday, with the

maximum number of visits on Sunday.  No day-of-

week trend could be noted for otitis and bronchitis

among children. “High event” days for admissions

were determined by fitting a Poisson distribution to

the numbers of admissions by day for various

respiratory complaints.  The concordance between

these high event days and days with rain, high

pollution, or temperature was then tested.  Adult

respiratory conditions were more likely to occur on

days with high levels of total suspended particulates

(TSP).

In 1991, Porath et al. (1995) studied the

influence of seasonality upon the characteristics of

patients admitted to the general medical wards of

Soroka hospital.  The study took place during a 21-

month period between January 1990 and September

1991.  Cardiovascular and respiratory disease-

related admissions accounted for 46.8 percent of

the 18,774 admissions.  Using a linear model,

Porath et al. examined the relationship between

seasonal and clinical characteristics of the patients

admitted with these diagnoses.  The number of

admissions was higher during the winter

(December-February) than the summer (June-

August).  The specific ratio of these hospitalizations,

as compared to the other causes of admission, was

0.75 in the summer, 0.93 in the spring, 1.01 in the

winter, and 0.82 in the autumn (p < 0.0001). 

Seasonality affected more patients with coronary

heart disease, non-coronary cardiac disease, and

chronic pulmonary disease than those with

pneumonia or other pulmonary diseases, or cerebro-

vascular events.  Those admitted during the winter

were older, had more than a single cardio-vascular

or respiratory condition, and had longer hospital

stays.

A study conducted by Cohen et al. (in

press) during 1996-1999 found that total

emergency room visits and admissions were

associated during summer with an increase in the

Index100 index (the average of the median

concentrations of the various air pollution indicators

during the day).7  A rise in its level of 10 �g/m3

was associated with an increment of 4 percent (95

percent confidence interval of 1 percent to 7

percent) for total emergency room visits and

admissions, and an increment of 7 percent (95

percent confidence interval of 3 percent to 13

percent) for admissions.  Increasing concentrations

of PM10 and SO2 by 10 �g/m3 during the day were

associated with an increase of 2.5 percent and 26

percent, respectively, of the total emergency room

visits.

7
Index 10 0, was de veloped by H aifa District

Munic ipal Associat ion for the Environment according to U.S.

EPA Pollutant Standard Index (PSI). The Index 100 was

ca lcu lated  as  the d ifference betwee n the  PS I and  10 0.   PS I is

calculated relat ively to the Israeli standards for ozone,

par ticulate  matte r, sulfur  dioxide  and nitrogen  oxide s. A

negative Index 100 indicates poor air quality. This index

takes into account a “worst case” of air pollut ion.
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A study was conducted in Tel Aviv (Goren

et al., unpublished data) from September 1992 to

August 1993 to assess the association between air

pollution and the number of visits to emergency

rooms of children with respiratory problems, age 0-

18, living in the Tel Aviv-Jaffa urban area.  The

collected data included daily concentration levels of

air pollutants together with meteorological and

demographic variables for the more than 12,000

children who took part in this study.  A multiple

regression model was employed to analyze the

results.  A significant difference was found in the

frequency of emergency room visits for respiratory

diseases in the area of Tel Aviv.  The number of

visits was highest in the Bavli neighborhood.  A

negative correlation was found between the

minimum temperature and the number emergency

room visits.  No significant correlation was observed

with environmental parameters (e.g., air pollution,

meteorology, etc.).

Mortality

Studies have been conducted in Israel to

assess the extent of the association between air

pollution and mortality.  Ginsberg et al. (1998)

developed a predictive model for assessing

particulate matter-related mortality.  They estimated

that suspended particulate matter produced by

tailpipe emissions in Tel Aviv-Jaffa alone accounted

for 293 premature deaths each year, primarily

among the elderly.  An estimated ten additional

annual deaths were related to refinery or power

plant particulate emissions.

An evaluation done by Gabrieli

(unpublished data) based upon the methodology

used in the “Six Cities Study”8 found a

significant correlation between air pollution from

suspended particulate matter and overall mortality. 

He calculated that a reduction in the concentration

of suspended particulate of 20 �g/m3 would reduce

the mortality rate in Israel by 192 annual deaths per

million, resulting in a total of 1,056 avoidable deaths

per year.

A large multi-center study, known as the

Air Pollution and Health European Approach (APHEA)

project, has been initiated by the European

Community.  Fifteen cities from ten different

European countries have initially taken part in this

study, with all the research teams using the same

methodology.  After the first stage, cities in Eastern

Europe, the United States, and Israel (Tel Aviv)

were included in this study.  The results of the first

stage of the APHEA project show a positive

association between the increase in air pollution

levels and overall mortality rate, as well as with the

number of hospital admissions related to respiratory

and cardiovascular diseases.

Cardio-Vascular Morbidity

Studies in this field have been relatively

few and limited by methodological problems. When

assessing variations in cardio-vascular and

respiratory mortality, there is a need to take into

account the presence of strong confounders

evidenced these last years in Israel.  For example,

ethnic origin in Israel has a critical influence on

morbidity and mortality from this group of diseases

(Bobak et al., 1999; Green et al., 1985).  Changing

epidemiological patterns have resulted from the

integration of a huge wave of immigrants from the

former Soviet Union since 1990, representing more

than 10 percent of the present Israeli population

(Rennert, 1994).  Recent research has also

demonstrated the significant relationship in Israel

between variations of space proton flux9 and

cardio-vascular mortality and morbidity trends, and

opened new previously unexplored fields for

epidemiological research (Stoupel et al., 1995;

Stoupel et al., 1997; Stoupel et al., 2000).

8
Dockery DW, Pope CA 3rd, Xu X, Spengler  JD,

Ware JH, Fay ME, Ferris BG Jr., Speizer FE., An association

be twee n a ir pollu tion and  morta lity in s ix U .S . cit ies , N En gl J

Med 1993 Dec 9;329(24):1753-9.

