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CHEMCAL Ak, BACT REARL A8STCATION

September 25, 1990

TO: Vinylidene Chloride Panel

SUBJECTS: (1) EPA's Calculation of Cancer Risk from Exposure to Indoor
Air Containing Vinylidene Chloride
(2) ATSDR and Data Needs Report
(3) European Study on Mechanisms of Toxicity

Bill Hayes (Dow) asked that I distribute the enclosed study to the
Vinylidene Chloride Panel. There are actually two papers enclosed;
however, they are slightly different papers of the same study. The
study author is Lance Wallace of EPA and the study concerns the cancer
risks associated with exposure to various indoor air pollutants, one of
which is vinylidepe chloride. Wallace has calculated an excess cancer
risk of 320 x 10 = from exposure to vinylidene chloride. Please
review the Wallace study. The Vinylidene Chloride Panel may want to
respond to the study and to Wallace in some fashion. Wallace himself
notes several study limitations.

I have enclosed a document recently published by the Office of
Management and Budget (OMB) which outlines general weaknesses of the
risk assessment process. This document may be helpful in identifying
risk assessment criticisms which can be used to fault the Wallace
study. CMA is beginning to use this OMB document in its advocacy
efforts as a "guide" to respond to a variety of environmental and
toxicological issues.

I will be talking with Dr. Cebulus of ATSDR in the next day or so
about what the status of vinylidene chloride is in terms of ATSDR
developing a Data Needs report. If ATSDR has identified vinylidene
chloride as a "high priority" chemical for which additional data will
have to be developed, then the Panel may want to respond to ATSDR.
Bill Hayes also indicated that he would be contacting the Europeans
planning to conduct a study on the mechanisms of vinylidene chloride
toxicity. He will find out more about the study for the Panel. One
issue is whether or not the Panel wants to participate financially in
this European study.

If you have any questions, please call me at 202/887-1189,
Sincerely,

§>01uatﬁhnﬂ T EMAA‘JLQ
onathon T. Busch

Manager, Vinylidene Chloride Panel

cc: Enclosures (2)
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CANCER RISKS FROM 35 ORGANIC
CHEMICALS IN AIR AND DRINKING
WATER: RESULTS FROM EPA’S TEAM
STUDIES OF VOCS AND PESTICIDES

Lance A. Wallace

U.S. Environmental Protection Agency
Warrentown, Virginia

For Presentation at the
83rd Annual Meeting & Exhibition
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INTRODUCTION

EPA's TEAM Studies have provided data on the exposures to
organic chemicals of about 1000 persons representing about
1,000,000 residents of ten U. S. cities. About 35 of these
chemicals cause cancer in animals and may cause cancer in man.
In this paper, we calculate the upper-bound lifetime risk
associated with airborne and waterborne exposures to each
chemical. Although the absolute magnitudes of these upper-bound
risks are very uncertain, the relative rankings of these

chemicals may be useful in highlighting the more important on s
for exposure reduction priorities.

METHODS

The calculation of cancer risk requires two factors:
carcinogenic potencies of chemicals and mean exposures of
people. Chemical potencies are taken from EPA sources':?,
Exposure data for 12 volatile organic compounds (VOCs) in
personal air and drinking water are taken from TEAM Studies
carried out in eight U.S. cities between 1980 and 1987%%,
Exposure data for 23 carcinogenic pesticides in air and drinking
water were collected in two cities between 1986 and 1988°.
Outdoor air measurements were made for all chemicals in the back
yards of the residents; therefore an estimate can be made of the
relative contribution of outdoor and indoor air to total airborne
exposure to all the target VOCs and pesticides.

In a previous study of cancer rigks of gix prevalent vocs®,
the TEAM cities were divided into "metropolitan" and "non-
metropolitan” categories. The mean exposures calculated for ach
city were averaged to provide a risk associated with each of th
two categories. Assuming that the TEAM cities represented
typical values, U.S. Census figures were employed to calculate a
risk for the U.S. population. The results from that study have
been reproduced here, with two additions: calculated risks fr m
exposures to benzene during smoking and chloroform during
showering. (Both of these exposures could not be measured using
the personal monitors employed in the TEAM Studies; however, they
could be estimated using breath measurements for smokers’ and
models for exposure during showers?).

An additional six VOCs have been added. Two of these
(styrene and 1,1,1-trichloroethane) are prevalent and their
concentrations .are well characterized, but their carcinogenicity
is in doubt. A third chemical (methylene chloride) is probably
prevalent but very few measurements of personal exposure have
been made due to its high volatility. The remaining three L
chemicals (vinylidene chloride, 1,2-dichloroethane, and 1,2-
dibromoethane) are well-established animal carcinogens but are
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much less prevalent. They have been measured in only a few
percent of the personal and outdoor air samples collected in the
TEAM Studies. Thus the risk estimates for these six VOCs are
more uncertain than the estimates for the original six VOCs.

The pesticide exposures are the unweighted mean of the
seasonally-averaged values for each city. Since Jacksonville, FL
was chosen as a high-use area and Springfield, MA as a low-use
area, the average of the two may represent a closer approach to
actual mean exposures than either one separately.

Risks are calculated as a simple multiple of the exposur
and the potency. If the potency is given in units of [mg/kg-
day)’', the exposure is translated to a daily dose by assuming
20 @’ inspired air per day and a body weight of 70 kg.

RESULTS

The mean measured exposures, carcinogenic potencies and
calculated upper~bound cancer risks are displayed for 12 VOCs in
Table I and for 23 pesticides in Table II. The percent of total
airborne exposure due to indoor sources is also provided.

Six voCs and four pesticides exceeded the de minimus or
negligible risk level of 10 by a factor of 10 or more. The six
VOCs were benzene, vinylidene chloride, p-dichlorobenzene,
chloroform, methylene chloride, and carbon tetrachloride. The
four pesticides were chlordane, heptachlor, aldrin and dieldrin.
All four have been banned by EPA. Despite the bans, exposures
remain high, due perhaps to their long life in the soil and their
7 movement into homes after being injected in the soil as
termiticides. cCarbon tetrachloride has also been banned from
consumer products, but its long life in the atmosphere has led t
a global background that is sufficiently high to result in a
nonnegligible risk.

- Three additional VOCs and four additional pesticides are at
or above the 10°® risk level, but by less than an order of
magnitude. The three VOCs are tetrachloroethylene, ‘
trichloroethylene, and ethylene dichloride. The four pesticides
(or degradation products) are dichlorvos, a=-BHC. y=-BHC (lindane),
and heptachlor epoxide.

’ Two additional VOCs and four additional pesticides had
upper-bound risks between 10°® and 10°7: styrene, 1,1,1~
~ trichloroethane, hexachlorobenzene, propoxur, DDT, and DDE.

Nine chemicals (all pesticides) were below the 10’7 risk
level for airborne exposure.
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Finally, one VOC and one pesticide were seldom or never
detected. However, detection limits were high for ethylena
dibromide and for pentachlorophenol, leaving open the posszibility
that these chemicals could represent non-negligible lifetime
risks of cancer. Additional exposure studies with lower
detection limits for these chemicals are necessary before a more
trustworthy estimate of their risks is possible.

Indoor sources accounted for the great majority (80-100%) of
the _total airborne risk associated with most of these chemicals.
Carbon tetrachloride is the only one of the target chemicals for
which outdoor sources account for a majority of the airborne
risk, indicating the effectiveness of the ban on its use ‘-
consumer products.

DISCUSSION
Uncertainty of Estimates

Great uncertainty accompanies most risk estimates. Th
major uncertainties involved in potency calculations are well
known: the extrapolation from animals to man and from high dose
“to low dose. These uncertainties are such that a given chemical
may not cause human cancer at all--the actual cancer risk may be
exactly zero. Even if the risk is not zero, the estimates could
easily be wrong by factors of 10, 100, or more, depanding on th
shape of the dose-response curve, the possible existence of a

threshold due to DNA repair or other mechanisms, and many other
factors.

Considerably less uncertainty is associated with some of the
exposure estimates. The >verall mean VOC exposure in eight
citlies was usually withi a factor of 3 of:the extremes for an
individual city, whether the city was ruralsi-s suburban, urban, or
heavily industrialized. The reason for this predictability
appears to be the relative importance of consumer products,
personal activities, and building materials to human exposure:
such factors do not vary greatly across the country. Of c urse,
personal activities can result in very high exposures for sh rt
periods, but we are concerned here with long-term exposures.
Somewhat more variation was noted for pesticides, with
differences of a factor of 10 in exposure noted for a number £
pesticides in Jacksonville and Springfield.

For the more prevalent VOCs and pesticides, relatively
little error is associated with the estimates of the relative
contribution of indoor and outdoor sources. The reason is that
the same instrumentation was used to measure both indoor and
outdoor air--even if the instruments were biased, the relative
proportions would remain nearly unchanged. For the more rarely
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/ found chemicals (e.g., vinylldene chloride, ethylene dichloride),

the indoor/outdoor ratio is less certain.

only one of these chemicals is considered a human
carcinogen: benzene. Therefore the risk estimate associated with
benzene is on more solid ground than any of the others. Benzene
is also the only one of these chemicals with human
epidemiological studies showing a possible influence of
environmental levels of exposure on cancer risk: two studies show
that children of smokers die of leukemia at two or more times the
rate of children of nonsmokers®!’. The higher mortality rate is
consistent with the measured elevated levels of benzene in the
breath of smokers (suggesting exposure of the fetus in the womb
of the pregnant smoker). Elevated levels of benzene in th air
of homes have also been documented by the TEAM Study and by a
study in West Germany''; however, the increase (on the order ¢
50% in both studies) does not seem enough to explain the increase
in the mortality rate unless children are more susceptible to

benzene-induced leukemia at some point in the first 8-9 years of
life. :

The case_of vinylidene chloride requires further comment.
This chemical is highly volatile and therefore "breaks thr ugh"
the Tenax monitor after only a portion of the monitoring period.
The concentration is calculated on the basis of the "breakthrough
volume" rather than the actual sampling volume, and depending on
the pattern of exposure during the monitoring period, may be
either an over- or under-estimate of the actual concentration.
Also, because the sampling volume of 20 liters is effectively
reduced to the breakthrough volume of only a few liters, the
sensitivity is reduced by the same factor. The limits of
detection for vinylidene chloride ranged from 3 to 14 ug/m’,
about an order ¢of magnitude worse than for most of the other
target VOCs. oOut of 1085 personal air samples collected from 2355
New Jersey residents over three different seasons, only 77 (7%)
had measurable concentrations of vinylidene chloride. (An ther
107 (10%) showed trace concentrations.)

The population risk for such rarely detected chemicals can
be calculated, but the interpretation of the risk presents
difficulties. For example, the single highest measured exposure
to VDC was 120,000 ug/m”, which was incurred by a cabinetmaker.
(The second highest value of 14,000 ig/m was also measured for
this same person in a different season.) Taken together, these
two values accounted for more than 80% of the total calculated
exposure (and therefore the risk) for the population. If we
include these values in our calculation of risk, then vinylidene
chloride exposures average 150 ug/m’, and the upper-bcund risk is
7.5 X 10 3-=greater than the risks from radon and passive smoking
combined! 1If we drop these two values, the population exposure

L}
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decreases to 28 pug/m’, and the risk to 1.4 X 1073--still very
large. However, four other exposures exceeded 1000 pg/m’. If
these values are also dropped from the risk calculation, the
average exposure decreases to 6.5 ug/m’, and the associated
upper-bound risk to 3.2 X 10%. Thus the population average of
150 ug/m’ for all 355 persons is actually composed of an average
of 6.5 ug/m for about 350 persons, and an average of about

30,000 ug/m’ for about 5 persons. This corresponds to a

difference in risk of the two groups of a factor of 5000!

Because of the tremendous effect of a few measurements, the
calculated upper-bound risk for vinylidene chloride must be
considered tentative. Only additional data on personal exposures
(collected by method: with a sensitivity of 1 ug/nP or less) will

provide the informat n necessary for an adequate risk
assessment. :

Exposures Through Other Routes

Exposures through routes other than air and water may be
possible for some of the chemicals. All of the above chemicals
were measured in drinking water, and found to present less than
1% of the risk due to airborne exposures with a single exception:
chloroform. All of the VOCs were also measured in food and
beverages: again chloroform was the only VOC found in significant
amounts in food. Many of the pesticides have been measured in
food by the FDA for years; however, exposures in food account for
only a small proportion of total exposure to the four pesticides
of highest risk through airborne routes. Food exposures outweigh
air exposures for some of the other pesticides (e.g, Captan).

House dust may provide an important reservoir for any or all
of the pesticides, and possibly also for the least volatile of
the vOoCs (p=-dichlorobenzene, tetrachloroethylene). 1Ingestion of

the dust by toddlers could be an important additional source of
risk.

Comparison with Other Environmental Risks

Several organic chemicals of interest were not monitored in
the TEAM Studies. Among these are formaldehyde and 1,3~buta-~

diene. Risk estimates for these chemicals may be compared to the
risks calculated above.

The carcinogenicity of formaldehyde is controversial, due to
the unusual metabolic pathway associated with its carcinogenicity
in rodents. Estimates for the cancer risk of formaldehyde'?
range over extreme limits, from zero to 103, Employing an
intermediate potency factor (unit risk of 1.3 X 10°% (ug/m®)"') and
measured values of 40 ug/m’ for normal (non-mobile home) housing

6
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stock results in a risk of about § X 10°¢

Recent animal studies of 1,3-butadiene have resulted in
revising its potency upward by nearly three orders of magnitude.
Although no personal exposure data are available for this
chemical, a recent study has measured the level in sidestream
smoke at about 400 ug per cigarette'. This is approximately the
level of benzene in sidestream smoke (330 ug per cigarette):;
therefore, if 1,3-butadiene is not too reactive, we can calculate
that it will be elevated by about 4 pg/m’ in smoking homes and by
13 pg/m’ in workplaces allowing smoking. Using the revised unit
risk value of 2.8 X 10", and assuming 38 million homes with
smokers averaging three residents each, 75 million workers in
workplaces allowing smoking, and 26 million non-workers exposed
to cigarette smoke, we arrive at an upper-bound rigk associated
with 1,3-butadiene of 6 X 10

Thus the individual risks for formaldehyde and 1,3-butadiene
are greater than the airborne risk of any of the other 35 VOCs
and pesticides considered in this report. However, the great
uncertainty in the carcinogenic potency of formaldehyde,
including the uncertainty as to whether it is a human carcinogen
at all, and the lack of exposure data for 1,3~-butadiene make the
risk estimates for these two chemicals particularly speculative.

The combined upper-bound risk of about 10"} associated with
these 37 predominantly indoor organic chemicals appears to be
similar to the risks associated with the most severe
environmental hazards (radon and passive smoking). For example,
the risk associated with nonsmokers' exposure to radon has been
estimated to be about 10’3 and that with passive smoking has been
estimated" at 2 X 103. It should be noted, however, that the
risk estimates for radon and passive smoking are based on human
epidemiology studies, and are therefore on firmer ground than all
of the risk estimates for the organic chemicals with the
exception of benzene.

The risk estimates for these organic chemicals are considerably
higher than the risks associated with some EPA regulations
(NESHAPS chemicals and Superfund clean-up criteria). Similar
conclusions regarding the importance of indoor air pollution
compared to other environmental hazards have been reached by EPA
Headquarters' and by three Regions'®; both of these reports rank
indoor air pollution as among the top two or three environmental
threats to public health.

Two other rrsk estimates for personal exposure to VOCs hav
been published'?'V’., McCann arrived at similar risk estimates for
most of the chemlcals: Tancrede estimated 5-10 times higher
risks, due partly to using a different method for calculating

7
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potencies from animal data and partly to considering explicitly
several additional sources of uncertainty. No previous risk
estimates for most of these pesticides have been possible, du to
the lack of exposure information.

Actions to avoid these risks may be taken by individuals.
Since the sources of the risks are often personal activities
(smoking, using air fresheners), these activities can be halted
or modified. (For example, smokers could establish a room in the
home with separate ventilation.) Exposures from chloroform could
be reduced by drinking bottled water or using an activated carbon
filter on the water supply. Exposures from petroleum-based
products could be reduced by discarding or storing used paint
cans and sprays in a detached garage or tcol shed. Dry-clean d
clothes could be hunc sutdoors for a day-- ne study indicates
that 20-30% of tetrac.lorcethy :ne residues on the clothes will
outgas during the first day. -

The reason for the large number of pesticides observed in
indoor air in the latest TEAM Study is not well understood.
Termiticides, like radon gas, may be entering the basement du ¢t
s0il gas movement; it may be that the same techniques to contr 1
radon (sealing the foundation, providing separate ducting at the
entrance points) may also control termiticide entry. Other
pesticides, particularly the long-lived chlorinated hydrocarb ns
such as DDT, may be entering the home by being tracked in on
people's shoes. If so, removing shoes before entering the home,
and reducing or eliminating the use of carpets or rugs (which
collect large amounts of dust containing pesticides and metals as
well), should reduce pesticide exposures.

SUMMARY AND CONCLUSIONS

Measured personal exposures to 12 VOCs and 23 pesticides in
EPA's TEAM Studies have been used to arrive at upper-bound
lifetime cancer risk estimates. Seven VOCs and seven pesticides
have upper-bound risks ranging from 10" to 10. The combined
upper-bound risk of about 10} from these organic indoor air
pollutants is nearly comparable to the estimates of risk from
‘radon and environmental tobacco smoke. (However, the latter two
estimates are based on human epidemiology studies, and are
therefore subject to far less uncertainty.) These upper-b und
risks are much greater than the health risks associated with most
other environmental problems.

Despite the recognized large uncertainty in these risk
estimates, these findings provide additional support for the
conclusion of two recent comparative rankings of environmental
risk by EPA: that indoor air polluticn is one of the greatest
threats to public health of all environmental problems.
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Table I. Upper-Bound Lifetime Cancer Risks of 12 VOCs
Measured in the TEAM Studies (1980-87)

Indoor Air
Chemical Exposure® Potency  Risk i
(ug/m’) (pg/m”) " (percent)
(X 10°%) (X109

Benzene

Air 15 8 120¢ 60

Smokers 90 8 720¢ -
vinylidene chloride 6.59 50 320 86
Chloroform .

Air 3 23 70 80

Showers (Inhalation) 2 23 50 100

wWater 30° 2.3¢ 70 -

Food & Beverages 30* 2.3* 70 -
p-Dichlorobenzene 22 4 90 98
1,2-Dibromoethane 0.05 510 25 40
Methylene chloride 6 4 24 60
Carbon tetrachloride 1 15 15 20
Tetrachloroethylene 15 0.6 9 80
Trichloroethylene 7 1.3 9 80
Styrene

Air 1 0.39 0.3 70

Smokers 6 0.3 2 -
1,2-Dichloroethane 0.5 7 4 60
1,1,1-Trichlorethane 30 0.003 0.1 70

———— - —

' Arithmetic means based on 24-hour average exposures of = 750

persons in six urban areas measured in the TEAM Studies

® Based on backyard measurements in 175 homes in six urban ar as

¢© The risk estimates for benzene are based on human epidemiology

and are therefore mean as opposed to upper-bound estimates

4 six measurements exceeding 1000 pg/m® dropped from the

calculation; inclusion of the measurements leads to an average

exposure of 150 ug/m’.
* These figures are in pg/L or ppb rather than pg/m

t Based on only eight 24-hour indoor measurements in 1987.

