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MEASURI NG THE BENEFI TS OF REDUCED EXPOSURE
TO PARTI CULATE MATTER AND NI TROGEN DI OXI DE
IN CH LDREN

[ ntroduction

PURPCSE AND MOTI VATI ON OF PROJECT

This project has two purposes. One is to indicate what data are
required to estimate and to value the health effects of particulate matter and
ni trogen dioxide on children. The second is to indicate precisely how these
data shoul d be used to conpute an estimate of health benefits.

The motivation for the project is the realization that existing
benefit estimates have been based on datasets that |ack either appropriate
heal th, exposure, or economc data. In nost work by econonists pollution data
fromfixed site nonitoring stations have been matched with cross sectional data
on health and econon c variables based on the individual's county of residence.
Since fixed site data are |likely to provide poor nmeasures of personal exposure,
especially for pollutants with inportant indoor sources, it is to the gathering
of better quality exposure data that nost attention needs to be paid. Econo-
msts, however, have also been guilty of using inappropriate health outcones,
e.g., work-loss days fromall causes to neasure the health effects of parti-
culate matter; hence, nore attention should also be paid to the appropriate
measurement of health effects.

CHO CE OF POLLUTANTS AND POPULATI ON OF | NTEREST

Since the approach used to neasure health benefits depends on the
popul ation being studied and on the pollutants of interest, what follows is
confined to a particular popul ation group--children--and specific pollutants--
particulate matter and nitrogen dioxide. Particulate matter and nitrogen
di oxi de were chosen because personal exposures to these pollutants are likely to
be only weakly correlated with fixed site readings. This is also true of carbon
nmonoxi de, the third criteria air pollutant with inportant indoor sources;
however, the health effects of COare nore difficult to measure and to val ue.
Children are a natural group of interest because they are likely to receive



bi gger doses of N0 and particulates for a given exposure, and may be nore
sensitive to their effects than adults. Furthernore, the problem of measuring
exposure are not as severe for children as for adults. Children are not
occupationally exposed to pollution, are not likely to spend as much tine in
transit as adults and, for the nost part, are not exposed to significant indoor
sources of particulate matter (e.g., cigarette snmoke) while at school. The
difficulty in measuring personal exposure to particulate matter for snokers is
al so not encountered for nost children

OVERVI EW

The remai nder of this report describes the health, exposure, and
econom ¢ data that woul d be needed to value the health benefits to children of
reduci ng exposure to particulate matter and nitrogen dioxide. Section Il
summari zes the nechani sms by which these pollutants are thought to affect the
respiratory system and suggests ways in which these health effects could he
measured. Wiich aspects of exposure are relevant to respiratory health and how
they mght be measured are discussed in section Ill. In section IV the as-
sunptions about health and exposure needed to value health effects are nade
explicit, and fornulas for conputing short-termand |long-term benefits of a
reduction in pollution are presented. These benefit expressions are derived in
Appendi x A, which contains a formal nodel of parents' demand for child health.
Appendi x B describes in nore detail the information needed to estimte benefits.



[I. Measuring the Effects of Particulate Matter and N trogen D oxide
on Chi | d Health!

The evidence fromcontrolled and epi dem ol ogi cal studies suggests that
exposure (either chronic or acute) to particulate matter and nitrogen dioxide
may have detrinental effects on the respiratory system The purpose of this
section is to describe the physiological nmechanisns by which these effects occur
and to suggest how these effects should be neasured for the purpose of valuing
the benefits of air pollution control

THE EFFECTS OF PARTI CULATE MATTER ON RESPI RATCRY HEALTH

It should be enphasized that the effects of exposure to a given
particle concentration depend on a number of factors including the physical and
chem cal properties of the particles, and upon where the particles are deposited
in the respiratory tract. Deposition of particles is influenced by their size
and chem cal conposition, by the configuration of the individual's airways, and
by the mechanics of breathing (the rate at which the individual breathes,
whet her the individual breathes nasally or through the nouth). One reason why
children may be nore sensitive to the effects of particulate matter than adults
Is that, being more active than adults, they have higher ventilation rates and
thus inhale nore particles. A second reason is that because children have
smal | er airways than adults nore particles remain in their chest rather than
bei ng exhal ed.

O all factors influencing particle deposition perhaps the best
understood is size. During nose breathing by healthy adults? nost particles
greater than 10 um are deposited in the upper respiratory tract (the nasal and
oral cavities and the larynx) and seldomreach the chest. By contrast, during
mout h breathing only about 65% of particles > 10 um are deposited in the upper
respiratory tract, with perhaps 25% reaching the tracheobronchial region (the

1 The material in this section is drawn primarily from U.S. EPA Air Quality
Criteria for Particulate Matter and Sul fur Oxides (1982) and U S. EPA Air
Quality Criteria for Oxides of Ntrogen (1982).

2 No studies exist that trace the deposition and clearance of particles in
children. The figures below, cited in U S EPA Air Quality Criteria for

Particul ate Matter and Sul fur Oxides (1982, Ch. 11), refer to the deposition of
insoluable particulte matter



wi ndpi pe and |arge airways) and 10% the pul nmonary region (the small airways and
sacs where gas exchange occurs). Particles less than 10 pum (respirable
particles) are nore likely to reach the tracheobronchial and pul nonary regions.
Wth nose breathing about 20% of all particles between 0.1 and 4 um reach the
pul monary region, while as many as 70% of all particles < 2.5 um (fine
particles) may reach the lungs.3

Once deposited particles may alter the functioning of the respiratory
tract in three ways. The first is by chenmical or nechanical irritation of the
tissue with which they come into contact. In the upper respiratory tract
irritation may result in dryness of the nose and throat, sneezing, or rhinitis;
in the chest area particulate matter may cause reflexive constriction of the
airways (bronchoconstriction). This narrowing of the airways and consequent
reduced respiratory function may be asynptonmatic or nmay |ead to shortness of
breath (dyspnea).

Secondly, particles may interfere with the various defense mechani sns
of the respiratory system The trachea and bronchi, like the nose, are lined
with a ciliated mucous nenbrane which aids in the clearance of particles from
the respiratory tract. Exposure to particulate matter may affect the rates at
which mucus is produced and, together with foreign particles, cleared fromthe
passages. Reduced clearance rates may pronmote infection, thus making an
i ndi vidual more susceptible to infections of the upper and | ower respiratory
tracts. The build-up of mucus caused by chronic exposure to particles nay
produce synptoms such as chronic cough and phlegm Additionally, chronic
irritation, producing inpaired mucus clearance, nay allow infections to persist
in the airways and so pronote devel opnent of chronic bronchitis (inflanmmation of
the mucous nenbrane of the bronchi) or other chronic obstructive pul nonary
di sease. Retained particles may al so cause damage to nacrophages and to the
i mune system of the lungs, further promoting the devel opment of infection

Finally, particulate nmatter may directly cause damage to |lung tissue.

3 Particles deposited in different regions are cleared by different pathways at

different rates. In the upper respiratory tract clearance occurs via nose
bl owi ng, sneezing, swallow ng and mucociliary action, with clearance of
insolubl e particles taking only mnutes. In the tracheobronchial region

mucoci liary action moves insoluble particles upward to the esophagus whence they
are swal | oned, and clearance takes hours to days. In the pul nonary region

insol uble particles may remain for weeks to years before being cleared by
conducting airways or by the pul nonary |ynphatic system



THE EFFECTS OF NI TROGEN DI OXI DE ON RESPI RATORY HEALTH

As far as NOp is concerned |ess is known about its rate of absorption
and clearance fromthe lungs. In animal studies approximtely 50-60% of ROp
that is inhaled is retained in the lungs, although for how long is not clear

The mechani sms by which N0y affects respiratory health have been
studied through controlled human experinents and toxicol ogical studies
involving animals. Fromthe former there is evidence that Nop can result
in bronchoconstriction and inpairnment of gas exchange. This is supported by
ani mal studi es, which also provide evidence that NO; may cause tissue damage
and may pronote infection by altering the defense nechanisms of the lungs. As
in the case of particulate matter, NOg affects nucociliary clearance of
foreign bodies fromthe upper respiratory tract and tracheobronchial regions.
It also interferes with phagocytosis (the killing of bacteria by nacrophages)
and Wi th hunoral defense mechani sns.