9
The inf luence of solar act ivity (SA) and

geomagnetic activity (GMA) on human homeostasis has long

been investigated. Monthly levels of SA, GM A, and radiowave

propagation (Fof2) are signif icantly and adversely correlated

with m onth ly space p roton flux. This offers a too l to

appreciate the changes in the levels of exposure to natural

cosm ic radiation .
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ˡ˥ ˭ˬ˥˲-˧ˮ˴ˬ˥ ,˸˶˲ˣ˰˫˧˪˧˰˶ ˫˧˶ˬˣ˥ˣ˫˧˶˥˞.

8.˸˩˶˰ˢ˧˞ ˢ˲˧˷˥ˣ ˫˧ˮ˟ˬ ˨ˣ˸˟ ˭ˣˤˣ˞ ˧ˤˣ˩˧˶˸˧˪˞ˣˡ˧˟˧ˡˮ˭ˣˤˣ˞˪˸ˣ˪˧˰˲ ˧ˮ˧˧˲˞ˬ ˥ˣ˸˧ˮ ˨ˣ˸ ,˸ˮˬ ˪˰
˫˴ˬ˴˪˫˧˶ˣ˷˵ˢ ˫˧ˮˣ˩˧˯ˢ ˸˩˶˰ˢ˟ ˸ˣ˞ˡˣˣˢ ˶˯ˣ˥ ˸˞ˢ˲˧˷˥˪˭ˣˤˣ˞˪.

9.˨˶ˣ˴ˢ ˸˪˧˵˷˟˪˞˶˷˧˪ ˫˧˧˲˧˴˲˯ ˫˧˲˯ˣˮ ˸ˣ˞˧˶˟ ˧ˮˣ˸ˮ.

10.˩˶˰ˢ ˭ˣ˩ˡ˰˸˫˧˷ˡ˥ ˫˧ˮˣ˸ˮ ˯˧˯˟ ˪˰ ˢˤ ˶˵˥ˬ˟ ˫˧ˮˣ˩˧˯ˢ.



ðïéáòØÝÝñÜ åáèÝãáéæäØðñáÙ ðáÝÝØ åÝÜáÞ

ˮˢ˫˧˧˸ˬ˧˷˯˥˧˧˪ ˭˸˧ˮ˷˪˪ ˸˧ˮˠˣ˲ˣ˶˦ˮ˞ ˢ˲˧˷˥-PM10˪˧ˠ˟˫˧˞65ˡˬ˞ˮ ˢ˪˰ˬˣ˩˟-6% ,ˣ˞˩-
800˫˧˶˵ˬ˟˸ˮ˷1997 .˶ˣ˰˧˷ˤˣ˲˷˞ˢ˫˧˧ˮ˟ ˪˷65ˢ˪˰ˬˣ˟˵˰˫ˡ ˧˪˩ˣ ˟˪ ˸ˣ˪˥ˬ )

cardiovascular causes(ˢ˲˧˷˥˪ ˯˥˧˧˪ ˭˸˧ˮ˷˪-PM10˩˟ ˨˶˰ˣˬ-3% ,ˣ˞˩-1,220˫˧˶˵ˬ
˸ˮ˷˟1997 .ˣˤ˞˟˶ˡˣˡ˷˞,˧ˮˣ˸ˮ˶ˣ˟˰ ˶ˣ˦˧ˮˢPM˫˧ˮ˷˟ ˫˧ˮ˧ˬˤ ˣ˧ˢ ˞˪1995-1997.

˸ˮ˷˟1997 ,ˡˬ˞ˮˢ ˫˧ˤˣ˲˷˞ˢ ˶ˣ˰˧˷ˬ ˸˶ˠˣ˟ˬˢ ˢ˧˧˯ˣ˪˩ˣ˞ˢ ˶ˣ˟˰˪˧ˠ65ˢ˪˰ˬˣˬ˫˧ˬ˶ˣˠ
˫˧˧˸ˬ˧˷ˮ˸˧ˮˠˣ˲ˣ˶˦ˮ˞ ˢ˲˧˷˥˪ ˯˥˧˧˪ ˭˸˧ˮ˷˪˸˟ ˭ˣˤˣ˞˪-˞ˣˢ ˧˸˟˶ ˡˣˡ˷˞˟ˣ ˧˸˟˶ ˟˧˟˞˩-8%˩ˣ-

2%ˢˬ˞˸ˢ˟ .˞˦˟˸ˬ ˢˤ ˭ˡˬˣ˞˟-1,120ˣ-180˫˧˶˵ˬˢˮ˷ ˢ˸ˣ˞˟ .˸ˮ˷ˬ1995ˡ˰1997

˫˧˶ˣˤ˞ˢ ˧ˮ˷˟ ˫˧ˤˣ˲˷˞ˢ ˶˲˯ˬ˟ ˪ˣˡ˧ˠ ˸ˬˠˬ ˸˶˩˧ˮ .ˢ˷˰ˬ˪ ,ˡˣˡ˷˞˟ ,˶˲˯ˬ ˪˲˩ˣˢˣ ˦˰ˬ˩
˫˧ˤˣ˲˷˞ˢ .

ˣˡ ˸˧˶˲ˣˠ˪ ˫˧˯˥ˣ˧ˬˢ ˫˧˧˸ˬ˧˷ˮˢ ˫˧ˬ˶ˣˠˢ ˪˩ ˟˵˰ ˫˧ˤˣ˲˷˞ˢ ˶ˣ˰˧˷-˸˧ˮ˴ˬ˥)SO2 (˪˸˟-˟˧˟˞
˟ ˡˬ˞ˮ ˧˸˟˶ ˡˣˡ˷˞˟ˣ ˧˸˟˶˩-6%ˣ˥˞˫˧˶ˣˤ˞ˢ ˧ˮ˷˟ ˤ ,ˢˣˣ˷-˪ ˨˶˰˩-1000˪˸ ˶ˣˤ˞˟ ˫˧˶˵ˬ-

˩ˣ ˟˧˟˞-200˫˧˶˵ˬˡˣˡ˷˞˟˸ˮ˷˟1997.