? Source: US EPA (1983) Review and Evaluation of Evidence for

Cancer Associated with Air Pollution, EPA 450/5-83-006.
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Table II. Upper-bound Lifetime Cancer Risks from Airborne
Exposures to 23 Pesticides Measured in the NOPES TEAM Study

Pesticide

Heptachlor
Chlordane

Aldrin

Dieldrin
Heptachlor Epoxide
DDE

DDT

Dichlorvos

+=BHC (Lindane)
a=-BHC

Propoxur
‘Hexachlorobenzene
Dicofol
o-Phenylphenol
2,4-D

Atrazine
¢ig-Permethrin
trans~Permethrin
Chlorothalonil
Folpet

Captan

DDD
Pentachlorophenol

71
198
13

oONOW

n

OCOMNOOOONW

000000

A

<730

NN

w

<A O RN W oo

0.013

90
70
60
14

1 (0.2)
0.2 (0.04)
0.1 (0.02)

0.00007
<0.4

<3

Indoor Air

» Potency Eiﬁ§ QQD;:inEIQDb
(ng/i%) (kg-d/mg) (X10™°) (percent)

90
94
100
92
80
100
88

* Arithmetic mean of population-weighted and seasonally-weighted
average personal exposures measured for 173 persons in

Jacksonville, FL and 85 persons in Springfield/Chicopee, MA.

b percent of total airborne exposure only, based on outdoor

measurements at each home in the two cities.

¢ All risks calculated assuming 70-year lifetime exposure at the
For banned pesticides, whose environmental
concentrations should decrease over time, an alternative
calculation of risk (in parentheses) assuming a 10~year half-life
in soil is provided.

measured levels.
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INTRODUCTION

For the last decade, EPA's TEAM Studies have been providing
data on personal exposures (including indoor and outdoor
concentrations) to organic chemicals for more than 1000 persons
representing more than 1,000,000 residents of ten U. S. cities.
About 35 of these chemicals cause cancer in animals and may cause
cancer in man. In this paper, we calculate the upper-bound
lifetime risk associated with airborne exposures to each
chemical. We also try to apportion the risk between indoor and
outdoor sources. Although the absolute magnitudes of these
upper-bound risks are very uncertain, the relative rankings of
the chemicals and their sources may be useful in focusing our
attention on efficient ways to reduce exposure.

METHODS
The calculation of c=z. risk requir two factors:
carcinogenic potencies of - icals and me . exposures of

people. Chemical potencie: .re taken from EPA sources'?,
Exposure measurements (inclucing some overnight indoor air
measurements) for 12 volatile organic compounds (VOCs) are taken
from TEAM Studies carried out in eight U.S. cities between 1980
and 1987%*. Personal exposures and indoor air concentrations for
23 carcinogenic pesticides were measured in two cities between
1986 and 1988°, Outdoor air measurements were made for all
chemicals in the back yards of the residents; therefore an
estimate can be made of the relative contribution of outdoor and

indoor air to total airborne exposure to all the target VOCs and
pesticides,

In a previous study of cancer risks of six prevalent VoCs®,
the TEAM cities were divided into "metropolitan" and "non-
metropolitan® categories. The mean exposures calculated for each
city were averaged to provide a risk associ 2d with each of the
two categories. Assuming that the TEAM cit :s represented
typical values, U.S. Census figures were employed to calculate a
risk for the U.S. population. The results from that study have
been reproduced here, with two additions: calculated risks fr m
exposures to benzene during smoking and chloroform during
showering. (Both of these exposures could not be measured using
the personal monitors employed in the TEAM Studies; however, they
could be estimated using breath measurements for smokers’ and
models for exposure during showers?).

An additional six VoCs have been added. Two of these
(styrene and 1,1,1-trichloroethane) are prevalent and their
personal exposures and outdoor air concentrations are well
characterized, but their carcinogenicity is in doubt. A thirad
chemical (methylene chloride) is probably prevalent but very few
measurements of personal exposure have been made due to its high
volatility. The remaining three chemicals (vinylidene chloride,

2
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1,2-dichloroethane, and 1,2-~dibromo thane) are well-established
animal carcinogens but are much less prevalent. They have been
measured in only a few percent of the personal and outdoor air
samples collected in the TEAM Studies. Thus the risk estimates
for these six VOCs are more uncertain than the estimates for the
original six VOCs.

The pesticide exposures are the unweighted means of the
seasonally-averaged values for each city. Since Jacksonville, FL
was chosen as a high-use area and Springfield, MA as a low-use
area, the average of the two may represent a closer approach to
actual mean exposures than either one separately.

Risks are calculated as a simple multiple of the exposur
and the potency. If the potency is given in units of [mg/kg-
day] » the exposure is translated to a daily dose by assuming
20 m’ inspired air per day and a body weight of 70 kg.

RESULTS

The mean measured exposures, outdoor air concentrations,
carcinogenic potencies and calculated upper-bound cancer risks

are displayed for 12 VOCs in Table I and for 23 pesticides in
Table II.

Seven VOCs and four pesticides exceeded the de minimus or
negligible risk level of 10 by a factor of 10 or more. The
seven VOCs were benzene, vinylidene chloride, p-dichlorobenzene,
chloroform, ethylene dibromide, methylene chloride, and carbon
tetrachloride. The four pesticides were chlordane, heptachlor,
aldrin and dieldrin. All four have been banned by EPA. Despite
the bans, exposures remain high, due perhaps to their long life
in the soil and their movement into homes after being injected in
the soil as termiticides. Carbon tetrachloride has also been
banned from consumer products, but its long life in the
atmosphere has led to a global background that is sufficiently
high to result in a nonnegligible risk.

Three additional VOCs and four additional pesticides are at
or above the 10" risk level, but by less than an order of
magnitude. The three VOCs are tetrachloroethylene,
trichloroethylene, and ethylene dichloride. The four pesticides
(or degradation products) are dichlorvos, a=-BHC. y-BHC (lindane),
and heptachlor epoxide.

Two additional VOCs and tour addit;onal pesticides had
upper-bound risks between 10°® and 10°7: styrene, 1,1,1-
trichloroethane, hexachlorobenzene, propoxur, DDT, and DDE.

Nine chemicals (all pesticides) were below the 107 risk
level for airborne exposure.
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Finally, one pesticide--pentachlorophenol (PCP)~--was never
detected. However, the detection limit was very high for pCP,
leaving open the possibility that this pesticide could represent
non-negligible lifetime risks of cancer. Additional exposure
studies with lower detection limits for pentachlorophenol, and
also for some of the less prevalent VOCs such as ethylene
dibromide and vinylidene chloride, are necessary before a more
trustworthy estimate of their risks is possible.

Indoor sources accounted for the great majority (80-100%) of
the total airborne risk associated with most of these chemicals.
Carbon tetrachloride is the only one of the target chemicals for
which outdoor sources account for a majority of the airborne
risk, indicating the effectiveness of the ban on its use in /
consumer products.

DISCUSSION
Upper-bound vs. "best-guess" estimates of potency

The potencies employed in the risk calculations above are,
with one exception (benzene), "upper-bound”" potencies calculated
from animal experiments. This raises the question of what the
"best-guess" potency might be. Unfortunately, the EPA has chosen
not to calculate "best" estimates of potency, arguing that such
estimates are inherently more unstable than the upper-bound
estimates. Without arguing this point, it may still be
instructive to calculate "best" estimates of potency. For
example, are such "best" estimates lower by a factor of 3, 10, or
100? Could the "best" estimate sometimes be zero? To answer
such gquestions, we may examine the approach developed by a gr up
at Harvard University’. 1In this approach, a median potency is
calculated from the animal studies, together with an estimate of
the natural logarithm of the geometric standard deviation (o0,) of
that animal potency. A median potency in humans is then
calculated, based on an assumed uncertainty connected with
extrapolation from animal to man (ay = 1.5), and an uncertainty
(if necessary) associated with converting from oral dose to
inhalation dose (¢, = 1.6). Assuming log-normal distributions
for all the sources of uncertainty, estimates of mean and upper-
bound potencies can be calculated using standard relationships of
log-normal distributions:

Mean = Median X exp (0%/2)
where o2 = 02 + av2 + ot

When these calculations are carried out, using values for
the median potencies and their uncertainties as calculated by the
Harvard group, we find that 95% upper-bound potencies are
typically about 7 times mean potencies. This finding is in

4

SL 064727




general agreement with the results of a study'® that compared
upper-bound potency estimates from animal studies with observed
potencies from human epidemiology of about 20 chemicals that are
both animal and human carcinogens. That study found that, in
general, the upper-bound estimates from the animal data were
about an order of magnitude higher than the "best" estimates from
the human data.

Therefore, the upper-bound risk estimates in Tables I and II
(except for benzene) may be divided by a factor of 7 or 10 to
provide "best" estimates of risk based on mean potencies and mean
exposures. This results in benzene emerging as the single
chemical with the highest risk of all 35 considered.

For some of these chemicals, it is also possible to argue
that the "best" estimate of risk is 0. For example, if a
chemical causes cancer in animals but not in man, its
carcinogenic risk in humans is zero by definition. Now suppose
that a chemical is "more likely than not" to be a noncarcinogen--
what is the "best" estimate of its carcinogenic risk? One way to
answer this question is to say that there is a better than 50%
probability that it is not a carcinogen, and therefore the "best"
(median) estimate of risk is zero. Another approach might be to
assign a probability that it is a carcinogen, calculate the risk
on the basis of the animal studies, and then "djilute" that risk
by multiplying by the assigned probability. Thus, if the animal
studies are ambiguous, and we assign only a 10% probability that
the chemical is a human carcinogen, the risk calculation would be
multiplied by 0.10 to arrive at a "best"” estimate of risk. 1In
the case of the chemicals considered here, most are classified as
"B2" (probable human carcinogens), but some are classified as "cC"
(possible human carcinogens). (Still others, such as
tetrachloroethylene and p-~dichlorobenzene, wobble back and forth
between the two classifications.) If the "probables" were
assigned a likelihood factor greater than 50%, while the
"possibles" were assigned a factor less than 50%, one of the
above two approaches could be employed to further adjust the
risks calculated in Tables I and II.

Assigning risk to population subgroups

The risk calculations above have generally been made on the
basis of the entire population studied in the TEAM Studies, or on
extrapolating those results to the U.S, population. One
exception has been the risks to smokers of benzene and styrene,
which apply only to the 50 million active smokers in the U.S.
However, if it vere possible to identify sources of exposure, and
characterize population subgroups on the basis of their exposure
to those sources, it would be possible to refine our estimates of
risk. 1In particular, we would find that risks are higher among
the exposed subgroups, and lower (perhaps zero) among the less
exposed or unexposed subgroups.
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As an exampl of the above points, we may consider the
pesticide dichlorvos. This pesticide was found in about a third
of Jacksonville homes and only 2% of Springfield homes. oOutdoc:
concentrations were negligible in both regions. 1If the personal
exposures came mostly from use of a consumer product containing
dichlorvos, it seems reasonable to calculate a risk based on
exposures to the users only. Thus the calculated risk to
Jacksonville users would be three times the risk averaged over
the entire population, and the calculated risk to Springfield
ugers would be 50 times the risk averaged over the population.
Since the calculated risk for the Jacksonville population was 5 X
10, the risk to users would be 15 X 10°%; the calculated risk
for the Springfield population was 3 X 10°7, leading to a risk to
users of 15 X 10%--identical to the risk to Jacksonville users.
This calculation has not changed the total population risk in
either case-~it has simply apportioned the risk across the
populations. <~hus we have gained a sharper definition of the
risk. It is also interesting to note that the risks calcu.ated
in this way show that in both areas, upper-bound risks to users
exceed the one in a million level by a factor of 15; the previous
calculation indicated that the upper-bound risks averaged across
the population were very close to this dividing line. This
approach does not appreciably change the risks calculated for the
more prevalent VOCs and pesticides, but has the potential for
order-of-magnitude increases in calculated risks for the less
prevalent chemicals.

For example, applying this approach to other pesticides, we
find that a-BHC, which was found in only 27% of Jacksonville
homes and only 2% of Springfield homes, has a calculated average
risk in these homes of 8 X 10™® and 20 X 10°%, respectively,
compared to the value of only 1 X 10°® averaged across the
population. Other pesticides whose lifetime upper-bound risks in
exposed homes approached or exceeded one in a million included
2,4-D, DDE, hexachlorobenzene, and dicofol.

Uncertainty of Estimates

Great uncertainty accompanies most risk estimates. The
major uncertainties involved in potency calculations are well
known: the extrapolation from animals to man and from high d se
to low dose. These uncertainties are such that a given chemical
may not cause human cancer at all-~the actual cancer risk may be
exactly zero. Even if the rigk is not zero, the estimates could
easily be wrong by factors of 10, 100, or more, depending on the
shape of the dose-response curve, the possible existence of a
threshold due to DNA repair or other mechanisms, and many other
factors. '

Considerably less uncertainty is associated with some £ the
exposure estimates. The overall mean VOC exposure in eight
cities was usually within a factor of 3 of the extremes for an
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individual city, wh ther the city was rural, suburban, urban, or
heavily industrialized. The reason for this predictability
appears to be the relative importance of consumer products,
personal activities, and building materials to human exposure:
such factors do not vary greatly across the country. Of course,
personal activities can result in very high exposures for short
periods, but we are concerned here with long-term exposures.
Somewhat more variation was noted for pesticides, with
differences of a factor of 10 in exposure noted for a number of
pesticides in Jacksonville and Springfield.

For the nine prevalent VOCs, about 2000 measurements have
been made of 12-hour average personal exposure, and more than 500
have been made of outdoor concentrations. Thus, for these more
prevalent VoCs and pesticides, relatively little error is
associated with the estimates of the relative contribution of
indoor and outdoor sources. The reason is that the same
instrumentation was used to measure both indoor and outdoor air--
even if the instruments were biased, the relative proportions
would remain nearly unchanged.

However, two other VOCs were measurable in only a small
percentage of samples: vinylidene chloride (7%) and ethylene
dibromide (2%). (The 12th VOC, ethylene dichloride, was measured
in about 20% of the samples, but with most measurements hovering
close to the detection limit.) For these more rarely found
chemicals, the indoor/outdoor ratios are less certain, as are the
risk estimates.

Some chemicals were prevalent but do not have sufficient
animal studies to establish their carcinogenicity. Among these
are toluene and xylenes, not found to be carcinogenic in two-year
rat and mouse studies conducted by the National Toxicology
Program (NTP), but found to be carcinogenic in natural-lifetime
rat and mouse studies carried out in Italy (Maltoni, personal
communication). Limonene (used in lemon-scented products and
also as a food additive) was the single VOC at the highest
average concentrations in people's homes; a recent 2-year NTP
study found clear evidence of carcinogenicity in one sex-speci s
combination, but no evidence in the other three sex-species
combinations. Two pesticides_that were prevalent at relatively
high concentrations indoors were chlorpyrifos (Dursban) and ,
diazinon. Health studies of these pesticides do not completely
rule out their possible carcinogenicity. Because of the ,
prevalence and high concentrations of these VOCs and pesticides,
further health studies are indicated.

Several of the chemicals with the highest associated risks
will be discussed separately.

Benzene
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. Only one of these chemicals is considered a human

carcinog n: benzen . Therefore the risk stimate associated with
benzene is on more solid ground than any of the others. Benzene
is also the only one of these chemicals with human
epidemiological studies showing a possible influence of
environmental levels of exposure on cancer risk: two studies show
that children of smokers die of leukemia at two or more times the
rate of children of nonsmokers''''?, fThe higher mortality rate is
consistent with the measured elevated levels of benzene in the
breath of smokers (suggesting exposure of the fetus in the womb
of the pregnant smoker). Elevated levels of benzene in the air
of homes have also been documented by the TEAM Study and by a
study in West Germany'’; however, the increase (on the order of
50t in both studies) does not seem enough to explain the incr ase
in the mortality rate unless children are more susceptible to

benzene-induced leukemia at some point in the first 8-9 years of
life.

Major sources of exposure to benzene appear to be activ and
passive smoking, driving and other personal activities associated
with automobiles, use of attached garages for parking cars,
storing gasoline and kerosene, and the use of certain consum r
products (marking pens, paints, glues, rubber products). The
major outdoor source is auto exhaust; emissions from stationary
sources account for only a few percent of nationwide exposures.

Vinylidene chloride | v

This chemical is highly volatile and therefore "breaks
through” the Tenax monitor after only a portion of the monitoring
period. The concentration is calculated on the basgis of the
"breakthrough volume" rather than the actual sampling volume, and
depending on the pattern of exposure during the monitoring
period, may be either an over- or under-estimate of the actual
concentration. Also, because the sampling volume of 20 liters is
effectively reduced to the breakthrough volume of only a few
liters, the sensitivity is reduced by the same factor. The
limits of detection for vinylidene chloride ranged from 3 to 14
pug/m®, about an order of magnitude worse than for most of the
other target VOCs. Out of 1085 personal air samples collected
from 355 New Jersey residents over three different seasons, only
77 (7%) had measurable concentrations of vinylidene chloride.
(Another 107 (10%) showed trace concentrations.)

The population risk for such rarely detected chemicals can
be calculated, but the interpretation of the risk presents
difficulties. .For examgle, the single highest measured exposure
to VDC was 120,000 1/m°, which was incurred by a cabinetmaker
(The second highe: alue of 14,000 sg/m’ was also measured fc
this same person different season.) Taken together, the
two value accoun for more than 80% of the total calculat:
exposure ,and the: re the risk) for the population. If we
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include these values in our calculation f risk, then vinylidene
chloride exposures average 150 pg/m®, and the upper-bound risk is
7.5 X 103--greater than the risks from radon and passive smoking
combined! If we dro? these two values, the population exposure

decreases to 28 ug/m’, and the risk to 1.4 X 10° 3e-gtill very
large. However, four other exposures exceeded 1000 pg/m’. If
these values are also dropped from the risk calculation, the
average exposure decreases to 6.5 uq/m , and the associated
upper-bound risk to 3.2 X 10 Thus the population average of
150 ug/m® for all 355 persons is actually composed of an average
of 6.5 ug/mP for about 350 persons, and an average of about
30,000 ug/m for about 5 persons. This corresponds to a
difference in risk of the two groups of a factor of 5000!

