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Chapter |
| NTRODUCTI ON

I n devel opi ng environmental regulations, EPA routinely
estimates the costs of alternative |levels of pollution control.
It is difficult, however, for decision nmakers to interpret
these marginal cost estinmates without information on the
benefits, either relative or absolute, of controlling different
types of emnissions fromvarious source categories. For
exanple, for every New Source Performance Standard that is
pronmul gat ed, EPA nust select froma nunber of control options,
each with a different cost to society. Information on the
econom ¢ benefits of each option could be useful in nmaking
t hese sel ections.

Al t hough detailed benefit analyses for each regul atory
decision are inpracticable, we have devel oped rough estimates
of the health and welfare benefits per controlled ton in
1984 of nitrogen oxides (NOyx) and volatile organic conpounds
(VOCs). These estimates could provide the starting point
for performng nore detail ed anal yses. For exanple,

this paper estimates the benefits per ton of NOx and VOC

controlled for both rural and netropolitan areas. Even nore
detail is possible if the location of relevant sources is
known.

These estinates are necessarily based on some crude

assunpti ons. W have initiated several projects that
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will allow us to relax sonme of these assunptions in the
future. As these new results beconme available, we wll
incorporate theminto revisions of this sunmary report. For
now, three caveats are particularly inportant: (1) the
analysis only partly reflects the specific geographical
distribution of any regulation in question, (2) it does not
refl ect how relative benefits may change over time, and (3)
sone of the health and wel fare benefits that nmay be generated
fromcontrolling VOCs and NOy are not quantifi ed.

Both VOCs and Noy affect the formation of ozone which,
in turn, damages vegetation, materials, and human heal t h.
Therefore, before discussing the direct effects of Noy and
VOCs, we first present the health and wel fare benefits of a
one percent reduction in ozone for rural and netropolitan
ar eas. Next, in Chapter 3 we exami ne the relationship between
VOCs, NOyx, and ozone, and convert the ozone benefits to the
desired form of benefits per ton of reduced VOCs and NOy.
Chapters 4 and 5 present estinmates of the direct effects
from VOCs and NOyx respectively. Finally, Chapter 6 sumarizes
our finding.

EPA's O fice of Research and Devel opnent is updating
the criteria docunment for ozone. Not hi ng in this paper
is intended to prejudge or supersede the outconme of that
process. In addition, several of the studies relied upon
are EPA contractor draft reports that may have not undergone

full peer review.



Chapter 2
THE BENEFI TS OF A ONE PERCENT REDUCTI ON | N CGZONE

In calculating the effects of a one percent change in ozone,
we relied primarily on dose-response estinates. That is, we
appl i ed di saggregated damage functions to estimate the inpact of
a given change in anbient levels. Cccasionally, to check the
validity of the benefit estimates, we interpolated from existing
aggregate damage estimates to project the inpacts of a single
pol lutant or of a given change in anbient |evels. Regar dl ess of
the approach, the benefit estimates are uncertain and should be
interpreted with caution. Unl ess noted otherw se, we assuned a
constant benefit per ton of pollution control over the rel evant
range.

The effects of ozone on human health, vegetation, materials,

and ecosystens were sunmmarized in the EPA Air Quality Criteria for

zone and O her Photochenmi cal Oxidants (U.S. EPA, 1978). I n addi -

tion, our estimates rely on the considerabl e anmount of research
that has becone avail able since that document was finished. As
part of EPA's periodic review of the ozone National Anmbient Ar
Quality Standard, the Ofice of Research and Devel opnent currently
is updating the Criteria Docunent. Nothing in this report is
intended to prejudge or supercede the outcome of that process.

In the sections that follow, we estimate the econom c benefits of
reduced ozone resulting frominprovenents in health, and reductions
in agricultural crop loss, nonagricultural vegetation, and materia

damage.
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2.1 HEALTH EFFECTS OF REDUCI NG OZONE

2.1.1 Ceneral Review

Studies of the effects of ozone on human health have investi-
gated the relationships between changes in ozone concentrations
and changes in lung function; decrenents in physical performance;
exacerbation of asthma; incidence of headaches; respiratory synp-
tons, such as coughing and chest disconfort; eye, nose, and throat
irritation; and changes in blood paranmeters (U S. EPA 1978;

Col dstein, 1982; Ferris, 1978).

Uncertainty remains about whether a threshold (i.e., no
observabl e effects) level exists for ozone and, if so, at what
| evel . For exanple, MDonnell et al. (1983) found a nonlinear
rel ati onship between health and ozone exposure that "flattened"
at ozone levels below 0.18 parts per mllion (ppm -- a leve
above the anbient concentrations in nost netropolitan areas. |If
such a threshold exists, the health benefits of reducing ozone
fromits current levels would be mninal. Popul ati on studi es by
Zagraniski et al. (1979) and Lebowitz et al. (1984), however
suggest effects may be occurring at anbient levels as |ow as 0.08
ppm Moreover, other studies do not support the existence of any
threshold for health effects (Portney and Millahy, 1983; Hassel bl ad
and Svendsgaard, 1975).

Hammer et al. (1974) found associ ations between increased oxi-
dants and respiratory synptons (such as cough and chest disconfort)
and other synptons (such as eye irritation and headache) in young,
heal thy adults. They obtained the synptomrates fromdaily diaries

and adjusted them by excluding days on which subjects reported



2-3

fevers. Maki no and M zoguchi (1975) found a correlation between
oxidant levels and eye irritation and sore throats in Japanese
school children. Li pprmann et al. (1983) and Lebowitz et al. (1982,
1983, 1984) found evidence of decreased athletic performance, in-
creased preval ence of acute synptons, and dysfunction of pul nonary
systens resulting from ozone exposure.

In addition to these studies of the general popul ation,
Whittenore and Korn (1980), Linn et al. (1981), Bates and Sizto
(1983), and others have shown that asthmatics and people wth
other chronic respiratory diseases may be particularly sensitive
to ozone. Even |l ow |l evel s of exposure to photochem cal oxidants
have been shown to provoke respiratory synptons in individuals
wi th predisposing factors, such as snoking or respiratory illness
(Zagraniski et al., 1979).

There is also evidence |inking reduced respiratory function
-- nmeasured as Forced Expiratory Volune (FEV) and Forced Venti -
lating Capacity (FVC) -- to ozone exposure. For exanpl e, MDonnel
et al. (1983) reported an association for normal subjects while
exer ci si ng. Fol i nsbee et al. (1984), Horvath et al. (1979), and
Adans and Schel egle (1983) found an associ ati on between decrenents

in FEV and ozone exposure.

2.1.2 Estimates of Health Effects

Unfortunately, it is difficult to use these studies to estimte
the potential health benefits from deductions in ozone, because
they did not estinmate dose-response functions. Mst were designed
to investigate potential thresholds, or sinply to determne if

any relationship existed between ozone and particular effects.
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In addition, studies using lung function changes as the health
endpoint fail to provide a neasure that can be valued in econom c
t er ns.

Recent work by Portney and Ml |l ahy (1983, 1985) at Resources
for the Future (RFF) is an exception. They considered the effect
of alternative |evels of ozone on various health nmeasures, conbining
i ndividual health data fromthe Health Interview Survey (HS) wth
data on pollution concentrations during the sanme period covered by
the survey. The people interviewed in the H'S provided information
on their health status during the two weeks preceding the survey.
As their health neasure, Portney and Mil |l ahy focused on the nunber
of days of restricted activity due to a respiratory condition
( RADRESP) . The RADRESP neasure included days when the synptons
were relatively mnor, as well as those when they were serious
enough to confine individuals to bed or to make them m ss worKk.

Portney and Mull ahy regressed RADRESP on a dozen or nore inde-
pendent variables, including socioecononm c and denographic factors,
chronic health status, urban variables, and ozone and other poll u-
tants. As their ozone neasure, they used the daily maxi mum one-
hour concentration (neasured in parts per mllion) averaged over
t he two-week period covered for the individual. They considered
several different specifications and functional forns. In their
ordinary |least squares (COLS) regressions, they tried various
fornms of the ozone nmeasure, including the square and the square

root as well as the untransforned vari abl e.
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The first part of Table 2.1 summarizes the COLS results. In
all three specifications, the ozone coefficient was positive, but
not significant, at the 95 percent confidence |evel. For the
specification using the linear ozone term the coefficient on
ozone represents the average change in RADRESPs per person per
two weeks for a one ppm change in ozone. Thus, for exanple,
that coefficient predicts that reducing the average daily naxi mum
ozone concentration by 0.01 ppm for one year for a popul ation of
1 mllion adults woul d decrease the nunber of RADRESPs by 316, 800
(= 0.01 x 1.22 x 1,000,000 x 52/2).

I n subsequent analysis, Portney and Mil | ahy (1985) estinmated
the rel ationship using a Poisson nodel, which can be witten as:

E( RADRESP) = exp( XB)

where E(RADRESP) is the expected nunber of RADRESPs, and XB is the
sum of the product of the independent variables and their coeffic-
ients. The second part of Table 2.1 sunmmarizes the results of

t he Poi sson nodel . Because the nodel is nonlinear, the ozone
coefficient is slightly harder to use for extrapol ation. However ,
the nodel appears to fit the data better; RADRESPs have a Poi sson-
like distribution.

In separate nodels estinmating RADRESPs for children, Portney
and Mullahy (1983) did not find any consistently significant ef-
fects. As a |lower bound, therefore, we assumed no effect on
RADRESPs for children in the general popul ation. However, incom
plete data for children and the reliance on parents to report
child-related health effects may explain this result. A restric-
tion in activity probably was less likely to be reported for a

child.
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TABLE 2.1 Regression Results for Portney and Millahy Study

Ozone
zone Specification Coefficient t-statistic F-statistic
as
Li near 1.2185 1.13 2.743
Squar e root 0. 8076 1. 66 2. 867
Squar ed 0. 4667 0. 07 2.636
Poi sson 6. 8827 1.97 N. A

(log-likelihood ratio = -1395.4)
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Public health scientists continue to debate whether children
are as susceptible to ozone as adults. A der children, for
exanmpl e, may not be as susceptible because they typically have
| arge excess lung capacity. On the other hand, damages to the
lungs of a child may result in a chronic respiratory condition
i n adul t hood. Therefore, to place a plausible upper bound on
our estimates, we applied the adult coefficients to children as
wel | .

To estimate the change in RADRESPs due to a one percent change
in ozone, we sinulated the change using the data on individual ex-
posures and characteristics constructed by Portney and Mill ahy.
Their study matched the 1979 HS with air quality data, weather
stations, and other area-specific data. Using the estimated re-
gressions, we rolled back the exposure of each person in the data
base by one percent. Using data from the Census Bureau, we assuned
a population of 230 million in 1984, wth 70 percent of the total
above age 17 and 67 percent of the total living in netropolitan
ar eas.

The changes in total annual RADRESPs for adults predicted by

t he Poisson and linear nodels were quite simlar: 2.1 and 2.4
mllion, respectively. Because the Poi sson nodel provided a better
fit of the data, we used it as the basis for our estimates. For

our high and |low estimates of adult effects, we used plus or m nus

one standard deviation of the ozone coefficient. For children, our
| ow estimate was zero, and our high estimate was 0.90 mllion cases
(based on the adult coefficient). For our nedium or point estimate,

we used the mdpoint of those extremes, or 0.45 mllion cases.
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The ranges of estinmates for respiratory effects are displayed
in Table 2.2 separately for netropolitan and nonnetropolitan
ar eas. These results should be interpreted cautiously, because
cross-sectional studies of this type can be extrenely sensitive to
nodel specification, functional form onitted and confoundi ng
variables, and the anbient air nonitors used.

Portney and Mullahy (1985) also used a nultinomal |ogit
nodel to estimate the marginal inpact of ozone on the two types of
RADRESPs--the nore serious ones that result in a day of bed rest
or of lost work, and the |less serious ones that resulted in a nore
mnor restriction of normal activity. That analysis suggested
that a marginal change in ozone was three tinmes nore |likely to cause
a day of mnor restricted activity than a day of bed rest or |ost
wor K.

To provide an alternative estimate of respiratory conditions
and a separate estimate of nonrespiratory irritations, we used the
results of a statistical reanalysis of the Hanmer et al. (1974)
study discussed earlier. In an unpublished paper, Hassel bl ad and
Svendsgaard (1975) fit sinple logistic curves to estimte the
rel ati onshi p between ozone concentration (nmeasured as a daily
maxi mum hourly concentration) and eye irritation, headache,
coughing, and chest disconfort. The probability of a response at
an ozone level, X, neasured in parts per hundred mllion (pphn,
was given as:

p(X) =C+(1- Q/[1+exp (-A- BX]
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TABLE 2.2 Estimated Health Effects of a One percent Reduction
in Qzone
(mllions of days per year)

Low Hi gh Medi um
Esti mat e Esti mat e Esti mat e
Met ropol itan Areas
Respiratory Effects
Bed Rest/Wrk Loss
Adul ts 0.24 0. 67 0. 36
Chi I dren 0.00 0.15 0. 07
Subt ot al 0.24 0.82 0.43
M nor Restrictions
Adul ts 0.72 1.96 1.05
Chi l dren 0. 00 0. 45 0.23
Subt ot al 0.72 2.41 1.28
Nonrespiratory Effects
Headaches 0. 84 0. 84 0. 84
Eye Irritation 2.09 2.09 2.09
Subt ot al 2.93 2.93 2.93
NonMet r opol i tan Areas
Respiratory Effects
Bed Rest/Wrk Loss
Adul ts 0.12 0. 33 0. 17
Chi I dren 0.00 0.08 0.04
Subt ot al 0.12 0.41 0.21
M nor Restrictions
Adul ts 0.35 0.97 0.52
Chi I dren 0.00 0.22 0.11
Subt ot al 0.35 1.19 0. 63
Nonrespiratory Effects
Headaches 0.41 0.41 0.41
Eye Irritation 1.03 1.03 1.03

Subt ot al 1.44 1.44 1.44
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Table 2.3 displays the estimates of the paraneters for the four

out conme neasures. These coefficients nust be interpreted cautiously,
because Hassel bl ad and Svensgaard did not control for sonme possible
confounding variables, in particular tenperature and humdity. In

a later published paper, Hasselblad (1981) fit nultiple logistic
regression nodels to these sane data, but that paper does not report
the regression coefficients we needed to nake our estinates.