ˢˬ˧˷ˮˢ ˧˪˩ ˫ˣˢ˧ˤ ˭˧ˠ˟ ˤˣ˲˷˞ˢ˲˧˷˥˪ ˯˥˧˪ ˭˸˧ˮ˷ˣˡ ˭˵ˮ˥˪-˧ˮ˴ˬ˥)NO2 (˪˸˟-˧˸˟˶ ˟˧˟˞
˟ ˡˬ˞ˮ ˧˸˟˶ ˡˣˡ˷˞˟ˣ˩-4%˩ˣ-2%ˢˬ˞˸ˢ˟ ,ˣ˞615ˣ-60˟ ˫˧˲˯ˣˮ ˫˧˶˵ˬ˸ˮ˷1997 .˸˶˩˧ˮ

ˬˠˬ˭˧˟ ˡˣˡ˷˞˟ ˫˧ˤˣ˲˷˞ˢ ˶˲˯ˬ˟ ˪ˣˡ˧ˠ ˸˫˧ˮ˷ˢ1995ˣ-1997 .˫˧ˮˣ˩˧˯ˢ ˸˩˶˰ˢ˧˸ˣ˞˧˶˟ˢ˫˧
ˢ˲˧˷˥ ˫˰ ˫˧˶ˣ˷˵ˢ˪-SO2˪ˣ-NO2˧˞ ˧˪˰˟ ˫ˢ-ˣˣ˸ˣ˞ˡ˶˸ˣ˧ ˢ˪ˣˡˠ˸ˣ˩˶˰ˢ˪ ˢ˞ˣˣ˷ˢ˟ˣ˷˰ˮ˷

˶ˣ˟˰˫˧˵˧˵˪˥)PM (˭ˣˤˣ˞ˣ.

¶˫˧ˬˣ˦˲ˬ˧˯˫˧˧˸ˬ˧˷ˮ:˪˸˟-˧˸˟˶ ˟˧˟˞ ,˩ ˧˩ ˫˧˩˧˶˰ˬ-20% ,˩ ˣ˞-28,000ˬ˫˧˶˵
ˢˮ˷˟ ,ˢ ˨ˣ˸ˬˬˣ˦˲ˬ˧˯˧˸ˬ˧˷ˮˢ ˫˧˧˫˫˧ˮ˷˟ ˫˧ˡ˪˧˟ ˣ˰˧˲ˣˢ˷1997-1999˪ ˫˧˶ˣ˷˵˪ ˢ˲˧˷˥-

PM10 .˩-14% ,ˣ˞20,000ˢˮ˷˟ ˫˧˶˵ˬ ,ˢˬ˫˧ˬˣ˦˲ˬ˧˯˫˧ˮ˷˟ ˫˧ˡ˪˧˟ ˫˧˧˸ˬ˧˷ˮˢ1997-1999

˪ ˫˧˶ˣ˷˵ ˣ˧ˢ˪ ˢ˲˧˷˥-PM2.5 .˟˶ˣˤ˞ˡˣˡ˷˞ ,˩-20% ,ˣ˞6,000ˢˮ˷˟ ˫˧˶˵ˬ ,˫˧ˮ˷˟1998-

1999 ,˧ˢ˪ ˫˧˶ˣ˷˵ ˣ˪ ˢ˲˧˷˥-PM10 ,˩ˣ-15%˰˴ˣˬˬ˟ ,ˣ˞4,400ˢˮ˷˟ ˫˧˶˵ˬ ,˫˧˶ˣ˷˵ ˣ˧ˢ
˪˪ ˢ˲˧˷˥-PM 2.5 .˫˧˶ˣˤ˞ˢ ˧ˮ˷˟ ,˨˶˰ˣˬ˧˩˩-1%ˬ˯˞ˢ ˸ˣ˟ˣˠ˸ˢ ˭˧˟ˬ˦˪˧ˠˢ ˪˩˟ ˸ˣ˧˞˶ˣ˷˵ ˫˧˫˧
˪˪ ˢ˲˧˷˥-SO2.

˫ˮˢ ˣ˪˪ˢ ˭ˣ˩˧˯ˢ ˧ˮˡˬˣ˞"best estimates) "ˣˮ˧˧ˢˡ ,˸˩˶˰ˢ ˧˥ˮˣˬ˟ ˫˧˦ˣˬ ˫ˮ˧˞-ˢ ˣ˞ ˶˯˥˸˩˶˰-˶˸˧
˫˧ˮˣ˩˧˯ˢ ˪˷ .(˸ˣ˶˥˞ ˫˧˪˧ˬ˟ ,˶ˣ˟˧˴ˢ ˸ˣ˞˧˶˟ ˪˰ ˢˮˠˢ˪ ˣˢ˷˪˩ ˭ˣ˥˦˧˟ ˥ˣˣ˶ˬ ˫˧˪˪ˣ˩ ˫ˮ˧˞ ˫˧ˮˡˬˣ˞ˢ .

˧ˣ˞˶˭˧˧˴˪ ,˧˩˱˞ ˪˰˸˧˯˥˧ ˫˧ˮ˦˵ ˶˧ˣˣ˞ ˫ˣˢ˧ˤˬ ˢ˞˴ˣ˸˩ ˦˶˲˪ ˫˧˧˸ˣ˞˧˶˟ˢ ˫˧ˮˣ˩˧˯ˢ˷ ,˸ˣ˩˪˷ˢˢ˷ ˧˶ˢ
˸ˣ˞˧˶˟ ˪˰˶ˣ˟˧˴ˢ˸ˣ˧˸ˣ˰ˬ˷ˬ ˭ˢ .˥ˣ˧ˬ˟ ˸ˣ˲ˣ˷˥ˢ ˭ˣ˩˧˯ˢ ˸ˣ˴ˣ˟˵ ˭˧˟˫ˣˢ˧ˤ˪ ˸ˣ˶ˣ˷˵ˢ ˸ˣ˰˲˷ˢ˪ ˡ

˶˧ˣˣ˞˫˧ˮˬˮ˧ˮ˟65ˢ˪˰ˬˣ ,˫˧ˡ˪˧ ,˸ˣˬˡˣ˵ ˸ˣ˪˥ˬˬ ˫˧˪˟ˣ˯ˢ ˫˧˷ˮ˞ˣ .