SHORT- TERM VS.  LONG TERM HEALTH EFFECTS

How serious each of these effects is in children depends on the
health of the child. For children with no history of respiratory disease
mechanical irritation of the upper respiratory tract is unlikely to produce
noticeable synptons, with the exception of sneezing and runny nose. For a
child with a history of hay fever; however, the latter synptons are likely to
be nmore pronounced. Likew se, while airway constriction may be of no
consequence in a healthy child, it may precipitate or aggravate an attack in
asthmatic children.

Reduced mucus cl earance and inpairment of other defense mechanisns
makes even healthy children nore susceptible to infections of the upper and
| ower respiratory tracts. (That chronic exposure to particulates nmay produce
these effects is suggested by the studies of Lunn, et al., (1967, 1970) and
Douglas and Waller (1966).) These infections, however, are likely to have no
long-termeffects in healthy children. For children with a history of

respiratory disease, additional |ower respiratory disease may produce |ung
danmage.



The preceding discussion suggests that one m ght distinguish between
the acute and chronic effects of particulates on respiratory health. In what
follows the acute effects of particulate matter are defined as the inmediate
disconfort and/or functional limtation caused by acute respiratory illness or
by acute synptons of chronic respiratory disease. Exanples of the forner
i ncl ude upper and |ower respiratory infection, which may be pronoted by parti-
culate matter or NOp, while the latter include hay fever or asthma attacks, the
onset of which may be triggered by particles or Nop. The chronic effects of
pollution are defined to be any |ong-term damage caused by particles or NOj.
Long-term damage will result if particles or NOp affect lung growth by pronoting
| ower respiratory infection, or by directly causing tissue damage.

MEASUREMENT OF HEALTH EFFECTS

For the purpose of valuing changes in air pollution health measures
should fulfill two objectives. They should reflect both the short-term and
| ong-term effects of pollution, and they should be neasures that are mean-
ingful to parents and can therefore be val ued by them

The measure of acute health effects should reflect the disconfort and
functional limtation caused by respiratory disease. A conmon method of
measuring the incidence of acute illness is through the use of disability days.
The National Center for Health Statistics (U S. Department of Health and Human
Services 1982) defines a restricted activity day as any day on which a person
cuts down on his usual activities for the entire day because of illness. (ne
problem wi th using nunber of restricted activity days due to respiratory
conditions as a neasure of acute health effects is that this measure does not
capture severity of illness. This problem can be overcome in part through the
use of school |oss and bed disability days. The former is any day on which a
child would normally have attended school but did not because of illness. A
bed disability day is a restricted activity day at |least half of which was spent
in bed. There is, however, no obvious way to conbine restricted activity,
school loss, and bed disability days into a single neasure which reflects both
duration and severity of illness.

In order to neasure the chronic health effects of particulate matter
and NOp one nust have some measure of the underlying condition of a child's
lungs. In the language of mathenatical programng we are looking for a state



variable that at any tine summarizes the effects of all part actions (including
exposure and illness) on the lungs. Chronic effects induced by pollution
exposure will then be neasured by the change in the state variable over the
period of exposure. In addition to reflecting ny permanent damage to the |ungs
the chronic health measure, to be neaningful fromthe viewpoint of valuing
health effects, should reflect susceptibility to respiratory infection in the
future.

Possi bl e choices for a chronic health measure are various neasures of
pul monary function. These include forced vital capacity (PVQ, the maxi mum
amount of air that can be expelled after a deep inhalation, and forced expira-
tory volume in one second (FEVy g), the amount of air exhaled in the first
second. FVC reflects total ventilatory capacity, whereas FEVy ¢ indicates the
speed with which air exchange can occur. Avratio of FEVy, g/FVC bel ow what is
normal for a child s age, height, race and sex may indicate airway obstruction.
Di seases that do not affect the airways but cause |ung stiffness may |eave
FEVy o normal but reduce FVC. FVC and FEVy,g, together with other spironetry
readings, are thus capable of indicating certain types of lung damage. \at is

not clear is how good an indicator of susceptibility to future respiratory
infection spironetry readings are.%

4 |n studies of chronic obstructive pul monary disease (COPD) in adults it is
sonetimes the case that a mpjority of adults reporting synptons of COPD show
normal FEVy _o/FVC values while only a mnority of adults with abnornal

FEV) ,o/FVC val ues report synptons (Ferris, et al., 1979; Foxman, et al.
1982).



[11.  Measuring Children's Exposure to Particulate Mtter
and Nitrogen Dioxide?

WHAT | S TO BE MEASURED?

As mentioned in the preceding section the dose of any air pollutant
that a child receiver depends in part on the physical and chem cal properties
of the pollutant, on the concentration to which he is exposed, and on the
duration of exposure. For the purpose of neasuring health effects one nust
determ ne what the relevant physical and chem cal properties of the pollutant
are, and over what tine period these properties should be measured.

The problem of what to neasure is considerably sinpler for Nes than
for particulate matter. A though the effects of NO, may be altered by other
pol lutants with which it occurs, NOjz is at least chemcally and physically
wel | -defined. Particulate matter is not, and its health effects depend on the
size, shape, and physical density of particles as well as on their chenica
conposi tion.

Since the area of the respiratory tract in which a particle is
deposi ted depends on its size and shape, a first step is to distinguish
particles according to size.® A standard distinction, based on area of
deposition in the lungs, is between fine particles (< 2.5 pm), respirable
particles (< 10 ym) and inhal able particles (< 15 pm). Since few particles
greater than 10 pym reach the chest, neasurenent of respirable particles (RSP) is
probably adequate for health effects research. It is also desirable to neasure
fine particles (FP), both because these are nore likely to penetrate the
pul monary region, and because the chem cal conposition of fine particles,

especially particles <1 um, differs considerably fromthat of coarse particles
(particles > 2.5 um).

5 The material in this section, unless otherwise cited, is drawn primrily from
US EPA AT Qality Criteria for Particulate Matter and Sul fur Oxides (1982,
Chs. 1,5,11) and U S. EPA Air Quality Criteria for Oxides of Nitrogen 1982, Ch.
7).

& The particle sizes below refer to the aerodynamc dianeter of a particle, i.e.

the "diameter of a spherical particle of specific gravity which would settle at
the sane rate as the particle in question" US. EPA Air Quality Criteria for
Particul ate Matter and Sul fur Oxides, 1982, p. 1-11).



Fine particles are generated primarily by condensation of materials
during conbustion or by atnospheric transformation of the products of com
bustion. Al though the chemcal conposition of FP varies with sources and weat her
condi tions, some rough generalizations about chem cal conposition are possible.
In nost outdoor air sulfate ions (Soi-), whi ch usual Iy occur in the form of
ammoni um sul fate, amoni um bisulfate or sulfuric acid, constitute the |argest
conponent of FP by weight. OQher conponents of fine particles, in rough order
of contribution to mass, are carbon and other organic matter, including hydro-
carbons produced by conbustion and the products of photochem cal reactions,
lead, nitrates, and small anounts of trace el enments.