We used these estimted dose-response functions with the
i ndi vidual information in the Portney and Mil |l ahy data set to
sinmulate the effects of a one percent reduction in ozone. These
results are presented in Table 2.4 for netropolitan and nonnetro-
politan areas. A range is not provided for this health effect
because standard errors were not presented by Hassel bl ad and
Svensgaar d. For cough and chest disconfort, the Hassel bl ad and
Svensgaard coefficients yielded a total of 1.54 mllion adult
cases per year for a one percent reduction in ozone, conpared to
the estimate of 2.10 mllion based on the Portney and Mil | ahy
Poi sson nodel .

These estimates are remarkably consistent, as the RADRESP
measure used by Portney and Millahy included other synptons besides
cough and chest disconfort. In addition, the Hammer et al. sanple
used by Hassel bl ad and Svensgaard consisted of student nurses, who
were young and generally healthy, while the Portney and Ml | ahy
sanple was nore representative of the general population. For
t hose reasons, our estimates for respiratory conditions rely solely

on Portney and Mullahy's results.
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TABLE 2.3 Regression Coefficients from Hassel bl ad and
Svensgaard Study

Ef fects A B C

Respiratory
Cough -2.98 0. 0092 0. 0450
Chest disconfort -3.53 0.0023 0. 0166

Nonr espi ratory
Eye irritation -4.96 0. 0907 0. 0407
Headache -4.88 0.0470 0. 0976
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TABLE 2.4 Changes in Days Wth Headache, Eye Irritation, Cough
or Chest Disconfort for a One Percent Reduction in

Ozone, in all Ages
(in mllions of days)

Met ropol i tan Nonnet r opol i t an

Ef fects Ar eas Ar eas
Respiratory

Cough . 898 . 443

Chest D sconfort . 137 . 067
Nonrespiratory

Headache . 838 413

Eye Irritation 2. 092 1. 030

TOTAL 3. 965 1. 953
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The results of Hassel blad and Svensgaard al so can be used to
estimate the nunmber of nonrespiratory conditions, such as eye
irritation and headache, possibly related to exposure to ozone
and ot her photocheni cal oxidants. There is evidence suggesting
that these synptons are not related to ozone per se, but rather
to ot her oxidants, such as peroxyacetyl nitrate (PAN), whose pro-
duction may be proportional to that of ozone.

To account for this possibility, we used the estinmates based
on Hassel bl ad and Svensgaard as point estinmates for nonrespiratory
irritations (headache and eye irritation). Unfortunately, these
researchers did not report the standard errors, so a confidence
interval could not be determ ned.

These estinmates reflect the likely acute effects generated
by intense, short-term exposure to ozone. Long-term exposure to
ozone also nmay affect the health of some people, but the epidem o-
| ogi cal evidence on chronic ozone effects is sparse. One of the
avai l able studies, Detels et al. (1979), conpared the effects of
prol onged exposure to different |evels of photochem cal oxidants
on the pulnonary functions of both healthy individuals and
i ndividuals with chronic obstructive pul nonary di sease. Per sons
exposed to an annual nean of 0.11 ppm of oxidant, conpared to a

control group exposed to 0.03 ppm of oxidant, showed statistically
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significantly increased chest illness, inpairnents of respiratory
functions, and |ower pulnonary function.*

Wil e the epidem ol ogi cal evidence of the effects of |long-term
exposure to ozone is sparse, several aninmal experinents have denon-
strated effects on lung elasticity, blood chemstry, the central
nervous system the body's ability to defend against infection, and
the rate at which drugs are netabolized (U S. EPA 1983a). Unf or -
tunately, it is not possible to extrapolate those results to humans.
Therefore, we could not quantify the chronic health effects attri-
but abl e to ozone, but we believe that sone of these effects may be
present at current anbient |evels.

Table 2.5 summarizes our estimates of the economc benefits
from health effects of a one percent reduction in ozone. The
estimates of respiratory effects are based on the Portney and
Mul | ahy results, while the nonrespiratory effects are derived
from Hassel bl ad's and Svensgaard's anal ysi s.

The ozone-related health effects have three subcategories:
days of bed rest or lost work due to respiratory synptons, days
of more mnor restrictions due to respiratory synptons, and cases
of mnor nonrespiratory irritations (headache and eye irritation).

W val ued each of these three subcategories separately.

* At workshops related to the devel opnment of the Criteria Docunent
for ozone, sone shortcomings in this analysis were noted. For
exanpl e, the study group was al so exposed to higher |evels of
NO, and SO4, and there were sonme questions about the adequacy of
t he nmeasurenent of ozone exposure, about the subject selection,
and about the test neasures. Al though it is both reasonable and
likely that |ong-term exposures affect health, the failure to
correct for the effects of other pollutants raises uncertainties
about the specific findings.
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For the nore serious category of respiratory conditions
(days of bed rest or lost work), we used the average daily wage
($80) as a lower bound. This is the value of the lost output to
society for an enpl oyed individual. Sone of these days may
i ncl ude the exacerbation of a preexisting respiratory condition,
such as asthma or bronchitis. Since these days may invol ve
addi ti onal nedi cal expenses, we used an upper bound of $120,
giving a nean value of $100. The range of benefits for this
category is derived by nultiplying the |low value of illness by
the low estimate of effects. Simlarly for the high estimate,
the high value of illness is multiplied by the high estimte of
effects.

To value a day of nore mnor restrictions in activity due
to respiratory conditions, we relied upon Loehnan et al. (1979),
whose survey results suggested a willingness to pay of $2.31 to
prevent a day of mnor coughing, $4.90 to prevent mnor shortness
of breath, and $8.17 to prevent minor head congestion. W con-
verted these estimates from 1978 dollars to 1983 dollars to
yield values of $3.50 to $12.50 for avoiding a mnor restricted
day, with a point estinmate of $8.00.

W were unable to find estimates in the literature for the
val ue of avoi ding headaches or eye irritation. These conditions,
however, seened |ess serious than the respiratory effects, so we
used a value of $3 per case, just below the |ower end of the

range fromthe Loehman et al. study.
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TABLE 2.5 Value of RADRESPs Due to a One Percent Reduction
in Czone
(mllions of 1983 doll ars)

Low Hi gh Medi um
Esti mat e Esti nate Esti mate
Metropolitan Areas
Respiratory Effects
Bed Rest/Wrk Loss
Adul ts 19.3 80.4 35.5
Chi I dren 0.0 18.5 7.4
Subt ot al 19.3 98.9 42.9
M nor Restrictions
Adul t s 2.5 24.5 8.4
Chi l dren 0.0 5.6 1.8
Subt ot al 2.5 30.1 10.2
Nonrespiratory Effects 8.8 8.8 8.8
TOTAL 30.6 137.8 61.9
Nonnetropol itan Areas
Respiratory Effects
Bed Rest/Wrk Loss
Adul ts 9.5 39.6 17.5
Chi I dren 0.0 9.1 3.6
Subt ot al 9.5 48.7 21.1
M nor Restrictions
Adul t s 1.2 12.1 4.1
Chi I dren 0.0 2.8 9
Subt ot al 1.2 149 5.0
Nonrespiratory Effects 4.3 4.3 4.3

TOTAL 15.1 67.9 30.5
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The results suggest that a one percent reduction in ozone
generates total health benefits in netropolitan areas ranging
from$31 to $138 million, with a mdpoint of $62 nillion. In
nonnetropolitan areas the health benefits range from $15 mllion

to $68 nmillion with a midpoint of $31 mllion.

2.2 AGRI CULTURAL EFFECTS OF OZONE

Qzone, alone or in conmbination with sul fur dioxide and nitro-
gen dioxide, is responsible for nost of the U S. crop danage attri-
buted to air pollution (Heck et al., 1983). (zone affects the
foliage of plants by biochem cal and cellular alteration, thus
i nhi biting photosynthesis and reducing plant growth, yield, and
quality.

Early studies of ozone-rel ated damages used generalized rel a-
ti onshi ps between ozone concentrations, yield, and econom c | oss.
Insufficient information precluded the construction of an econom c
nodel with credible dose-yield data. Thus, for exanple, Freeman
(1982), in a general survey of the literature, could only conclude
that the total agricultural danages from ozone were $1 - $4
billion in 1978 doll ars.

Recent work by the National Crop Loss Assessnent Network
(NCLAN) suggests that prior studies have underestimated ozone-
rel at ed damages. NCLAN S estimated dose-yield functions for soy-
beans, wheat, corn, peanuts, cotton, barley, and sorghum have pro-
vided nore accurate information on ozone's effects on crops. Kopp

(1983, 1984) and Adans et al. (1984) incorporated these functions
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into nodel s of agricultural production and demand to estimate
the benefits of ozone reduction strategies.

Kopp constructed a detail ed mcroeconom ¢ nodel of farm
behavi or for over 200 producing regions in the United States.

The NCLAN dose-yield functions are directly incorporated in
Kopp's nodel of the supply side of each crop for each region
Because estimates of the demand and supply elasticities for
these crops are used in the analysis, it gives a good indication
of the actual change in econom c welfare.

Kopp' s sinul ations suggest that a one percent reduction in
ozone woul d produce total benefits of roughly $110 mllion (1983
dol l ars) per year for the seven nmajor crops covered by NCLAN, as
shown in Table 2.6. These seven crops accounted for only about
80 percent of the total value of U S. crop production (USDA,
1982). If we increase Kopp's estinate by assumi ng that ozone
danmages to all other crops occur in the same proportion as their
relative value, we conclude that the benefits of a one percent
change in ozone are roughly $137 mllion annually.

Adans et al. (1984) used a different approach. By incorpora-
ting the NCLAN dose-yield functions into an existing quadratic
progranmm ng nodel, they cal cul ated ozone benefits for six of the
seven crops covered by Kopp (they did not include peanuts). They
estimated that a 10 percent reduction in rural ozone would result
in annual benefits of roughly $674 mllion (1983 dollars). Assum
ing linearity and increasing the estimte to account for omtted

crops, we estimated $90 million in benefits for a one percent change
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TABLE 2.6 Annual Agricultural Benefits of a One Percent Qzone
Reduct i on

(mllions of 1983 dollars)

Crop _Estimate
Soybeans 50.8
Corn 7.6
Wheat 21.1
Cotton 20.4
Peanut s 5.0
Sor ghum 4.6
Bar | ey _ 0.2

Total assessed 109. 8
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in ozone | evels. Unfortunately, Adans et al. did not calculate
the benefits on a crop-by-crop basis, so it is not possible to
make a detail ed conparison with Kopp's estinmates. Finally, both
t he Kopp and Adans et al. studies have an inportant shortcom ng.
Nei t her study reflects the crop-subsidy prograns at the state or
federal |evels. Because production is subsidized, the social
value of the crop may be less than the existing price. G ven
some of the large subsidy prograns for the crops discussed above,
we expect that the true agricultural benefit estimtes would be
significantly less than the estimtes presented here. However ,
at present, studies estimating the effects of current subsidy
prograns do not exist. Therefore, we were not able to correct
the estimates of Kopp or Adans et al.

For our best estimates, we used Kopp (1983, 1984) and Adans
et al. (1984), because they used the superior NCLAN data and
based their estimtes on econom c neasures of welfare |oss. The
two estimates are fairly close. W concluded that a one percent
reduction in rural ozone would produce $90 to $140 nmillion in
annual agricultural benefits per year, wth a point estinmate of
$114 mllion. W qualify these nunbers by noting that the esti-
mates do not reflect unreported small "truck farmi sales or any
averting activities that farmers may undertake, such as planting
pol [ utant-resi stant crops; however, we believe that these cate-
gories are likely to be small. On the other hand, the welfare

measures do not reflect either the effects of crop-subsidy pro-
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grans at the state and federal l|levels, or the effects of drought,
both of which are likely to reduce the marginal welfare inpacts
of ozone. The effects of subsidies are likely to be particularly

significant.

2.3 EFFECTS ON NONAGRI CULTURAL VEGETATI ON

Forests and ornanental plants also may suffer substantia
danmages from exposure to ozone. The prelimnary draft of the
Qzone Criteria Docunent discusses the issue:

The influence of 03 on patterns of succession and

conpetition and on individual tree health is causing

significant forest change in portions of the tenperate

zone. . .. Long-term continual stress tends to decrease

the total foliar cover of vegetation, decrease species

richness and increase the concentrations of species

dom nance by favoring oxidant-tol erant species. These

changes are occurring in forest regions wth ozone

| evel s (1-hour maximun) ranging from 0.05 ppm (111

ug/m3) to 0.40 ppm (785 ug/m3). (U.S. EPA 1983)

Addi ti onal evidence of significant damages from ozone associ ated
wi th nonagricultural vegetation is provided by MlLaughlin et al.
(1984).