˪˪ˠ˟˫˧˟˶ˢ ˸ˣ˶ˣ˵ˬˢ˶˯ˣ˥˪ˣ˸ˣ˞ˡˣ˸ˣ˩˶˰ˢ˟˞˟ˣˬˢ˸ˣˢˤ ˶˵˯˟ ,˧ˡˡˬ˩ ˭ˣ˩˧˯ˢ ˧ˮˡˬˣ˞ ˸˞ ˷˶˲˪ ˭˧˞
˫˧˵˧ˣˡˬ ˭ˣ˩˧˯ .˸˞ˤ ˫˰ ˡ˥˧ ,ˢ˪˞ ˭ˣ˩˧˯ ˧ˮˡˬˣ˞ˬ˵˲˯˫˧˩˶˰ˢ˪ ˧˦ˮˣˣ˪˶ˣ ˪˧˰ˣˬ ˰ˡ˧ˬ˸˶˵˥ˬ ˸ˣ˧ˣˬ˧ˡ˵

˫˧ˮˣ˩˧˯ ˪ˣˢ˧ˮ˪ ˸ˣ˲ˣ˪˥ˣ .ˡ ˥˲˯ˮ˟ ˫˧˞˟ˣˬ ˶˵˥ˬˢ ˸ˣ˞˴ˣ˸ ˪˰ ˫˧˲˯ˣˮ ˫˧˦˶˲ 'ˣˡ˪"˥.
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˶˧ˣˣ˞˫˧˵ˡ˟ˮˢ ˫˧˶ˣˤ˞˟ .˫˧ˮˣ˸ˮˢ˯˧˯˟ˢ ˸˞ ˣˣ˧ˢ˷ ˫˧˧ˬˣ˵ˬˢ˪˶˵˥ˬˢˤˣ˪˪˩˪˰ ˫˧ˮˣ˸ˮ˸ˣ˧˯ˣ˪˩ˣ˞
˸˸ˣ-˩ˣ˞˸ˣ˧˯ˣ˪ ,˶˧ˣˣ˞ ˧ˬˢˤˬ ˤˣ˩˧˶ˣ ˢ˞ˣ˪˥˸ˣ ˢ˸ˣˬ˸ ˧˶ˣ˰˧˷˟˟˧˟˯ˢ .ˣˤ ˢ˷˧ˠ ,˦ˣ˶˦ˣ˶˲˟ ˸˶˞ˣ˸ˬˢ

˟ ˫˧˥˲˯ˮ˟ 'ˠ ˣ'ˣˡ˟"˶˵˥ˬˢ ˥ ,˸˶ˠ˯ˬ˟ ˫˧˲˯ˣˮ ˸ˣˬˣ˵ˬ˟ ˢ˥˪˴ˢ˟ ˢˬ˷ˣ˧˧˶˵˯˫˧˧˸ˣ˞˧˶˟ ˫˧ˮˣ˩˧˯
ˢ˞˴ˣ˸˩˶˧ˣˣ˞ ˫ˣˢ˧ˤˬ .˧ˣ˞˶˸˸ ˧˟ˠ˪ ˵˶ ˢ˸˷˰ˮ ˸˧˥˩ˣˮˢ ˢ˩˶˰ˢˢ ˧˩ ˭˧˧˴˪-ˬˢˤˬ ˪˷ ˸ˬ˧ˣ˯ˬ ˢ˴ˣ˟˵˧
˶˧ˣˣ˞ ,ˢ˲˧˷˥ ˨˷ˬˣ ˸ˣ˧˸ˣ˞˧˶˟ ˸ˣ˰˲˷ˢ .

áØ-òÝØÛÝÝ

ˢ˞˪ˬ ˸˧˰ˡˬ ˢˬ˩˯ˢ ˭˧˞ ˣ˧˟ˠ˪ ˸˰ˡ ˪ˣ˵˧˷ ˸˪˰˲ˢ ˟˧˧˥ˬ ˫˧ˮˣ˩˧˯ ˸˩˶˰ˢ ˪˷ ˨˧˪ˢ˸ ˪˩ .˫˧ˮˣ˩˧˯ ˧˩˧˶˰ˬ
˭ˣ˩˧˯ˢ ˧˟ˠ˪ ˸ˣˮˣ˷ ˸ˣ˩˶˰ˢ˟ ˧ˣ˦˧˟ ˧ˡ˧˪ ˸ˣ˞˟ˢ ˸ˣ˧˰˟ ˭ˣ˶˸˲˪ ˸ˣˮˣ˷ ˸ˣ˷˧ˠ ˧ˮ˲˟ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪ ˫˧˟˴˧ˮ.

˱˯ˣˮ˟ ,˧ˮˣ˩˧˯ ˧˩˧˶˰ˬ˫˧˶˯˥ ˫˧˧˰ˡˬ ˫˧ˮˣ˸ˮ ˫˰ ˡˡˣˬ˸ˢ˪ ˫˧˴˪˞ˮ ˫ .˸ˣ˧˰ˡˬ ˸ˣ˦˪˥ˢ˪ˣ ˸˰ˡˢ ˪ˣ˵˧˷˪-

˫˧ˮˣ˩˧˯ˢ ˸˩˶˰ˢˬ ˵˪˥ ˫˧ˣˣˢˬˢ ˸ˣ˧˪ˣˢ˧ˮ ,˸ˣ˞˴ˣ˸ˢ ˪˰ ˢ˟˶ ˢ˰˲˷ˢ .˭˩˪ ,˫˧ˮˣ˩˧˯ˢ ˸˩˶˰ˢ˟ ˸ˣ˞˶˪ ˷˧
˫˧ˮˣ˸ˮ ˥ˣ˸˧ˮ ˪˷ ˨˧˪ˢ˸ ,˸˵˧˧ˣˡˬ ˢ˶ˢ˴ˢ ˞˪ˣ ˸ˣ˞˴ˣ˸ˢ ˪˷ ˸˧˟˵˰ ˢˠ˴ˢˣ ˸ˣ˧ˣ˞ˡˣˣ ˧˞ˣ ˭ˣ˩˧˯ ˸˩˶˰ˢ