The chem cal conposition of coarse particles, which originate largely
from nechani cal processes such as grinding or wind erosion, is nore variable
and less well understood. Major conponents include oxides of silicon
alumnum calcium and iron. |In sonme areas carbon and organi c conpounds
conmprise a significant portion of coarse particles. Qher conponents include
chlorine, titanium and magnesium

Al t hough the chenical conposition of FP can be. analyzed,’ the
i nportant question for health effects research is what conponents of FP should
be neasured because of their suspected effects on health. Toxicol ogica
studies are of some help in answering this question. In controlled aninal
studi es one-hour exposures to sulfates and sulfuric acid have produced
alterations in lung function, always at concentrations several times those in
the anbient air. O all the sulfur conpounds tented sulfuric acid seens to be
the nost irritating, producing decreases in mucociliary clearance and increases
in pulmonary resistance. Certain netal sulfates, e.g., cadmiumsulfite and zinc
sul fate, have been shown to affect bacterial defense mechanisms. Unfortunately,
since non-sul fur conponents of fine particles have been |ess thoroughly studied,
what conponents of FP should be measured in an epidem ol ogi cal study remains an
enpirical question.

The question as to what duration of exposure is relevant for health
effects is also primarily an enpirical one. In controlled human studies
exposure to N0 or sulfuric acid is usually for short periods (1 - 2 hours) at
| evel s much higher than normal personal exposures. Since effects from acute

7 Reliable nethods are available to analyze sulfates, nitrates, and organic
conpounds in fine particles, as well as the elenental conposition of FP



exposure are rarely seen in healthy adults at |evels approaching those in the
anbient air (even during violations of current standards) one might be tenpted
to conclude that it is not worthwhile to measure short-term perk exposures to
RSP or ®op for children. This would be incorrect. First, no |aboratory
experiments have been conducted on children, who may be nore sensitive to a

gi ven exposure than adults, or on adults using conbinations of pollutants
found in the anmbient air. Second, |aboratory experiments have not

subj ected humans to repeated short-term peak exposures, such as would occur in
the case of N0 froman unvented gas stove.

Since there is some epidem ol ogical evidence (Speizer, et al., 1980)
to suggest that repeated short-term peak exposures may be significant in
promoting lover respiratory infections in children, measurement of repeated
acute exposures seenms desirable. |f there were little variation fromday to day
in 1-hour peak exposure for each child, as mght be the case if the source of
exposure were a gas stove, one could take maxi num 1-hour exposure, averaged
over several 24-hour observation periods, and conpare it with acute health
effects for the sane observation period.8

If there were sharp fluctuations fromday to day in 1-hour maxinum
exposures, as mght be the case if peaks were caused by industrial sources of
pol lution, one would correlate intertenporal variation in acute illness wth
day-to-day fluctuations in peak exposure. |In this case, repeated illness
observations on each child would allow each child to serve as his own control
however, sufficient intertenporal variation in exposure mght be difficult to
obtain, and, in addition, one would have to control for seasonal and day-
of -the-week effects.

Finally, one could examne the effects of exposure over a |onger
period, for exanple, average exposure over a period of several nonths, and
correlate this with incidence of respiratory illness over the sane period.

8 This observation period might be as long as several nonths if the stove were
operated under simlar conditions each day during the winter nonths.

10



PERSONAL EXPCSURE MEASUREMENT VS. MEASUREMENT OF EXPCSURE BY SOURCE

Regardl ess of the duration of exposure that is considered relevant in
assessing health effects, the appropriate exposure concept for an epi dem o-
| ogical study is the individual's total exposure to the pollutant over the
period of interest.? For policy purposes, however, and to aid in experinental
design, one must also know the rel ationship between total exposure and the
sources of that exposure.

By definition total exposure to a pollutant can be expressed as the
time-wei ghted average of concentrations in various mcroenvironments, where a
m croenvironment is defined as an “air space w th honmogeneous pol | utant
concentrations" (Duan, 1982). For purposes of illustration suppose that there
are only two mcroenvironments, "indoors" and "outdoors," so that total exposure
to sone pollutant, P, can be expressed as

P = P%0 + P20, v,5)el. (1)

In (1) 9 and ¢! are the fractions of the tine period spent outdoors and
indoors, and PC and P! are outdoor and indoor concentrations. The indoor
concentration in turn depends on the penetration and ventilation rates, V, and
on the magnitude of indoor sources of the pollutant, S. For the purpose of
estimating an exposure-response function it is only the left-hand side of (1)
that need be observed. For policy purposes, however; one must know how sources
under governnent control, e.g., PC, affect personal exposure. This involves
knowi ng the relationship between indoor and outdoor concentrations and the
fraction of tine spent in each microenvironment.l0

9 This assumes, of course, that the pollutant is physically and chenically well
defi ned.

10 | nformation on the contribution of outdoor sources to indoor concentrations can

be obtained in two ways. If measurenents art taken inside and outside buildings

then, given information on factors that influence penetration and ventilation

rates, a nodel can be estimated that explains indoor concentrations as a

function of outdoor concentrations (Dockery and Spengler, 1981). Chenica

anal ysis of indoor air can also provide information about outdoor sources since

some conponents of FP (sulfate and nitrate ions, vanadium cadmum nickel and

sel enium are alnost exclusively of outdoor origin

11



HON IS TOTAL EXPCSURE TO BE MEASURED?

Equation (1) suggests two approaches to neasuring total exposure. One
is totry to observe the left-hand-side of (1) directly by having children wear
or carry personal monitors for the period of interest. The second is to observe
the tinme spent in various mcroenvironments and to measure pollutant concen-
trations in these mcroenvironments using passive nonitors. Since school -aged
children mght spend 60% of each week inside their hones and 20% i nsi de schoo
bui | di ngs, measurenent of concentrations in these two m croenvironments,
together with neasurenent of outdoor concentrations, may provide an estimate of
personal exposure accurate enough for use in an epideniol ogical study.ll

Both the mcroenvironnental approach and use of personal nonitors
require inexpensive, portable monitors to nmeasure RSP and No,. For KOs there
are two portable sanplers, the Palnes diffusion tube (Spengler et al., 1979) and
a badge sanpler, which provide | owcost methods of obtaining N0, readings.

Di ffusion tube sanplers use a nodified sodium arsenite procedure for neasuring
NO7, which has a 24-hour averaging time. Badge sanplers al so have a 24-hour
averaging tine. NOg neasurement techniques wth shorter averaging timnmes exist
(e.g., the continuous-Sal zman and chem | um nescence nethods); however, no

I nexpensi ve nmonitors using these techniques are avail able.

The situation for RSP is simlar. Portable cyclone sanplers that
provi de integrated neasurements of RSP and FP are available at a cost |ow enough
to make their use in epidemological studies feasible (Turner, et al., 1979;
Bright and Fletcher, 1983). To collect a sufficiently great particle mass,
however, these sanplers must operate for 12-24 hours. Accurate measurenment of
short-term exposures to RSP or NO; does not, therefore, seemfeasible on a scale
necessary for an epi demiol ogi cal study.l2 For this reason section IV focuses on
the benefits of reducing chronic exposures to RSP and NOj.

11 To determine whether this estimate is sufficiently accurate woul d, of course,
require a conparison of personal nmonitoring data with estimates obtained using a
m croenvi ronnmental approach. Furthernore, what is an acceptabl e neasurenment
error depends on the accuracy with which health effects can be neasured.

12 This statement may not be entirely accurate, depending on the source of the peak
exposure. |f one wi shes to neasure NOs concentrations while a gas stove is in
operation, and if these concentrations do not vary nuch fromday to day, one

could operate the nonitor only during periods of stove use for enough days to
achi eve the mninum averaging time.

12



To neasure |ong-term exposure to NOg for an epidem ol ogi cal study
badge sanplers are both feasible and inexpensive. The sanplers are noiseless
and unobtrusive and accurately gauge personal exposures for averaging tines of
up to several weeks. The drawback of a badge sanpler, or of any persona
monitor for that matter, is that it does not provide information on pollution
sources unless acconpanied by detailed tine and location information. Even with
this information the contribution of different sources can be inferred only by
regression techniques, given the integrated nature of exposure data.

The mi croenvironmental approach, by contrast, does provide infornation
on source contributions. In the case of RSP it also avoids problens which nay
result fromthe bulkier and noisier nature of particulate nmonitors. 13 Pl acing

cyclone sanplers inside a child s home and classroom may therefore be preferable
to the use of a portable nmonitor for RSP.