Because of the tremendous effect of a few measurements, the
calculated upper-bound risk for vinylidene chloride must be
considered tentative. Only additional data on personal exposures
(¢ llected by methods with a sensitivity of 1 ug/m’® or less) will
provide the information necessary for an adequate risk
assessment.

p~Dichlorobenzene

This chemical has two major uses: as a moth repellent, it is
a registered pesticide; as an air "freshener", it is an additiv
( ften unlabeled) to consumer products. From the TEAM Study
results, it appears that about a third of homes employ p-DCB.
Therefore the average risk to ugers is about 3 times the risk
shown in the table. The risk to non-users should be no more than
that associated with average outdoor concentrations, or about 1%
of the risk to users.

Chloroform

This chemical is unique among the target VOoCs in having many
routes of exposure: air, food, water, beverages. Indoor and
outdoor air levels and levels in drinking water have been
documented in all the TEAM Studies. The pilot TEAM Study of
1980-82 also documented chloroform levels of 15-56 ppb (pg/L) in
milk, butter, cheese, and ice cream; and 9-178 ppb in soft
drinks A recent Japanese study (Y. Sato: personal
communication) of seven housewives indicated that they were
exposed to chloroform through all routes, but that the diet
provided more exposure (10.7 ug/day) than the air (2.0) and water
routes (2.4 pg/day).

Methylene chloride
This chemical is too volatile to be collected on Tenax;
therefore few personal exposure measurements have been made.
Several indoor and outdoor measurements were made in the 1987
TEAM Study in Los Angeles using evacuated canisters~-these are

e
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the values on which the risk estimate has been based. However,
the existing data is s sparse that the estimate must be
considered very speculative.

Short-term exposures at the high ppm level from using paint
strippers have been documented'®. Such an exposure for one day
would equal the lifetime exposure to ambient concentrations of
methylene chloride. Therefore the population risk from this
chemical might better be calculated from data on the number of

people who use paint strippers and the amount of time they use
then.

Ethylene dibromide (1,2-dibromoethane)

This chemical is widely used as a fungicide, particularly on
grain, and therefore the main risk is :thought to be through food.
However, the potency is so high that-even the very low airborne
exposures measured in the TEAM Study produce a non-negligible
risk. Only 15 of 621 personal air samples (2.4%) exceeded th
quantifiable limit of 0.05 ug/m’. Another 61 samples (12.2%)
showed trace amounts. If we assume a value of 0 for the 545 non-
detected samples, and the lowest possible value of 0.05 for the
61 trace samples, the average exposure is 0.014 pg/m*. Assuming
the maximum values for the trace samples (0.24 ug/nﬂ) and th
non-detects (0.05 ug/m’) results in an average exposure of 0.087
pg/m’. A value between these two extremes is 0.05 ug/m®,
resulting in a risk estimate of 25 X 10, only 3 of 282 outdoor
air samples were measurable (and only 5 were at trace levels),
and the range of average values using the same assumptions as
above is 0.003 to 0.06 ug/m’. The maximum personal exposure was
only 0.97 ug/m’, so that the risk calculations are not
extensively skewed by a few samples as they were in the case f
vinylidene chloride.

Chlordane and Heptachlor

These pesticides were recently withdrawn (April 1988), after
vide use as termiticides (=85% of the market). They were applied
primarily as a liquid poured or injected into soil around
building foundations. Therefore their appearance in the NOPES
study as airborne vapors may indicate widespread intrusion of
soil gas into the home through cracks or drains in the basement
or ground floor.

Aldrin and Dieldrin

These pesticides were withdrawn from use in the U.S. in the
early 1980's. They were used mainly as termiticides (about 10%
of the market). Their appearance in the NOPES study is further
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indication of a long half-life in soil coupl 4 with some
mechanism allowing intrusion into the h _me.

bichlorvos (DDVP)

This insecticide was widely used on "pest strips" before
such a use was banned. Measurements during different ‘seasons in
the two cities ranged from 98-99% not detectable in Springfield,
and from 65-89% not detectable in Jacksonville. As discussed
above, although the risk averaged over the entire population is
close to the 10 level of risk, when averaged over the smaller

population of users, the risk climbs to about 15 X 10 in both
cities,

Exposures Through Other Routes

All of the above chemicals (both VOCs and pesticides) were
measured in drinking water, and found to present less than 1% of
the risk due to airborne exposures with the single exception of
chloroform. All of the chlorinated VOCs were also measured in

food and beverages; again chloroform was the only VOC found in
seignificant amounts in food. :

Exposures through routes other than air and water have been
documented for some of the pesticides. Many of the pesticides
have been measured in food by the FDA for years: however,
exposures in food account for only a small proportion of total
exposure to the four pesticides of highest risk through airborne
routes. Food exposures outweigh air exposures for some of the

ther pesticides (e.g, Captan).

House dust may provide an important reservoir for any or all
of the pesticides, and possibly also for the least volatile of
the Vocs (p-dichlorobenzene, tetrachloroethylene). DDT was found
in house dust in five of eight homes in the NOPES study. Since
this chemical has been banned for nearly two decades, its
appearance in house dust is troubling. 1Ingestion of the dust by
toddlers could be an important additional source of risk. The
DDT may be tracked in on people's shoes from outdoor soil.

Comparison with Other Environmental Risks

Several organic chemicals of interest were not monitored in
the TEAM Studies. Among these are formaldehyde and 1,3-buta-
diene. Risk estimates for these chemicals may be compared to the
risks calculated above.

The carcinogenicity of formaldehyde is controversial, due to
the unusual metabolic pathway associated with its carcinogenicity
in rodents. Estimates for the cancer risk of formaldehyde!
range over extreme limits, from zero to 103. Employing an
intermediate potency factor (unit risk of 1.3 X 10% (ug/m*)’') and
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measured values of 40 ug/m® for normal (non-mobil home) housing
stock results in a risk of about 5 X 10™%. (Average outdoor
concentrations of formaldehyde have been about 4 ug/nﬁ
corresponding to a risk of about one tenth of this level.)

Recent animal studies of 1,3-butadiene have resulted in
revising its potency upward by nearly three orders of magnitude.
Although no personal exposure data are available for this
chemical, a recent study has measured the level in sidestream
smoke at about 400 ug per cigarette'’. This is approximately th
level of benzene in sidestream smoke (330 ug per cigarette):;
therefore, if 1,3-butadiene is not too reactive, we can calculat
that it will be elevated by about 4 pg/m® in smoking homes and by
13 pg/m® in workplaces allowing smoking. Using the revised unit
risk value of 2.8 X 10°%, and assuming 38 million homes with
smokers averaging three residents each, 75 million workers in
workplaces allowing smoking, and 26 million non-workers exposed
to cigarette smoke, we arrive at an upper-bound risk associated
with exposure to 1,3-butadiene in environmental tobaccos smoke of
6 X 10°“. MNo data exist on personal exposures or indoor
concentrations of 1,3-butadiene. (Outdoor concentrations of this
chemical have been estimated to lie within a range of 0.3-1.6
pg/m’, corresponding to a risk of about 1«4 X 107°.)

Thus the individual risks for formaldehyde and 1,3-butadiene
are greater than the airborne risk of any of the other 35 VOCs
and pesticides considered in this report. However, the great
uncertainty in the carcinogenic potency of formaldehyde,
including the uncertainty as to whether it is a human carcinogen
at all, and the lack of exposure data for 1,3-butadiene make the
risk estimates for these two chemicals particularly speculative.

The combined upper-bound risk of about 10"} associated with
these 37 predominantly indoor org-nic chemicals appears to be
similar to the risks associated w h the most severe
environmental hazards (radon and r-ssive smoking). For example,
the risk associated with nonsmoke: ! exposure to radon has been
estimated to be about 10 and that with passive smoking has b en
estimated' at 2 X 103. It should be noted, however, that the
risk estimates for radon and passive smoking are based on human
epidemiology studies, and are therefore on firmer ground than all
of the risk estimates for the organic chemicals with the
exception of benzene.

The risk estimates for these organic chemicals are considerably
higher than the risks associated with some EPA regulations
(NESHAPS chemicals and Superfund clean-up criteria). Similar
conclusions regarding the importance of indoor air pollution
compared to other environmental hazards have been reached by EPA
Headquarters' and by three Regions®; both of these reports rank
indoor air pollution as among the top two or three environmental
threats to public health.
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Two other risk estimates for personal exposure to VOCs have
been published®'®, McCann arrived at similar risk estimates for
most of the chemicals; Tancrede estimated 5~10 times higher
risks, due partly to using a different method for calculating
potencies from animal data and partly to considering explicitly
several additional sources of uncertainty. No previous risk
estimates for most of these pesticides have been possible, due to
the lack of exposure information.

Actions to avoid these risks may be taken by individuals.
Since the sources of the risks are often personal activities
(smoking, using air fresheners), these activities can be halted
or modified. (For example, smokers could establish a room in th
home with separate ventilation.) Exposures from chloroform could
be reduced by drinking bottled water or using an activated carb n
filter on the water supply. Exposures from petroleum-based
products could be reduced by discarding or storing used paint
cans and sprays in a detached garage or tool shed. Dry-clean d
clothes could be hung outdoors for a day--one study indicates
that 20-30% of tetrachloroethylene residues on the clothes will
outgas during the first day.

The reason for the large number of pesticides observed in
indoor air in the latest TEAM Study is not well understood.
Termiticides, like radon gas, may be entering the basement due to
soil gas movement; it may be that the same techniques to control
radon (sealing the foundation, providing separate ducting at th
entrance points) may also control termiticide entry. Other
pesticides, particularly the long-lived chlorinated hydrocarbons
such as DDT, may be entering the home by being tracked in on
people's shoes. If so, removing shoes before entering the home,
and reducing or eliminating the use of carpets or rugs (which
collect large amounts of dust containing pesticides and metals as
well), should reduce pesticide exposures.

SUMMARY AND CONCLUSIONS

Measured personal exposures to 12 VOCs and 23 pesticides in
EPA's TEAM Studies have been used to arrive at upper-bound
lifetime cancer risk estimates. Seven VOCs and seven pesticides
have upper-bound risks ranging from 10°¢ to 10“. fThe combined
upper~bound risk of about 10% from these organic indoor air
pollutants is nearly comparable to the estimates of risk from
radon and environmental tobacco smoke. (However, the latter two
estimates are based on human epidemiology studies, and are
therefore subject to far less uncertainty.) These upper-bound
risks are much greater than the health risks associated with most
other environmental problems.

Several chemicals for which we have inadequate information,
either on exposure or potency, to calculate risk were identified: /
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vinylidene chloride, methylene chloride, 1,3-butadiene, /O/
formald hyde, ethylene dibromide, chlorpyrifos, and diazinon.

Despite the recognized large uncertainty in these risk
estimates, these findings provide additional support for the
conclusion of two recent comparative rankings of environmental
risk by EPA: that indoor air pollution is one of the greatest
threats to public health of all environmental problems.
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Table I. Upper-Bound Lifetime Cancer Risks of 12 VOCs
Measured in the TEAM Studies (1980-87
Outdoor Air

Chemical nc Risk :gng_n:§§;ign
< ) g/ g/m)

(uq/m) -
(x 10%)  (x10°%)

Benzene

Air 15 8 120° 6

Smokers 90 8 720° -

v//’vinylidene chloride 6.5 50 (320" <1 0///

Chloroform

Air 3 23 70 0.6

Showers (Inhalation) 2 23 50 -

Water 30* 2.3 70 -

Food & Beverages 30* 2.3° 70 -
p-Dichlorobenzene 22 4 90 0.6
1,2-Dibromoethane 0.05 510 25 0.03
Methylene chloride 6f 4 24 2f
Carbon tetrachloride 1 15 15 0.6
Tetrachloroethylene 15 0.6 9 3
Trichloroethylene 7 1.3 9 1l
Styrene

Air ‘ 1l 0.3° 0.3 0.3

Smokers 6 0.3 2 -
1,2-Dichloroethane 0.5 7 4 0.2
1,1,1-Trichlorethane 30 0.003 0.1 7

* Arithmetic means based on 24-hour average exposures of = 750
persons in six urban areas measured in the TEAM Studies

b Based on backyard measurements in 175 homes in six urban areas

¢ The risk estimates for benzene are based on human epidemiology
and are therefore mean as opposed to upper-bound estimates

9 six measurements exceeding 1000 ug/m’® dropped from the
calculation:; inclusion of the measurements leads to an average
exposure of 150 pg/m,

* These figures are in ug/L or ppb rather than ug/m’

! Based on only, eight 24-hour measurements in 1987,

¥ Source: US EPA (1983) Review and Evaluation of Evidence for
Cancer Associated with Air Pollution, EPA 450/5-83-006.




Table II. Upper-bound Lifetime Cancer Risks from Airborne Exposur s
23 Pesticides Measured in the NOPES TEAM Study

Outdoor Air

Pesticide EKDQE§LIQ_' m:; Q.Qns_en;p_u_qn
- (ng/m’) (kg-d/mg) (X10° (ng/m’)
Banned Termiticjdes
Heptachlor 71 4.5 90 (19)° 7
Chlordane 198 S 70 (15) 14
Aldrin 13 17 60 (13) 0.1
Dieldrin 3 16 14 (3) 0.2
Heptachlor Epoxide 0.4 9.1 1 (0.2) 0.1
DDE 2.2 0.34 0.2 (0.04) ND?
pDT 0.7 0.34 0.1 (0.02) ND
icides
Dichlorvos 33 0.29 2.7 ND
v+=-BHC (Lindane) 6.6 1.3 2.5 0.4
a-BHC 0.5 6.3 1 ND
Propoxur 100 0.0079 0.2 2.5
Hexachlorobenzene 0.3 1.67 0.1 0.1
Dicofol 2.6 0.34 0.05 ND
¢-Phenylphenol 58 0.0016 0.02 0.6
2,4~D 0.6 0.019 0.003 0.1
Atrazine 0.05 0.22 0.003 ND
cis-Permethrin 0.4 0.022 0.003 ND
trans-Permethrin 0.1 0.022 0.001 ND
Chlorothalonil 0.7 0.011 0.002 0.5
Folpet 0.5 0.0035 0.0005 0.2
Captan 0.1 0.0023 0.00007 ND
DDD <4 0.34 ,£0.4 ND
Pentachlorcphenol <730 0. 013 L83 ND

* Arithmetic mean of population-weighted and seasonally-woighted
average personal exposures measured for 173 persons in Jacksonville,
FL and 85 persons in Springfield/Chicopee, MA.

b Bagsed on outdoor measurements at each home in the two cities.

¢ All risks calculated assuming 70-year lifetime exposure at the
measured levels. For banned pesticides, whose environmental
concentrations should decrease over time, an alternative calculation
of risk (in parentheses) assuming a 10-year half-life in soil is
provided.

4 Not Detected
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Supporters of this system argue that it woulc
provide an incentive for better estimates of the costs of
legislative proposals and a basis for an explicit
discussion of the costs and tradeoffs of such proposals.
High cost ceilings would focus attention on the
axpected benefits of the program, and alternative
spproaches; cost ceilings that were too low would
prevent agencies from issuing implementing reguls-
tions. Such an approach would, peediess to say, give
agencies an incentive to choose regulatory approaches
that would produce the greatest benefits at the lowest
eosts.

ISSUES AND AREAS FOR FURTHER STUDY

While the fiscal budget process provides a continu.
ous record of actual expenditures, there is no compara-
ble record of the cost of meeting regulatory require-
ments.® Members of Congress and the past two
Administrations have considered developing an ac-
counting framework to record direct regulatory expen-
ditures, but more work needs to be done to solve the
practical accounting problems inherent in measuring
the private expenditures that Federal regulations
mandate. These include:

* Developir 1 record of actual expenditures while
minimizi. the recordkeeping burden on the
private secior;

¢ Identifying an appropriate “baseline,” recogniring
that some costs would be incurred even in the
absence of Federal regulation; and

o Estimating the costs of forgoing certain products
where Federal regulation prohibits production or
distribution.

Each of these raises difficult issues in designing an
effective regulatory budget process. For example, the
costs of ng a product are not directly measurable
and can only be estimated using complex statistical
mod-'s. However, measuring only the rect compli-
ar  sts for oversight purposes creatas a bias toward
:: ¢ substances and products instead of control-

am.

. 4 first step in determining the feasibility of the
reguiatory budget concept, OMB has begun systemati-
cally to collect the costs of all significant published
regulatory actions. Analysis of these data should aid in
the development of ways to overcome the problems of
regulatory budgeting, uncover unforessen problems in
developing cost estimates, and more fully refine a
workable regulatory budgeting process.

Current Regulatory Issues in Risk Assessment and Risk
Management

Many Federal agency regulatory decisions are
intended to reduce risks to human life and health.
Government regulations control which agricultural
chemicals may be used to reduce insect damage,
increase farm yields, and improve the quality of food
products. Other rules govern hazards in the Nation's
workplaces and emissions from its factories. There are
regulations directing the way in which automobiles
must be manufactured, commercial aircraft main-
tained, and trains operated. Hardly any widespread
human activity that entails risk is free of some degree
of social control, often achieved through government
regulation.

Regulatory decisions involving risk require agencies
to address questions such as, “How safe is ‘safe’” and
“How ciean is ‘clean”™ When government agencies
promulgate regulations intended to reduce a risk or
mitigate 8 hazard, they are engaging in what has

become known as risk management. These policy
choices inevitably involve considerstion of both the
risks entailed by the underlying activity and the social
consequences of regulstory intervention. Thus, the
first challenge of risk management is to set priorities
to determine which risks are worth reducing and
which are not.

For government to earry out its risk-management
responsibilities, there must be an extensive invest-
ment in the careful assessment and quantification of
risks. The term risk cssessment means the applica.
tion of credible acientific principles and statistical
methods t0 develop estimates of the likely effects of
natural phenomena and human activities.

The need to keep risk assessment and risk manage-
ment separate has long been the objective of responsi-
ble public officials. In 1983, the National Academy of .
Bciences (NAS) studied the process of managing risk

) "_lhnuchm, using different methods, assumptions, and time periods, bave formed :ummphu estimates by adding up the cost
indvidual regulations. These estimates accordingly ahow considersble variation for current annual ats ranging from $60 billion 10 $1

billion & year—5 10 1% percent of current Federu! outlays.