˸˧˦˪˥ˢˣ˭ˣ˩˧˯ˢ ˪˷)National Research Council, 1994.(

åáØîææ

˰"ˢˤ ˶˵˯ ˲ ,˨˧˶˰ˢ˪ ˭˸˧ˮ˶˧ˣˣ˞ ˫ˣˢ˧ˤ ˧˩ˢ ˧˶ˣ˰˧˷˟ ˪ˣˡ˧ˠ˪ ˫˶ˣˠˣ ˢ˸ˣˬ˸ˢˢ˞ˣ˪˥˸˫ˠ˪˸ ˶ˣˤ˞˟-˟˧˟˞
ˣ˶ˣˤ˞˟ ˫ˠˡˣˡ˷˞ .˪ˣˡ˧ˠˢˢ˸ˣˬ˸ˢ ˶ˣ˰˧˷˟˪ ˭ˢ ˶ˣ˷˵˲˧˷˥˸ˣ˥ˣˣ˦ ˸ˣ˶˴˵˶˧ˣˣ˞ ˫ˣˢ˧ˤ˪)˸ˣ˲˧˷˥

˸ˣ˧˦ˣ˵˞(ˣ˶˞ ˸ˣ˲˧˷˥˪ ˭ˢˣ˥ˣˣ˦ ˸ˣ˩)˸ˣ˧ˮˣ˶˩ ˸ˣ˲˧˷˥ .(˟ ˪ˣˡ˧ˠˢˢ˞ˣ˪˥˸˞˦˟˸ˬ˪ˣˡ˧ˠ˟ ˡ˥ˣ˧ˬ˟˟˶˲˯ˬ
ˣ ˫˧ˤˣ˲˷˞ˢ˫˧ˬˣ˦˲ˬ˧˯˟ˢ˫˧˧˸ˬ˧˷ˮ˟˫˧ˡ˪˧ .ˬ˭˧˟ˣ˵ˡ˟ˮ˷ ˫˧ˬˢˤˬˢ ,˫˧˵˧˵˪˥)PM (˭ˣˤˣ˞ˣ)O3 (ˣ˞˴ˬˮ

˧˶˵ˬ ˭˧˟ˬ ˶˸ˣ˧˟ ˪ˣˡˠˢ ˶ˣ˰˧˷˪ ˫˧˞˶˥˞˸ˣ˪˥ˬˢˣ ˸ˣˣˬˢ˪ ˭˸˧ˮ˷˧˧˶˧ˣˣ˞ ˫ˣˢ˧ˤ˪ ˯˥)˨ˣ˸ˬ ˫˧ˤˣ˥˞ ˶˲˯ˬ
˪˪˩˫˧˶˵ˬˢ˫˧ˬ˧˧˵ˢ˧˪ˬ˶ˣˮ ˭˲ˣ˞˟ .(˪˰ˣ˲˟ ,˧˶˵ˬ ˧˲˪˞ ˡ˰ˣ ˸ˣ˞ˬ˟ ˢ˪˞ ˫˧ˮˣ˸ˮ ˫˧˞˦˟˸ˬ˫˧˲˯ˣˮ˪˷
˸ˣˣˬˣ˞˸ˣ˪˥ˬ˟˪˩˸ˣ˧˯ˣ˪˩ˣ˞˟ ˢˮ˷˧˶ˣˤ˞ ˪˷˪˸-˟˧˟˞)˩-1˷˲ˮ ˭ˣ˧˪˧ˬ (ˡˣˡ˷˞ˣ)˩-220,000 .(˪˸˟-

˞˴ˬˮ ˡˣˡ˷˞˟ˣ ˟˧˟˞ˣ˫˧˶ˣ˰˧˷ˬˣˡ˫˧)ˢ˯ˢ ˨ˣ˸ˬ"˧˸ˮ˷ˢ ˩ (˪˷ˢ˞ˣ˪˥˸ˣ ˢ˸ˣˬ˸˥˧˪ ˭˸˧ˮ˷˯˫ˣˢ˧ˤ˪
˶˧ˣˣ˞ .˶˲˯ˬ˟ ˫˧˪ˡ˟ˢˢ˫˧˫˧˦˪˥ˣˬˢ˪˥ˬˣ ˸ˣˣˬ ˧˶˵ˬ ˪˷˸ˣ˪˫˟ˣ˶˟ ˫˧˰˟ˣˮ ˢˮ˷ ,˞˪ ˨˞˫˪ˣ˩ ,

˷ ˪˷ ˸ˣ˧˯ˣ˪˩ˣ˞ˢ ˪ˡˣˠ˟ ˫˧˪ˡ˟ˢˬ˧ˮˢˣˤ˞˫˧˶ .˧ˣ˞˶˫˧ˬ˶ˠˮ ˫˧˧˸ˣ˰ˬ˷ˬ ˫˧ˮˣ˩˧˯ ˧˩ ˭˧˧˴˪ˢ˞˴ˣ˸˩
˲˧˷˥ˬ˸ˣ˪˭ˢ˷ ˸ˣˬ˶˟ ˫ˠ ˶˧ˣˣ˞ ˧ˬˢˤˬ˭˵˸ˬ ˸ˣ˩ˣˬˮ˟ ˢ˟˧˟˯ˢ˪˞˶˷˧ .˧ˣ˲˴˰ ˫˧˶ˣˤ˞ ˧˩˫˧˧ˮˣ˶˧˫˧˲˯ˣˮ
˳˶˞˟˶˧ˣˣ˞ ˧ˬˢˤˬ ˪˷ ˫˧ˬˣˡ ˫˧ˤˣ˩˧˶ ˫˧ˡˡˬˮ ˫ˢ˟˪˞˪ˣ˫˧ˡˡˬˮ˷˟˧˶ˣˤ˞˪˸-ˡˣˡ˷˞ˣ ˟˧˟˞,ˣ˪˟˯˧