Unfortunately, no careful quantitative studies of the type
done by NCLAN have been perfornmed for nonagricultural vegetation
Heintz et al. (1976) have estimated | osses to ornanental plants of
$100 mllion per year in 1973 dollars. Inflating to 1983 dollars
using the Farm Products |Index, and assumng linearity, yields esti-
mat ed annual benefits of $1.4 million for the reduction in damages
to ornanentals from a one percent reduction in ozone. VW assune
that the damages occur in proportion to netropolitan versus nonnetro-

politan popul ati on.
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Danmage to forests is potentially a much |arger concern in
ternms of reduced production and decreased recreational and aethes-
tic val ues. In a very small contingent value study, OCrocker
and Vaux (1983) found that the shift of an acre of the current mx
of severely, noderately, and unharned tinberland in the San
Bernardi no National Forest into the unharnmed category woul d generate
addi ti onal annual recreational benefits of between $21 and $68 per
acre per year. These findings are difficult to generalize for the
rest of the nation because anbient ozone |evels are unusually high
in the San Bernardino area (and the authors provide no dose-response
function for extrapolating to areas with |ower concentrations),
and because other site attributes and visitors' socioeconomc
characteristics have very large and significant effects on users'
w llingness to pay to reduce danages to forests.

W also |lack data on the inpact of ozone on comercial forests.
Most commercial forests, however, are located in areas with |ow
ozone concentrations, so damages nmay be snall. Mor eover, in areas
with relatively high concentrations, damages can be reduced by

planting trees that are resistant to ozone.

2.4 EFFECTS ON NATERI AL DANVAGE

Current research indicates that ozone may directly damage many
types of nonbiol ogical materials, including elastoners, paint,
and textile fibers and dyes (U.S. EPA, 1978). The danmges to
el astoners are well docunented. Ozone exposure can increase
the rigidity of rubber and synthetic polyners, causing brittleness,

cracking, and reduced elasticity. The evidence and reliability of
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the danage estinmates relating to textile fibers and dyes, and to
paint are either poorly characterized or |ess well docunented.

Qzone exposure also can generate other effects, such as
avoi dance costs (purchase of specially resistant materials)
and aesthetic |osses. Only the direct costs are incorporated in
this analysis, however. Unfortunately, sonme of these costs are
based on studies that nay be over ten years ol d.

In his survey of the literature, Freeman (1982) suggested that
annual naterial danages from oxidants and NOyx anopunt to approxi -
mately $1.10 billion (1978 dollars). W updated that estimte using
the U S. governnent price indices for rubber and textile products
and the index of personal consunption expenditures for durable
goods; this yielded an estimate of $2.25 billion for 1983. Assum
ing linearity, we found that a one percent ozone reduction gene-
rates a benefit of roughly $22.50 mllion annually.

W obtained an alternative estimate of the benefits of reduced
mat eri al damage by using dose-response information incorporated in
the 1978 Criteria Docunment for ozone. The text contains per capita
econom ¢ damage functions for elastoners, textiles, industrial
mai nt enance, and vinyl paint. W used a popul ati on-wei ghted nean
val ue of ozone of 0.03 ppm (60 ug/m3) fromthe draft of the new
Criteria Docunent (U.S. EPA, 1984), a population estimte of 230
mllion, and the indices cited above.

This nethod yi el ded annual benefits of $15 mllion (in 1983

dollars) for a one percent reduction in ozone. O this total
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approximately 40 percent results from danages to el astoners.
Averaging these two estinmates (with slightly nore weight given
to the lower estimate, which does not include any NOy-related
damages) yields a point estinmate of $18.0 mllion annually,

with a range of $15.0 to $22.5 mllion. W assune that these
damages are proportional to the population in metropolitan versus

nonmet ropol i tan areas.

2.5 Summary of Benefits of a One Percent Change in QOzone

Table 2.7 summarizes our estimates of the effects of a one
percent reduction in ozone. For netropolitan areas the estimted
heal th benefits include roughly $43.0 mllion from decreases in
respiratory effects resulting in bed rest or work | oss, $10.2
mllion from reduced respiratory synptons resulting in some mnor
restriction in activity, and $8.8 million resulting froma | ower
rate of non-respiratory irritations (headaches and eye irritation)
(1983 doll ars). On the nonhealth side of the |edger, materials
damage is $12 mllion, while ornanental plants contribute $1.0
mllion. The total ranges from $42 mllion to $154 nillion with
a point estimate of $75 mllion.

For nonnetropolitan areas, the benefits fromreduced health
effects are roughly $30 mllion. Regarding wel fare effects,
increases in agricultural crop production domnate, wth a total
of $114 million, with reduced material damages adding $6 mllion
in benefits. The total ranges from $111 mllion to $216 nmllion

with a point estimate of $150 mlli on.
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TABLE 2.7 Summary of Estimated Benefits of a One Percent

Reduction in Ozone

(mllions of 1983 dollars)

Type of Area

Metropolitan Areas

Heal t h
Respiratory Synptons
Bed rest/Wrk | oss

M nor restrictions

Nonrespiratory Synptons
Wl fare

Agricul tural crops

O nanental plants

Mat eri al damage

Nonnet ropol i tan Areas

Heal t h
Respiratory Synptons
Bed rest/Wrk | oss
M nor restrictions
Nonrespiratory Synptons
Wl fare
Agricul tural crops
Ornanental plants

Mat eri al damage

TOTAL

TOTAL

Low Hi gh Medi um
Estimate Estinmate Estimate
19.3 98.9 42.9
2.5 30.1 10.2
8.8 8.8 8.8
0 0 0
0.9 0.9 0.9
10.0 15.1 12.0
41.5 153.8 74. 8
9.5 48. 7 21.1
1.2 14. 9 4.7
4.3 4.3 4.3
90.0 140.0 114.0
0.5 0.5 0.5
5.0 7.4 6.0
110.6 216. 3 150.5
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In all cases, the estimates are subject to considerable
uncertainty; the "high" and "low' estinmates provide only a partial
i ndication of that uncertainty, as they reflect only the ranges
in available estimates or statistical uncertainty in the paraneter
estimates from particular studies. A nore conplete accounting for
uncertainty -- which would include different functional forns for
t he doseresponse functions, omtted categories, etc. -- would

yield substantially broader ranges.
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CHAPTER 3

LI NKI NG Nnuoy AND VOCs TO CGZONE

The anpbunt of VOC and NOy emissions in the atnosphere
directly affects ozone formaton. This chapter first |ooks at
this relationship, and it then quantifies how changes in VOCs
and NOyx will change urban and rural ozone levels. Finally
we cal cul ate the ozone-rel ated benefits that will result for
every ton of VOC and NOy that is controlled.

Bef ore begi nning, we present a prelimnary discussion of
the ozone formation process to pernmt a deeper understanding

of the control problem

3.1 THE OZONE-VOC-NOy RELATI ONSHI P

The general process by which ozone (03) is formed is
illustrated by the No,-NO-03 cycle. These reaction equations

can be witten as:

Eag NOy + sunlight —-=-=--- ————— > NO + O

b) O + 0 =====mm——memmmmm e >0

(C) 03 + NO ====m=————m——m—m e > NOy + 0y

Qzone is not emtted in any neasurable quantity. In fact

reactions (a) and (b) represent its only significant source.
However, these reactions are fully reversed by reaction (c).
Since NO conprises roughly 90 percent of man-made NOx em ssions,
reaction (c) suggests that additional NOyx em ssions would reduce
ozone concentrations by scavenging the ozone for one of the

oxygen atons, thereby producing 0, and NO,. Therefore, increases
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in NOy cannot lead to increases in ozone, unless sone other
speci es oxidizes NO to NO, W thout scavenging ozone for the
necessary oxygen atom This additional reaction is:

(d) Oganic radicals + NO ------- > NO, + miscel | aneous
(from VQCs) product s

Wth (a), (b), and (d), NOy is recycled, allowing for the
generation of excess 03. That is, VOCs permt ozone formation
by bypassing the ozone-destructive step of NO + 03 ------ > NOy
+ 0. In short, with a plentiful supply of VOCs, Noyx will not
have to scavenge ozone to form NO,. Instead, NOyx conmbines with
the VOCs to form additional NOj, which in turn leads to nore
ozone. Therefore, 1in areas wth excess VOCs, NOy control wl|
reduce ozone, but controlling VOCs will be relatively ineffective.

However, when there are not enough VOCs to react with avail abl e

NOyx, NOy will scavenge ozone to formNo,. In this situation,
NOx control will result in |ess ozone scavenging (and nore ozone).
VOC control on the other hand, wll be very effective in reducing

ozone in such cases because the greater the reduction in VCCs,
the nore NOy is forced to scavenge ozone.

At nospheric scientists have shown that the vOC/NOy ratio
in metropolitan areas is small enough that controlling NOg in
nmetropolitan areas typically leads to increases in nmetropolitan
ozone while a reduction in VOCs reduces ozone. In rural areas,
VOC/NOy ratios tend to be large. Therefore, if the ozone in
such areas results primarily from |l ocal em ssions, controlling
| ocal NOyx emissions nmay be a relatively effective way of

reduci ng ozone.
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EPA has required VOC control to reach the ozone standard.
Thi s di scussion suggests that as the voC/NOy, ratio becones
smaller, VOC control will be nore and nore effective. Thus,
decreasing NOy is likely to |lower the effectiveness of the VOC
control programin reducing ozone.

Sone enpirical studies conclude that NOy reduction is
al ready counterproductive in controlling ozone. {dasson (1981)
and Innes (1981) used snog chanber tests to sinulate NOx-03
rel ati onshi ps. d asson concluded: "The results of the experi-
mental simulation suggest that hydrocarbon reductions reduce 03
in urban as well as downw nd areas, while NOy reduction increases
O3 in the urban area and has little effect on 03 in downw nd
areas" (p. 1169). I nnes produced simlar results.

Rel evant nodeling results were generated by the Ofice of
Air Quality Planning and Standards, Systens Applications, Inc.
(1984), (1985), and others. In the St. Louis Ozone Modeling
Project (U S. EPA, 1983), sinmultaneous changes in hydrocarbons
and NOy were nodeled by a state-of-the-art photochem cal grid
nodel . In every simulation, NOy reductions were counterproductive
in reducing ozone, while increases in NOy increased the effec-
ti veness of hydrocarbon control. "The results of these sensi-
tivity tests suggest that controls on oxides of nitrogen em ssions
are counterproductive with regard to reduci ng ozone and t hat
all owi ng oxides of nitrogen to increase will enhance the benefits

achi eved by |owering hydrocarbon em ssions" (pp. 73-74).
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OQAQPS has al so devel oped three sets of regional Enpirica
Ki netic Modeling Approach (EKMA) isopleths for use in the ozone
NAAQS revi ew. These nodels indicate that at all ratios typica
of urban centers, controlling NOy will be counterproductive to
controlling ozone in urban areas.

Layl and and Col e (1983) have used state-of-the-art nodeling
for St. Louis, Tulsa, Los Angeles, and Denver. They al so concl ude
t hat hi gher Noy emi ssions will decrease urban ozone. However
t hey specul ate that NOyx may increase rural ozone because of the
relatively high voCc/NOy ratios in those areas. In addition to the
informati on on NOy, they present ozone response curves show ng the
percentage reduction in ozone for various percentage reductions in

VCCs.

3.2 QUANTI FYI NG THE EFFECTS OF VOCs AND NOy ON GZONE

From t hese nodels, we generated estinates of the "average"
i npact of changes in VOCs and NOy on urban and rural peak ozone
concentrations (which would be relevant for health effects and
materi al s damage) and on rural average ozone concentrations (which
is nore relevant for agricultural effects). (Recently, the
Nati onal Crop Loss Assessnent Network has concluded that the daily
maxi mum 7 to 12 hour average is the nost rel evant ozone neasure
for agricultural damages.)

Gven this prelimnary background, we now present the
followng quantitative estimates:

1. How netropolitan VOCs affect peak netropolitan
ozone, peak rural ozone and average rural ozone,
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2.  How rural VOCs affect peak and average rural ozone,

3. How metropolitan NOy emi ssions affect peak netro-
politan ozone, peak rural ozone, and average rural
ozone,

4.  How rural NOyx em ssions affect peak and average rura
ozone.

3.2.1 Metropolitan VOCs

The ozone-SIP data base presents estimates of how urban VOCs
af fect peak urban ozone for every city in nonattainnent of the
ozone standard. Analyses of these data by the Ofice of Air
Quality, Planning, and Standards (U S. EPA, 1984b) suggests that,
on average, a one percent reduction in hydrocarbon em ssions wll
reduce netropolitan ozone by 0.6 percent. Since this estimate is
based on a nunber of EKMA urban simulations throughout the United
States, it represents the best estimate of the percent reduction
in urban ozone from a one percent reduction in VCCs.