-
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in the Federal Gove t Eﬂ offered the following This section explores some of the continuing difficul-

recommendations, Amo: ers:

and tachnicsl eonsiderstions ‘th.ﬂuulih

shaice of regulatory soratagis.
Recommendation 2: Before an agency decides whether a
substance should or should not be regulated as a haalth
basard, o detailed and emprebansive written risk asess-
ment ahould be prepared and made publicly
This writtan amsessmignt should clearly distinguiah be-
tonan the scientific_basis and the policy basis for the
aqencys waclurions. ®

The belief that risk assessment and risk manage-
ment should be kept separate enjoys widespread
support among professional risk-assessment practi-
tioners and risk-management officials. ®Others have
emphasized the importance of ensuring that policy
biases do not distort the analysis of alternative
risk-management choices.® The NAS principles have
also have been endorsed by a number of Federal
agencies, including the Office of Science and Technol-
ogy Policy (OSTP), the Environmental Protection
Agency (EPA), and the Department of Health and
Human Services (HHS).®

Unfortunately, risk-assessment practices continue to
rely on conservative models and assumptions that
effectively intermingle important policy judgments
within the scientific assessment of risk. Policymakers
must make decisions based on risk assessments in
which scientific findings cannot be readily differenti-
ated from embedded policy judgments. This policy
environment makes jt difficult to discern serious
hazards from trivial ones, and distorts the ordering of
the Government's regulatory priorities. In some cases,
the distortion of priorities may actually increase
health and safety risks.

E

ties that plague the practice of risk assessment, and
describes briefly their policy implications. It can be
summarited in three observations:

The continued reliance on conservative (worst-case)
assumptions distorts risk assessment, yielding esti-
mates that may overstate likely risks by several orders
of magnitude. Many risk assessments are based on
animal bioasssys utilizing eensitive rodent species
dosed at extremely high levels. Conservative statisti-
cal models are used to predict low-dose human health
risks, based on the assumption that human biological
response mimics that observed in laboratory animals.
Worst-case assumptions concerning actual human
exposure are commonly used instead of empirical
data, further exaggerating predicted risk levals.

Conservative biases embedded in risk assessment
impart a substantial “margin of safety”. The choice of
an appropriate margin of safety should remain the
province of responsible risk-management officials, and
should not be preempted through biased risk assess-
ments, Estimates of risk often fail to acknowledge the
presence of considerable uncertainty, nor do they
present the extent to which conservative assumptions
overstate likely risks. Analyses of risk-management
alternatives routinely ignore these uncertainties and
treat the resulting upper-bound estimates as reliable
guides to the likely consequences of regulatory action.
Decisionmakers and the general public often incor-
rectly infer a leve! of scientific precision and accuracy
in the risk-assessment process that does not exist.

Conservatism in risk cssessment distorts the regula-
tory priorities of the Federal Government, directing
societal resources to reduce what are often trivial
carcinogenic risks while feiling to address more
substantial threats to life and health. Distortions are
probably most severe in the area of cancer-risk
assessment, because many conservative models and
assumptions were developed specifically for estimat-

¥ National Academy of Sciences, Risk Assessment in the Fodern! Government: Managing the Process, Washington, DC; Naticoal Academy

Pross, 1883 (hareinafter, NAS Risk Manggemen: Study), p. 151.
= ed., p. 158.

® For representative views of risk-assessment practitioners sse, o.5., Lester B. Lave, The Sirutegy

of Sacia! Regulation: Decision

Framaworks for Policy, Washingten, DC: Brookings, 198); Lester B. Lave, “Metbods of Risk Assessment,” Chapter 2 in Quonsitative Rusk
Assessmens in Regulation, Laster B. Lave, od., Washington, DC: Brookings, 1982, esp. pp. 52-54. For representative views of risk-management
officials see, ¢.4., William D. Ruckelshaus, “Science, Risk, and Public Policy,” Vital Speeches of the Doy, Volume 49, No. 20, August 1,
1983, pp. 812-615.

* Bee, e.g., Howard Kunreuther and Liss Bendizen, “Benefits Assensment for Regulatory Problems,” and Baruch Fischhoff and Louis
Anthony Cex, Jr., “Conceptual Framework for Ragulatory Benefits Assessment,” Chapters $ and 4, respectively, in Benefits Assessment:
The State of the Art, Judith D. Bentkover, Vincent T. Covello, and Jeryl Mumpower, eds., Dordrecht, Netherlands: D. Raidel, 1986, PP.
4445, B9-61.

*8ee US Office of Science and Technology Palicy, *Chemical Carcinogens: A Review of the Science and Jts Associated Principles,”
Principle 29 (50 FR 10378, March 14, 1985, bervinaftar, OSTP Risk Asscwsment Guidelines); U.S. Envircamental Protection Agency,
Guidelines for Carcinogen Risk Asseasment,” 51 FR 34001 (Septamber 24, 1986, hereinafter, EPA Carcinogen Risk Assessmens Guidelines ),
U.S. Depariment of Health and Humap Services, Risk Assexsment and Risk Management of Taric Substances, April 1985, p. 20.
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ing bounds for these risks. Risk-assessment
methods with similar conservative biases are less
common elsewhere, particularly in those areas where
real-world data are available, or where the mechanism
by which injury or illness occurs is better understood.

A renewed commitment to the NAS recommenda-
tions is clearly warranted As quantitative risk

sssesstnent plays an increasingly significant role in
risk management, the need to separate science from

policy becomes ever more important, if either process-

is to maintain public confidence. As former EPA
Administrator William D. Ruckelshaus has noted:

Risk sasessment.. zoust be based an scientific evidance and
scientific consensus only. Nothing will erode public eonsi-
dence fastar than the suspicion that policy considerstions
Aave been allowad to influence the sasessoent of rigk.

ALTERNATIVE RISK-ASSESSMENT
METHODOLOGIES

Risk assessments of chemical substances in general
(and of possible carcinogens in particular) involve a
mixture of facts, models, and assumptions. There is
considerable debate concerning the scientific merita of
the models and assumptions commonly used in risk
assessments. In some cases, 8 scientific consensus has
developed to support a particular model or assump-
tion. In other instances, however, certain models and
sasumptions are relied upon because they reflect past
practices rather than the leading edge of science.
Furthermore, a scientific basis for several of the most
critical models and assumptions simply does not exist.

Most scentists agree that these models and as-
sumptions impart a conservative bias: that is, they
lead to risk projections that the actual (but unknown)
risk is very unlikely to exceed. These “upper-bound”
estimates are often useful as a screening device, to
exclude from regulatory concern potential hazards
that are insignificant even under worst-case condi-
tions. Unfortunately, upper-bound risk estimates are
routinely employed for altogether different purposss,
such as estimating the likely benefits of regulatory
actions. Policymakers are required to act on the basis
of biased representations of both the magnitude of the

:“ﬂﬁm D. Ruckelshaus, (op. eit), p. 814.
OSTP Guidelines, Quideline 8, p. 10876.

gnderlying bazard and the extent to which Govern-
ment action will ameliorate it.

Contemporary risk assessment relies heavily upon
anima! bicasssy and spidemiology. Each approach has
theoretical advantages and disadvantages. In practice,
both can be misused to bolster preestablished conclu-
sions. The following discussion emphasizes problems
in carcinogenic risk assesament, because the preven-
tion and cure of cancer plays such a major role in
policy issuss involving risks to life and health.

Animal Bioassay

Animal testir- snables acientists to estimate risks
ex ante, beforr “uman health effects materialize,
whereas spidemuciogical studies can only detect such
offects «x post. In addition, animal tests can be
conducted under tightly eontrolled laboratery condi-
tions, which provide more relisble estimates of
sxposure and avoid many of the confounding factors
that often plague epidemiological investigations. The
relatively short lifetimes of experimental mammals
(such as rats and mice) allow scientists to ascertain
the possible effects of long-term exposure in just a few
years.

Animal testing suffers serious limitations, howe
arising from certain critical assumptions. Despite §
routine application, there is 0o accepted acientific
bnmfcrthenmpﬁonthtnnﬂumhmemint
fully extrapolated from test animals to humans.
Some scientists believe that animal data should not be
used in assessing human health rigks.®

Another critical limitation is the reliance on very
high doses to generate adverse effects in test ani-
mals.® A mathematical model must be used to bridge
the gap between these high.-dose exposures and the
low-dose exposures more typically faced by people.
Many different mathematical models can be con-
structed to fit the data at high doses. These models
often vary enormously, however, in their predictions of
riak at low doses.

Beyond these unawoidable methodological con-
straints, the resuits of animal bicasssys may be
subject to oconflicting scientific interpretation or
strongly influenced by the choice of research method.

—

™ See, 0.¢., Bruce Amas, Renae Magaw, and Lois Swirsky Gold, “Ranking Possible Carcinogenic Hazards," Science, Val. 236, April 17,
1987. Gio Batta Go:, -'n: Regu.l:t.ion af'Cnrdamnie Haxards,” Science, Val.- 308, April 18, 1980.

® OSTP Guidelines, Guideline 11, p. 10377.
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Tissue preparation and histology present obvious
opportunities for error, s experts may disagree as to
how alides ghould be interpreted.® This problem
geperally is not significant at high doses, where
malignancies are often obvious. At low doses, however,
pathologists often differ in how they distinguish
tumors from hyperplasia Subjectivity cannot be
avoided where such interpretations of the data must
be made.®!

Epidemiology

Epidemiology is attractive because it largely avoids
these two problems. It focuses on observable human
health effects instead of on hypothesized outcomes
based on animal experimentation, and it relies upon
real-world exposures to generate empirical data. Many
of the serious problems associated with animal studies
can be avoided, allowing researchers to develop risk
estimates that are directly related to human health.

Unfortunately, epidemiological research suffers from
its own set of limitations. For example, retrospective
studies often have difficulty correlating morbidity and
mortality with exposure to specific substances. Expo-
sure data are commonly lacking, incomplete, impre-
cise, or affected by systematic recall or selection
biases. Furthermore, the risks these studies seek to
detect are coften very small relative to background,
thus making statistically significant effects dificult to
observe. When heaith effects are latent, correlating
exposures to illness is even harder. -

Besides these unavoidable methodological limita-
tons, cpidemiological studies often suffer from out-
right bias. Many studies employ scientifically ques-
tionable procedures aimed at demonstrating positive
relationships between specific substances and human
illness. ¥ Some researchers use inappropriate statisti-
cal procedures to “mine” existing databases in search
of ssscciations. Ome result of these practices is that

epidemiological studies often display contradictary
results.®

Despite these construints, properly conducted an;.
mal bioassays and epidemiological studies both have
useful roles to play in quantitative risk assessment
Indeed, they are complementary. The usual weak-
nesses of epidemiological investigutions—unreliable
exposure dats, confounding effects—are readily
evoided in laboratory experiments on animals. The
weaknesses of animal bioassays—high- to low-dose
extrapolation, animal-to-man conversion—do not arise
in epidemiological studies. Careful risk assessment
incorporates both types of analyxis to ensure that the
emerging picture of human health risk is as complete
as possible, and that inferences derived from this
picture are themselves internally congistent. -

ISSUES IN RISK ASSESSMENTS DERIVED
LARGELY FROM ANIMAL BIOASSAYS

Animal bicassays tend to dominate current risk
assessments. An important reagon for this is that the
derivation of dose-response relationships is a eritical
regulatory motive for performing quantitative risk
assessment. Animal studies are ideally suited to serve
this purpose by virtue of the controlled conditions
under which dose and response can be calibrated.
Epidemiological studies often are relegated to provid-
ing merely a “reality check” to ensure that the
implications of animal bicassays are plausibly consis-
tent with real-world experience. Because of this heavy
emphasis on animal testing, the focus bere is on
several major problems that arise with respect to risk
assessments primarily based on the results of anima]
bioassays.

The Use of Sensitive Tost Animals

To enhance the power of animal! tests, scientists
typically rely on genetically sensitive test animals. It

®1n the original analysis of the rat bicassay used to derive the dose-respanse function for diaxin, 9 of 85 controls were said to develop

liver tumors. An independent review of this data resulted in 18 of the 85 eontrols baing

elaszified as having such tumers. See U.S.

Envircnmental Protaction Agency, A Caneer Risk-Specific Dose Estimate for 2, 3, 7, 8-TCDD, Appendis A, EPAS00/6-88/007AD, June 1983

(hereinafter, Dioxin Riusk Assessment Appendix A), pp. 3-3.

** Cour N. Park and Ronald D. Snee, *Quastitative Risk Assassment: State-of-the-Art for Carcinogenesis,” Chaptar 4 in Risk Management
of Existing Chemucals, Rockville, MD: Government Institutes, 1983, p. 56,

® Alvan R Feinswin, “Scientific Standards in Epidemiclogical Studies of the Menace of Dally Lifa,” Science, Vol. 242, December 2,

1988, pp. 1257-1263.
® Linda C. Mayes, Ralph 1. Horowitz, and Alvas R Fai

sinstein, *A Collection of 56 Topica with Contredictory Resuha in Case-Cantrol
Rasaarch,” Internations) Journal of Epidemiology, Val. 17, No. 3 (1988), pp. 680-885.
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js unclear whether tbese species accurstely mimic
biological responses in huraans.

Some test species are extremely sensitive. For
example, approximately one-third of all male B6C3F1
mice, 8 common test species, spontaneously develop
tiver tumors.® The same phenomenon cccurred in an
fmportant bicassay concerning dioxin using female
Sprague-Dawley (Spartan) rats. Tumors observed in
dosed animals were predominantly located in the Liver.
However, approximately one-fifth of the animals in the
eontrol group also developed liver tumors.® The
yelevance of elevated liver tumors in hypersensitive
species bas been questioned by scientists and is nct
universally considered probative evidence of carcini-
genicity. Nevertheless, cancer risk assessments often
proceed on the assumption that these data are
sufficient to conclude that a substance is indeed a
earcinogen.®

The reliance on sensitive test animals also biases
risk assessments in a more subtle way. It sstablishes
powerful incentives to search for and develop increas-
ingly sensitive test species. As test animals become
more sensitive, repeated testing using identical proto-
cols will tend to result in higher and higher estimates
of risk even if al] other factors are beld constant.

¥ Ames ¢t al., (op. cit.), p. 276.
® Dimn Rusk Assessment Appendiz A, pp. 3-8,

Belective Use of Alternative Studies

In their respective risk-assessment guidelines, both
OSTP and EPA recommend that relevant animal
studies should be considered irrespective of whether
they indicate a positive relationship.” In practice,
however, studies that demonstrate a statistically
significant positive relationship routinely receive more
weight than studies that indicate no relationship at
all® For example, the plant growth regulator
daminozide (Alar) and its metabolite unsymmetrical
1,1-dimethylhydraszine (UDMH) recently received B2
classifications (“probable buman carcinogen”). Each of
these classifications was based on a single positive
animal bioassay™ Overcoming such a classification
requires, at a minimum, two “essentially identical®
studies showing no such relationahip.® In the case of
Alar and UDMH, however, a more stringent test was
apparently applied: Three high-quality negative stud-
jes showed no significant effects; these studies appear
tohlver:eoivndliﬂhormwdghtinmeeludﬁmﬁon
decision.

Selective Intarpretation of Results
Risk-assessment guidelines generally give the great-

est weight to the most sensitive test animals. Thus, i
2 substance has been found to cause cancer in one

¥ See Ames ¢ al., (cp. cit.), p. 276 (mn: that such data are irrevelant); OSTP Guidaline Guideline 9, p. 10377 (concluding that
)

wuch dsta “must be approached carefully”™); an

EPA Carcinogen Risk Assessmant Guidelines, p. 33995 (making the

m
such dats are sufficient evidence of carcinogenesis). Liver tumers dominated in EFA's dicwin riak sssessmant. See Diarin Asstssmant,

appendix A, pp.2-3.

¥ See OSTP Guidelines, Guideline 25, p. 10378; EPA Carcinagen Risk Assessment Guidelines, p. 39996.
® See EPA Carcinogen Risk Assessment Guidelines, p. 33999-34000. A single animal tast that shows a positive result o an mnusual
degree 1p 33999, s sufficient to warrant at least & B2 classification (“probable human carcinogen”), evan if this result oceurs in a species
known to have a high rate of spontanecus tumors. A strong snimal bicasssy or epidemiclogical study ahowing no evidence of earcinogenic

sffect aannot gvercome this presumption (p. 34000).

® See *Second Peer Review of Daminaside (Alar) snd UDMH

1,1dimethyhydrazine),” Memorandum from John A

(Unsymmetrical
Quest b Mark Boodee. U.S. Envirenmental Protection Agency, OPTS, May 18, 1988 (hereinafiar, Alar/ UDMHE Internal Peer Review No.

21 This internal OPTS

reviewed sever:: retent studies on Alar and UDMH.

One sudy of Alar yielded a statistically . cnificant increase in common lung tumors in mies, but only for coe af three dosage Jevels.
Results were not statistieally significant at - aigher and two lower dosages, and controls also displayed unusually high tumor incidence.
80% of the lung tumors in dosed mice ware benugn, versus 89% in the controls.

One study of UDMH yielded statistically significant incresses in ecommon Jung and uncommon Liver tumors in mice, but enly far the
higher of two dosages. 97% of the lung tumors in dosed mice were benign, versus 100% in the controls. 20% of the liver tumors in dosed

mice were henygn; no tumors were observed in the controls.

Prior studies that purported to show a carcinogenic respense had been

insdequate by EPA's Scientific Advisory Panel, an external

judged
peer review group. The Office of Pesticides and Texic Substances (OPTS) panel noted that s different internal EPA risk-asssssment panel
(the Cartinogen Assessment Group) considered these studies sufficient to justify B2 classifications when it evalustad them for EPA's Office
of Solid Waste and Emergency Response. Despite the scientific controversy, the OPTS pane] intarpreted thase prior studies as “supperting

evidence” under EPA's nsk-assessment guidelines.

* See EPA Careinogen Risk Assessmant Guidelines, p. 33995 (establishing the need for replicats identical studies showing no offact),
and p 33999 establishing the minimum requirement of two well-designed studies showing 0o increased tumor incidence o warrant a “no

evidence” determunation).

' Alar | UDMH Internal Peer Review No. 2, pp. 6, 8, 9. EPA’s scheme for carcinogen classificution is #taelf an issue among scienti
Risk Assessment Forum, Workshop Raport on EPA Guidslines for Carcinogen Rusk
: March 1889, pp. 21-26.

Bee. ¢g. US Environmental Protection €Y.
Assesgment. EPA/625/3-89015, Washingion,

@
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species or gender but shown to exhibit no effects
elsewbere, the results pertaining to the sensitive
species or gender typically will be used to develop
estimates of buman-health risks. For example, if male
mice develop cancer from a substance but famale mice
and rats of both genders do not, then the results from
the male mouse often will be used to derive estimates
of cancer risks to humans.

Once a positive result has been obtained in an
animal bicassay, a substance often will be provision-
ally classified as a probable buman carcinogen. The
statistical burden of proof then shifts to the no-affect
hypothesis. Because it is logically impossible to prove
a pegative, however, this practice establishes a
virtually irrebuttable presumption in favar of the
earcinogenesis hypothesis.

BSevere Testing Conditions

Current risk-assessment protocols require the use of
very high doses. Unfortunately, high doses are often
texic for reasons unrelated to their capacity to cause
cancer. A common procedure is to use what is called
the maximum tolerated dose (MTD), which is the most
that ean be administered to a test animal without
causing acute toxicity. At such exposure lavels,
substances often cause severe inflammation and
chronic cell killing. For example, formaldehyde causes
nasal turnors in rats when administered in high doses.
However, MTD administration severely inflames nasal
passage tissues. It is therefore unclear whether the
cancers induced are caused by formaldebyde per se or
by the toxic effects of high doses.