˶ˣ˟˧˴ˢ ˸ˣ˞˧˶˟ ˪˰ ˸ˣˬˣˡ ˸ˣ˰˲˷ˢˬ .˦ˣ˶˧˲ ˶˸˧˟ ˫˧ˮˣ˸ˮˢ ˭˪ˢ˪2:

¶ ˢ˸ˣˬ˸ :˶ˣ˰˧˷˪˸˟ ˢ˸ˣˬ˸ˢ-˟˧˟˞ˣ ˧˸˟˶ˡˣˡ˷˞˧˸˟˶˪ ˥ˣˣ˦ ˸˩ˣ˶˞ ˢ˲˧˷˥ ˟˵˰- PM2.5

ˣ˶˸ˮ˞ ˸ˣ˶ˣ˵ˬˬ ˢ˞˴ˣ˸˩˫˧˧ˮˠˣ˲˟ ˨˶˰ˣˬ˩-8%ˢˮ˷˪ˬ˪˪˩ˢ˸ˣˬ˸ˢ˸˧˰˟˦ˢ˸˧˸ˮ˷ˢ˟˶˵˟
˪˧ˠˬ ˸˶ˠˣ˟ˢ ˢ˧˧˯ˣ˪˩ˣ˞ˢ30ˢ˪˰ˬˣ˫˧˶ˣˤ˞ˢ ˧ˮ˷˟ .˪˸˟-˟˧˟˞˧˸˟˶ ,˟ ˡˬ˞ˮ ˧˸ˮ˷ˢ ˰˴ˣˬˬˢ˩-

620˸ˣˣˬ ˧˶˵ˬ˫˧ˮ˷˪1995-1999.ˡˣˡ˷˞˟˧˸˟˶ ,˧˸ˮ˷ˢ ˰˴ˣˬˬˢˡˬ˞ˮ˟˩-90˸ˣˣˬ ˧˶˵ˬ
˪˫˧ˮ˷1998-1999 .ˢ˸ˣˬ˸ˢ˸˧˸ˮ˷ˢ˪˸˟-˞˟˧˟˧˸˟˶ˡˣˡ˷˞˟ˣ˧˸˟˶˭ˣˤˣ˞˪ ˢ˲˧˷˥ ˟˵˰)O3 (

˫˧˧ˮˠˣ˲ˣ˶˸ˮ˞ ˸ˣ˶ˣ˵ˬˬ ˢ˞˴ˣ˸˩˸ˡˬ˞ˮ˩˟-1%ˬ˪˪˩ˢ˸ˣˬ˸ˢ˸˧˰˟˦ˢ˫˧˶ˣˤ˞ˢ ˧ˮ˷˟ ˸˧˸ˮ˷ˢ .

˪˸˟-˟˧˟˞˧˸˟˶ ,˟ ˡˬ˞ˮ ˧˸ˮ˷ˢ ˰˴ˣˬˬˢ˩-70-90˸ˣˣˬ ˧˶˵ˬ˫˧ˮ˷˪1995-1997.ˡˣˡ˷˞˟˧˸˟˶
˩˟ ˡˬ˞ˮ ˧˸ˮ˷ˢ ˰˴ˣˬˬˢ--1510˸ˣˣˬ ˧˶˵ˬ˫˸ˣ˞ ˶ˣ˟˰˫˧ˮ˷.

¶ˤˣ˲˷˞˫˧ :ˤˣ˲˷˞ˢ ˶ˣ˰˧˷˫˧˫˧˪ˣ˥ ˧˸˟˟˪˸˟-˧˸˟˶ ˟˧˟˞˸ˮ˷˟1997 ,ˢ˲˧˷˥˪ ˯˥˧˧˪ ˭˸˧ˮ˷
˸˧ˮˠˣ˲ˣ˶˦ˮ˞˪- PM2.5ˢ˧˧˯ˣ˪˩ˣ˞ˢ ˪˪˩ ˶ˣ˟˰ ,˟ ˡˬ˞ˮ˩-2%˩ˬ˪˫˧ˤˣ˲˷˞ˢ ˪˫˰ ˫˧˶ˣ˷˵ˢ ˢˮ˷˪

˫˧˧˸ˬ˧˷ˮ ˫˧ˬ˶ˣˠ .˩ ˞˦˟ˬ ˢˤ ˭ˣ˸ˮ-370˫˧˶˵ˬ.ˤˣ˲˷˞ˢ ˶ˣ˰˧˷˫˧˫˧˪ˣ˥ ˧˸˟˟˫˧ˬ˶ˣˠˢ ˪˩ ˟˵˰

2ˡ ˥˲˯ˮ ˢ˞˶ ,'˟˶ ˥ˣ˸˧ˮ-˧˸ˮ˷ .˸ˣ˩˶˰ˢ˪ ˫˧˪ˠˣ˰ˬ ˫˧ˮˣ˩˧˯ˢ10-˟ˣ˶˵ˢ.
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åáèÝãáé ðïéáòØÝÝñÜæäØðñáÙ åááèÝðáê åáðÝÞØ áèñÙ ðáÝÝØ åÝÜáÞåáèñä1999-1995

˫˧˪ˢˮˬ ˶˧˴˵˸

åáÛêáÝ Üðàæ

˸˶˦ˬ˞˧ˢ ˶˵˯ˢ˸ˣ˦˪˥ˢ ˧˪˟˵ˬ˪ ˰ˡ˧ˬ ˵˲˯˪ ,˶ˣ˟˧˴˪˟˥˶ˢ˪˞˶˷˧˟ ˫˧˧˸˪˷ˬˬ ˧˸˪˟ ˫˧ˮˣˠ˶˞˪ˣ˪˰
˶˧ˣˣ˞ˢ ˫ˣˢ˧ˤˣ˸ˣ˰˲˷ˢˣ˧˫ˡ˞ˢ ˸ˣ˞˧˶˟ ˪˰ ˸ˣ˧˪˞˧˴ˮ˦ˣ˲ˢ .˧ˮ˷ ˦˵˧ˣ˶˲˪˫˧ˡ˰˧) :1 (˶˰ˢ˸˩˫˧ˮˣ˩˧˯ˢ