13 |'n personal nonitoring studies involving adults, subjects have shown a re-

luctance to carry portable cyclone sanplers. Carrying such monitors may al so
cause subjects to alter their activity and exposure patterns.

13



V. Valuing the Benefits of Reduced Exposure to RSP and NOp in Children

| NTRODUCTI ON

The purpose of this section is to determne how one could val ue the
benefits, both short-termand long-term of reducing children's exposure to
particul ate matter and nitrogen dioxide. Short-term benefits result if
children who are chronically exposed to high Ievels of RSP or N0y experience
more upper and |ower respiratory tract infections than children exposed to | ower
levels. In this case the benefits of |ower chronic exposure take the form of
reduced costs of mnedical care. The latter include the cost of doctors' and
hospital visits, lab tests, nedication, and nursing care, which is usually
provided by the child s parents. These costs may be small per restricted

activity day, but, as they are borne by nost parents, substantial when aggre-
gated over all famlies.

For nost children the benefits of reduced exposure to pollution are
probably short-term since breathing higher Ievels of pollution would have no
permanent adverse health effects. There are, however, two ways in which
particul ate and nitrogen dioxi de exposure coul d have |ong-term health conse-
quences. One is if acute infections of the |ower respiratory tract cause
long-term lung damage. The second is if exposure to particulate matter or NOp
directly affects lung devel opment wi thout contributing to infection. In either
of these cases current exposure to air pollution could make a child nmore prone
to respiratory infections or to acute synptom of chronic respiratory disease
later in life. The costs of these illnesses would include the costs of medica
care referred to above. In extrenme cases the child s educational achievement
and career choice could be affected. To value the long-term benefits of reduced
exposure; however, one nust be able to neasure the effects of current pollution
exposure on future respiratory health. Since it is difficult to establish the
effects of childhood exposure on adult health, we consider bel ow only the
effects of current particulate exposure on future childhood health.

14



MODELLI NG THE HEALTH EFFECTS OF PARTI CULATES

To make explicit how the health benefits of reduced exposure could be
measured, we fornalize the short-termand |ong-termeffects of pollution
exposure in two equations. The first equation describes the relationship
between acute respiratory illness and exposure. Formally, let Ag denote
the nunber of restricted activity daysl4 due to respiratory illness during year t.
These woul d include days when a child's normal activities are curtailed because
of influenza, a cold or a chest illness, or days when acute synptons of a
chronic respiratory condition, e.g., asthma, are experienced. Average
exposure to air pollution in year t, Py, may affect Ay by reducing
resistance to infection or, in the case of asthmatic children, by pronoting
bronchoconstriction. Qher factors that may influence A¢ include exposure to
t obacco snmoke and preventive neasures taken by the child s parents, such as
provi ding good nutrition or flu shots. These are summarized by the vector
2¢. The enpirical counterparts of these variables are described in
Appendix B. In addition, acute illness (especially lower respiratory tract
i nfections) should depend on the state of the child's respiratory health, i.e.,
on the underlying condition of his lungs. This mght be measured by
spironetry tests and will be denoted H.13

Al'l of the aforenentioned determnants of acute illness can, at |east
in principle, be nmeasured. Factors affecting Ay that cannot be measured
include severity of exposure to viruses and bacterial infections or, in the
case of an asthmatic, severity of exposure to allergens. These and other
unobserved variables are sumarized by ug.

The relationship between acute illness and its determnants is thus
gi ven by

A = £(P, Z, H ., u). (1)

Since this functional relationship may be quite different for illnesses of the

upper and lower respiratory tracts, it may be preferable to wite two separate
equations

14 This termis defined nore precisely bel ow

151t is assuned throughout that His adjusted for age, height, race and sex.

15
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where AU denotes upper respiratory tract conditions (colds, influenza,
rhinitis) and AL denotes conditions of the |ower respiratory tract
(bronchitis, pneunonia, dyspnea).

An inportant omission fromequation (1) is medical care that a child
receives once he is ill. This includes visits or calls to the doctor to
di agnose the illness, X-rays, |aboratory tests, medication, and nursing care.
One justification for omtting recuperative medical care is that for certain
respiratory illnesses, e.g., colds and influenza, it serves primarily to
alleviate synptons. Although relief of synptons may reduce the severity of a
restricted activity day, it need not affect the total nunber of restricted
activity days experienced as long as a restricted activity day is broadly
defined to be any day on which the child feels Iess well than usual

In cases where medical care, M can actually cure an infection it
m ght be appropriate to express restricted activity days as some function of M
and the amount of acute illness that would be experienced if no medical care
were received, £(Py, Zy, Heop, ug)s for exanple

A, = h(M) £(P, 2, B _,, u), h'<oO. (2)

Equation (2) says that holding severity of illness (ug) constant, children who
receive nore nedical care get well faster. The problemin trying to estinmate
(2) is that severity of illness, because it is not observed by the researcher
cannot be held constant. Wen ug is omtted from(2) its effects are
reflected in My since the anount of nedical care chosen by parents varies
directly with severity of illness. The sign of Mg is thus likely to be
perverse. 16

Because of these estimation problenms we choose to use (1) rather than
(2) to describe the relationship between acute illness and air pollution. It
can be shown that om ssion of My fromthe acute illness equation

16 pppendi x A discusses ways in which this estimtion probl em could be sol ved:
however, none of there seens very promsing in practice.
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will, if anything, cause the effect of air pollution on acute illness to be
understated.  The choice of equation (1) thus errs on the side of conservatism
from the viewpoint of benefits estimation

The long-termeffects of air pollution on respiratory health are
captured by equation (3), which describes the rate of change in lung function.

AL

AH, = H -H _, = (P, W, AL H ;. e) (3)

As mentioned above, air pollution may either affect future respiratory health
directly or, indirectly, by influencing the nunber of |ower respiratory tract
infections experienced. |In addition, the rate of change in lung function wll
depend on such factors as exposure to tobacco snmoke and on the child' s nutrition
and general health, which are summarized in the vector We. The variable e,
represents unobservable factors, e.g., genetic factors, which may influence AHg.

MEASURI NG THE SHORT- TERM BENEFI TS OF | MPROVED CH LD HEALTH

In the nodel of parents' demand for child health presented formally in
Appendix A it is assuned that parents' current satisfaction (utility) depends in
part on Ay, the anount of acute respiratory illness their child experiences.
Wility does not depend directly on lung capacity (Hy), although this affects
future utility through equation (1).17

Parents can affect acute illness, or the disconfort it causes, in
several ways. First, certain goods that they enjoy consum ng, such as
cigarettes, may enter equations (1) and (3). Secondly, they may undertake
preventive activities, such as seeing that their child gets proper rest and
nutrition, directly for the purpose of inproving their child s health. For
parents of asthmatics or children with hay fever these activities mght include
having their child tested for allergies and seeing that allergic substances are

17 The assunption that utility does not depend directly on Hy seens reasonable
unless Hy is so low that the child s life is threatened. W ignore this
possibility on the grounds that is it a rare event.
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not present in the hone. 18 Thirdly, the disconfort caused by acute illness can
be reduced through recuperative medical care, Mg. This is reflected in the
assunption that parents' utility depends not sinply on the nunmber of restricted
activity days experienced by their child (A¢), but on an index of disconfort

whi ch conbines restricted activity days and nmedical care. Specifically, it is
assuned that utility depends on the ratio At/Mg, 0 <g <1 inplying that
increases in recuperative nedical care reduce the disconfort associated with
acute illness, but at a decreasing rate (0 < B < 1).