Results such as these have caused some acientista to
question the validity of rodent tests performed at the
MTD for estimating human health risks that arise
from exposure at low doses.® By combining very high
doses with highly sensitive test subjects, some animal
bioasseys are predisposed to discover apparent cardi-
nogenic effects.

Relevance of Animal Bioassay Results

An important reason why animals vary in their
sensitivity is that they have different physiclogies,
:hotabolic processes, ﬂ&rﬂduﬂﬁw 0‘10&.‘ lnlci.;‘e host of

er species-specific characteristics that ly re-
sult from unique evalutionary paths. Each of these
factors needs to be carefully considersd in evalusting
the significance of animal data with respect to buman
health. This is recognized in both the OSTP and EPA
guidelines, but it is often neglectad when the guide-
lines are applied to specific substances.

The most important assumption in this regard is
that animal tast results can be meaningfully extrapo-
lated to humans. A recent study of chemicals tasted
under the suspices of the U.S. National Tuxicology
Program shows that this assurmption can lead to the
erroneous classification of many chemicals as probable
human carcinogens.® Positive associations have been
obtained in either rats or mice for half of 214
chemicals tested However, results were consistent
across these two genetically similar species only 70
percant of the time. If it is assumed that rodent
bicassays have the same sansitivity and selectivity
with respect to human carcinogens as they do between

rodent species, and it is further assumed that 10 ;

percent of all chemicals are in fact human carcino-

gens, then 27 of every 100 randomly selected chemi-

cals would be misclassified as probable human
carcinogens. Only three chemicals would be misclassi-
fied as poncarcinogens. Thus, “false positives® would
be 8 times more common than “false negatives.™*

Of course, this ratio of false positives to false
pegatives reflects highly conservative “upper-bound”
assumptions concerning sensitivity and selectivity.
Given the high degree of similarity between rats and
mice and the limited resemblance between rodents
and bumans, the sensitivity of rodent bicassays with
respect to buman carcinogenicity is probably much
lower than 70 percent. Furthermore, other research
indicates that selectivity may be as low as § percent.

"SuEPACcminqmﬁhlAmMGuidcﬁuu,p.ﬁﬂ?(Mﬁmh‘mmmﬂum;ﬁopuuwty

should generally be given the greatest ampharis),
“See. 0.5., Ames ¢f ol., (op. cit.), pp. 276-277.

“ OSTP Guidelines, Guideline 25, p. 10378, EPA Carvinogen Risk Asmssment Guidalinas, p. 34008 (respanding to0 axnments an the

drah guidelines and affirming agreement with OSTP Guideline 25).

“ Lester B. Lave, Fanny K Ennever, Herbert 8. Rosenkrane, and Gilbert 8. Omens, “Informstion Value of the Rodent Bicsasy.”

Noture, Vol. 336 (December 15, 1988), pp. 631-633.

. “False negatives oocur when s tast fails to detact effects when they are {n fact present. Sensitivity refers to the capacity of » st to

winimize {alse negatives. Folse positives occur when s tast appears 10 detact sffects that in fact are

ity refers to 8 tast's

abihty to mirumize false positives. The 9 to 1 ratio of false positives to false negatives saleulated by Lave of ol asmumes that both selectnty
and sensitivity equal about 70%.
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Adjusting only for this lower selectivity suggests that
false positives are almost 30 times more common than
false pegatives. This raises serious questions concern-
ing the practical utility of the current approach to
anima) bioassays for the purpose of quantitative risk
sssessment.”’

Other factors should also be considered when
selying upon animal! biosssay results as the primary
daxis for quantitative risk assessments. For axample,
eartain substances are toxic or even carcinogenic by
ene pathway but not by others. Nevertheless, animal
bioassay protocols often emphasize the most sensitive
pathway. As Jong as buman exposure is likely to arise
the same way, then this choice may be reasonable.
However, the pathway to which the test species is
sensitive sametimes reflects an exposure route that is
fmplausible or irrelevant for humans. For example,
formaldehyde causes nasal tumors in rats at 12 times
the rate observed in the next most sensitive animal
species. This extreme sensitivity may be related to the
fact that rats breathe only through the nose.

There may be important differences between ani-
mals and humans that make specific tumors irrele-
vant. For example, some chemicals cause cancer in the
gymbal gland of the rat; because humans lack such a
gland it is unclear whether these results matter in
estimating buman bhealth risk. Other substances
induce cancer through biochemical mechanisms not
found in humans.

A grester controversy surrounds the question
whether the same weight should be given to benign
a2 zalignant tumors. The scientific consensus is that
benign and malignant tumors should be aggregated
only when it is scientifically defensible to do 80.* In
practice, however, benign and malignant tumors are
routinely aggregated unless a strong case can be made
agoinst the practice.” The difference between these
default assumptions is significant: One approach
eounts only carcinomas that are present, whersas the
other counts tumors that might become carcinomas. In
an extreme case, & substance that promotes benign
tumors but never causes cancer could be classified as

8 probable human carcinogen simply because benign
and malignant tumors are treated equally.

In addition, tumor incidence is commonly pooled
across sites to obtain a total estimate of carcinogenic
offects.® This implicitly assumes that cancer induction
is independent across sites and not the result of either
metastasis or the same biological mechanism. Qiven
the extreme sensitivity of test species and the regular
use of MTD administration, other explanations for
tumors occwrring at multiple sites appear just as
plausible.

The Choice of Dose-Response Modal

No single mathematical model is accepted
generally superior for extrapolati;:z from high to
doses.® Consequently, Federal agencies often use
variety of different models. Rather than being
scientific footnote to the risk-assessment process
however, the choice of model is actually an important
policy issue. The multistage model appears to be the
most commonly used method for estimating low-dose
risks from chemicals, and thers are two major sources
of bias embedded in this choice: its inherent conserva.
tism at low doses, and the routine use of the
“linearized” form in which the 95 percent upper bound
is used instead of the unbiased estimate.

The multistage model essentially involves fitting a
polynomial to a data set, with the number of “stages”
jdentified by the number of tarms in the polynomial.
Since animal bioassays rarely have more than three
dose levels, it is unusual to see applications of the
multistage model with more than two stages. Al-
though the multistage mode! enjoys some acientific
support because it is compatible with multistage
theories of carcinogenesis, in practice the mode! fails
to include enough stages, due to the absence of
sufficient alternative sxposure cohorts.

The multistage model typically yields low-dose risk
estimates that are higher than most other models. For
ssample, when five different dose-response models
were analyzed in a recent risk assessment of cad-
mium, estimates of cancer risks st moderate doses
varied by a factor of 100. This difference among

-3-:

“Lave o al, (op. &it.), p. 631. Adjusting alsc for leas smnsitivity reduces the ratio of false positives to false Degutives. For axample, if
sensitvity is only 10 percent and all other parameters remain unchanged, than this ratio declines to 9.5 to 1. Kowever, this imphes that

beth types of satistical errors are rempant, which raises quest

ons conoerning

the practical utility of animal bicassays. This is, i» fact,

precuely the concern raised by Lave of al., (op. citJ), who conclude that such testa are cost-effective investmants in information only under

-u:crdinm eonditions.
.DSTP Guidelines, p. 10376,
.f‘PA Carcinogen Rush Assessment Guideling, p. 33997,

Y OSTP Guidelines, Guideline 26, p. 10378; Ames o ol., (ap. cit), p. 276.
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estimates widened as doses declined toward the very
low levels within the range of regulatory concern. At
very low doses, two of the five models predicted excess
Yfetime cancer risks greater than one in one thousand
(10%), a risk oftentimes regarded by policymakers as
unacceptable. However, two other equally plausible
models predicted essentially no exceas cancer risk at
all Since none of the five models offers a scientifically
superior basit for deriving low-dose riskas, the chaoice of
model is therefore a pivotal policy decision. The
sccepted practice under these circumstances is to
develop a subjectivelyderived “best” estimate while
fully informing decisionmakers as to the extent of
uncertainty surrounding it™ In the cadmium case, as
in most others, this practice was not followed:
Estimates of the number of statistical cancers that
would be prevented by regulation were presented
based only on the multistage model.®

The Linearized multistage model (LMS) is a special
version of the multistage model in which the 95
percent upper confidence limit of the linear term is
used instead of the unbiased estimate. That is, the
mode] identifies the largest value for the linear term
that cannot be rejected at the 95 percent confidence
level and uses it in place of the unbiased estimate.
Assuming that the model has been correctly specified,
there is only a 5 percent chance that the true risk
exceeds this level.

The LMS has become the preferred statistical
approach because estimates derived from it appear to
bhe more “stable” than estimates obtained from the
ordinary multistage model. The “stability” issue origi-
pally arose because unbiased estimates of low-dose
risks are very sensitive to the marximum-likelihood
estimate (MLE) of the value of the linear term. When
the MLE of the linear term is positive, it dominates
estimated risks at low doses. In some instances,
however, the MLE of the linear term is zero, and
Jow-dose risk estimates decline precipitously. Using
the 85 percent upper confidence limit ensures that the
linear term is always positive, thus eliminating the
inherent “instability” of low-dose risk estimates de-
rived from the multistage model.

Another often-cited advantage of the LMS procedure .

t
¥
}

is that it provides & “yardstick” for mpmngf
¢

potencies scross chemicals.® A uniform rigk-assess
mment procedure such as the LMS, it is argued, enables
policymakers to better understand the relative xignif.
cance of a broad array of chemical hazards and set
regulatory priorities accordingly.

Finally, the LMS is often defended on the ground
that it is prudent to err on the side of caution when
dealing with potentially earcinogenic chemicals. Be-
cause the LMS generates upper-bound risk estimates,
policymakers can be confident that actual risks are
likely to be lower. :

None of these purported advantages of the LMS
approach has 8 sound statistical basis. It is o
fundamental axiom of statistics that unbiased esti-

mates are generally preferred to biased ones. Using
the upper confidence limit instead of the unbiased
estimate exaggeratss underlying specification errors
instead of eliminating them. “Instability” is overcome,
but at the cost of greater errors in specification.

" The inherent instability of the multistage model
reflects a generalized misspecification of dose-
response—that is, the real human dose-response
relationship is often wvery different from what the
multistage model constrains it to be. The mode! is
extremely sensitive to small differences in observed
tumor incidence, which can cause dramatic changes in
estimated low-dose risks. The LMS procedure elimi.
nates this sensitivity without remedying the underly-
ing specification error. Proper statistical procedure
requires mode] misspecification, not mask-
ing its symptoms behind bissed parameter estimates.

The LMS procedure inflates low-dose risk estimates
by a factor of two or three when the MLE of the linesr
term is positive. However, it increases low-dose risk
estimates by orders of magnitude when the MLE of
the linear term is 2er0.* This means that the degree of
hidden conservative bias is substantially greater for
what are demonstrably lower risks.

By its very nature, the LMS cannot serve as a useful
yardstick for comparing the relative risk of a variety of
potential carcinogens. If a given statistical procedure
generated identical biases acruss substances tested,

¥ See, ¢g., OSTP Guidelines, Guidslines 27, 29, and 81, p. 10878; EPA Carcinagen Risk Assessment Guidelines, pp. 33989, 34008.
“;)ommm Safety and Health Administration, “Occupational Expasure to Cadmium; Proposed Rule,” 85 FR 4076 (February 6,

M Albert L. Nichols and Richard J. Zeckhauser, “The Dangers of Caution: Conservatism in Assessment and the Mismanagement of
Risk," Chapuer 8 1n Advances in Applied Micro-Economics, Volume 4: Risk, Uncertainty, and the Valuation of Benefits and Costs, V. Kerry
Emith, ed., Greenwich, CT: JA] Press, 1986, pp 55-82, esp. pp. 82-63. A nontachnical version of this paper is available by the same
suthors as “The Perils of Prudence: How Canservative Risk Assessments Distort Rapulation,” Regulation, November/December 1886, pp

124

#1.5. Environmenta] Protection Agency, A Cancer Rish-Specific Dose Estimate for 2,3,7,8-TCDD, EPAMO0/6-B8007As, June 1988

(bereinafer, Dionin Ruk Assessment), pp. 45=46.
¥ Nicbals and Zeckhauser, op. al., pp. 6288
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then it would still yield an accurate rank-ordering of  statistical procedure. The “margin of safety” argument
theoretical hazards. Similarly, if the procedure added  tacitly usurps from policymakers the authority and
a stochastic biss from a uniformly distributed random  vesponsibility for risk-management decisions. Finally,
varisble, the resulting rank-ordering would still be  the statistical “instability” overcome by the LMS is an
accurate on an expected-value basis. The problem with  artifact of specification erroz, not any scientific theory
the LMS is that it generates biases that intensify with  of human carcinogenesis that warrants the intentional
the degree to which the multistage model misspecifies use of biased parameter estimates. The habitual
the true dose-response relationship. Even if the reliance upan either the multistage mode! or its LMS
multistage model provided an accurate rank-ordering  descendant cannot be supported by sound scientific
of hazsrds, the LMS could not do so, because it injects  principles.
biasses that are systematic with statistical Alternative models are available, of course, and they
misspecification. have been applied in many quantitative risk assess-
The LMS procedure (and the multistage mode! ments. Becsuse proper model specification is the
ftsel) is also fatally flawed as & yardstick for foundation of applied statistical methodology, alterna-
vegulatory priority setting because it fails to take tives to the multistage mode! should be expected and
sccount of buman exposure in the calculation of unit  encouraged. Indeed, innovation is the hallmark of
visks. Regardiess of the procedure’'s eapacity to  scientific inquiry; policies that institutionalize any
accurately rank-order hazards, failing to adjust unit  particular model specification effectively stifle scien-
risks by relative human exposure virtually guarantees  tific advancement. #
that regulatory priorities will be misordered. Re- Unfortunately, models other than the multistage
sources tend to be focused on reducing the greatest mode! are often discouraged in practice.® Agencies
theoretical hazards rather than the most significant  may require substantia! scientific evidence in support
buman health risks.” of an alternative model before allowing it to be used.
Finally, the “margin of safety” argument in favor of  Alternative models thus face & burden of demonstrat-
the LMS unequivocally contradicts the widely recog-  ing scientific plauxibility that the multistage model
nized need to distinguish science from policy® The cannot satisfy. Even in the extraordinary case in
LMS introduces into each risk assessment a con-  which this burden can be satisfled, estimates may be
servative bias of varying but unknown magnitude. required from the linearized multistage mode! any-
This practice fundamentally alters regulatory way®
decisionmaking. Instead of leaving policy decisions to The potential hur i1 health threat posed by dioxins
policymakers, the LMS disguises fundamental policy  provides an excelle: :zample of the problem of mode!
decitions concerning the appropriate margin of safety  gelection. Using the .ame linearized multistage model,
behind the veil of science. ' EPA, the Centers for Disease Control (CDC), and the
In summary, the LMS cannot be justified as a Food and Drug Administration (FDA) have arrived at
method of scientific risk assessment. The “yardstick®™ upper-bound risk estimates that span an order of
defense implicitly asserts that scientific advancements  magnitude.” Depending on the data and assumptions
in risk-assessment methodology should take a back used, the linearized multistage model predicts unit
seat to the preservation of an outdated and misguided risk factors that vary by as much as 1,200, with the

¥ Some scienusis have sttemprad to davise altarnative indexes of relative human health risk that explicitly account for variations in
buman exposure. Ames of al., (0p. L), pp. 272~273, describe one such alternative (the Humas t Potency tndex, or HERP)
WG repu. s it valaes for 36 substances. Bacause the HERP index is based on o relstive rather than abeclute scale, the distorting effect
of conservative biases embedded in the underiying risk assessments bas been significantly reduced. Many substances suspected of bang
*svirenmental carcinagens rank very low oo the HERP index, sugyesting that regulatory priorities have been serioualy misdirected.

See. v4.. NAS Risk Management Study, p. 161; OSTP Risk Asmssment Guideling, Principle 28, p. 10378, and ZPA Carcinogen Risk
-n:'nmr Guudelines, p. 34001,

See. ¢4, Ames of al., (op. ¢it.), p. 276 (continued reliance on linear models despite the accumulation of evidense against lineasity);
and Lester B. Lave, “Health and Safety Risk Analysis: Inform:uon for Betier Decisions,” Science, Vol. 336, April 17, 1967, pp. 201-295,
®p P 292 lagencies often resist modeling improvements anc .-a that yield lowsr risk estimates).

'EPA Caranagen Risk Assessment Guidelines, pp. 33907--3.798. *In the absence of adequate information to the cmtrary, the linesrized
®ultistage procedure will be employed. ... Considerable uncertainty will remain concerning responses &t low doses; therefore, in mest
@ser. an upper-Lizmt risk estumate using the linesrized multistage procedure should also be presented.”

Diczin Ruk Assessmen: Appendis A, p. 13. Unbiased risk estimatas vary by & similer factar.
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three risk estimates mentioned earlier clustered at the
high end of the range.® Risk assessments based on
different models have led other governments to
establish unit risk factors that are a thousand times
less stringent than the most commonly used of these
three; ane study suggests that thig particular estimsate
overstates the most likely risk estimate by a factor of
almost 5,000.°

Conversion from Animals to Humans

Once risk has been extrapolated to low doses in
rodents, scientists must convert them to buman
dose-equivalents. The two most common approaches
involve the use of body-weight or surface-area conver-
sions, and there are scientific reasons for choosing
either approach in individual cases. The surface-area
approach leads to estimates of risk that are between 7
and 12 times greater than those based on the
body-weight method, depending upon the test species.
Despite the ambiguity of the underlying science, the
more conservative surface-area method is often ap-
plied reflexively.

ISSUES ARISING FROM HUMAN EXPOSURE
ESTIMATES

In addition to developing estimates of the dose-re-
sponse function, agencies must estimate the likely
Jevel of human exposure. This section examines some
of the issues and problems that arise in conducting an
exposure assessment.

It is a generally accepted principle of exposure
ésceraiuent that estimates should be based on the
most likely scenario, with appropriate consideration of
uncertainty.® Nevertheless, agencies often use conser-
vative assumptions for exposure when real-world data
are unavailable. When each of these assumptions
tends to overstate likely human risks, the multiplica-
tive effect of even a small overstatement at each stage
in an exposure assessment will yield a substantial
overestimate of actual exposure. For example, the

multiplicative effect of overstating risk by a factor of
two at five different points in an exposure assessment
will overstate actual risk by a factor of thirty.two.

Worst-Case Environmental Conditions

When data are .available they often relate
unusually sensitive environments or highly contami-
nated conditions. When estimating regional or nation-
wide exposures, agencies often use data from these
Jocal “hot spots” in developing more general national
estimates of bealth risks. However, such data are
never representative and estimates extrapolated from
them are generally unreliable and misleading.