Esti mates of how urban VOCs affect rural average and peak
ozone |levels are presented in SAl (1984). SAl simul ated regional
air guality under four basic scenarios: W nter and sunmmer,
norni ngs and afternoons. The two sumer scenarios (relevant for
estimating agricultural benefits) indicate that average ozone
decreases by .13 percent for every 1 percent reducton in urban
VOCs during the agricultural growi ng season. Peak rural ozone
decreased by nmuch less: roughly .05 percent for every one percent

reduction in urban VCCs.
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3.2.2 RURAL VQOCs

Previous drafts of this report used the three sets of
regi onal EKMA isopl eths devel oped by OAQPS to estimate how rura
VOCs affect ozone. By noting data points at vOC/NOx ratios typi-
cal of rural areas we estimated that, on average, a one percent
reduction in rural VOCs reduces peak rural ozone by .36 percent.
However, reviewers of these previous drafts have since denonstra-
ted that EKMA nodels are not suitable for estimating changes in
rural ozone. Rural ozone is influenced by many factors that EKVA
nodel s do not capture. Therefore, we initiated a study of how
rural em ssion changes affect rural ozone (SAlI, 1985). SAl's
regi onal oxidant nodel sinulated changes in rural VOCs for | ow
and high em ssion densities, winter and sunmer, nornings and
af t er noons. Changes in peak and maxi num seven hour ozone were
esti mat ed. The results suggest that a one percent change in
rural VOCs on average will change rural peak ozone by 0.1 percent
and average ozone by 0.07 percent. The range of the simnulation

results as well as the point estimates are presented in Table 3.1.

3.2.3 URBAN NOy

To estimate the effects of NOy reductions on urban and rural
ozone, we used SAl (1984) and the EKMA isopl eths devel oped by
QAQPS. SAl estimates that urban ozone will increase by 0.27 per-

cent when NOx emi ssions are reduced by 1 percent.
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An alternative estimate is available by taking an average of
data points fromthe isopleths devel oped by QAQPS. Wil e indivi-
dual observations may vary, we calculate that, on average, a one
percent reduction in netropolitan NOy will increase ozone by 0.1
per cent. For our point estimate, we use the estimate fromthe
EKVA isopleths of 0.1 percent.

SAl also estimated how rural ozone is affected by changes in
NOx em ssi ons. A 1 percent reduction in urban NOx woul d increase
average rural ozone by 0.09 percent. Peak rural ozone woul d prob-

ably not change as much, since the urban plune is w dely dispersed

when it reaches the rural areas. For our estinmate we assune
that a 1 percent reduction in urban NOx wi |l reduce peak
rural ozone by 0.04 percent. The SAl anal ysis showed average

rural ozone increasing by a small anobunt in some situations,

however, on average, a small decrease occurs.

3.2.4 RURAL NOy

Again, this latest version of our report no longer nust rely
on using the EKVA isopleths to estimate how rural NOy em ssions
af fect peak and average rural ozone. I nstead, we use the sinula-
tion results of a regional oxidant nodel, a nore appropriate node
to estimate rural ozone changes. (See SAI, 1985.) The average
of these results indicate that a 1 percent reduction in rural NOy
will reduce peak rural ozone by 0.15 percent and average rura
ozone by .11 percent. These point estinmates, as well as the

range indicated by the sinulations, are presented in Table 3.1.
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3.2.5 SUMVARY OF RESULTS

On the basis of these studies, we sunmarize o0zone-VOC-NOy
relationships in Table 3.1. W qualify further the results with
three caveats:

1. Many of the results are based on averages of
various sinulation results.

2. Qur estimates best represent how ozone is

affected on average across the U S. They
shoul d not be use% for estimating ozone

changes for specific areas.

3. Athough we used the best predictive nodels
avail able, sinulating secondary air pollutant
changes is difficult. Over a hundred chem ca
reactions are involved. Therefore, we caution
against attributing too rmuch certainty with
t hese estimates.

Because of these qualifiers, we are reluctant to associate
any single point estimate wth a high degree of certainty. For
changes in VOCs we are nore confident. However, there is nore
uncertai nty about how rural ozone is affected by changes in NOy.
For these estimates we interpolated froma nunber of nodeling

results to arrive at our best estimate.

3.3 CALCULATI NG THE BENEFI TS PER TON OF VOC AND NOy CONTROL

Qur final step was to calculate the ozone-rel ated benefits
per ton of VOC and NOy controll ed. Because we have separate
estimates for rural and urban benefits from ozone reductions, we
were able to calculate separate benefit estinmates for rural

and netropolitan VOC and NOyg controls.
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TABLE 3.1

Esti mat ed Ozone Reductions from One Percent Reductions
in Rural and Metropolitan VOCs and NOy

Per cent Reduction

Percent Reduction Percent Reduction in Average
Pol | ut ant s in U ban Ozone in Peak Rural Ozone Rural Ozone
VOCs
One Percent Reduction . 60 .05 .13
in Uban VCCs
One Percent Reduction 0 .05 to .29 .04 to 134
in Rural VOCs (.01) (.07)
NOx
One Percent Reduction -.05 to -.32a -.1 to-.1b -.09
in Uban NOy (-.1) (.04)
One Percent Reduction 0 .05 to .242 .05 - .24
in Rural NOyk (.15) (.11)

al| Estimates varied by a fairly wde range. Poi nt estinates appear in parenthesis.

b| Sparse evidence does not permt estimation of a single point estimate with a
reasonabl e degree of certainty. In many areas (the Northeast Corridor) w nd
trajectories would probably transport netropolitan ozone to other urban centers
or over the ocean. In these cases, rural ozone would not change. I n other
areas, however, the increased ozone from urban NOx reductions would travel to
rural areas. But, lower rural No, | evels would reduce ozone. Therefore, the
overal | effect could be positive or negative. W assunme that a one percent
uniform reduction in nmetropolitan NOy reduces rural ozone by .04 percent.
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In 1979, roughly 21.9 mllion tons of VOCs and 21.3 mllion
tons of NOyx were enmitted. W use 1979 enissions because our two
| argest benefit categories (health effects and agricul tural
damages) are based on 1979 and 1978 air quality data. W allocate
total VOC emissons of 21.9 mllion tons per year and NOyx em ssions
of 21.3 mllion tons per year on the basis of regional urban/rural
emssion ratios estimated by Systens Applications and by the
Nati onal Research Council (1975). Their estinmates of the possible
range of netropolitan and rural em ssions are summarized in Table
3. 2. Not e that when urban em ssions are assunmed to be higher
than our point estimate, rural em ssions nust decrease (fromthe
point estimate) by a correspondi ng anount.

We can conbine our em ssion point estinmates, dispersion
nodel i ng, and ozone benefits to calculate benefit per ton esti-
mates for both rural and urban em ssion controls. These cal cul a-
tions involve several steps. For exanple, consider the tota
benefits associated wth a one percent reduction in urban VCCs.
Based on the coefficients in Table 3.1, that would reduce peak
urban ozone by 0.60 percent, peak rural ozone by .05 percent and
average rural ozone by .13 percent. Mul tiplying the nonagricul -
tural benefits associated with 1 percent changes in urban and
rural peak ozone respectively (from Table 2.8) by these coeffi-
cients yields benefits of 0.60 (74.9) + .05 (36.9) = $46.8
mllion. To calculate agricultural benefits for the sane one
percent reduction in urban VOCs, the change in average rura

ozone is relevant. Therefore, multiplying the agricultural



Met ropol i tan
Em ssi ons

Rur al

Em ssi ons

Tot al

3-11

TABLE 3.2

Estimates of VOC and NOy Emi ssions
Metropolitan and Rural Areas
(mllions of tons in 1979)

VQOCs NOy
Hi gh Low Poi nt Hi gh Low Poi nt
Ur ban Ur ban Estimate Ur ban Urban Estimate
19.3 14.5 16.9 17.0 15.3 16.0
2.6 7.4 5.0 4.3 6.0 5.3
21.9 21.9 21.9 21.3 21.3 21.3
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benefits of a one percent reduction in ozone by 0.13 percent, or
$114 X 0.13, yields $14.8 mllion. Adding the urban and rura
nonagricultural benefits to the agricultural benefits gives a

total of $46.8 + $14.8 = $61.6 nillion for a one percent reduction
in urban VQOCs. Using the Table 3.2 point estimate of 16.9 mllion
tons of urban VOC em ssions, we find the estimted benefit per ton
is $61.6 mllion/(0.169 mllion tons) = $364 per ton. Cal cul ati ons
for individual benefit categories and for other types of em ssions
proceed in a simlar fashion. These cal cul ations assune inplicitly
that the benefits per ton are constant over the rel evant ranges.

Qur benefit per ton estimates are summari zed in Tables 3. 3A- 3. 3B.
These estimates are cal cul ated based on our point estinates of
urban and rural em ssions in Table 3.2. In addition, only the
point estimates for the vOC-NOy-ozone rel ationships are used.

Weighting the nmetropolitan and rural estimates by their

relative em ssions yields averages of $325 per ton of VOC con-
trolled and $8 per ton of NOy controll ed.

Finally, we have a nunber of qualifications and observations

about our results in Tables 3.3A - 3.3B:

(1) We were surprised at the value of the agricultural
benefits. The nunber is large, expecially for VOC
control. Although work is ongoing, the best available
NCLAN dose yield estimates were incorporated into
two different econom c nodels, which produced simlar

results. W again note, however, that the welfare



Cat egory
Heal t h

Val ue of Reduced
Bed/ Work Loss Days
(Reduced cases per ton)

Val ue of Reduced

M nor Days

(Reduced cases per ton)

Val ue of Reduced non-
respiratroy cases
(Reduced cases per ton)

Agricul ture

Nonagri cul tural

Ornanental s

Material Danmage

Total Qzone-Rel ated
Benefits per Ton of

VQCs.

Veget ation
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TABLE 3.3A

Benefits per Ton of VOC Controlled in

Metropolitan and Non-netropolitan Areas

(1983 dol lars per ton)2

Met ropol i tan Non- net ropol i tan
Range Poi nt Estimate Range Point Estimate

71 - 365 159 6 29 12
(.89) - (3.) (1.6) (.07) - (.25) (.12)

9.3 - 111 38 1 9 3
(2.6) (8.9 (4.7) (.20 (1) (.4)

32 - 32 32 2.6 - 2.6 2.6
(10.8) (10.8) (10.8) (.9) (.9 (.9)

80 - 94 88 126 - 196 160

4 4 4 1- | |

43 - 49 45 10 - 15 12
241 - 656 365 145 - 251 190

a/ Totals may not agree due to rounding.
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Heal th
Val ue- of Reduced
Bed/ Work Loss Days
(Reduced Cases per ton)

Val ue of Reduced
M nor Days
(Reduced cases per ton)

Val ue of Reduced Non-

respiratory Cases
(Reduced cases per ton)

Agricul ture

Nonagri cul tural
O nanental s

Veget ation

Material Danmage

Total Qzone-Rel ated
Benefits per Ton of
NOy, Controlled
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TABLE 3.3B

Benefits per Ton of Noy Controlled in
Metropolitan and Nonmetropolitan Areas
(1983 dol I ars per ton)a

a/ Total s may not agree due

Met ropol i tan Nonret ropol i t an

Range Poi nt Estimate Range Poi nt Estimate
-58 to - 4 - 22 27 to 136 59
(-5 (-.9) (- .2 (.3) (1.1) (.59)
-18 to 1 -5 4 - 41 14
(-1.4) (-.15) (-.6) (1) (3.3) (1.8)
-4 -4 -4 12 12 12
(-1.5)  (-1.5) (-1.5) (4) (4) (4)
-79 to -51 - 64 187 - 290 237
-.5 to -.5 -.5 1.3 - 1.3 1.3
-8 to - 4 -6 14 - 21 17
-168 to -64 -102 244 - 502 340

to roundi ng
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estimates do not account for any of the subsidy
prograns for crops or the antagonistic reactions
to drought; accounting for these would reduce the
benefit estinate.

(2) Changes in our estimates of the distribution of
total em ssions between rural and netropolitan
areas do not change the average benefit per ton
estimates significantly. Table 3.4A-B presents
benefit per ton estimtes based on alternative
assunptions about relative rural/netropolitan
em ssi ons.

(3) These nunbers only represent average benefits.
Control of NOy or VOCs in a particular area may
produce | ower or higher benefits per ton. If the
| ocation of new sources could be forecasted, nore
specific benefit estimtes could be estinmated
using the framework devel oped here.