Gven that a parent can influence his child' s health, the question is
what woul d an infornmed parent (i.e., one who knew equations (1) and (3)) be
willing to pay for a small decrease in his child s chronic exposure to air
pol lution? Since the effects of air pollution on acute illness can be mtigated
in part through recuperative medical care it is not surprising that the imre-
diate benefit to a famly of a change in air pollution, By, is proportional to
the average cost of medical care per restricted activity day, C(Mg)/Ag, nulti-
plied by the effect of air pollution on restricted activity days,

19

-1 -1
B, =8 C(Mt) At (aAt/aPt) (4)

As noted above, the paraneter 8, which indicates the efficacy of nedical care In
relieving the synptom of acute illness, nust lie between O and 1. A though 8
can in principle be estimated, we shall set 8 = 1 to obtain a |ower bound to
benefits.

To conpute the remaining terns in (4) requires an estimte of equation
(1), as well as information on the cost of recuperative nedical care related to

18 |f parents are sensitive to the possible health effects of air pollution then
behavior to reduce exposure to air pollution, such as purchasing an air
filter, would be included under preventive activities.

19 ne might wonder why (4) does not include the cost of preventive activities
(including activities to reduce exposure to air pollution) as well as the cost
of recuperative nedical care. The answer is that informed parents, when
allocating resources between preventive and recuperative activities, wll equate
the nmarginal benefits fromthe two activities. The value of an additiona
dol I ar of recuperative nedical care is therefore equal to the value of an
additional dollar of preventive nedical care.

18



respiratory illness.20 To deternine the cost of nedical care per restricted
activity day one nust know

the nunmber of restricted activity days due to respiratory illness

over sonme period (e.g., a year);

® what laboratory tests and X-rays were ordered

what nedi cation (shots, prescriptions) was adm nistered;

whet her or not and for how long the child was hospitalized; and

whet her or not for for how | ong parents' normal activities (e.g., work)
were disrupted to care for the sick child.

Specific questions that could be asked to elicit this information appear in
Appendi x B.

Gven the detail of the information needed and the fact that this
information is required for all respiratory illness (including colds and the
flu) regardl ess of duration, it would be difficult to obtain the information
except through diaries. In assessing the respondents' burden of these diaries
it should be borne in mnd that the information requested pertains only to
respiratory illness for a single menber of the famly. Gven that the nean
number of restricted activity days per year due to acute respiratory illness is
approximately 4.0 (U S. Departnent of Health and Human Services, 1982), this
woul d probably require no nore than one hour of parents' time over a year. (A
sanple diary appears in Appendix B.)

A nore difficult question is how information should be obtained about
the costs of medical care. ldeally, parents could record the costs that they
actually incur for hospital stays, doctors' visits, lab teats, and prescriptions
in the nonthly diary. Information on the cost of time spent caring for a
sick child is nore troublesome. If this tine represents tine [ost from work
and is not covered by paid sick |eave then it can be approximated by the
parents wage. Parents who do not work outside the home or whose absence is
covered by paid sick | eave could be asked to approximate the cost to them of
activities foregone. Although it is possible to inpute costs to the

20 |f it is inportant to distinguish between acute illness of the upper and | ower
respiratory tracts then equation (4) would be conputed separately for each
category of acute illness.
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conponents of medical care if they are described in sufficient detail, it is
important that the actual coat to the parent he recorded. Since the type and
amount of treatment selected depends on the actual costs incurred, use of
inputed prices to value nedical care will likely overstate the costs of care

i f parents have nedical insurance or can use paid sick |eave when they stay
home to care for a child. If costs nust be inputed then it is inperative that
information on health insurance and paid sick |eave be obtained.

MEASURI NG TEE LONG TERM BENEFI TS OF | MPROVED CHI LD HEALTH

Equation (4) describes only the inmediate benefits of a reduction in
air pollution. As long as air pollution influences future respiratory health,

Heels Hee2s ..., and respiratory health affects acute illness, a decrease in
Pe Wil yield future as well as current benefits. The present val ue of

benefits froma change in Py is given by

<
-1 -1 -1 -1 -1
B TC(M A T(3A JP) + (1+x) B C(M_ A, (A, /9K )(dH /dP )
+ (1+r) “8 C(Ht+2)At+2 ("t+2’““:+1) (dat+11drt) + ...
where r is the interest rate. 1In equation (5) benefits in year t+ froma

decrease in pollution in year t are proportional to the average cost of nedica
care per restricted activity day (discounted to the present) nultiplied by the
effect of Py on the nunber of restricted days experienced in year t+l,

(3At+llaﬂt)(dHtIdPt) = (aAt+1laHt)(3Bt/a?t)

+(3At+1/3Ht)(3Ht/3A%)(3A%,3Pt).

Benefits in subsequent years have a simlar interpretation. Assumng B = 1,

conputation of (5) requires only that equation (3) be estinmated in addition to
equation (1).
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PERSONAL EXPOSURE MEASUREMENT AND BENEFI TS ESTI MATI ON

For sinplicity of exposition the above discussion has been couched in
terns of a single air pollution variable, P¢. What must be discussed in
greater detail is the relationship between P¢, personal exposure to pollution
and benefits estination.

In estimating the effects of air pollution on health the rel evant
variables are the child s total exposure to the pollutants of interest. If
these are NOp and particulates one could wite equation (1) as

At = f(NOz’ PMSt, PM-Ft’ gt’ Ht_l’ ut) (1,)

wher e L refers to total exposure to nitrogen dioxide, and a distinction
has been made between total exposure to particulates fromtobacco snoke (PMg)
and fromfossil fuel (PMg) due to differences in the chenmical conposition of
these sources.

If for sinplicity there are at nust two mcroenvironments in which the
child can be exposed to each pollutant, "indoors" and "outdoors," then tota
exposure to NO2 can be witten as the time-weighted average of outdoor
(Nog) and i ndoor (nog) concentrations,

0.0 1,0
KO, = t'MO, + t ¥0,(NO,, SNOZ, V). (6)

The latter, in turn depends on outdoor concentrations, the ventilation and
penetration rates (V) and indoor sources (8302). A simlar equation could
be witten for fossil fuel particulates,

0,0 I I O
P = tOPMy 4 € PM(PM, sPMF. V). (7)

Since particulates from tobacco snoke have only indoor sources,

1,1
P, =t PHS(SPMS"V)' (8)
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Froma policy viewoint the variables in equation (6) - (8) that are

currently under governnent control are Nog and Pug. To calculate the value of a

smal | change in one of these policy variables, e.g., uog, one nust therefore

det erm ne
(1)
(3A/3¥0,) (aN0,/2W0,). (9)

It is this expression that would replace 9A/3P in equations (4) and (5).21 Note

that to conpute (9) one nust know not only the coefficient of total exposure to

NO, in the illness equation, 3A/3NOp, but the effect of outdoor

concentrations on total exposure.

21 Li kewise, if total exposure to NO2 enters (3) 8H. /3P, nust be replaced by
(9H, /3NO3) (anozlauog).
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APPENDI X A

A Mdel of Parents' Demand for Children's Respiratory Health

Thi s appendi x presents a nodel of parents' demand for child health.
The purpose of the nodel is to derive parents' narginal wllingness to pay for
an inprovenent in air pollution, given that air pollution affects their child's
current and future respiratory health. The derivation of willingness to pay
assunes that equations (1') and (3) in the text adequately describe the
heal th-air pollution relationship. The consequences of using equation (2) to
model acute illness are discussed at the end of the appendix.

THE FORMAL MODEL!

AS indicated in the text, parents' wutility during year t is assumed to
depend on acute respiratory illness experienced by their child during that year
Ag. A¢ in turn depends on total exposure to various pollutants (NOgt, pust,
PMFt), on past respiratory healthy (Hg-1), and on other variables (Z¢). Parents
can increase their child s total exposure to pollution by snoking, by cooking
with an unvented gas stove or by sealing windows and doors in a hone where
i ndoor concentrations of PM and W02 exceed outdoor concentrations. Actions to
| ower children's exposure would include use of an air conditioner and/or
insulation to reduce penetration of outdoor pollutants in a dirty city or the
purchase of an air filter. [Innoculation against influenza viruses and nain-
tenance of good nutrition are exanples of health-pronoting activities unrel ated
to exposure.