In addition, chemicals often degrade naturally after
they have been released to the environment. In some
cases, degradation occurs very quickly, whereas in
others the process may take many years or even
decades. A common practice in exposure assessment
modeling is to assume that exposures remain constant
over time—that is, chemicals are assumed never to
degrade, or degradation by.products are assumed to
pose identical risks.

The Maximum-Exposed Individual

In addition to estimating the amount of a substance
that may actually be present in the environment, a
risk analysis must also consider the conditions under
which humans may be exposed. Actual risks vary
considerably depending on Jocation, mobility, and a
bost of other factors. Nevertheless, estitates often are
based on the upper-bound lifetirne cancer riak to the
marximum-exposed individual (MEI), the hypothetical
person whose exposure is greater than all others.
Sometimes, risks to the entire population are esti-
mated by assuming that everyone is exposed at the
MEI] level. Because environmental regulations are
often justified using MEIl-based risk assessments,
actual risks may be substantially lower than what
do?‘ionmnken and the general public perceive them
to be.

® Diaxin Risk Assessment, ;{. 46—49. 10+ risk-rpacific doses (RaDs) derived from the linearised multistage made! span the range from
[

2071 L 1.2 picogram/kg/day.
 Diarin Risk Assessment, p. 4.

RaDs of EPA, CDC, and FDA are 0.006, 0.03, and 0.06 pg/kg/dsy, respectivaly.

_—

“ EPA Carcinogen Assessment Guidelinas, p. 33998. “EPA will cantizive to use this [surface arwa) scaling factor unless data or a specific
agent suggest that & different scaling factor is justified.”

® EPA guidance documents have historically called for unbiased estimatas of exposure. See, o.g.. U.6. Environmental Protection Agency,
“Guidelines for Exposure Assessment.” 50 FR 34042-34054 (September 24, 1986, hervinaftar, EPA Exposure Assessmant Guidelines), U.S.
Environmental Protection Agency, Superfund Public Health Eveluation Manual, OSWER Directive 9285 4-1, October 1985, and U.S.
Environmental Protection Agency, Superfund Ezposure Assessmunt Manus! (Revised Draft), OSWER Directive §285.5~1, December 1986
EPA recently abandoned the calculation of unbiased exposure estimates for Superfund sites on the ground that it was insufficently
canservative. EPA’'s new protocol requires the estimation of “reascnable maximum exposure” ingtaad of the average and upper-bound
sstimates. Ressonable marimum exposure constitutes a new tarm of art that EPA intands to be “well above the avernge case” but not as
axtreme as the upper-bound. It provides a new opportunity for embedding conservative assumptions into exposure assessment and
exagperating estimates of actua! human-health risk at Superfund sites. See Risk Aesessment Guidance for Superfund, Volume . Human
Health Evaluation Manual (Part A), Inurim Final, EPA/540/1-89/002, Decamber 1989, Chapter €, pp. 5, 47-80.
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In developing the MEI risk level, analyses invari-
ably assume that the level of exposure is continuous
over 8 70-year lifetime. This assumption overstates
actual risks, because pecple are mobile, encounter a
constantly changing portfolio of daily risks to life and
health, and can take actions that reduce risk.

Assumptions vs. Real-World Exposure Data

The thread that connects these exposure assessment
issues is that simple constructs which overstate
exposure are typically used in lieu of real-world data,
often because such data are unavailable. The risk
estimates generated by these models depend on the
validity of their assumptions; even small biases in
exposure assessment Assumptions can result in a
substantial overstatement of risk. :

For example, regulstory agencies may not have
statistically reliable real-world data on pesticide
residues in agricultural products. They also may not
know the proportion of a given crop that has been
trested with a particular pesticide. A common resolu-
tion of these uncertainties is to assume that residues
are equal o the regulatory “tolerance”—the maximum
Jevel allowed to be present in food sold in interstate
commerce—and that 100 percent of the relevant crop
has been treated. Both assumptions overstate actual
exposure, but are encouraged by agency guidance as a
way o instill conservatism in risk assessment. When
dsta are available, however, the extent of this
conservative bias becomes evident. In a recent special
review for the pesticide Captan, for exampls EPA
reduced its earlier upper-bound lifetime cancer risk
estimate by two orders of magnitude when it replaced
the original conservative assumptions with real-world
data. Even with these improvements, EPA stll
reported that upper-bound risks were probably over-
stated. For example, field tests were performed based
on applications at the maximum legal rate and as
tlose to harvest as the label permits. Similarly, feeding
studies assumed that animal diets were dominated by
feedstuffs that happened to contain high residues
relative to other feedstuffs, such as almond hulls and
ruisin waste. As EPA noted, even if these assumptions
accurstely represented typical animal diets, they
would do 8o only for portions of California where these

crops are grown; nationwide extrapolations based on
these “hot-spots® would very likely overstate expo-
sure.” Since two of the highest product-specific risks
were attributed to milk and meat, these remaining
conservative biases can be expected to be significant.

IMPLICATIONS OF CONSERVATIVE RISK
ASSESSMENT FOR RISK MANAGEMENT
AND REGULATORY DECISIONMAKING

The primary purpose of risk assessment is to
provide data as a basis for risk management decisions.
Providing useful data requires the synthesis of
information cx. cerning risks and exposure levels into
a coberent p: kage that can be used to develop
regulatory options. Decisionmakers then can use these
risk estimates in evaluating regulatory alternatives.
Unfortunataly, the way in which risk information is
characterized tands to overstate risks, making them
appear much greater than they are likely to be. As a
result, decisionmakers may make regulatory choices
that are very different from the ones they would make
if they were fully informed.

Quantification of Unocertainty

In accordance with the recommendations of the
National Academy of Sciences, the OSTP Guidelines
explicitly call for the quantification of uncertainty,
particularly as it arises in the selection of dose-re-
sponse models and exposure assumptions.® Unfortu.
nately, Federal regulatory proposals that utilize risk
assessment rarely provide this information, nor do
they analyze the implications of uncertainty for
decisionmaking. Instead, many risk assessments only
identify a lifetime upper-bound leve] of risk.*®

The differences between upper-bound and expected-
value estimates may be considerable. As we indicated
earlier, the upper-bound risk estimate for dioxin may
be 5,000 times greater than the most likely estimate.
Plausible risk estimates for perchloroethylene (the
primary solvent used in dry cleaning) vary by a factor
of about 85,000.®

In some instances, decisionmakers may not be
informed that risk estimates differ because of policy
choices hidden in the risk-assessment methodology. In
EPAs proposed rule limiting emissions from coke

® EPA Expasure Assessment Guidelines, p. 34053. "When there is uncurtainty in the scientific facts, it is Agency policy to & on the

wide of public safety”

" See, ¢4, US. Environmental Protaction Agwncy, “Captan: Intent to Cancel Registrations; Condusion of Special Raview,” 84 FR

mz-ms (February 24, 1989).
OSTP Gudelines, (Guideline 27), p. 10878,

“See. ¢4, EPA Corcinagen Risk Assessment Guidelines, p. 33998,

* Nichals and Zeckhsuser, (ap. cit), pp. 64=85.
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ovens, for example, cancer risks were estimated based
on the LMS model—s model that is designed to yield
upper-bound estimates of risk. In previous rules
fovolving similar types of risks, however, EPA used
the unbiased maximum likelihood estimate. To the
extent that decisionmakers were not informed that the
higher estimate of risk was largely due to a different
low-dose extrapolation procedure, regulatory decisions
based on this risk assessment were likely to reflect
misunderstanding rather than acience.”

Plausible estimates of likely cancer risk can often be
found buried in regulatory background documents.
However, Federal Register rulemaking notices seldom
present such estimstes alongside upper-bound esti-
mates. This practice overstates baseline human health
threats, as well as the amount of risk reduction that
may be accomplished by regulation. Policymakers and
the public are misled because they typically see only
the upper-bound estimates of the threat,

The prevalent Federal agency practice is to calcu-
late the benefits of Federal regulatory initiatives
based solely on upper-bound estimates of risk and
exposure. In a recent proposal to reduce occupational

to cadmium, for example, the Occupational
Safety and Health Administration (OSHA) developed
risk estimates based on five alternative models for
animal data, and two alternative models for human
data. Across these seven data‘model combinations,
estimated excess lifetime cancer risk at the least
stringent of the two proposed exposure standards
varied from O to 153 cases per 10,000 workers
occupationally exposed for 45 years. OSHA based its
proposed exposure standards on one of these
data/model combinations—the multistage model ap-
plied to animal data. This data/mode] combination
predicted an excess lifetime cancer risk of 106 per
10,000 exposed workers, and was used to estimate
aggregate cancer incidence and the risk-reduction
benefits attributable to the new standard. Uncertain.
ties in the underlying risk assessment, which span
several orders of magnitude, were not carried forward
through the exposure assessment and benefit calcula-
tion stages. This analytic error effectively obscured
the uncertainty surrounding the true incidence of

cadmium-induced lung cancer, and resulted in benefi
estimates that may exceed actual reductions in
occupational illness by several orders of magnitude.™

Misordered l;‘ﬁoﬂtiu, Perverse Outecomes

Logically, one would expect that the routine over-
statement of likely risks would lead to inefficient
regulatory choices. Decisionmakers, convinced that a
certain substance or activity poses a significant threat
to public health, might well take actions that they
would otherwise resist. Alternatively, they might take
actions that address the wrong real-life risks. '

To the extant that risk assessments differ in the
degree to which they adopt conservative assumptions,
it is difficult to determine which activities pose the
greatest risks and hard to establish reasonable
priorities for regulatory action. Bacause conservatism
in risk assessment is aspecially severe with respect to
carcinogens, it is reasonable to expect that other
health and safety risks tand to receive relatively less
attention and weight. As a result, society may actually
incur greater total risk, because of misordered priori-
ties caused by conservative biases in cancer risk
assessment. ™

A perverse and unfortunate outcome of using
upper-bound estimates based on compounded conser-
vative assumptions is that the practice may actually
increase risk, even in situations where cancer is the
only concern. Regulatory actions taken to address
what are in fact insignificant threats may implicitly
tolerate or ignore better known, documented risks
that are far more serious. For example, before it was
banned, ethylene dibromide (EDB) was used as a
grain and soil fumigant to combat vermin and molds.
Vermin transmit disease, and molds harbor the
natural and potent carcinogen aflatoxin B. The
estimated human cancer risk from the aflatoxin
contained in one peanut butter sandwich is about 75
times greater than a full day's dietary risk from EDB
exposure. On this basis alone, it might have been
appropriate to accept a small increase in cancer risk
from EDB to reduce the much larger cancer risk from
aflatoxin. By eliminating the relatively small hazard
from EDB, Federal risk managers may have intensi-

Yletier from Wendy Gramm (Administrator of the Office of Information and Regulatary Affairs) to Les Thomas (Administrator of the

Environmental Protechon Agency), August 12, 1986, p. 3.

B0ccupational Safety and Health Administration, “Occupstional Exposure to Cadminm; Propossd Rule,” 58 Federa! Register 4076, 4080,

""ﬂm is precisaly the policy issue raised by Nichols and Zeckhauser, (op. eit.), pp. 8971, who note that EPA's 1985 decision to himit
Jead in gascline was threstened by concerns about potential increasss in bentens exposure. Any tradecfT batwesn lead and bensene ruks
would have been biased against lead, as entimates of benzane risks are more conservative simply because it is a earcinogen, whersas lead

i not.
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fied the relatively potent threat of aflatoxin associated
with an increase in the prevalence of mold contaminas-
tion.™

The emphasis on risks faced by the maximum-
exposed individual may also cause a perverse result by
increasing overall population risks. For example,
EPA's proposed regulation of the disposal of sewage
sludge would probably create more public health risk
than it eliminates. The proposal outlines a regulatery
scheme that would shift disposal from generally safe
practices to relatively risky alternatives. Thus, setting
sludge quality standards to achieve an ME] upper-
bound lifetime cancer risk of one in 100,000 (107
would prevent 0.2 statistical cancer cases resulting
from monofilling and land application. However, it
would cause 2.0 additional statistical cancers by
forcing a shift awsy from these disposal approaches
toward incineration.™ ‘

These problems can be addressed by providing
decisionmakers with the full range of information on
the risks of a substance or an activity Thus,
decisionmakers should be given the likely risks as well
as estimates of uncertainty and the outer ranges of the
potential risk. Then, if regulatory decisionmakers
want to choose a very cautious risk management
strategy, they can do so and a margin of safety can be
applied explicitly in the final decision. This approach
i superior to one in which the expected risk and an
unknown margin of safety are hidden behind the veil
of a succession of upper-bound estimates adopted at
key points in the risk-assessment process.

The public and affected parties also benefit from
knowing both the expected risk and the margin of
safety rather than being given upper-bound estimates
that are probably very different from actual risks.
Pecple are likely to have a better intuitive under.
sanding of the significance of averages than they
have of unlikely extremes. To the extent that a margin
of safety is appropriate—perhaps to protect unusually
sensitive subpopulations—the magnitude of this mar-
gin can be more readily communicated if made
explicit. In addition, providing information in this way
should help improve public confidence in quantitative
risk assessment as the basis for decisionmaking.

AVOIDING CONSERVATIVE BLASES IN RISK
ASSESSMENT

Risk assessment remains a powerful and useful
scientific too] for estimating many of the risks that

“Amu e al., l(op. cit), p. 273.

arise in a technologically advanced society. Unfortu-
nately, it is also susceptible to hidden biases that may
undermine its scientific integrity and the basis for
policymakers’ reliance on such information in risk
management decisions. For policymakers and the
public to continue to rely on risk assessment in the
development of regulatéry initiatives, a renewed effort
must be made to separate science from policy and
provide risk information that is both meaningful and

Expected Value Estimates

Perhaps the most important current need in reguls-
tory decisionmaking is for ecarefully prepared and
scientifically credible estimates of the likely risks
involved. Relying on worstcase analysis based on
extremely conservative risk assessment and exposure
models leads to widespread misunderstanding on the
part of both Government officials and individual
citizens. Decirionmakers at all levels need unbiasec
and impartial risk information 8o they can focus their
attention on significant problems and aveid being
distracted by minutiae.®

Waeight.-of-Evidence Determinations

Similar procedures are needed for assigning weights
to each relevant study in the risk-assessment litera-
ture. Current practice gives undue weight to studies
that show positive relationships. Resulting risk classi-
fications are thus conservatively biased estimates
derived from samples of similarly biased bservations.

Full Disclosure

Efficient and responsible decisionmaking requires
that policymakers and the public be fully informed
about the implications of the regulatory alternatives
among which they must choose. Meeting this require-
ment demands a careful discrimination between
science and policy. When risk estimates depend on
assumptions and judgments instead of data, the
meaning and implications of these nonscientific pa-
rameters must be clearly articulated.

Avolding Perverss Outcomes

C» +ful attention needs to be paid to the likely
resu  of regulatory alternatives, with an eye toward
avoic.ng choices that have the perverse effect of
increasing net risk. All human activity involves risk.

' D

®U.S. Environmenta] Protaction Agency, *Standards for the Disposal of Sewage Sludge; Proposed Rule,” 54 FR 5746-8902 (F'

€. 1989,
™ Nichals and Zeckhauser, op. ., pp. T3-16.

-
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Decisionmakers need to be sure that specific actions
taken in the name of risk-reduction in one area do not
make matters worse elsewhere. Quantitative risk
assessment can help in this regard so long as the
methods applied are not inherently biased in a way
that undermines comparisons across alternatives,
each of which entails some degree of risk.

Our discussion has covered only the highlights of
riak-assessment methods, yet we have identified
several independent places at which conservative
assumptions are commonly used. Individually, each of
these assumptions might appear to be prudent
responses to scientific uncertainty. In combination,
bowever, they result in a distortion equal to the
product of the individual conservative biases. To
{llustrate, suppose that there are ten independent
steps in 8 risk assessment and prudence dictates
assumptions that in each instance result in risk
estimates two times the expected value. Buch a
process would yield a summary risk estimate that is

more than 1,000 times higher than the most liksly
risk estimate. Because there are usually many more
than ten steps, and many of them will incorporate
conservative biases that exceed an order of magnitude,
risk estimates based on such practices will often

sxceed the most likely value by a factor of one million )

or more. ]

When risk assessments contain hidden value judg-
ments, their scientific credibility is inevitably compro-
mised. To the extent that policymakers and the public
fail to understand the magnitude of the margin of

safety embedded in quantitative risk assessments, .

policy chaices are distorted from the course that would

have been selected if decisionmakers had been better :

informed of the actual risks. Ironically, these policy
decisions may actually increase total societal risk. Too
much attention is focused on relatively small hazards
that have been exaggersted by conservative risk

assessments, leaving alone larger risks that have been |

estimated using unbiased procedures.

Information as an Alternative Regulatory Strategy

Federal regulation was initiated to deal with
economic problems caused by monopoly and so-called
*excess competition.” Subsequent events have shown
that, in general, economic regulation—fixing prices,
establishing restrictive terms of trade, and erecting
barriers to entry—is usually inefficient and detri-
mental to innovation. In response to these lessons,
Federal regulation of this type has been under
increasing criticism. As indicated above, however,
much more needs to be done to reform economic
regulation and restore competition.

Federal regulation has more recently been initisted
to deal] with what economists call externalities,
situations in which participants in voluntary market
transactions do not bear the full costs or capture all of
the benefits of these exchanges. Common examples of
externalities include environmenta! pollution and
traffic congestion, common property resources such as
fisheries and public forests, and “public goods” such as
basic scientific research. In each of these instances,
regulation may be an appropriate mechanism to
modify or restore distorted market processes, or to

stablish markets where heretofore they have not

existed, t0 maximize net social benefits (including
environmental, health, and safety benefits). The key
ingredient is the determination that existing markets
are, in some significant manner, failing to perform
efficiently.

The traditional regulatory approach to externalities
bas been the promulgation of standards. Because this
approach often remedies existing externalities by

—

creating new opes, economic incentive instruments are
becoming an increasingly popular alternative to stand-
ards. The principal attraction of economic incentives is
that they rely on market forces rather than attempt to
suppress them.