(4) Changes in our estimates of the NOy- or VOC Ozone
relationship (Table 3.1) affect our range of benefit
estimates. In particular, our benefit per ton of
VOCs ranges from $305 to $495 and the NOy benefit
per ton estimate ranges from $-135 to $127 when we
use our range of VOQC/NOyx-Ozone rel ationships

(presented in Table 3.1) to calculate benefits.
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Tabl e 3.4A

Benefits per ton of VOC

Controlled Under Alternative Assunption About
Rel ative Metropolitan/Rural Enissions

Wi ghted Average Benefit
Per ton of VOC

Total VOC Total Metropolitan Total Rural Benefit per ton Benefit Per ton
Eni ssi ons VOC Eni ssi on VOC Eni ssion of Metropolitan VOC of Rural VOC
21.9 19.3 2.6 $319 $347
21.9 16.9 5.0 $365 $190
21.9 14.5 7.4 $424 $136

$322
$325
$328
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Table 3.4B
Ozone - Benefits per ton of Noy
Controlled Under Alternative Assunption About
Rel ative Metropolitan/Rural Enissions

Benefit per ton Benefit Per ton
Total NOy Total Metropolitan Total Rural of Metropolitan NOoy of Rural NOy VWi ghted Average Benefit
Em ssi ons NO, Emi ssions NOy Enmissions Controlled Controlled Per _ton of No, Controlled
21.3 17.0 4.3 $- 96 $418 $7.8
21.3 16.0 5.3 $ -102 $340 $8.1

21.3 15.3 6.0 $ -106 $300 $8.4



CHAPTER 4
EVALUATI NG THE BENEFI TS OF VOC CONTROL
(OTHER THAN QZONE)

Some VOCs pose no apparent direct threat to health, while
others are relatively potent carcinogens, nutagens, or teratogens.
Some plants emtting VOCs are located in densely populated cities,
while others are far from population centers. Thus, the direct
benefits of VOC control will depend on the |ocation and potency
of the specific VCCs.

Since this analysis is generic and not applicable to any
particular NSPS, a precise estimate of the direct benefits of VOC
control is not possible. However, we do provide a rough idea of
the likely magnitude of the carcinogenic benefits, by presenting
results of previous anal yses of VOC control options. Some VCCs
may al so have teratogenic or other nutagenic benefits. Cal cul a-

tions for these other possible benefits are not presented.

4.1 VALU NG THE BENEFI TS OF REDUCED CANCER

Table 4.1 presents the estimated cancer cases avoi ded per
ton of VOC controlled for a nunber of control options on a variety
of source categories. These nunbers were derived using the EPA
Cancer Assessnent Goup's (CAGs) unit risk nunbers and data on
exposure per ton emtted. The CAG normally reports risk estimates

in the formof cancer risk per lifetinme exposure to one ug/m3.
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The incidence per ton is calculated by the follow ng fornula:

Cancer cases Lifetime risk 1 lifetime (ug/m3-person-year)
ton = ug/m3/person X 70 years X ton

In short, incidence per ton is estimated by nultiplying exposure

per ton by the risk per unit of exposure. If relevant, other

chronic health effects would be calculated in the sane nanner

For the VOCs listed in Table 4.1, cancer cases avoi ded per
ton controlled range froma high of 9.9x10-5 cases per ton to
a low of 1.6x10-6 cases per ton. However, nmany VOCs pose no
cancer risk. Therefore, the cancer cases avoided per-ton controlled
could be zero for many VCCs.

Moneti zing the range of reductions in cancer cases per ton
of controlled substance will allow us to add these estimates to
the ozone-rel ated benefits calculated in Chapter 2. However
val uing reductions in cancer risk is difficult and controversial.

Estimates in the literature of the value of saving a
"statistical life" range from $400,000 to $7.0 mllion per fatal-
ity avoided. However, wth carcinogens, there is likely to be a
substantial |ag between control expenditures and the receipt of
benefits. Perhaps nore inportant, cancer is primarily a disease
of the elderly, so that each death averted saves relatively few
years of life in conparison, say, to accident prevention
Mor eover, nmany cases of cancer are not fatal. For these reasons

we chose a value of $1.0 mllion per cancer case avoi ded.
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TABLE 4.1
I NCI DENCE DATA FOR CARCI NOGENI C SOURCES

Em ssi ons
Reduced I nci dence Benefits
Subst ance/ Sour ces (Mys) per My ($ per ton)a
Coke By- product 125, 000 1.6x10-5 16
Pl ants
Benzene Fugitive 5, 450 5.7x10-5 57
Benzene Storage 890 9.9x10"5 99
Et hyl Benzene 142 3.6x1073 36
Styrene
Mal ei ¢ Anhydri de 840 1.6x10-6 2
Li near Al kyl 246 8.5x10-5 85
Benzene
Ni t r obenzene 214 6.1x10-5 61
Chl or o- Benzene 104 1.7x10-53 17
Et hyl ene 280 1.0x10-5 10
Gas Marketing
Stage | 217, 000 5.1x10-6 5
Stage |1 94, 000- 8.3x10-5- 83
346, 000 4.1x10°5 41

al Assunes a value of $1 nillion per case avoi ded.

Sour ce: Pol | ut ant Assessnent Branch, Ofice of Ar Quality,
Pl anni ng and St andards.
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Using the value of $1.0 million per cancer case and the
range of cancer per ton estimates presented in Table 4.1, we
calculate a range of benefits per ton of (1.0 nmillion x 1.6-10-6
cases per ton = ) $1.60 to (1.0 nillion x 9.9-10~5 cases per
ton =) $99. However, these estimates are extremely uncertain,
and the the unit risk estimates are upper confidence |evels,
| eading to an overestimate of the benefits. Al so, the incidence
per ton associated with a particular NSPS will cover a huge
range, dependi ng upon plant |ocations, population densities, and
the specific VOCs involved. Therefore, we are only able to
present evidence suggesting a typical range for the direct benefits

of VOC control

4.3 Oher Indirect Benefits of VOC Contro

Through chem cal reactions in the atnosphere, VOCs may
affect the concentrations of sulfates and nitrates which in turn
lead to acidic deposition. However, a recent article in Science
(Seigneur et. al, 1984) suggests that even an enornous reduction
in VOCs of 50 percent would lead only to a 2 percent reduction
in sulfates and a 1 percent reduction in nitrates. Further, a
linear relationship is not indicated, so that smaller changes in
VOCs woul d not change sulfates or nitrates to any significant
degr ee.

4.4 Sunmary
Because the health effects of VOCs differ, we are not able to

calculate specific direct benefits per ton. However, even wth
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relatively potent carcinogens, we calculate a benefit per ton of
$99, roughly one fourth of the total direct + ozone-related benefits

per ton of VOCs.
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Chapter 5
DI RECT BENEFI TS OF nNOy CONTRCL

Al though estinates vary w dely, nitrogen oxides (NOy)
emtted fromfossil fuel conbustion and other human activities
account for roughly 70 to 90 percent of the total NOy em ssions
in the United States. The renmainder cones from aquatic and ter-
restrial sources, primarily dentrification of acidic soils and
wat er s. (See Annual Report-1983 of the National Acid Precipitation
Assessment Program)

NOy represents the conposite fornmula for NO (nitric oxide)
and NO2 (nitrogen dioxide). NO is the dom nant oxide rel eased
initially; however, atnospheric interactions convert NO to NOj.
After considering the results of snog chanber tests and nodeling
experinents, Trijonis (1978, 1979) concluded that naxi nrum and
average NO, concentrations tend to be proportional to initial
NOx concentrations. In urban areas, alnost all of the NOy in
t he at nbsphere cones from ant hropogeni ¢ sources. For rural
areas, however, a higher percentage of total NOy cones from
natural sources. As an average, we assune that a one percent
reduction in anthropogenic NOy results in a 0.9 percent
reduction in NOj.

The adverse effects associated with NOx include:

1. changes in ozone concentrations, which in turn

damage health, materials, and agricultural and
ot her vegetati on;

2. increases in NOy, which affect visibility,
materials, vegetation, and health; and
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3. increases in nitric acidic deposition, damaging
fisheries, forests, agriculture, and materials
(however, decreases in Noy also lead to increases
in sulfates, thereby offsetting benefits of reduced
nitric acidic deposition).
Al three groups of effects depend on the geographic
di stribution of sources of NOy -- for exanple, on population
densities, climatic conditions, and types of crops. Because of
limted information, however, we have not tailored our NOj
benefit estimates to reflect location as we did for VOCs and
ozone.
Follow ng are our estimates for the benefits of
controlling NOyx related to reduced NOp. Finally, we also

present some qualitative results about the corresponding acid

rain benefits fromreduced nitrates resulting from nNoy control .

5.1 I NCREASED VISIBILITY

NO, is a reddish-brown gas that reduces visibility by
absorbi ng and discoloring |ight. In contrast, particulate
matter scatters light to reduce visual range. Wile particulate
matter accounts for alnost all of the damage to visibility in
the East, for sone western regions NO, may play a significant
role in determning visual range.

To bound the value of inproved visibility per ton of NOyx
reduced, we used the results of Brookshire et al. (1976). Their
contingent valuation study showed that recreators were wlling
to pay $1.2 million per year (annualized) to avoid visibility
reductions that would result from a planned Kaiparowits power
pl ant in southern U ah. Simlar studies, by Randall et al.

(1974) and by Blank et al. (1977), produced conparable results
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for the value of visibility benefits in the Four Corners region.
However, these estimates apply only to this particular region,
known for its scenic vistas.

In the Kaiparowits study, climatic conditions, em ssion
controls, and other factors allowed the investigators to assune
that the major visibility-related inpact would be the coloration
of the sky by NO2. Gven the projected power plant em ssions
of 80,000 tons of NOx per year, the estimate of $1.2 mllion
of potential danage translates into an upper bound of $15 per
ton (1976 dollars) if danages are allocated entirely to NOy.

We stress that this figure is probably an upper bound,
even for sensitive regions. Al t hough the Kaiparowits area is
not densely popul ated, a large nunber of recreators use the
site. They typically place a high value on protecting clean
areas. Further, it is doubtful that NO2 has a noticeable inpact
on eastern visibility, where range is limted by buildings and
largely influenced by particulate matter (based on a conversation
with Shep Burton of Systens Applications, Inc.). To inflate the
$0 - $15 per ton range to 1983 dollars, we use the Consuner

Price Index to yield a range of approximately $0 - $26 per ton.

5.2 |_MPROVED HEALTH

This section summari zes the studies reported in Ar Quality

Criteria for Oxides of N trogen (1982), the QAQPS staff paper

on the NAAQS for nitrogen oxides, the Cean Air Science Advisory
Committee's (CASAC s cover letter, the NOyx Regul atory I npact

Anal ysis, and the published literature.
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To present these studies, we placed research investigating
the health effects of NO, into one of four classes:

1. Aninmal Toxicology Studies. Aninmals are exposed
to controlled levels of NOa. Researchers have the
option of using invasive techniques to investigate
the effects of NOj.

2. Controlled Human Exposure Studies. These are human
clinical studies in which humans are exposed to NOj
in enclosed chanbers. They are limted typically to
exam ning the effects of a single, short-term (acute)
exposure.

3. Qutdoor Epidem ol ogical Studies. Health indicators
of cross-sectional groups are statistically related
to real -world outdoor anbient concentrations. This
class of studies is generally nost appropriate to
assess the benefits of controlling outdoor air pol-
lution, since health effects are related directly
to the control variable of interest.

4, | ndoor Epi dem ol ogi cal Studies. Heal t h nmeasures of
cross-sectional groups are statistically related to
i ndi cators of indoor pollutant concentrations. For

exanpl e, the "gas stove" studies investigate the
effect of indoor air pollution on individuals Iiving
in hones with gas stoves (a significant source of
NOj), conpared with people living in homes wth
electric stoves.

5.2.1 Animal Toxicol ogy Studies

Most ani mal studies involving NOy enphasi ze peak exposure,
havi ng been conducted at high concentrations (2 ppmto 20 ppm,
roughly 40 to 400 tinmes the annual average anbi ent NO, standard
of 0.053 ppm

A mgjor limtation of these studies is that currently
there is no generally accepted nethod for extrapolating results
from ani mal studies to humans. However, the seriousness of
these effects, the biological simlarities between humans and

test animals, and the relative scarcity of studies show ng that
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these effects do not occur at exposures near anbient |evels
suggest that there is some risk to humans from exposure to NO,.
Ani mal studies are also of value because of the difficulty of
observing the cellular processes that |ead to changes in pul nonary
function w thout using invasive techniques. Aninmal experinents
represent the best available information on these processes at
this tine.

Ani mal studies have clearly indicated that mld and reversible
changes in pulnonary function can occur follow ng short-term
exposures to NO,. At |east one study (Port et al., 1977) found
that repeated peaks of 1 ppmfor two hrs/day with a 0.1 ppm
background for six nonths generated enphysema-like changes in
mce. Qher studies have indicated that NOoy inpairs the respiratory
def ense nechanism As such, they support human studies sug-
gesting that NO, may be a factor in increased preval ence of
respiratory illness anong young children living in homes wth
gas stoves. Another study (lgbal, 1980) found that nitrosam nes
formed in the lung, while others (Thomas et al., 1967) have
denonstrated cellular changes as a result of NOj exposures.

G ven the uncertainties inherent in these studies, CASAC
concl uded that aninmal studies should only be used as supporting
evidence, and then only if the data base for a particular
effect is adequate. Ot herwi se, the study should play no role
in standard setting.

Based on the summaries provided by ORD, QAQPS, and CASAC
ani mal studies can lend support to sonme of the human-subject

studi es discussed bel ow. However, because of the relatively high
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exposures and the need to extrapolate to humans, these studies
are of little help in quantifying health effects at the present

tine.