For the purposes of the appendix, however, the relevant distinction is
not between variables that affect exposure and those that do not but between
goods that enter the utility function as well as (1'), such as cigarettes, and
good that are purchased solely for their effect on children's health, such as

1 This nodel follows in general terms the "househol d production” approach to
heal th, as devel oped by G ossman (1972a,b) Harrington and Portney (1983),
Rosenzwei g and Schultz (1982) and Gerking and Stanley (1983).
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flu shots. The former are denoted Y and the latter, referred to as preventive
goods, denoted Ny. Equation (1') is rewitten accordingly as

At = F(Pt’ Yt’ Nt' Ht-l’ ut).

where Py refers to that conponent of the child s personal exposure to
pol lution that is exogenous to the family.2

In addition to consuming Yy and purchasing M, parents can reduce the
di sconfort associate with Ag through recuperative nedical care. This includes
visits and calls to the doctor to diagnose illness, |aboratory tests, medica-
tion, and nursing care given to the sick child. W denote the anount of
recuperative medical case chosen My and assume that disutility of illness
depends on the ratio Atlng, 0<8<1 This inplies that increases in Mg
reduce the disconfort of acute illness, but at a decreasing rate. Parents'
utility is thus given by

g
Ut U(Xt, Yt’ At/Mt)’ ¢

U, >0, U, >0, U, SO0, U3(xt,Y'

) 3 @ = e (A 1)

U (X , Y

3(X,» Y., 0) = 0, U strictly concave,

where Xy are consunption goods unrelated to heal th.

To formalize the parents' choice problem we consider a two-period
horizon. (Extensions to n periods are straightforward.) The problemis to
sel ect values of X¢, Yy, N¢, and My, for the present (t=1) and the future (t=2)
to maximze the present value of parents' utility

i} 8 8
Vo= UK, Yy, AMD) UK, Yo, Ap/MD), 0 Ca <, (A 2)

subject to various technol ogi cal and econom ¢ constraints. These include the
heal th rel ationships

Z Py should be identified as outdoor concentrations of the pollutant, although
even these are choice variables if the famly can nove to another city., The
conplications introduced by mgration;, however, are ignored here.
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L

Hy - Hy = g(P, Y, N, A[, Hy, @) (A 3)

i i _ T
At = F (Pt, Yt, Nt, Ht—l' ut), t =1,2and i =L, U (A 4)
L U —
A, = A+ A, t =12
and budget constraint
2 X Y M N ~(t-1)
tEI(tit + Ytpt + Htpt + tht - It) (1+1) = WO, (A 5)

where Wo is initial wealth, Iy earnings in year t, and the p%'s are goods
prices. Because the use of X Y, N, and Minvolves tine, the tine constraints
(A.6) and (A.7) also apply.

X Y N M w ; —
X;t7 + Y. t0 + Nt 4 Mt = T, -t = 1,2 (A 6)

t‘i'wi -1, i = 1,2 (A7)

In (A6) Tis total time available and o is the tine required to consunme a
unit of X. ¥ is time spent working outside the home at wage rate w. Equati ons
(A5) - (A7) can be conbined to yield (A 8)

2
X Y N X -(t-1) _
tEI(tht +Yaq +Nq + Maq, - tht) (l4r) LA (A 8)

wher e qy = pi + thi is the total (time plus out-of-pocket) cost of a unit the
jth good.

Maxi m zation of (A 2) requires that the follow ng necessary conditions
be satisfied, in addition to equation (A.8):3

X
U - Agy § 0 (A 9)

ol - x(1+r)'lq§ <0 (A 10)

31n (A9)-(A 16) subscripts_indicate partial derivatives. Uy is evaluated at the
poi nt (X1, Yy, Ay/M8) and U3 i s eval uated at the point (X3, Yp, Az/M8).
To guarantee that ( are sufficient for a maxi numwe assune that g(-)

and £(-) are concave functions. X is the Lagrange multiplier associated with
(A 8)

]
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Y
Fl - qu $0

1

&Hllle

~-1Y
qu - A(14r) q, S0
-(B+1) - , M
-U3A13K1 lqz <0
~aba g~ L e i s 0
3722 9
N
G1 - qu <0
uG2 - X(1+r)-1q§ <0,
wher e
BA,/0Y, 3, /3H
Fl = U2 + Uj——;;-—- + uUs——;E——-
1 2
A, /0Y,
- = 2 2
F2 - U2 + U3 HB
2
TWEL A TWE
(}1 = U3—;-B—— + aU3'—M—B—'— dHlldN1
1 2
. v 3A2/3!lz
2 3 HB
2

DERI VATI ON OF W LLI NGNESS TO PAY

(A 11)

(A 12)

(A 13)

(A 14)

(A 15)

(A 16)

To derive the amount of initial wealth that could be taken away from

the famly in response to a small change in Pj and |eave utility constant,
differentiate (A 2) and (A 8) totally and set dV = dTy = dw = dq
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dv = 0 = dX_ U, + dY.F. + dnl(-U3Alsu1'(B+1)) + dN.G

19 15 + dX_ abU

171 2771

= -(8+1)
+ dYZFz + dH2(~uU3A23M2 ) + dnzcz (A.17)

A /3P, _ 9A, /M,

+ dPl(Ua———E——— + aU3~——§-- dﬂl/dpl)’ and
¥ M,

X Y M N X -1 Y -1
0 = dX,\q; + lekq1 + dMllq1 + dﬁllql + dxqu2(1+r) + dY lq2(1+r)

(A.18)

2
M -1 N -1
+ dMZXq2(1+r) + szxq2(1+r) + dwo.

Substituting from (A 9)-(A 16) into (A 17) and from (A 17) into (A 18) yields,
after sonme rearrangement,

-1
avy,  qyNElaA

- - + (1+1)
dPl Al QPI A

-1 ¢
-1 GgMp8 T 9A, diy

. (A 19)
, o8 dp

which is a variant of (5) in the text.

It should be noted that the derivation of (A 19) depends crucially on
the assunption that My, recuperative nedical expenditure, does not affect the

amount of time spent ill or the rate of change in lung function. To see the
consequences of relaxing this assunption suppose that equation (1) in the text
is replaced by (2) so that My affects the anount of time spent ill. It

follows that My also affects the rate of change in lung function through its
effect on severity of lower respiratory infection. Since the effects of nedica
treatment are already incorporated into the acute illness neasure, it is
reasonable to wite the third argunent of the utility function as Ag.

Wth the above changes the expression for wllingness to pay becomes

) dWo 3A1/3P1
dp

1 8A1/3M1

1 M 3A2/331

dH, dH, 3A,/0P
q {
2 3A,/9M, "dP

1 1 1

- b. (A 20
Wy aAllaM1
Several points about (A 20) are worth noting. If the first ternms in (A 19) and

(A.20) are conpared it can be seen that Ml(Alis)'1 has been repl aced by

Q? - (l+1r)”

4 |t should be noted that a simlar expression could be witten using preventive
medi cal care, Ng, since My and Ny now enter the nodel in formally equivalent
ways. Preventive nedical care, however, is nore difficult to define and measure
t han recuperative nedical care.
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(3a /oM )™ . 1f (2) vere of the form

_ B
A = ME(P, Z, H o, u), 0<ps1, (A 21)

the two ternms would be equivalent. Setting 8 =1 as in the text would again
yield a lower bound to benefits. Even with this sinplification;, however, the
second terms in (A 19) and (A 20) differ. As long as recuperative nedica
expenditures affect the rate of change in lung capacity the expression in (A 19)
overstates willingness to pay for a change in pollution. The reason is sinple.
The nore effective is nedical care in reducing acute illness the Iess the

i ndi vi dual should be willing to pay for substitutes for nedical care.