This section explores another alternative regulatory
strategy—the production, provision, or mandated
disclosure of information. The first subsection briefly
summarites the economics of information as it relates
to regulatory decisionmaking. Three peints stand out
in this discussion. First, because information is costly
to acquire and the capacity to process it is limited,
there is an optimal level of information for every
market transaction. Second, differences in the amount
and quality of information between buyers and sellers
are normal and do pot necessarily indicate market
failure. Rather, these differences gemerally reflect
variations in the costs and benefits that are attribut.
able to information. Third, eompetitive markets pro-
vide powerful incentives for buyers and sellers to
reveal relevant information. Market processes, not
government regulations, provide the dominant motiva-
tion for generating, acquiring, and disclosing informa-
tion. The role of government regulation thus should be
to supplement these processes when they prove to be
i::ltlioquatg, not % supplant them when they work

The second subsection identifies three rationales for
government intervention in the production or man-
dated disclosure of information. Two of these are
economic—the public-good character of some types of

SL 064756
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APPENDIX V
Regulatory Impact Analysis Guidance

A Regulatory Impact Analyxis (RIA) should demon-
grate that a proposed regulatory action satisfies the
nquirements of Section 2 of Executive Order No.
12291. To do 0, it should show that:

*There is adequate information concerning the
peed for and consequences of the proposed action;
oThe potential benefits to society outweigh ‘he

_ potential costs; and

+0f all the alternative approaches to the ¢ 2

regulatory objective, the proposed action will
maximize net benefits to society.

The fundamental test of a satisfactory RIA is
whether it enables independent reviewers to make an
plormed judgment that the objectives of Executive
Order No. 12291 are satisfied. An RIA that includes
all the elements described below is likely to fulfill
this requirement. Although variations consistent with
the spirit and intent of the Executive Order may be
wauranted for some rules, most RlAs should include
these elements.

The guidance in this document is not in the form of
s mechanistic blueprint, for a good RIA cannot be
written according to a formula. Competent profes-
snal judgment is indispensable for the preparation
o a high-quality analysis. Different regulations may
all for very different emphases in analysis. For one
moposed regulation, the crucial issue may be the
westion. ¢f whether a market failure exists, and
much of the analysis may need to be devoted to that
key question. In another case, the existence of a
mwrket failure may be obvious from the outset, but
giensive analysis might be necessary to estimate the
spnitude of benefits to be expected from proposed
mgulatory alternatives. The amount of analysis
whether scientific, statistical, or economic) that a
wrticular issue requires depends on how crucial that
mue is to determine the best alternative and oo the
saplexity of the igsue.

‘Regulatory analyiis inevitably involves uncertain-
%s and requires informed professional judgments.
Shenever an agency has questions about such issues
& the appropriate analytical techniques to use or the

tives that should be considered, it should con-
ult with the Offic: of Management and Budget as
wly in the analys:. stage as possible.

This document is written primarily in terms of
Moposed regulatory changes. However, it is equally
Wplicable to the review of existing regulations. In the
Bfer case, the regulation under review should be

compared to a baseline case of no regulation and to
reascnable alternatives, -

Elements of a Regulatory Impact Analysis

and fina! Regulatory Impact
of major rules should contain five alements. They are:

(1) a statement of the potential need for the proposal,
{2) an examination of alternative approaches, (3) an
analysis of benefits and costs, (4) the rationale for
choosing the proposed regulatory action, and (5) a
statement of statutory authority. These elements are
explained in Bections I-V below.

L STATEMENT OF POTENTIAL NEED FOR
THE PROPOSAL

In order to establish the potential need for the
proposal, the analysis should demonstrate that (a)
market failure exists that is (b) not adequately re-
solved by measures other than Federal regulation.

A. Market Faflure

The analysis should determine whether there exists
s market failure that is likely to be significant. Onos..
such market failure has been identified, the analysis-s.
should show how adequataly the regulatory alterparuz
tives to be considered address the specified market
failure. The three major types of market failure are
externality, natural monopoly, and inadequate infor-
mation. :

1. Externality. An externality occurs when one
party’s actions impose uncompensated benefits or
costs on another outside the marketplace. Environ-
mental problems are a classic case of externmality.
Another example ia the case of common property
resources that may become congested or overused,
such as fisheries or the broadcast spectrum. A third
example is a “public good,” such as defense or scien-
tific research, whose di ing characteristic is
that it is inefficient, or impossible, to exclude individ-
uals from its benefits.

2. Natural monopoly. Natural monopoly exists
where a market can be served at lowest cost only if
production is limited to a single producer. Local
telephone, gas, and electricity services are examples.

8. Inadequate information. The optimum, or ideal,
leve] of information- is not necessarily the maximum
possible amount, because information, like otber
goods, should not be produced when the costs of doing
80 exceed the benefits. The free market does not
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necessarily supply an optimal level of information,
because information, once generated, can be dis-
seminated at little or no marginal cost, and becsuse
it is commonly infeasible to exclude nonpayers from
reaping benefits from the provision of information by
others. Where market failure due to inadequate in-
formation is the rationale for government inter-
vention, & regulatory action to improve the availabil-
ity of information will ordinarily be the preferred
alternative.

The current state of knowledge about the econom-
jes of information is not highly developed. Therefore,
regulatory intervention to address an information
problem should only be undertaken where there is
substantial reason to believe that private incentives
to provide information are seriously inadequate and
that the specific regulatory intervention proposed will
provide net benefits for society.

In many circumstances, the availability of informa-
tion, while perhaps not optimal, is reasonably ade-
quate, so that attempts to regulate information are as
likely to make things worse as to make them better.
. Information about a particular characteristic of a
product, for example, would be reasonably adequate if
buyers could determine the existence of the charac-
teristic by inspection of the product before purchase
or (in the case of a frequently purchased product) by
use of the product. Even if the characteristic eould
not be determined by buyers, government interven-
tion would mot be warranted where sellers have
incentives to reveal the existence of the characteristic
to buyers. Sellers will have substantia] incentives to
supply information about any characteristic that is
important to buyers and valued positively by them,
particularly if the level of the characteristic varies
between the products of one seller and another. In
these circumstances, sellers whose products rank
highly in the valued characteristic can increase their
sales by informing buyers of the superiority of their
products. If the level of the characteristic does not
vary between the products of one seller and another,
individual sellers have less incentive to inform buyers
about the charaeteristic. Even 30, the incentives of
individual sellers or of a trade association to supply
information may be substantial

Sellers are least likely to supply adequate informa-
tion about a particular characteristic of their product
where the characteristic is negatively valued by con-
sumers and the level of the characterstic does not
vary between the products of one seller and those of
another (e.g., cholesterol in eggs). Even in such cir
cumstances, substantial information about the char-
acteristic may be available to buyers. For example,
sellers of rival products may supply the information
(e.g., while sellers of butter may have no incentive to

tell buyers about cholesterol in butter ang ity Poscbiy
msequenm,uﬂmofmnﬁmdoh...m-
incentive). Where the negative characteristic NVeiveg
a bealth or safety hazard, the threat of future pmg
uct liability lawsuits may give sellers adequate iners,
tives to reveal information about the potentiy by,
ard News medis, consumer groups, public hewy

m,'hﬂ'n
possible to identify situations in which marke: fulw:
due to inadequats information is more likely o ;.
rant regulatory intervention, each situation mus b
examined on a case-by-case basis,

There should be & presumption against the need for
certain types of regulatory actions, except in speci)
circumstances. A particularly demanding burden of
proof is required to demonstrate the potential need
for any of the following types of regulations:

¢ Price controls in competitive markets

* Controls on production or sales in competitive

markets

* Mandatory uniform quality standards for goods or
services, unless they have hidden safety or cther
defects and the problem cannot be adequately
dealt with by voluntary standards or information
disclosing the hazard to potential buyers or users

 Controls on entry into employment or production,
except (a) where indispensable to protect health
and safety (e.g., FAA tests for commercial pilots)
or (b) to manage the use of common property
resources (e.g., fisheries, airwaves, Federal lands,
and offshore areas).

B. Alternatives to Federal Regulation

Even where a market failure exists, there may be
no nesd for Federal regulatory intervention if other
means of dealing with the market failure resolve the
problem adequately or better than the proposed Fed-
eral regulation would. Among the alternative means
that may be applicable are the judicial system
{particularly liability cases to deal with health and
safety), antitrust enforcement, and workers' compen-
sation systems.

An important alternative that may often be rele-
vant is regulation at the State or local level In
determining whether there exists a potential need for
a proposed Federal regulation, the analysis should
examine whether regulation at the Federal level is
more appropriate than regulation at the State or local
level. This analysis may support regulation at the
Federal level where rights of national citizenship
(such as legal equality among the races) or considers-
tions of interstate commerce are involved. If inter-
state commerce is involved the analysis should at-
temnt to determine whether the burdens on
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gnlf suggest the most appropriste governmental
jrvel of regulation. For example, poliution that spills
ocvess state lines (such as acid rain whose
are transported widely in the atmosphere) is probably
hest controlled by Federal regulation, while localized
plution (such as garbage truck noise) is probably
sore efficiently handled by local government regula-
I general, because demands among localities for
different governmental services differ and because

snallest unit of government capable of correcting the
market failure ghould be chosen. This must, however,
be balanced against the possibility of higher costs
iscsuse national firms would be required to comply
with more than one set of regulations and because
sdministering similar regulations in more than one
prermmental unit involves some costs of duplication.
Thus, some analysis may be necessary to determine
which level of government can most efficiently regu-
iste 2 specific market failure.

N the analysis does suggest s potential need for a
Federal action, it should also consider alternatives of
woregulatory Federal measures. For example, as an
alternative to requiring an action or the use of a
wmricular product, it may be more efficient to subsi-
dize it. Similarly, a fee or charge may be a preferable
dternative to banning or restricting a product or
action. An example would be an effluent discharge
foe, which has been recommended as an efficient way
o limit pollution, because it causes pollution sources
vith different marginal costs of sbatement to control
dluents in an efficient manner. In addition, legisla-
tve measures that make use of economic incentives,
wtch a3 changes in insurance provisions or changes in
moperty righta, should be considered.

IL AN EXAMINATION OF ALTERNATIVE
APPROACHES

The RIA should show that the sgency has consid-
oed the most important alternative approaches to
the problem and must provide the agency’s reasoning
fr selecting the proposed regulatory change over
wch alternatives. Ordinarily, it will be possible to
timinate some alternatives by a preliminary analy-
G, leaving 2 manageable number of alternatives to
e evalusted by quantitative benefit-cost analysis
scording to the principles to be described in Section
Il The number and choice of alternatives to be

selectad for detailed benefit-cost analvuis is unavoid-
sbly a matter of judgment There must be some
balance between thoroughness of analysis and prac-
tical limits to the agency’s espacity to earry out
analysis.

Alternative regulatory actions that should be ex-

plored include the following:
1 More performance-oriented standards for Aealth,
, and snvironmental regulations. Performance

standards are generally to be preferred to engineer-
ing or design standards because they allow the regu-
lated parties to schieve the regulatory objective in
the most cost-effective way. In general, 8 performance
standard should be preferred wherever that perfor-
mance can be measured or reasonably imputed. Per-
formance standards should alao be applied as broadly
as possible without creating too much wariation in
regulatory benefits; for example, by setting emission
standards on a plant-wide or firm-wide basis rather
than source by source. It is misleading and inappro-
priate, however, to characterize 8 standard as a
performance standard if it is set s0 that there is only
one feasible way to mest it; as a practical matter,
such a standard is a design standard.

different requirements for large .
such a differentiation is made, it should be based on
perceptible differences in the costs of compliance or in
the benefits to be expected from compliance. For
eazample, some worker safety measures may exhibit
economies of scale, that is, lower costs per worker

most productive sectors of the economy.

8. Alternative levels of stringency. In genersl, both
the benefits and costs associated with a ation
will increase with the level of (although
costs will eventually increase more rapidly than bene-
fits). It is important to consider alternative levels of
stringency to better understand the relationship
between stringency and benefits and costs. This
approach will increase the information available to
the decisionmaker on the option that maximizes net
benefits.

4. Alternative effective dates of compliance. The
timing of a regulation may also have an important
effect on its net benefits. For example, costs of a
regulation may vary substantially over different com-
pliance dates for an industry that requires a year or
more to plan its production runs efficiently. In thi
instance, & regulation whose requirements provide
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sufficient lead time is likely to achieve its goals at a
much lower overall cost than a regulation that is
effective immediately.

8. Alternative methods of ensuring compliance.
Compliance alternatives include the appropriate en-
tity (local, State, or Federal) enforcing compliance,
whether compliance is enforced by on-site inspection
or periodic reporting, and structuring compliance
penalties so that they provide the most appropriate
incentives.

6. Informational measures. Measures to improve
the availability of information include government
establishment of a standardized testing and rating
system (the use of which could be made mandatory or
left voluntary), mandatory disclosure requirements
(e.g., by advertising, labeling, or enclosures), and
government provision of information (e.g., by govern-
ment publications, telephone hot-lines, or public in-
tarest broadcast announcements). If intervention is
necessary to address a market failure arising from
inadequate information, informational remedies will
generally be the preferred approaches. As an alterna-
tive 0 a mandatory standard, a regulatory measure
to improve the availability of information bas the
advantage of being a more market-oriented approach.
Thus, providing consumers information about con-
cealed characteristics of consumer products gives con-
sumers a grester choice than banning these products
(for example, consumers are likely to benefit more
from information on energy efficiency than from a
orohihition on sale of appliances or automobiles fall-
ing below a specified standard of energy efficiency).

Except for prohibiting indisputably false state-
ments (whose banning can be presumed beneficial),
specific informational measures must be evaluated in
terms of their benefits and costs. Paradoxically, the
cwrent siate of knowledge does not generally permit
the benefits and costs of informational remedies to be
measured very accurately. Nonetheless, it is essential
to consider carefully the costs and benefits of alterna-
tive informational measures, even if they cannot be
Qui..UZcd very precisely. Some effects of informa.
tional measures can easily be overlooked. For exam.
ple, the costs of a mandatory disclosure requirement
for a consumer product include not only the obvious
cost of gathering and communicating the required
information, but also the loss of any net benefits of
information displaced by the mandated information,
the cost of any inaccurate consumer interpretation of
the mandated information, and any inefficiencies
arising from the incentive that mandatory disclosure
of a particular characteristic gives to producers to
overinvest in improving that specific characteristic of
their products.

SL 064760

Where information on the benefits and costs of
alternative informational measures is ingufficent to
provide a clear chaice between them, as will often be
the case, the least intrusive alternative, suffcient to
accomplish the regulatory objective, should be chosen.
For example, it will often be sufficient for government
to establish s standardized testing and rating system
without mandating its use, because firms that score
well according to the system will have ample incen-
tive to publicize the fact.

7. More marhketoriented approaches. In general,
alternatives that provide for more market-oriented
approaches, with the use of economic incentives re-
placing command-and-control requirements, should
be explored. Market-oriented alternatives that may
be considered include fees, subsidies, penalties,
marketable rights or offseta, changes in liabilities or
property rights, and required bonds, insurance or
warranties (in many instances, implementing these
alternatives will require legislation).

III. ANALYSIS OF BENEFITS AND COSTS
A. General Principles

The preliminary analysis called for by Sections I
and II should have narrowed the number of alterna-
tives to be considered by quantitative benefit.cost
analysis to & workable number. Ordinarily, one of the
alternatives will be to promulgate no regulation at
all, and thig alternative will commonly serve as the
base from which increments in benefits and costs are
calculated for the other alternatives. Even if alterna-
tives such as no regulation are not permissible statu-
torily, it is often desirable to evaluate the benefits
and costs of such alternatives to determine if statu-
tory change would be desirable. Departments and
agencies bear a similar burden when they perform
environmental impact statements in which alterna-
tives that lie outside their statutory authority must
be considersd.

In some cases, the desirability of specific alterns-
tives ocutside the scope of the agency's regulatory
authority may be determined by use of basic eco-
nomic concepts in light of the principles enumerated
in Section 1. In other instances, however, only a
quantitative benefit-cost analysis can resolve the
question, and such alternatives will need to be in-
cluded in the analysis of this section. In addition,
alternative forms of agency regulation will need to be
evaluated by quantitative benefit-cost analysis. ’

1. Evaluation of Alternatives. Except where prohib-
ited by law, the primary criterion for choice among
alternatives is expected net benefit (bepefits minus
costs). Other criteria may sometimes produce equiva-
lent results, but they must be used with care to avoid
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= e potentially serious pitfalls to be explained in Part

B of this section and in Section IV. Both benefits and
ests should be expressed in discounted constant
dllars. Appropriate discounting procedures are dis-
ased in the following section.

The distinction between benefits and costs in bene-
#t-cout analysis is somewhat arbitrary, since a posi-
tive benefit may be considered a negative cost, and
vice versa, without affecting the net banefit (benefits
minus costs) decision criterion. This implies that the
snsiderations lppliclble to benefit estimates also
apply to costs and vice versa. The different issues are
ansidered separately under benefits or costs in Sec-
tions B and C below according to where they most
aten arise.

If the proposed regulation is composed of a aumber
of distinct provisions, it is important to evaluate the
benefits and costs of the different provisions sepa-
ately. The interaction effects between separate provi-
sons (such that the existence of one provision affects
the benefits or costs arising from another provision)
may complicate the analysis but does not eliminate
the need to examine provisions separately. In such a
ease, the desirability of a specific provision may be

ised by determining the net benefits of the
proposed regulation with and without the provision in
question. Where the number of provisions is large
and interaction effects are pervasive, it is obviously
impractical to analyze all possible combinations of
provisions in this way. Some judgment must be used
select the most significant or suspect provisions for
mch analysis.

2. Discounting. The monetary values of benefits
and coms occwrring in different years should be
discounted to their present values so that they are
eomparable. This is not the same as correcting for
@fation. An inflation adjustment is made with a
rice index, whereas discounting to present value is
done with s discount rate. Benefits and costs e3-
presied in constant (i.e., unaffectad by inflation) dol-
lars must further be discounted to present wvalues
before benefits and costs in different years can be
added together to determine overall net benefits. As
@ equivalent alternative to discounting non-
Boned.-5 penefits, the RIA may use the discount
nte to annualize (amortize) costs over a period that
exresponds to the occurrence of the benefits. Regard-
less of the discounting procedure selected, the RIA
must contain a schedule indicating when the bensfits
and costs occur.

Discounting takes account of the fact that resources
(goods or services) in a given year are warth more
than identical resources in a later year. The underly-
ing reason for this is that resources can be invested
% as to return more resources later. Partly because

of this productivity of investment, individuals value
consumption in earlier years higher than consump-
tion in later years. -

Modern analysis of discounting for public programs
stresses the distinction between two rates of return:

© The before-fax rate, also known as the opportunity
eost of capital. This is the real rate of return to
marginal private investments. Estimates of the
oppormnity cost of capital in the U.S

. The 10 percent discount rate
Mdbyomcmdukuﬁrmhndu-
ating government programs is intended to repre-
sent the opportunity cost of eapital.

* The after-taz rate, also known as the consumption
rate of interest. This represents the rate at which
eonsumers would be willing to exchange present
for future consumption, that is, the rate at which
consumers must be compensated for
their consumption. As with the opportunity cost of
capital, alternative estimates of the consumption
rate of interest vary significantly. A rate of ¢
percent is reasonably representative of the range
of alternative estimates and conxistent with a 10
percent before-tax rate of return.