5.2.2 Controlled Hunman Experinents

The majority of these studies have exam ned the effects
of N2 on healthy adults by exposing themto single, short-term
concentrations in enclosed chanbers. A very limted nunber of
clinical studies have also examned potentially sensitive popu-
| ations (asthmatics and chronic bronchitics), although others
(children) have yet to be tested. Table 5.1 sunmarizes the group
of studies reported in the QAQPS staff paper

In general, these studies indicate that healthy adults
are not affected by concentrations of 1 ppmor |ess. (Kerr et
al ., 1979; Hackney et al., 1978; Folinsbee et al., 1978; Van
Nieding et al., 1973; Posin et al., 1978). Hackney et al.,
(1978) did report that 5 of 16 healthy adults reported an in-
crease in synptomatic effects (cough, chest tightness, and
nasal discharge) after exposure to 1 ppmfor 2 hours. However,
the difference was not significant over the control group's
synptom scores. In a later analysis, Hackney found that neither
the normal healthy popul ation nor the asthmatics showed statis-
tically significant increases in specific airway resistance
(Shaw) attributable to NOy exposure, even after heavy exercise
at concentrations of 4 ppm "Synptons, diastolic blood pressure
heart rate, skin conductance, and the anxiety inventory showed
no mneani ngful changes attributed to NO; exposure" (Hackney

1984, p. 3).



COWPI LATION OF EFFECTS REPORTED | N SELECTED HUMAN STUDIES EXAM NING NI TROGEN DI OXI DE EXPSOURES

TABLE 5.1

NOp
Concentration Exposure St udy
(ppm Durations  Popul ation Reported Effects Ref er ences
0.1 - .2 ppm 1 hr Asthmati cs Specific airway resistance in- Crehek 1976
creased and effect of broncho- Ahned et al.
construction enhanced in 13 of 20 (1982)
subjects after exposure to Noj. Kl einman et al.
Nei ther effect observed in 7 of (1983)
20 subjects. A broncho- Ahned et al.
constrictor (carbachol) was used. (1984)
One study found no effects.
0.5 2 hr 10 heal thy 1 healthy and 1 bronchitic subject Kerr et al
adul ts reported slight nasal discharge. (1979)
7 chronic 7 asthmatics reported mld synpto-
bronchitics matic effects. Bronchitics and
13 asthmatics  asthmatics showed no statistic
calla significant changes for
all pulmonary functions tested
when anal yzed as separate groups;
however, snall but statistically
significant changes in quasi-
static conpliance were found
when anal yzed as a single group.
0.5to 5.0 15 mn 13 heal thy Significant decrenent in blood Von N edi ng
adul ts gas parameters for both et al. (1973)
88 chronic heal thy adults and bronchitics.
bronchitics No changes observed bel ow 2.0
ppm
0.5to 5.0 appr ox. 63 chronic Significant increase in airway Von N eding
3 mn bronchitics resistance at or above 1.6 ppm et al. (1971)
0.6 2 hr 15 heal t hy No physiol ogically significant Fol i nsbee
exerci sing charges in cardiovascul ar, at al. (1978)
adul ts nmetabolic, or pulnmonary function

after 15, 30, or 60 mnutes of
exercise during the 2-hr exposure

L=G
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N
Concenf?%tion Exposure St udy
(ppm Durations  Popul ation Reported Effects Ref er ences
0.7 to 2.0 10 mn 10 heal t hy I ncreased inspiratory and Suzuki and
adul ts expiratory flow resistance of | shi kawa (1965)
approxi mately 50% and 10% of
control values neasured 10
mns. after exposure.
1.0 2 hr 16 heal thy No statistically significant Hackney (1978)
adul ts changes in pul monary function
tests with exception of small
changes in forced vital capacity
(1.5% nean decrease; p <0.05).
Respiratory systems slightly
increased after exposure to NOj,
but change not statistically
significant conpared to controls.
1.0 and 2.5 2 hr 8 healthy Increase in airway resistance Beil and U ner
adul ts at 2.5 ppmbut not at 1.0 ppm (1976)
1.0 and 2.0 2-1/2 hr 10 heal thy Alternating exercise and rest Posin et al
adul ts produced statistically signifi- (1978)
cant decrease in henogl obin,
hematocrit, and erythrocyte
acetychol i nest er ase.

0.3 1/2 hr 6 asthmatics After exercising asthmatics Bauer et al
showed reductions in lung (1984)
function

0.1 1 hr Asthmati cs Bronchial reactivity unaffected Hazacho (1983)

and heal t hy by NO;.

adul ts

Page 2

8-S
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Sone stronger clinical evidence suggests that NO, may
affect individuals with chronic |lung disease (e.g., asthnmatics).
Kerr et al. (1979) found that 1 of 7 bronchitics and 7 of 13
asthmatics reported various synptons resulting from exposure to
0.5 ppmfor 2 hours with 15 m nutes of exercise during exposure,
The authors indicated that all the synptons reported were mld
and reversible, including slight headache, nasal discharge, and
chest tightness.

One study (Orchek et al., 1976) showed asthmatics experienced
increased sensitivity to a bronchoconstrictive agent after one
hour of exposure to 0.1 ppm of NOp. However, the California
Air Resources Board (1984) has pointed out that a simlar study
(Ahmed et al., 1984) did not detect an effect, and that another
recent study (Kl einman et al., 1983) at 0.2 ppm "did show indica-
tions of such an effect, although the author's concl usion was
equi vocal " (California Air Resources Board, 1984, p. 3). Because
all of these studies used an artificial agent to test bronchial
sensitivity,.the significance of these findings is controversial.
Finally, Bauer et al., showed that exercising asthmatics after
exposure to 0.3 ppm and cold air provocation experienced reduc-
tions in lung function. However, the sanple size (six) was
very small.

Kagawa and Tsuru (1979) found that while adult males reported
synpt ons when exposed to ozone or to ozone and NOj, no one in
their sanple had any synptoms during exposure to 0.15 ppm of

NO, for two hours. Further, the synptons were not intensified
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by conbi ned exposure to ozone and No,. There was a very small
but not perceived, decrease in pulnonary function for sonme of
t he subjects follow ng exposure to NOjy.

In short, studies involving exposures in the range of 0.5
to 1.5 ppm of NOy have reported little or no change in pul nonary
function for healthy adults. However, exposure of nore sensi-
tive individuals to that sane range can reduce pul nonary functi on.
Al so, some studies have shown increased sensitivity to agents
i nduci ng bronchoconstriction at 0.1 to 0.2 ppm |levels of NOj.

Even if pulnonary function were affected at anbient |evels,
t he changes neasured in these studies would not be perceived by
normal adults. A snall portion of the population with respiratory
problens (e.g., asthmatics), however, may be operating near the
[imt of their lung function when engaged in exercise. For
these people, decreases in lung function may affect their
ability to perform certain tasks.

Finally, several investigators have exam ned the effects
of multiple pollutants and failed to find any other effects due
to NOp beyond those found for ozone alone. For exanple,

Hackney et al. (1975) found NO, caused little or no change in
pul monary function in healthy subjects exposed to NO, and ot her

pol lutants concurrently.

5.2.3 Qutdoor Epideniol oqgical Studies

Successful studies of this class are scarce, because inves-
tigators nmust separate many confounding effects and health haz-

ards. Further, sonme of the studies used in setting the existing
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annual standard of 0.053 ppm (100 ug/m3) have been criticized
because of NO, measurenent problens.

Table 5.2 summarizes four major studies that found no
differences in adults living in areas with relatively high
concentrations of NO; (a nmaximum of 0.5 ppm) conpared wth
others in areas with low | evels of NOj. It also presents the
results of Kagawa and Toyama (1975), who found changes in |ung
function due to sinmultaneous exposure to SOp, total suspended
particul ates, and NOj.

Even though adults were shown not to be sensitive to NOj,
one of the "Chattanooga" studies (Shy et al., 1970) reported a
smal | but significant decrease in children's lung function
and a higher incidence of respiratory disease. This study
was |ater criticized because NO, concentrations were neasured
incorrectly. Shy and Love's (1979) followup study failed
to find any pulnonary function deficits in children during
the 1971-72 school year, but NO; levels were lower in 1971-72
due to the shutdown of the |arge NOx point source in Chattanooga.

Using the Chattanooga data, Perlman et al. (1971) found that
of the several respiratory disease indicators assessed, only sone
bronchitis rates in children were reported higher in the area of
maxi num NOo concentrations. \Wiile Portney et al. (1983) found
NO, had no effect on adults, they did find that peak hourly NOj;
had a significant effect on |ost school days for for children.
Restricted-activity or bed-disability days were also sensitive

to NOy, but not at the 90 percent confidence |evel.



TABLE 5.2
EFFECTS OF EXPOSURE TO N0, ON PULMONARY FUNCTION I'N
COWUNI TY EPI DEM OLOGY STUDI ES

Exposure Concentrations

(ppm Study Popul ation Reported Effects Ref er ences
Medi an hourly 0.07 NOy 205 office workers No differences in nost tests. Linn et al., 1976
Medi an hourly 0.15 Oy in LA Smokers in both cities showed
Medi an hourly 0.35 NOp 439 office workers greater changes in pul monary
Medi an hourly 0.02 0Oy in San Francisco function than non-snokers.

H gh exposure area 128 traffic policenen No difference in various Spei zer and Ferris
24 hr high 0.055 NOy in urban Boston and pul monary function tests 1973; Burgess et al
. 035 S0, 140 patrol officers 1973

i n nearby suburbs
1-hr mean
H gh exposure area 0.14 NOp
to 0.30 NOp
Low exposure area 0.06
to 0.09 NOp

H gh exposure group:
Estimated 1-hr max 0.25 to
0.51 NOp

Annual mean 24-hr 0.051 NOp
Low Exposure group:
Estimated 1 hr max 0.12 to
0.23 NOy

Annual nean 24 hr 0.01 NOp

Non-smokers in L. A
(adul t)

No differences found in
several ventilatory
measurements including
spironetry and flow

vol une curves.

Cohen et al. 1972

(W]
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Exposure Concentrations
(ppm

Study Popul ation

Reported Effects

Ref er ences

1 hr conc. at tine 0. 02
of testing (1:00 p.m) to
0.19

NO2

20 school age children
11 years of age

During warmer part of year,
NOy, S0y, and TSP signi-
ficantly correlated wth
Vmax at 25% and 50% FVC
specific airway con-
ductance.  Significant
correlation between each
of four pollutants (NOy,
NO, sny and TSP) and Vi,
at 25% and 50% FVC, but
no clear delineation of
specific pollutant con-
centrations at which
effects occur

Kagawa and Toyana,
1975

Average of 2 week
daily 1 hr peaks
0 to .23 ppm

Adults and children
Health Interview
Survey (H'S) data

No effect for adults. No
significant effect on chil-
dren's mnor restricted
activity day or on bed dis-
ability day. Significant
effect on school -l o0ss days,
but other pollutants had the
wrong sign.

Portney et al. 1983

£1-6



5-14

Finally, although Kagawa and Toyanma (1975) found significant
health effects from exposure to a nunber of pollutants, nany have
been very critical of the Kagawa and Toyama (1975) study because
of the failure to correct for simultaneous exposure to other
pol lutants and tenperature. The Criteria Docunent (EPA 1982)
concluded that the study could not provide proof that NO, induced

any heal th changes.

5.2.4 I1ndoor Epiden ol ogical Studies

Table 5.3 presents the principal studies examning the
effects of gas-stove cooking (and correspondi ng higher |evels
of NO3). In short, children living in gas-stove hones may
have small, but statistically significant, decreased pul nonary
function and nore coughs, colds, or other respiratory disease
synptons. Constock et al. (1981) found health effects from gas-
stove use for nonsnoking adult nmales but also found that gas-
stove cooking appears to decrease the relative risk of chest
illness and breathl essness in wonen (i.e., wonen living in gas-
stove hones were less likely to incur breathlessness and chest
illness). Heising et al. (1982) duplicated the results for
nonsnoki ng adult white males using the sane data base, but did
not use the observations for fenales. Note that Table 5.3 also
i ndi cates that several studies, including EPA's own study,

found no effects in children or adults.



TABLE 5.3

COVPI LATI ON OF REPCRTED EFFECTS ASSOCI ATED WTH EXPOSURE TOno, IN THE HOVE IN COMVUNITY STUDIES | NVOLVING GAS STOVES?

N()2
Concentration

(ppm

Study Popul ation

Reported Effects

95th percentile of 24 hr avg in
activity room

0.02 - 0.06 (gas)

0.01 - 0.05 (elec.)
Frequent peaks in 1 hone of
0.4-0.6 (gas)
Maxi num peak 1.0 (gas).

8,120 children, ages 6-10, 6
different cities, data also
collected on history of illness
bef ore age 2.

Significant association between history of serious
respiratory illness before age 2 and use of gas
stoves (p <.01). A'so, small but statistically
significant decreases in pulnonary function (FEv;
and FVC) in children from gas-stove hones.

Spei zer et al., 1980

N0, concentrations not measured
at tinme of study

2,554 children from homes using
gas to cook conpared to 3,204
children from homes using
electricity, ages 6-11.

Proportion of children with one or nore respira-

tory synptoms or disease (bronchitis, day or night

cough, norning cough, cold going to chest, wheeze

asthma) increased in hones with gas stoves v.

electric stove hones (for girls p< 0.10; boys not

sig.) after controlling for confounding factors.
Melia et al., 1977

Ny, concentrations not neasured
in sone hones studied for health
effects

4,827 children, ages 5-10.

H gher incidence of respiratory synptons and
di sease associated with gas stoves (for boys p _
0.02; girls p<0.15) for residences in urban but

not rural areas, after controlling for confounding
factors
Melia et al., 1979

Kitchens (weekly avg.):
0. 005-0. 317 (gas)
0.006-0. 188 (elec.)