˶ˣ˟˧˴˪ ˫˧˧˸ˣ˞˧˶˟ˢ˫ˣˢ˧ˤˬ˶˧ˣˣ˞ ,˭˩ˣ)2 (˥ˣ˸˧˲˪˞˶˷˧˟ ˸˧˰ˣ˴˵ˬ ˸˪ˣ˩˧˪˪ˣˢ˧ˮ˧˶˵˯˫˧ˮˣ˩˧˯ˬ˫ˣˢ˧ˤ
˶˧ˣˣ˞ .˦˵˧ˣ˶˲˟ˣˣ˷ˣˢˣ ˣ˩˶˰ˣˢ ˢˤˢ˫˧ˮˣ˩˧˯ˢˬ ˶ˣ˟˧˴˪ ˫˧ˬ˶ˠˮˢ ˫˧˧˸ˣ˞˧˶˟˭ˣˣˠˬ˫˧˴ˣ˲ˮ ˶˧ˣˣ˞ ˧ˬˢˤˬ :

˫˧˵˧˵˪˥)particulate matter-PM( ,˭ˣˤˣ˞)O3( ,ˣˡ ˸˧˶˲ˣˠ-˸˧ˮ˴ˬ˥)SO2 (ˣˡ ˭˵ˮ˥ˣ-˧ˮ˴ˬ˥)NO2 .(

ˣˮ˩˶˰ˢ ˢˤ ˶˵˯˟˪˸ ˧˶ˣˤ˞˟ ˶˧ˣˣ˞ ˫ˣˢ˧ˤ˪ ˯˥˧˧˪ ˭˸˧ˮ˷ ˢ˞ˣ˪˥˸ˢˣ ˢ˸ˣˬ˸ˢ ˧˶ˣ˰˧˷ ˸˞-ˡˣˡ˷˞ˣ ˟˧˟˞ ,

ˡ˥˧˟ ˫˧ˮˣˬˢ˧˧˯ˣ˪˩ˣ˞ˢ˩ ˪˷-1.2˷˲ˮ ˭ˣ˧˪˧ˬ .ˢˤ ˶˵˥ˬ˯˧˯˟ ˢˣˣˢ˧˫˧˶˵˥ˬ ˸˶ˠ˯ˬ˟ ˫˧ˮˣ˩˧˯ ˧˥ˣ˸˧ˮ˪
˫ˣˢ˧ˤ ˸ˣ˶ˣ˵ˬ ˪˰ ˫˧˧ˡ˧˸˰˶˧ˣˣ˞˪˞˶˷˧˟˸ˣ˧ˠ˦˶˦˯˞ˣ˸˶˵˟˪˶˧ˣˣ˞ ˸ˣ˩˧˞.

˫˶ˣ˸ ˶˧ˣˣ˞ ˫ˣˢ˧ˤ˪ˢ˸ˣˬ˸˪ˣ˫˪ˣ˰ˢ ˸ˣˮ˧ˡˬ ˟ˣ˶˟ ˢ˞ˣ˪˥˸ .˰"˲˧ˬ˪ˣ˰ˢ ˸ˣ˞˧˶˟ˢ ˭ˣˠ˶˞ ˸˩˶˰ˢ)World
Health Organization, 1999( ,˪ ˫˪ˣ˰˟ ˶˧ˣˣ˞ˢ ˫ˣˢ˧ˤ ˫ˣ˶ˠ˧˩-8˧˶˵ˬ ˭ˣ˧˪˧ˬ˸ˮ˷ ˡ˰ ˢˮ˷˟ ˸ˣˣˬ

2020 .˭˧˯ˣ˪˩ˣ˞ˢ ˪ˣˡ˧ˠ ,˧˪˩˟ ˷ˣˬ˧˷ˢ˪ˬ˷˥˪ ˷ˣ˵˧˟ˢˣ ˟˩˶ ,ˢ ˫˰ ˶˸˧ˢ ˭˧˟ ˫˧ˮˬˮ˸ˣ˶ˡ˶ˡ˧ˢ˪ ˫˧ˬ˶ˣˠ
˶˧ˣˣ˞ˢ ˸ˣ˩˧˞˪˞˶˷˧˟ .˶ˣ˟˰˧ˬˢˤˬ˶˧ˣˣ˞˫˧˧˲˧˴˲˯ ,˧ˮˣ˸ˮ˶ˣ˦˧ˮˢ˪˰ ˫˧˰˧˟˴ˬ˸ˣˠ˧˶˥ˬ˧ˮ˵˸ˢ˟˧˟˯
˳˶˞˟ ˫˧˲˵˸ˢ .˪˰ ˰ˡ˧ˬ˪˰ˣ ˶˧ˣˣ˞ ˶ˣ˦˧ˮ˧˵˥ˢˢ˵˶˧ˣˣ˞ ˸ˣ˩˧˞ ˞˷ˣˮ˟ ˳˶˞˟ ˸ˬ˧˧˵ˢ˞ ˥˲˯ˮ˟ ˞˟ˣˬ '

˱˶ˣ˴ˬˢˢˤ ˨ˬ˯ˬ˪ .˪ˣ˞˫ ,˧ˮˣ˸ˮ˟ ˧ˡ ˭˧˞˶ˣ˦˧ˮˢ˶˸ˣ˧˟ ˪ˣˡˠˢ ˫ˣ˧˞ˢ ˸˞ ˫˧ˣˣˢˬ ˫˧ˬˢˤˬ ˣ˪˧˞ ˰ˣ˟˵˪ ˧ˡ˩
˶ˣ˟˧˴ˢ ˸ˣ˞˧˶˟ ˪˰ ,˫˧˵˲˯ˬ ˢ˪˞ ˫˧ˮˣ˸ˮ ˭˧˞ˣ˯˧˯˟˸ˣˮˣ˶˸˲ ˸˰˧˟˵˪˸˧˪˩˪˩ ˢˮ˧˥˟ˬ ˫˧˪˧˰˧˸˧˧˰˟˪

˶˧ˣˣ˞ ˫ˣˢ˧ˤ .˶˵˯˫˧ˮˣ˩˧˯˪ ˪ˣ˩˧˧ˮˣ˸ˮ ˶ˣ˟˰ ˫˧˞˸ˬˢ ˶˷˵ˢˢ ˸˞ ˵˲˯˶ˣ˦˧ˮˢ.