Wiat can be concluded fromthe above? |f Mtruly affects length of
acute illness then one can still use (4) in the text, with 8 =1, to obtain a
| oner bound to short-term benefits; however, estination of 2A./3P, requires
that M, be included in the acute illness equation. To estimte |ong-term
benefits equation (A 20) nmust be used.

Wiet her nedical treatnent indeed affects the duration of acute illness
is ultimately an enpirical question that requires estimation of equation (2). As
noted in the test, the difficulty in estimating (2) is that the level of medica
care chosen by parents depends on severity of illness, ug, which is not observed
by the researcher, and therefore enters the error termin the acute illness
equation. Rosenzweig and Schultz (1982) suggest the following solution to this
problem If equations (A 9)-(A 16) are solved sinultaneously, Mj; will depend on
the prices of all goods now and in the future, on the famly's full income, wjTy
+ (14r)~L wyT, on its initial wealth, Wp, and on the child's initial health,

Hgp. |If sonme of these variables, denoted vy, are distributed independently of wug
then | east squares estimation of a reduced-form health equation,

—_ 1 ]
M =38 Y—t +ou, cov(vi

. ,u) =0 all i, t, (A 22)

t

dllows oOne to conpute predicted nedical expenditure Mt = g'gt, which is
Srthogonal to u, - Least squares estimation of (A 21) wth L in place of M,
shoul d yield a consistent estimator of 3At/3Mt.5

5 Assumng, of course, that the other variables in (A.21) are uncorrelated with
Uy .
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Wiile in theory this solves the problem of consistently estimting the
effects of My on Ag, in practice it is likely to be difficult to construct a
good predictor of Mg. Wen Rosenzweig and Schultz (1982) estimate reduced-form
demand functions for inputs into fetal health, it is nmother's education (inter-
preted as a variable which influences perceptions of the health production
function) which explains nost of the variation in inputs used. One therefore
wi nds up using education as a surrogate for inputs into fetal health.
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APPENDI X B

Informati on Necessary to Estinmate the Benefits
O Reduced Exposure to RSP and NOj

The information required to estimate the health benefits of a
reduction in air pollution falls into two categories:

(1) information necessary to estimate the relationship between

restricted activity days due to respiratory illness and air
pol lution (equation (1') in the text) and between change in
lung function and air pollution (equation (3) in the text);

(2) information on the anbunt and cost of recuperative nedica

care provided for respiratory illness.
Table 1 lists the variables needed for estimation of the two health equations
and Table 2 the information required regarding nedical care.

Due to the need to elimnate seasonal fluctuations in illness and in
chronic pollution exposure, the data in Tables 1 and 2 would probably be
collected over a period of at |east a year. Spirometry tests would be performed
at the beginning and end of the year, and, at the time of these tests, nost of
the explanatory variables in the health equations (with the exception of the
pol lution variables) would be obtained forma questionnaire conpleted by the
child s parents. An exanple of such a questionnaire is one used in the Harvard
Six Gties Air Pollution-Health Study (Ferris, et al., 1979), which is attached.
The information on restricted activity days and use of nedical care woul d nost

accurately be obtained by having parents fill out nonthly diaries. A sampl e
diary is attached.
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Table 1

Information Required for Estimation of
Heal th-Air Pollution Relationship

Dependent Variables (to be measured over a year)

1

3.

Nurmber of restricted activity days due to upper respiratory
condi tions

Nunmber of restricted activity days due to |ower respiratory
condi tions

Change in FVC, FEVy g (adjusted for age, height, race and sex)

| ndependent Vari abl es

1

10.
11.
12.

FEVy .0, FVC at beginning of year (adjusted for age, height,
race and sex)

Average exposure to RSP (broken down by chem cal conposition),
NOyx during the year

Parents' education

Child s age

Child s race

Child s sex

H story of respiratory illness in famly

Wiet her child received flu shots during year

How nuch child snokes

H story of serious respiratory illness prior to current year

H story of respiratory synptoms prior to current year

Nunmber of school -aged siblings
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Table 2

Information Required for Conputation of
Recuperative Medical Costs

Nurmber of restricted activity days due to respiratory illness

Number of these days on which a parent or other famly menber
altered his normal activities to care for the child; value of
activities foregone

Nurmber of these days on which soneone was paid to care for the
child because he was sick; cost to parents of these services

Nurmber of visits to a doctor's office or hospital energency

roomas a result of respiratory illness; cost to parents of
these visits

Cost to parents of |aboratory tests or X-rays ordered to diagnose
respiratory illness

Cost to parents of days spent in the hospital as a result of
respiratory illness
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SCHOOL LUNG SURVEY
Harvard School of Public Health
Boston, Massachusetts 02115

To: Parents of Elementary Grade School Children

From: Principal

Subject: Respiratory Health Survey

Your school, as part of a district-wide program, is participating in a health survey of
school children. Breathing tests, height and weight will be measured and this will be done
during school time over the next week or so. The breathing test involves blowing a few
times into a tube (changed for each person). The program is part of a larger study which
includes adults living in your town and is being continued over the next 3 years. These
results will be compared with similar data from other communities.

To obtain important information which is needed to correlate with the breathing

tests we would very much appreciate your cooperation in completing the attached

questionnaire and returning it to your child’s teacher in the envelope provided, via your
child.

PLEASE CHECK ALL QUESTIONS, EVEN IF ANSWER IS NO.

Seal the envelope, and be assured that the envelope will be opened only by the
research team that is collecting the data. All data will be kept confidential.

This study has been presented to and approved by both the school administration
and your elected school committee.

It is important that the permission slip at the end of the questionnaire is signed.

Thank you for your cooperation.

rorm /99 {Y9/79)

-33-



-34-
1 2 3 4 5
Please complete all questions, use back for comments. _.-%_. -~ 5
Child's Name Birth Date
mo day yr 8 10 11 12 13
910 11-12 1314 '
Home Address ___ — 15 Child's Sex: Male___ Female___ -
Phone —_—
16-17 Zip Code 1 17
1819 How many years has this child lived in this community yrs mos. —_—
18
AN A LI s adiiles Hon f thic ahild?s hama? Inaliide ausenane 1Q vaare af ana and aver
LUL 1 TIOW Thiany aGuied 1ive iy uiid CIiiiu 31U sHLIUUC CVor yuUnin (0 Yovais U ayv s S5 .. _2.;_ __2_1_
22-23 How many other children under 18 {not counting this child)?____ S —
24 LS
24-25 How many younger than this child? ___ > 55
24  2¢
26-27 What fuel is used to heat the house? = T
Oil__. Gas—__. Coal.___. Wood.—_Electricity___ Other, specify
28-29 How is the heat brought into the rooms? By: - 5
Hot Air____ Hot Water ____Steam____ Fireplace___. Space Heater___
Other, specify
A
Lo Ta) [Y V7 U U BRI B ST [P, W, S ] A e 2 Elaméwtiniacs Nebne
N Whnat Tuel 15 UsSeQ TOr COUKING! VA5 mee VOO e VWUO . CICLUIVILY v WV UIT] e =
7/2 Do you have an exhaust fan for your cooking stove? No ... Yes —.. don’t know
8/2 I|f yes, do you use it: Never ___ Seldom —__ Regularly —
9/2 How is the exhaust fan vented?
iNto the TOOIM wme; vented 1o outside ——; don't KNOW ceee
31 Is this child’s home air-conditioned? No___; Yes, partially____; Yes, completely___.
3t
If partially, is the living room? No____ Yes____ |s the child’s bedroom? No__Yes___.
32 How many rooms are there in the home (count kitchen but not bathroom)?_____ —_—
32
33 Does this child sleep in a bedroom by himself/herself? No____ Yes____ —_
a3
If No, does he/she have his/her own bed? No___ Yes__
tiae thic ohild had anu af the following .|1n.e¢;e) {Ploace qive agoe of afl attacke )
FIaS IS IO gl @ity U (N TUOOUWITIY SNToots T (ikest Hive ayvs U aif SllalRaed
34  Measles No____ Yes___ atage.__._. 3¢ “35 % 37
35 Mumps No__. Yeso.— atage ____
36 Chicken Pox No__ Yes____ atage —
37 German Measles No___ Yes at age .
38  Bronchitis No__ Yes____  atagelsi_____ ____ I
39  Pneumonia No Yes____ atagels)____ ____
40 Earache No___ Yes at agefs) I
41 Croup No.___ Yes.__._ atage(s) —_—
h n 1gh No___ Yes . atage — —
42 Whooping Coug Ivl = - -
43 Asthma No____ Yes, began atage Present now? No__.. Yes____
a4 Hay Fever No Yes, began at age Present now? No___. Yes___

IDAmccmamm =t

- =



47 In the past year has this child had a chest illness that kept him/her at home

for 3 days or more?