Bedrooms (weekly avg.): 808 children, ages 6-7. H gher incidence of respiratory illness in gas-
0. 004-0. 169 (gas) stove honmes (p< 0.10). Prevalence not related to
0.003-0.0.37 (elec.) kitchen No, levels, but increased with No, |evels
in bedroons of children in gas-stove homes. Lung
function not related to Nop levels in kitchen or
bedroom Floria et al., 1979 and Goldstein et al.,
1979. Both are conpani on papers to Mlia et al.1979
Sanpl e of househol ds 128 children, ages 0-5 No significant difference in reported respiratory
24 hr, avg: 346 children, ages 6-10 i1 ness between homes with gas and electric stoves
0.005-0. 11 (gas) 421 children, ages 11-15 in children frombirth to 12 years.
0-0.06 (elec.) Mtchell et al., 1974. See also Keller et al.
0.015-0.05 (outdoors) 1979

S1-¢6
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COVPI LATI ON OF REPORTED EFFECTS ASSOCI ATED W TH EXPOSURE TO N, | N THE HOVE | N COMMUNI TY STUDI ES | NVOLVI NG GAS sToves?

Concentration
(ppm

Study Popul ation

Reported Effects

Sanpl e of househol d sane
as reported in Mtchell et al.

174 children under 12

No evidence that cooking node is associated wth
the incidence of acute respiratory illness
Keller et al., 1979

See above for nonitoring.

Housew ves cooking wth gas
stoves, conpared to those
cooking with electric stoves.
146 househol ds.

No evidence that cooking with gas is associated
with an increase in respiratory disease.
Kel ler et al., 1979

See above for nonitoring.

Members of 441 househol ds.

No significant difference in reported respiratory
il ness among adults in gas v. electric cooking
hones. Mtchell et al., 1974

Prelimnary neasurenents
peak hourly .25-0.50,

Housew ves cooking with gas
stoves, conpared to those

No increased respiratory illness associated with
gas stove usage. U S EPA 1976

max. 1.0. cooking with electric stoves

NO, concentrations not 1900 adults. I ncreased frequency of respiratory synptoms and

measur ed. i mpai red ventilatory functions anong men but nore
than off-setting decrease in respiratory synptons
in women. Constock et al., 1981

NO, concentrations not 708 adul ts. Used sane data set as Constak et al., 1981.

measur ed

I ncreased increase of respiratory synptoms in
non-snoking adults living in homes with gas stove
Heilsing et al., 1982

N0, concentrations not
measur ed

229 subjects
(117 famlies)

Asthmatics had significantly high wheezing when
living in hones with gas stoves. Qthers had high
inflamation of nasal nucas menbranes (Rhmtys).
Did not correct for snoking, other pollutants, sex,
pFIIen or other confounding factors. Lebowitz et
al., 1982
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COVPI LATI ON OF REPORTED EFFECTS ASSOCI ATED W TH EXPCSURE TO No, IN THE HOVE IN COMMUNI TY STUDI ES | NVOLVI NG GAS STOVES?®

NO2
Concentration
(ppm Study Popul ation Reported Effects
95th percentile of 24 hr avg in 8.120 children, ages 6-10, 6 Reanal ysis of Speizer et al., 1980, reversed all
activity room different cities, data also the significant findings. Wen controlling for
0.02 - 0.06 (gas) collected on history of illness | parental education reductions in pul nonary
0.01 - 0.05 (elec.) before age 2. function and history of respiratory illness
Frequent peaks in 1 hone of before age 2 were no longer signficantly related
0.4-0.6 (gas). to gas-stove hones. \are et al., 1983

Maxi num peak 1.0 (gas).

@ Exposures in gas-stove homes were to NO, plus other gas conmbustion

product s.

L1-§
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5.2.5 Estimation of Health Benefits

Based on the evidence reviewed here and el sewhere, asthmatics,
chronic bronchitics, «children, and individuals with other chronic
respiratory diseases are considered groups susceptible to NO,
exposur e. Table 5.4 sumarizes this evidence, indicating that NoOj
concentrations nay pose health risks to these individuals.

The studies denonstrating effects on children and asthmatics
are largely the "gas-stove" investigations. Based on these
results, OAQPS has concluded that "repeated peaks in the range
of 0.15 to 0.30 ppm may be of concern for children” (p. 2 of the
executive sunmmary of the QAQPS staff paper). Much hi gher chanber
exposures are needed to produce health effects in the other
sensitive popul ations. The m ni num exposure inducing health
effects for chronic bronchitics was 0.50 ppm and for all others,
roughly 1.60 ppm

Informati on on outdoor peak exposures is needed to estimate
possi bl e benefits from No, control. Currently, only the Los
Angel es area is not neeting the annual NO, standard of 0.053 ppm
According to the OAQPS staff paper, areas attaining the standard
woul d experience at nost two to three days where NO; peaked at
| evel s greater than 0.30 ppm Figure 5 in the OAQPS staff paper
i ndicates that 0.50 ppm probably would never occur: "... the
avai l able nonitoring data indicate 1-hour peaks of 0.30 ppm are
rarely seen and hourly peak |evels never have been reported at

or above 0.50 ppm' (QAQPS staff paper, p. 53).



TABLE 5.4

SUMARY CF STUDIES | NDI CATING HEALTH EFFECTS OF N0,

Sensitive Heal th Ref erence for Exposur e I ncrease in
G oups Ef f ect s/ Synpt ons Supporting Evidence Preval ence of
Heal th Effects

Children -l ncreased preval ence Melia et al. .15 - .32 Maxi num of 4 percent
(53 mllion) of respiratory illness (1979) repeated peaks

-Decreased pul monary Spei zer et al. .15 - .34

function of .7 percent (1980, 1983) repeated peaks 3 - 3.5 percent

and increased preval ence

of respiratory illness

prior to age two
Asthmati cs -M1d and reversible Kerr et al. .5 ppm for 7 of 13 asthmatics
(6 mllion) headache, chest tightness, (1979) 2 hours were affected

or nasal discharge

-Reductions in Lung Baurer et al. .3 ppm 5 of 6 asthmatics

function (1984) for 112 hour were affected

Chroni c -l ncreased airway Von N eding et al. 1.6 ppm for 14 percent of bronchitics
Bronchitics resi stance (1971) 3 mnutes experienced increased
and airway resistance

Bmphysemat. icsP
(7 mllion)

al  Studies used a gas-stove variable to approxinate exposure.

staff report and Spengler et al.

(1979).

b/ Enphysematics are assumed sensitive even though no study has shown any effects.

woul d never occur:

the available monitoring data indicate

This is an estimte based on the QAQPS
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W have presented evidence suggesting that significant
health effects occurring at anbient levels of NO, have not been
denonst r at ed. (Al'so see the QAQPS staff paper and the accom
panyi ng CASAC cover letter, which conclude that current anbient
| evel s provide a significant margin of safety, even for sensitive
i ndi vi dual s.) But sonme studies have shown that very high indoor
| evel s of NO may induce health effects. Thus, we have estinated
the health benefits that may result from reduced indoor NOj
generated by reduced anmbient NOy.

Interpolating from the gas-stove.studies in Table 3.5 that
indicate significant health effects, we find that the benefits
from reduci ng anbient NO, are very small. And if we use the
| atest studies (Ware et al., 1983) showing no health effects from
anbi ent NO, levels, health benefits would not be neasurable.

Melia (1979) and Speizer et al. (1980, 1983) found that,
relative to children living in homes with electric cooking, an
additional 3-4 percent of all children (32.4 per 1,000) living
in hones with gas stoves had increased respiratory illness or
synptons. To estimate the upper bound of benefits, we assune:

(a) repeated peak exposures in gas-stove hones average
0.18 ppm and

(b) repeated peak exposures in electric-stove hones
average 0.06 ppm

These assunptions lead to high benefit estimates. Spengler et al
(1979), reporting on nonitoring results of gas- and electric-stove

hones, stated that the indoor difference typically "ranges from
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3to 7 tines larger for gas" (p. 1,279). To estimate an upper-
bound estimate, we use a nmean repeated peak exposure of 0.18
ppm for houses with gas stoves and a repeated peak exposure of
0.06 for houses with electric stoves, the |lowest differential
suggested by Spengler et al.

Wth these two assunptions, we can conclude that an increase
in repeated peak exposures of 0.12 ppm (0.18 - 0.06) leads to an
increase in childhood synptons for 4 percent of the total primary-
school -age popul ation -- the high range suggested by the indoor
studies. Summary statistics presented in Speizer et al. (1980)
indicate that roughly 22 percent of all children experience
respiratory illnesses before age 2. Melia et al. (1979) indicated
that roughly 28 percent of school -age popul ati on experience at
| east one respiratory illness or synptom per year.

Summary statistics presented in Portney et al. (1983) show
that the two-week average daily maxi mum NO; concentration that
metropolitan children are exposed to is roughly .0589 ppm To
rel ate changes in indoor NOy concentrations to changes in anbient
concentrations, we use the analysis of Sexton et al. (1983). They
conbi ned anbi ent and indoor data from nonitoring prograns in siX
U S cities to relate indoor and outdoor NO, |evels. Their re-
gression analysis indicates that every .01 ppm change in outdoor
NO, changes indoor NOy by .006 ppm

Based on these results, we use the following steps to
quantify possible health benefits due to NO; reductions. W

stress, however, that these results are extrenely prelimnary.
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Until nore research is conpleted, the existence of any signifi-
cant health benefits from NO, reductions at current anbient |evels
remai ns an open question.

1. On average, a 10 percent reduction in NOy (roughly
2,150,000 tons) would reduce our popul ation-wei ghted
nmeasure of NO, exposure by 0.0053 ppm (0.1 x 0.9 x
0. 0589 ppm. (Recall that, on average, a 1.0 percent
reduction in man-nmade em ssions woul d reduce anbient
concentrations by 0.9 percent).

2. A 0.0053 ppm reduction in anbient concentrations woul d,
on average, reduce indoor repeated peak concentrations
by 0.00318 ppm (0.6 x 0.0053 ppn). (On average, a 1.0
percent reduction in outdoor NO, would reduce indoor
NOo by 0.6 percent.)

3. Based on the increased incidence indicated by the gas-
stove studies (an increase in NOj exposure of 0.12 ppm
| eads to increase respiratory synptons in 4.0 percent
of the children), and assuming linearity, we calculate
that a reduction of .00318 ppmin indoor concentrations
woul d reduce the nunber of children with respiratory
synptons by 0.106 percent ((0.00318/0.12) x 4.0). That
Is, roughly one out of every thousand children woul d
experience reduced respiratory synptons.

4. A though only half of the hones in the United States
have gas stoves, we will assune that all children
benefit as nmuch as the children in gas-stove hones.
Wth a relevant chil dhood popul ati on of roughly 50
mllion, this translates into 53,000 children with
decreased respiratory incidence. Dividing that figure
by our nunber of tons of NOyx reduced (2,150, 000) vyields
0. 02465 children experiencing dem nished respiratory
synptons per ton of NOy reduced.

The lack of credible data does not permt us to categorize
the decreased respiratory illnesses/synptons into bed and m nor

restricted activity days simlar to the ozone anal ysis. However

since these synptons are reversible -- typically ml|d headache,
cough, chest tightness, etc., -- we place a range of $50 to S70
per child that avoids a respiratory illness. This translates

into a value of $ 1.23 per ton of reduced Nox:
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This estimate is probably too high for the follow ng reasons:

1.  The research on NOjy-~induced health effects generally
agrees that fairly high levels of NOp, are necessary
to generate health effects. W assuned that children
living in homes with electric stoves (and | ow | evels
of NO3) would benefit as nuch as children in gas-stove
homes.

2. The estimate of $50-$70 as the average household's will-
ingness to pay for a child to avoid increased wheezi ng
or coughing is probably high.

3. W attributed all of the differences in health effects
found in the gas-stove studies to NO, differences.

QG her pollutants are also emtted by gas stoves, and
i ncreased water vapor also occurs in gas-stove hones.

For the other sensitive populations, we rely on the QAQPS
staff paper, which suggests that at current anbient |evels these
groups are not at risk. In discussing the Kerr et al. (1979)
study, the only one to find health effects at 0.5 ppm QAQPS
wr ot e: "This study did not denonstrate neasurabl e inpairnment
of pulnonary function in healthy adults or asthmatics and
chronic bronchitics exposed for short periods (2 hours) to NOj
concentrations at 0.5 ppm or below " Thus, although mld
synptons were reported for sone asthmatics at 0.5 ppm that
| evel of NO5 probably woul d never be experienced in the United
St at es. CASAC al so agrees that based on the |atest data, the
current NOp standard will "ensure an adequate margin of safety
of protection against both long-term and short-term health

effects" (CASAC letter, p. 6). W therefore conclude that any
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health benefits would be generated from the reduction of the
i ndoor peak exposures by children and possibly other sensitive
popul ati ons.

W have presented calculations to show that our estinmate of
heal th benefits is relatively small, at |east for NO, acute
health benefits. W have not quantified the benefits of reduced
exposure to asthmatics living in hones with gas stoves. The
l[iterature has not presented clear enough evidence on this matter.