˶˵˯˫˧ˮˣ˩˧˯ˢˣˮ˧ˢ˧ˣ˶˲ˢ˟˧˟˯ˢ ˸ˣ˩˧˞˪ ˡ˶˷ˬˢ ˪˷ ˱˸ˣ˷ˬ ˦˵ ;"˭˧ˡˣ ˰˟˦ ˫ˡ˞ "-˸˧˪˞˶˷˧ˢ ˢˡˣˠ˞ˢ
˸ˣˮ˩ˣ˯ˢˣ ˢ˟˧˟˯ˢ ˸ˮˠˢ˪˸˧˞˵˧˶ˬ˞ˢˢ˟˧˟˯ˢ ˸ˮˠˢ˪)USEPA – US Environmental Protection 

Agency .(ˢˡˣ˟˰ˢ ˸˴ˣ˟˵ ,˷ˢ˩˶˰˸˞˶˵˯ˢ ,ˢ˪˪˩˫˧ˠ˧˴ˮ˭ˬˢ˟˧˟˯ˢ ˸ˣ˩˧˞˪ ˡ˶˷ˬˢ ,"˞˰˟˦ ˫ˡ
˭˧ˡˣ" ,˫˧˶˰ ˡˣˠ˧˞˪˸ˣ˩˧˞ˢ˟˧˟˯ˢ–ˢˮ˟˧ ˪˟˥ˣ ˡˣˡ˷˞,˪˷ ˸˧˸˟˧˟˯ˢ ˢˡ˧˥˧ˢ˪˸ ˸˧˧˶˧˰-ˣ ˟˧˟˞˧ˠ˧˴ˮ
ˢ-EPA.

˫˧˟ˣ˷˥ ˫˧ˮˣ˸ˮ ˣˬ˶˸ ˢ˵˧˦˯˧˦˦˯˪ ˸˧ˤ˩˶ˬˢ ˢ˩˷˪ˢˣ ˸ˣ˞˧˶˟ˢ ˡ˶˷ˬ˦˵˧ˣ˶˲˪.

òÝàáñ

˟˟ ˫˧˟˶ ˫˧˧˲˶ˠˣ˞˧ˠ ˫˧˶ˣˤ˞ˢ ˧˟˥˶˫˪ˣ˰ ,˸ˣ˰˲ˣ˸ ˭˧˟˪ ˶˧ˣˣ˞ ˫ˣˢ˧ˤ˪ ˢ˲˧˷˥ ˭˧˟ ˫˧ˬˣˡ ˫˧˶˷˵ ˣ˞˴ˬˮ
˸ˣ˧˸ˣ˞˧˶˟ˣ˧˪˧˪˷˸ .˸ˢ˸ˣ˧˸ˣ˞˧˶˟ˢ ˸ˣ˰˲ˣˣ˲˴ˮ˷ˢ˞˴ˣ˸˩ˬ˶˧ˣˣ˞ ˧ˬˢˤˬ˪ ˢ˲˧˷˥1ˢ˵˧˶ˬ˞ ˭ˣ˲˴˟
ˣ˷ˬ˧˷ˢ˩˶˰ˢ˪˧˸ˣˬ˩˪˷ ˸˸ˣ˧˸ˣ˞˧˶˟ˢ ˸ˣ˰˲˷ˢˢ˥ˬ ˢ˞˴ˣ˸˩˪˞˶˷˧˟ ˶˧ˣˣ˞ ˫ˣˢ˧ˤ˪ ˢ˲˧˷ .˷ˣˬ˧˷ˢ

˸ˣˮ˧ˡˬˬ ˫˧ˮˣ˸ˮ˟˷˶˷˲˧˞ ˪˞˶˷˧˪ ˳ˣ˥ˬ˭ˣ˧˲˞˟ ˶˧ˣˣ˞ ˫ˣˢ˧ˤˬ ˫˧˰˟ˣˮˢ ˫˧ˮˣ˩˧˯ˢ˞˪ˬˣ ˱˧˵ˬ ˭˲ˣ˞˶˸ˣ˧
˶˷˞ˬˢ ˭˸˧ˮ˞˪˪ ˢ˧˪˞ ˫˧ˮˣ˸ˮˣ .ˢ˵˧˶ˬ˞ ˭ˣ˲˴ˬ ˢˤ ˰ˡ˧ˬ ,ˢˮˬ ˪˷-ˢ˟ˣˠ˸ ,˫˰ ˡ˥˧˧ˮˣ˸ˮ˶ˣ˦˧ˮˢ

˧˸˟˧˟˯ˢ˧ˬˣ˵ˬˢ˳˶˞˟,ˣ˶˷˲˧˞˶˰ˢ˪˷ ˢ˩ˤˣ˥˞ˢˣ ˢ˸ˣˬ˸ˢ˫ˣˢ˧ˤ˪ ˢ˲˧˷˥˪ ˯˥˧˧˪ ˭˸˧ˮ˷ ˢ˞ˣ˪˥˸

1˸ˣ˧˸ˣ˞˧˶˟ ˸ˣ˰˲˷ˢ ˪˰ ˫˧ˮˣ˸ˮ˸ˣ˧ˣ˲˴ˣ˞˸ˣ˩˶˰ˣˬ ,ˬ ˢ˞˴ˣ˸˩˪ ˢ˲˧˷˥˫ˣˢ˧ˤ˶˧ˣˣ˞ ,ˮˣ˩ˬ˫˧ˢˤ ˨ˬ˯ˬ˟"ˢˮˬ-
ˢ˟ˣˠ˸) "“concentration response”.(
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