No.—. 1t Yes, how many times?
48 Did this child have a severe chest iliness or chest cold before the age of 2 years?
No If Yes, how many times?.
49 Was a doctor seen for a severe chest iliness or chest cold before the age of 2 years?
No It Yes, for how many illnesses?
50  Was the child hospitalized for a severe chest illness or chest cold before the age of 2 years?
No 1§ Yes, for how many ilinesses?
PARENTS' ILLNESSES
61 Has doctor ever said NATURAL father had:
bronchitis or emphysema? No_— Yes
asthma? No_ . Yes____
72 Has doctor ever said NATURAL mother had:
bronchitis or emphysema? No_—_ Yes
asthma? No Yes

We also need some information about the adult household members

(1f one-adult family, comptete only A or B, as appropriate)
A. Father (or male guardian)

51 What is highest grade of school completed?

52-53 What is present job (title}?

54 Has he ever smoked? No.___ Yes: cigarettes__. cigars.__ pipes___

55-60 Does he now smoke? No if Yes,

How many cigarettes per day?____
How many cigars per day?
How many pipes per day?.—

B. Mother (or female guardian)

62

What is highest grade of school completed?

~

63-64 What is present job (title}?
65

Has she ever smoked? No. .. Yes: cigarettes___.cigars .. pipes___

66-71 Does she now smoke? No____ if Yes, How many cigarettes per day?___

How many cigars per day?___
How many pipes per day?___

C. Other Persons (not including mother or father)

734  How many persons in the househo!d OTHER than Mother and/or Father smoke tobacco?

(If no one, check here: ).

PERMISSION REQUEST

| give permission for my child, to participate in this health
survey. 1 understand this will involve only measuring the height, weight, and simpte tests of

breathing. The data will be used for research purposes only and will be kept confidential. The
results will be made available to our tamily physician upon our request.

CARD 2

Date Parent/Guardian Signature

-

——
€9

-35-
47
48
a3
50
51 52 53
54
55 %6 87
% €0
62 63 64
65
6 67 68
70 71
73
74 75 16

0 7
78 79 80
1 2 3 ] 5
e e e
e 7 8 9




| NSTRUCTI ONS:  Check this cal endar every dar.
or

MO

RESPI RATCRY | LLNESS DI ARY

List the nunbers of all synptons that
your child has in the square that day. Enter zero (0) 1f the child

has no synptons.

I'f your child has any synptoms please fill out the information on the
attached pages.

SYMPTOM LI ST

Hoar seness 5. Pain in the chest 9. Runny or stuffy nose
Sore throat 6. Wheezing 10. Burning, aching or redness of
Cough 7. Fever eyes
Phl egm from chest 8. Earache or discharge 11. Difficulty breathing
TJANVARY 198§ |
1K M T W T F S
/ 2 3] 4] g
¢ 7 /4 7 /0 7 /2]
3 i 757 /6 /7] /8 Wi
2/ B2 23 L4 <1 20
27 25 29 30 3/




10.

11.

12.

| NSTRUCTI ONS:
child on the cal endar.

and/or fill in the blanks.

Enter today's date.

Wre any of your child s normal activities restricted

because of the synptons reported?

Did your child stay home fromschool all or part of
the hay because of the synptons?

Did your child stay in bed at least half the day?

Did you pay someone to care for your child today
because he was sick?

Did you, someone else in the famly or a friend
stay home fromwork to care for your child?

Not counting time mssed fromwork did you, someone
else in the famly or a friend alter his norna
activities to care for the child?

Briefly describe the activites which were altered.

you call a doctor because of the synptons?

D d
(Check all answers that apply.)

Did your child visit a doctor's office or clinic?

Wat was the cost of this visit, including any
amount paid for by insurance?

Wre any lab tests performed or shots administered
because of the synptons? If so, describe them

What was the cost of these tests and/or shots,
i ncluding any amount paid for by insurance?

Please fill out a page each day that you report any synptons for your
For each question check the appropriate answers

1. Yes. No.

2. Yes.

B

No; today not a school
day.

No; today a school déy but child
_ did not stay home.

3. Yes. No.

4. __ Yes; Amount paid
No.

5. Yes; No. of hrs. missed
No.

6. __ Yes; No. of hrs. affected

No.

7.

8. Yes; called to make appointment.
Yes; discussed symptoms with
doctor for minutes.
Yes; discussed symptoms with
nurse for " minutes.

No.
9. Yes. No.
10. Cost was
Don't know.
11. ° - No. ~
Yes. X-ray
Throat culture
Blood count
Other test:
Shot:
12, Cost was

Don't know.

Cost included in 10.



13.

14,

15.

16.

17.

18.

19.

20.

21,

Did the child take any prescription or non-pre- 13. No. _ Yes; the following we:

sl Y ! 5
scription nedicine for his synptons? taken:
What was the cost of this nedication, including 14. Cost was
\ . p —_—
any amount paid for by insurance® _ Cost included in 10.

Don't know.

Was your child in a hospital today as a result 15. No.

i 2
of hi's synptons’ Yes; as an outpatient.

Yes; as an inpatient.

ANSVER THE REMAI NI NG QUESTIONS ONLY |F YOUR CH LD WAS I N THE HOSPI TAL

Was the child taken to the hospital by anbulance? 16.  No.

If so, what was the cost, including any anount T Yes: cost

paid for by insurance? —— 1885 cost was

Vere any tests perforned on the child? If so, 17. ____ No tests were performed.

describe them ____The following tests were perfor

\\ere any operations performed? If so, describe 18. _ No operations were performed.

them ___. The following operation(s) were
performed:

Did the child require any special services while 19. No.

. : : . : : 5 S

in the hospital (special nursing, intensive care)? _ Yes; the following were requirec

What was the total cost of treatment received in  20.  Cost was

the hospital, including any amount paid for by
insurance? (If the hopsital stay is nore than
one day, costs for the entire stay may be enter-
ed on the page for the day of discharge.)

Don't know.

If the anount in 20. does not include the cost of 21.  Cost was

doctors' services (fees of surgeons, anesthesi- — .
ol ogi st's) what was the cost of these services, — ALl doctors® fees included in 2
including any amount paid for by insurance? Don't know.




PROPCSED FORMAT FOR ADM NI STRATI ON OF DI ARY

nuary 19
--Diary distributed to household by interviewer who explains how diary
is to be filled out

--Fol I ow- up phone calls nmade to household at end of first and third weeks
of month to remind household to fill out diary and to answer questions

--Diary collected by interviewer at end of nonth who goes over nissing
inormation with household; interviewer |eaves February diary

Eebruary 1985

--Fol l ow-up phone calls made to household at end of first and third weeks
of month to rem nd household to fill out diary and to, answer questions

--Househol d mails in February diary at end of month
--March diary mailed to household at end of nonth

March 1985
--Fol | ow-up phone calls made to household at end of first and third weeks
of nonth; phone calls will probe missing information in February diary
--Household mails in March diary at end of nonth

April 1985

--Fol | ow-up phone calls made to household to obtain information nissing
from March diary

--Respondent incentive of $40 per household paid for conpletion of three
di aries