W al so have not quantified any reduction in chronic health
effects. Because repeated episodes of respiratory-tract irritation
and illness in children may carry into adult life in the form of
decreased lung function and chronic bronchitis, NOyx reductions
may al so reduce adult cases of chronic bronchitis. H gh and
| ong-term exposures have al so been shown to induce enphysena-|ike
changes in aninmals. Thus, there may be long-term chronic health
effects that we were not able to quantify.

Finally, we do note that despite considerable efforts,
researchers have yet to estinmate dose-response relationships for
chronic or acute health effects. This suggests that the effects
from NOyx exposure may be very small, since a clear statistica
rel ati onship has not been shown to exist, especially for the
| ong-term health effects. Because of the |ack of adequate
dose-response information, we also caution against any strict
interpretations of our estimates of reduced damage to health.

Rat her, these calculations were nmade to place these possible

health benefits in perspective with the other benefit categories.
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5.3 REDUCED NATERI AL DANVAGE

Field studies and | aboratory research have denonstrated
that nitrogen oxides can significantly fade textile dyes.
Table 5.5 presents danage estimtes by Barrett and Waddel | (1973),
inflated to 1983 dollars using the Textile Products and Appar el
| ndex.

The basis for the estimates included not only the reduced
wear life of textiles of noderate fastness to NOx but also the
costs of research and quality control. The major share of the
costs is the extra expense involved in using dyes of higher NOy
resistance and in using inhibitors. Additional costs also are
incurred in dye application and in increased | abor expenditures.
The factors relating higher costs in the textile industry to
NOx are discussed in Chapter 8 of NAS (1976).

If we assune linearity (increnental damages are equal to
aver age damages per ton) we calculate a $13 per-ton estimate of
the benefits of reducing NOy emi ssions by dividing total damages
($280 million) by the total tons of man-nade NOy eni ssions per

year (21,400, 000).

5.4 ENHANCED PLANT GROAMH

Data concerning the effects of NO, on plant growh and
yield are limted. Nevertheless, it is reasonable to assune
that NOj-induced reductions in the assimlative capacity of
plants through altered netabolism |leaf injury, or abscission

al so affect plant grow h.
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TABLE 5.5

TOTAL _COSTS OF DYE FADI NG
N _TEXTI LES DUE
TO NOy

(mllions of 1983 dollars)

Ef f ect Costs
Fadi ng on acetate and triacetate 166
Fadi ng on vi scose rayon 50
Fadi ng on cotton 50
Yel | owi ng of white acetate-nyl on-spandex 14
Tot al 280

NOTE: Al costs are rounded to nearest mllion and infl ated
to 1983 doll ars.

Sour ce: Barrett and Waddel | (1973).
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Figure 5.1 Threshold curves for the death of plants, foliar lesions,

and metabolic or growth effects as related to the nitrogen dioxide
concentration and the duration of exposure (McLean, 1975).
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Three threshold curves depicting |evels of peak and | ong-
term exposure that plants can tolerate before death, foliar
| esions, and growh effects are presented in Figure 5.1. These
curves, taken from EPA (1982), are based on 14 different studies.
The | ower curve represents a | ower-bound concentration that
injures plants; no neasurable effects have been reported for
NO, concentrations bel ow these doses.

Usi ng these curves, MaclLean (1975) concluded that average
NO, concentrations are well below the threshold curve for
damage to growth. In fact, the maxinum NO; concentrations
recorded in Los Angeles for 1966 would just begin to danage
growh. Even in Los Angeles, however, average NOp concentra-
tions are below the threshold for |onger averagi ng peri ods.

Al t hough NOo by itself is unlikely to damage plants at
exi sting outdoor |evels, several studies have denonstrated
synergistic and antagonistic effects. The Criteria Docunent
(EPA, 1982) concluded that "concentrations of NO between
0.1 ppm and 0.25 ppm can cause direct effects on vegetation in
conbi nation with certain other pollutants" (pp. 12-44). But
these data indicate that rural areas are still not at risk
since concentrations wll not in general rise above 0.1 ppm
for a sufficient tinme to allow damages to occur. Conversations
with investigators at the National Crop Loss Assessnent Network
i ndi cate that sone very l|large point sources would have to be

next to the fields for any significant crop danage to occur.
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Therefore, we limt our estimate of benefits to account
for urban-rel ated vegetation damages. The plants nost in danger
would tend to be ornanmental vegetation. Even these danmages are
likely to be small. Lei ghton et al. (1983) conclude fromtheir
review that "ozone appears to account for nore than 90 percent
of total vegetation danages"” (p. 60; see also Heck et al., 1982,
and Page et al., 1982). If NOp accounted for the other 10 percent
of the total ornanental vegetation damage, as an upper bound we
can use the high estimte of ozone ornanental vegetation danages
of $140 mllion to inpute total NO; danmges of roughly s16
mllion. Assuming linearity, each ton of NO; em ssions could

cause $.75 in damages.

5.5 _ACI D DEPOSI TI ON BENEFI TS OF REDUCI NG NOyx

In addition to Ozone and NO, effects, the other major bene-
fit category from NOy control is reduced acidic deposition.
Aci d deposition occurs when NOyx and SO; em ssions are
chemically altered into acids in the atnosphere and transported
over |long distances, or when the precursor emissions are acidi-
fied after being deposited in dry formon plant, soil, or
bui | di ng surfaces. Both wet and dry forns of acidic deposition
are harnful to aquatic, terrestrial, and material resources.
Wil e these danages are potentially inportant in sone regions,
basic scientific understanding of the effects of acid deposition

on resources and transport processes is quite limted.
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The conputation of damages in dollar-per-ton units requires
several crucial pieces of information. Unfortunately, many of
these data are so uncertain that confidence intervals of damage
estimates are exceptionally w de. Dol | ar estimates of damage
require concentration-response functions and a tabul ation of
the resources at risk. Rel i abl e concentration-response data
are lacking in nearly all resource areas, especially forestry
and materials, and inventory data are unavail able for nost
mat eri al resources. Finally, translating damage neasured in
dollars to dollars per ton requires information on the relative
contribution of nitrates and sulfates to total danmages as well
as the relationship between tonnage of NOy em ssions and nitrate
deposi tion. Al'l of these are the subjects of intensive ongoing
resear ch. Until nore of this research programis conpl eted,
guantitative damage estimates will not be accurate enough to be
useful in a policy context.

Al though quantitative estinmates are not possible at this
time, we do have a qualitative sense of the seriousness of
aci di ¢ danmage. Nitrates account for roughly 30 percent of tota
acidic loadings, and the damage information avail able indicates
that the proportion of nitrates to total damages is |ess than
that inplied by the relative emttant loadings. A so, thereis
| ess evidence of nitrate relative to sulfate danmage, and nitrates
are actually beneficial as nutrients in nitrogen-poor soils.

Finally, Seigneur et. al. (Science 1984) show that a 50
percent reduction in eastern NOx W || decrease nitrates by

roughly 45 percent. However, this sane NOy reduction wll
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increase sul fates by 8 percent. Thus, at |east some of the
reduced nitrate deposition would be offset by increases in

sul fate deposition.

5.6 SUWARY

The benefits per ton of NOy controlled related to NO, are
presented in Table 5.6. G ven the current status of reliable
dose-response information, we were not able to separate the
benefits to rural and netropolitan areas or estimate a range of
benefits. Also, because of insufficient data, some benefit
categories could not be quantified, while others could only be
estimated with some very rough calculations. Therefore, we
only present one estimate for direct NOy, benefits: $42 per
ton of NOy controlled. It is clear that additional research on

NOy benefits would allow us to be nore certain of our estimates.



CHAPTER 6
SUMVARY OF BENEFI TS OF VOC AND NOy CONTRCL

Tables 6.1 and 6.2 summarize the estimted benefits per ton,
in both nonetized and nonnonetized terns. Al though we were not
able to account fully for spatial and tenporal characteristics,
nost of the estimates reflect the basic differences between
netropolitan and rural areas. Thus, we were able to generate
two separate estimates for each pollutant--the benefit per ton
in metropolitan areas and the benefit per ton in rural areas.

Perhaps the nost surprising result is the relatively
smal | contribution that direct health benefits nake to the
total s. The range for both pollutants is substantial. For V(QCs,
a precise estimate of the health benefits is not possible, since
the potency of VOCs varies. W did, however, present evidence
suggesting that it is very unlikely that the direct health bene-
fits per ton of VOCs reduced would be outside the range of $0 to
$100 per ton. For NOy, sufficient evidence on NOyx health
benefits does not exist to allow as rmuch certainty.

Qur range of benefits is also w de. For exanpl e, on average
our range of netropolitan benefits goes from $241 to $656 per
ton for VOC control and from $(-168) to $(-64) per ton for
NOyx control. Even that wi de range, however, does not reflect
the full degree of uncertainty. Most of these uncertainties are

scientific and technical, rather than economc. They include
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(1) the Iink between ozone and crop | osses, material damages,
and health effects; (2) the link between reductions in VOCs-NOy
and ozone concentrations; and (3) the potencies and exposure
factors for specific VCOCs.

In addition to these uncertainties, the quantitative benefit
estimates suffer fromthe om ssion of several benefit categories,
i ncl udi ng possi ble chronic health effects from~No, and ozone.

Al so, sonme VOCs may have noncarcinogenic toxic effects, which we
were not able to quantify.

We should note that sonme of the analysis has incorporated the
inplicit assunption of a linear relationship between danages and
pol I utant concentrati ons. (This was not true in the case of
ozone health effects.) To the extent that damage functions are
nonl i near, additional uncertainty is introduced. It is not clear,
however, whether the assunption of linearity is likely to lead to
an under-or overestinmate of the benefits (except in the case of
the direct cancer-rel ated benefits, where the assunption of |inear-
ity is likely to lead to an overestinmate).

For these reasons, we are reluctant to draw firm concl usi ons.
However, we believe that this work represents our best estinates
of the benefits of VOC and NOyx control. For example, this |atest
report used results from regional oxidant nodels to generate
estimates of second-day rural ozone effects, helping us refine
further our estimates of the rural ozone-VOC-NOyx rel ationship.

QG her drafts of this analyses did not have these results avail abl e.



TABLE 6.1

Benefits per Ton of VOC Controlled in
Metropolitan and Non-netropolitan Areas
(1983 dol I ars per ton)

Met ropol i tan Non- net ropol i tan
Ozone-Rel ated Benefits Range Point Estimate Range Point Estimate
Heal t h
Val ue of Reduced 71 - 365 159 6 - 29 12
Bed/ Wrk Loss Days (.89) - (3.) (1.6) (.07) - (.25) (.12)
(Reduced cases per ton)
Val ue of Reduced 9.3 - 111 38 1 - 9 3
M nor Days (2.6) (8.9 (4.7) (.2) (.7) (.4)
(Reduced cases per ton)
3 - 3 3
Val ue of Reduced non- 32 - 32 32
respiratory cases (10.8) (10.8) (10.8) (.9) (.9 (.9)
(Reduced cases per ton)
Agricul ture 80 - 94 88 126 - 196 160
Nonagricul tural Vegetation
O nanental s 4 - 4 4 1 - 1 1
Material Damage 43 - 49 45 10 - 15 12
Total Ozone-Rel ated 241 - 656 365 145 - 251 190
Benefits per Ton of
V(Cs.

Direct VOC Benefits

Cancer Cases Avoided Evi dence suggest a range of $0 - $100. Point estimate depends on specific VOCs
and exposure patterns.

Noncar ci nogeni ¢ Toxi € Unquantified
Effects

Final Weighted Average of Metro. and Rural Benefits per Ton $325 + direct health effects of VOC

£-9



TABLE 6.2

Benefits per Ton of nNoy Controlled in
Metropolitan and Non-netropolitan Areas

(1983 dol lars per ton)

Benefits per Ton of
NOy, Control | ed

(conti nued)

Met ropol i tan Non- net ropol i tan
Qzone- Rel ated Benefits Range Point Estinmate Range Point Estimate
Heal t h
Val ue of Reduced -58 to -4 -22 27 - 136 59
Bed/ Wrk Loss Days (-.5) - 05) (.2) (.3) - (1.1 (.59)
(Reduced cases per ton)
Val ue of Reduced -18 to 1 -5 4 - 41 14
M nor Days (-1.4) 15) (-.6) (1.)- (3.3 (1.8)
(Reduced cases per ton)
Val ue of Reduced Non- -4 -4 -4 12 12 12
respiratory Cases (-1.5) (-1.5) (-1.5) (4 - (4 (4)
(Reduced cases per ton) o
;_\
Agricul ture -79 to -51 - 64 187 - 290 237
Nonagricul tural Vegetation
O nanental s -.5 5 -.5 1.3 1.3 1.3
Material Damage -8 to -4 6 14 21 17
Total (Qzone-Rel at ed -168 to -64 -102 244 - 502 340
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TABLE 6.2 (continued)

Poi nt
Direct Benefits of NO»

(Not broken down by netropolitan/rural)
Visibility 26
Heal t h 2
Mat eri al Danage 13
Veget:ationb 1
Total NO, Benefits 42

Fi nal weighted average of Metro. and rural Ozone Benefits per Ton and
Direct NOy Benefits per Ton = $50.

Unquantified Benefits

° Reduced Chronic Health Effects of Ozone and N02a
° Reduced Acidic Deposition Related to NOy

al
“To the extent that chronic health effects exist for both ozone
and NOy, they will offset each other, since in heavily popul ated

areas NOy tends to reduce ozone.

b/
“Rounded to the nearest dollar.
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