The basic concept underlying the academic litera-
ture on public-sector discounting is that economic
welfare is ultimately determined by eonsumption and
only indirectly by investment. Therefore, the value of
investment must be measured by the value of the
subsequent increase in consumption it permits. Any
offect that a government program has on investment
must be converted to an equivalent time-stream of
consumption before being discounted. In practice, this
results in & complex procedure that uses the before-
tax and after-tax discount rates, & “shadow price of
capital,” and the impacts of benefits and costs on
investment. It is recommended that agencies continue
to use the well-understood procedure of discounting
by a single rate (as specified by OMB Circular A-84)
and, when appropriate, perform additional analysis
:;ing the more complex shadow-price-of-capital meth-

There are two circumstances when it is important
to perform sensitivity analysis using the shadow price
of capital approach:

(a) Where the costs of the regulation are almost
entirely current costs borne by consumers. In such
circumstances, 8 low rate close to 4 percent is called
for. (This assumes, as is normally the cass, that the
benefits are all in the form of disposable income or
other benefits directly to individuals.)

(b) Where some of the costs are capital costs
financed out of saving and there is a long period
between the time when most costs are incurred and
the time wher: most benefits accrue. In general, the
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smaller the fraction of costs that are capital costs
financed out of saving and the longer the time period
between costs and benefits, the greater the likelihood
that the shadow price of capital approach will be
carrect.

It is conceptually incorrect to adjust the discount
rats as a device to account for the uncertainty of
sxpected future benefits and costs. This procedure
will virtually never lead to a correct adjustment of
benefits and costs. Therefore, risk and uncertainty
should be dealt with according to the principles in
Section 8 below and not by changing the discount
rate.

3. Treatmaent of Risk and Uncertainty. Where uncer-
tainties exist about important parameters affecting
the expected benefits or costs of an alternative under
consideration, it is essential to carry out a sensitivity
analysis to determine the effect on net benefits of
plausible variations in the value of the parameters.
One form of sensitivity analysis involves calculation
of the “switch-point® value of the parametsr under
examination, that is, the value of the parametar at
the break-even point at which the net-benefit decision
criterion switches over from favoring one alternative
to favoring another. When this break-even point of
the parameter value is determined, the analysis may
then consider the probability that the true parameter
value is above or below the break-even value. For
example, if the major uncertainty about a proposed
regulation were its cost, the analysis could calculate
how high the cost would need to be in order to reduce
the net benefit of the proposal to zero. If it is judged
to be highly unlikely that the actual cost would be
that high or higher, it may be concluded that the
choice of the proposed alternative is not sensitive to
uncertainties about its cost.

A primary objective of sensitivity analyxis is to
identify where additional analysis may be most
needed. If the choice of a specific regulatory action is
sensitive to alternative parameter values that are
about equally likely to be true, more research to
better determine the true parameter value could be
very valuable.

Wherever parameter estimates are uncertain, for
either benefits or costs, expected-value estimates
should be presented. Hypothetical best-case or worst-
case estimates may be presented as alternatives for
sensitivity analysis. Where possible, information
about the probability distribution of the parameter
estimate should be presented.

A common situation that arises in estimating both
benefits and costs is that a number of different
studies may exist which together provide a range of
different estimates for & particular parameter. In
general, it is not appropriate to use the midpoint of

the range of extreme values provided by the studies.
Such a technique ignores the information provided by
all studies except those providing the extreme values,
which may be the least reliable. The preferred ap-
proach to deriving an expected-value estimate of g
particular parameter in this situation would

mate being based on the reliability (in
judgment of the agency) of the study that produced it.

Where future benefits or costs are un-
certain, their value to those who receive them may be
different from their value if they were certain. (Often,
but not always, a certain future benefit is worth more
to people than an uncertain future benefit with the

4

pected dollar value of the reduction in fire loss to its
certainty-equivalent value,

In the exumple of the preceding paragraph, the
adjustment for risk would involve an increase in the
value of the benefit, whereas uncertainty of a benefit
is normally thought to reduce its certainty-equivalent
value. The reason is that even though this benefit by
itself is uncertain, it acts to reduce the overall level
of risk that would prevail in the abeence of the
regulation. This illustrates the important principle
that what matters is not the variability or riskiness
of a regulation’s net benefits by themselves but the
regulation’s effect on risk and uncertainty overall

While an adjustment to account for risk may be
called for in the fire-risk example given, a similar
adjustment for the value of reductions in fatalities
and injuries 'would not be appropriate. Assuming that
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the values of fatalities and injuries have been derived
py the willingness-to-pay methodology recommended
ip Section B.2 below, they would already represent
the certainty-equivalent value of the uncertain risk.
This is because the estimated dollar values represent
the certain dollar amounts that individuals would
aacifice to reduce these risks.

Probably, in most cases, it will not be advisable to
sdjust for risk and uncertainty. As a theoretical
matter, 0o adjustment for risk is necessary wherever
the pet benefits are widely dispersed among many
individuals and are not correlated with disposable
income. And in cases where this does not apply, risk
may be relatively unimportant or may already be
taken into account by use of the willingness-to-pay
methodology. In other cases, there may be no practi-
el way to quantify the value of changes in risk.

& Assumptions. Where benefit or cost estimates are
beavily dependent on certain assumptions, it is es-
sential to make these assumptions explicit and,
where alternative assumptions are plausible, to carry
eut sensitivity analyses based on plausible alterns-
tive assumptions. If the decision criterion proves to
be sensitive to alternative plausible assumptions, this
may necessitate further research to develop more
evidence on which of the alternative assumptions is
the most appropriate. Because the adoption of a
particular estimation methodology sometimes implies
major hidden assumptions, it is important to analyze
wtimation methodologies carefully to make hidden
sssumptions explicit.

8. International Trade Effects. In calculating the
benefits and costs of a proposed regulatory actiom,
generally mo explicit distinction needs to be made
between domestic and foreign resources. If, for
example, compliance with a proposed regulation re-
quires the purchase of specific equipment, the oppor-
tunity cost of that equipment is ordinarily best repre-
sented by its domestic cost in dollars, regardless of
whether the equipment is produced demestically or
imported. The relative value of domestic and foreign
resources is correctly represented by their respective
dollar values, as long as the foreign exchange value of
the dollar is determined by a free exchange market.
Nonetheless, an awareness of the role of international
trade may be quite useful for assessing the benefits
and costs of a proposed regulatory action. For exam-
ple, the existence of foreign competition usually
makes the demand curve facing a domestic industry
more elastic than it would be otherwise. Elasticities
of demand and supply frequently can significantly
tffect the magnitude of the benefits or costs of a
regulation.

A regulation that discriminates unjustifiably
aguingt foreign exporters is a form of economic pro-

tactionism. The economic loss to the US. due to the
fact that protectionism is economically inefBcient will
be reflected in the pet benefit estimate of any prop-
erly conducted benefit-cost analysis. However, a bene-
fit-cost analysis will generally not be able to measure
the potential US. loss from the threat of future
retaliation by foreign governments. Therefare, special
attention should be given to any possibility that a
regulation would unjustifisbly discriminate between
domestic and foreign producers and consumers—both
discrimination aguinst foreigners and discrimination

The fact that a regulation has a differentia! effect
on foreigners as compared to Americans does not
necessarily constitute discrimination. If, for example,
an automobile safety standard could be complied with
leas expensively by large cars than by small cars,
such a standard would be more favorable to American
car producers, who produce relatively more large cars
compared to the fleet mix of foreign producers. None-
theless, such a differential effect would not be dis-
criminatory if the difference in compliance oost
between large and small cars was necessary to
achieve logitimate regulatory objectives in the most
afficient way.

If a regulation has an adverse differential effect on
foreign producers or consumers relative to domestic
producers and consumers that is Dot necessary to
realize regulatory goals efficiently, then a discrimina-
tory effect oo foreign trade exists. The RIA should
identify any substantial differential effect on interna.

cient way. One means for reducing the likelihood of
international discrimination would be for a U.8. prod-
vet standard for an internationally traded good to be
based on an internationa! standard, wherever an
international standard exists and is compatible with
the health, safety, or environmental needs of the U.S.
International harmonization can be beneficial for reg-
ulations directly setting standards for internationally
traded goods or services. For example, it would be
sppropriate to consider international barmonization
in setting safety standards for automobiles. There is
no gimilar advantage to international harmonization
where a regulation does not directly affect the quality
of an internationally traded good or service, even if it
indirectly affects its costs (e.g., environmental con-
trols for automobile planta).

8. Distributional Effects. Those who bear the costs
of a regulation and those who enjoy its benefits often

are not the same persons. Benefits and costs of

regulation may also be distributed unevenly over
time, perhaps spanning several generations. There is
no generally accepted way to monetize potential
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distributional effects. Attempts to incorporate dis-
tributional concerns in benefit-cost analysis require
the establishment of unequal weights for different
groups in society. Because positive sconomics treats
equally the willingness-to-pay of all individuals, any
alternative weighting would undermine the objective
character of the analysis. Policymakers may wish,
howevez, to take account of the distributional effects
of various regulatory alternatives. Therefore, where
there are potentially important differences between
thoss who stand to gain and those who stand to lose
under alternative regulatory options, the RIA should
identify these groups and indicate the nature of the
differential effects. The RIA should also present infor-
mation on the streams of benefits and costs over time
as well as present value estimates, particularly
where intergenerational effects are concerned.

B. Benefit Estimates

The RIA should state the beneficial effects of the
proposed regulatory change and its principal alterna-
tives. In each case, there should be an explanation of
the mechanism by which the proposed action is ex-
pacted to yield the anticipated benefits. An attempt
should be made to quantify all potential real incre-
mental benefits to society in monetary terms to the
maximum extent possible. A schedule of monetized
benefits should be included that would show the type
of benefit and when it would accrue; the numbers in
this table should be expressed in constant, undis-
counted dollars. Any expected incremental benefits
that cannot be monetized should be explained.

The RIA should identify and explain in detail the
data or studies on which benefit estimates are based.
Where benefit estimates are derived from a statistical
study, the RIA must provide sufficient information so
that an independent observer can determine the rep-
resentativeness of the sample, whether it was extrap-
olated from properly in developing aggregate esti-
mates, and whether the results are statistically
significant.

For regulations addressing health and safety risks,
the calculation of potential benefits should derive
from the agencys estimate of the mean expected
value of the reduction in risk attributable to the
standard. Estimatss of the prevailing level of riak
and of the reduction in risk to be anticipated from as
proposed standard should be unbiased expected-value
estimates rather than hypothetical worst-case esti-s
mates, Extreme safety or health results should be
weighted (along with intermediate results) by the
probability of their occurrence to estimate the ex.
pected result implied by the available evidence. In
addition, to the extent possible, the distribution of
probabilities for various possible results should be

presented separstely, so as to allow for an explict
margin of safety, where required, in final decisions.
s margin of safety is to be provided, the proper placy
for it is the final stage of the decision-making pro
csas, not by adjusting the risk or benefit estimates in
a conservative direction at the information-gathering
or analytical stages of the process. Conservative esti-
mates should be preseited as alternatives to best
estimates for sensitivity analysis but should not sub
stitute for them.

It is important to guard against double-counting of
benefits. For axample, if a regulation improved the
quality of the environment in a community, the value
of real estate in the community might rise, reflecting
the greater attractiveness of living in the improved
environment. It would ordinarily be incorrect to in-
clude the rise in property valuss among the benefita
of the regulation. Ordinarily, the value of environ-
mental benefits (e.g., reduced health risks, scenic
improvements) will already be included among the
benefits. The rise in property wvalues reflects the
capitalized value of these improvements. Therefore,
to count as benefits both the value of the environ-
mental improvements and the corresponding increase
in property values is to count the same benefits
twice. Only where a direct estimate of the benefits
has not been included would it be appropriate to
a;l:g. the increase in property values among the

ts.

1. General Considerations. The concept of “opportu-
nity cost® is the appropriate construct for valuing
both benfits and costs. The principle of “willingness-
to-pay” captures the notion of opportunity cost by
providing an aggregate measure of what individuals
are willing to forgo so as to enjoy a particular benefit.
Market transactions provide the richest database for
estimating benefits based on willingness-to-pay, 80
long as the goods and services affected by a potential
regulation are traded in markets. Estimation prob-
lems arise in a variety of instances, of course, where
prices or markst transactions are dificult to monitor.
Markets may not even exist in some instances, for
¢ing regulatory analysts to develop appropriste prox-
ies that simulate market exchange. Indeed, the ans-
lytical process of deriving benefit estimates by
simulating markets may suggest alternative reguls-
tory strategies that create such markets.

Willingness to pay always provides the preferred
measure of benefits. Estimates of willingness-to-pay
based on observable and replicable behavior deserve
the greatest level of confidence. Considerably less
confidence should be conferred on benefit estimates
that are neither derived from market transactions
nor based on behavior that is observable or replics-
ble. Of course, innovative benefit estimation method-
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alogies may be necessary in some cases, and should
be encoursged. However, reliance upon such mathods
fntensifies the need for quality control to ensure that
estimates derived conform as closely as posgible to
what would be observed if markets existed.

2. Principles for Valuing Directly Observable Bene-
fits. Ordinarily, goods and services are to be valued at
their market prices. However, in some instances, the
market value of a good or sarvice may not reflect its
true wvalue to society. If a regulatory altarmative
involves changes in such a good or service, its mone-
tary value for purposes of benefit-cost analysis should
be derived using an estimate of its true walue to
society (often called its “shadow price”). For example,
suppose a particular air pollutant damages crops.
One of the benefits of controlling that pollutant will
be the value of the crop saved as a result of the
controls. If the price of that crop is held above the
free-market equilibrium price by a government price-
support program it will overstate the value of the
benefit of controlling the pollutant if the crop saved
were valued at the market price established by the
support program. The social value of the benefit
should be calculated using & shadow price for crops
subject to price supports. The estimated shadow price
should reflect the value to society of marginal uses of
the crop (e.g., the world price if the marginal use is
for exports). If the marginal use is to add to very
large surplus stockpiles, the shadow price would be
the value of the last units released from storage
minus storage cost. Therefore, where stockpiles are
large and growing, the shadow price is likely to be
low and could well be negative.

8. Principles for Valuing Benefits that are Indirectly
Traded in Markets. In some important instances, a
benefit corresponds to a good or service that is
indirectly traded in the marketplace. Important ex-
amples include reductions in the bealth-and-safety
risks, the use-value of environmental amenities and
scenic vistas, and savings in time. To estimate the
monetary value of such an indirectly traded good, the
willingness-to-pay valuation methodology is still con-
ceptually superior, because the amount that people
are willing to pay for a good or service is the best
measure of its value to them. As noted in Sections 4
and 5 immediately following, alternative methods
may be used where there are practical obstacles to
the accurate application of direct willingness-to-pay
methodologies.

A variety of methods have been developed for
estimating indirect benefits. Generally, these methods
apply statistical techniques to distill from observable
market transactions the portion of willingness-to-pay
that can be attributed to the benefit in question.
Examples include estimates of the value of environ.

menta] amenities derived from travel-cost studi
bedonic price models that measure differences
changes in the value of land, and statistical studies of
occupational-risk premiums in wage rates.
Contingent-valuation methods have become in-
creasingly popular for estimating indirect benefits,
but they suffer from the fact that survey instruments
have a limited capacity to simulate real-world market
behavior. Benefit estirziates derived from contingent-
valuation studies thus have a greater burden of
analytical care to ensure that they represent in an
unbissed manner what actually occurs in the market-

are Not Traded Directly or Indirectly in Markets.
Some types of goods, such as the social benefit of
preserving snvironmental amenities apart from their
use and direct enjoyment by people, are not traded
directly or indirectly in markets. The practical -
cles to accurate measurement are similar
generally more severe than) those arising with
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Contingent-valuation methods provide the
alytical approaches currently available for esti
the benefits of such untraded goods. The
observable and replicable behavior with
benefit in question, ecombined with the difficulties
avoiding bias in contingent.valuation studies,
for great care and circumspection in the use
methods. This means, for example, that estimates
willingness-to-pay must incorporate the variety
alternative means individusls have of expressing

it

|

s.a.gga.

ods thus require considerable analytic rigor in design
and careful execution. Absent such efforts, hnalyses
based heavily on the benefita of untraded goods and
ﬁmorﬁnnﬂlywouldmlthomdauﬁdum

8. Methods for Valuing Health and Safety Benefits.
For bealth and safety benefits, a distinction should be
made between risks of nonfatal illness or injury and
fatality risks.

(a) Nonfatal iliness and injury. Although the will-
ingness-to-pay approach is conceptually superior, the
current state of empirical research in .he area is not
sufficiently advanced to assure that estimates derived
by this method are necessarily superior to direct-cogt
valuations of reductions in risks of nonfatal illne*
injury. Any injury-value sstimate from a willingné¥s-
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to-pay study is necessarily an average over a specific
combination of injuries of varying severity. If the
average injury severity in such a study is greatly
different from that for the regulatory action under
study, then the study’s estimated injury value may
not be appropriate for evaluating that action. Accord-
ingly, the agency should use whichever approach it
considers most appropriate for the decision at hand

The primary components of the direct-cost approach -

are medical costs and the value of lost production.
Poesibly important costs that may be omitted by the
use of the direct-cost approach are the value of pain
and suffering and the value of time lost from leisure
and other activities that are not economically directly
productive,

(b) Fatality. Reductions in fatality risks are best
monetized according to the willingness-to-pay ap-
proach. The value of changes in fatality risk is
sometimes expressed in terms of the “value of life.”
This is something of & misnomer since the value of a
life really refers to the sum of many small reductions
in fatality risk. For example, if the annual risk of
death is reduced by one in a million for sach of two
million people, that represents two “statistical lives”
saved per year (two million x one millionth = two). If
the annual risk of death is reduced by one in 10
million for each of 20 million people, that also repre-
sents two statistical lives saved The conclusion that
the fatality risk reductions in these two cases are
equivalent implies an assumption. The implicit as.
sumption—that equal increments in risk are valued
equally—allows different risk increments to be added
togewner and compared directly. As a different exam-
ple, suppose there are two alternative reductions in
the annual risk faced by an individual:

A: from .10 x 10~ to .09 x 10~ = .01 x 10¢
B: from 1.00 x 10 t0 99 x 10 =« .01 x 10

8inee in both cases the reduction in annual risk is
the same (.01 x 107%), the value of A and B should be
considered the same.

The sesumption that equal increments in fatality
risk are of equal value is a legitimate one, so0 long as
the level of fatality risk is below 10~ annually. There
is evidence that the willingness-to-pay value for
increments in fatality risk does not change signifi-
cantly over a wide range of risk exposure below 10™
annually.

For levels of annyal risk exposure of 10 and above
it cannot be assumed that equal increments of risk
are valued equally. At these higher risk levals, it is
particularly important to distinguish between situa-
tions of voluntary risk assumption and those of inval-
untary risk. Where the high risk is involuntary, it is

REGULATORY PROGRAM OF THE UNTTED STATES GOVERNMENT

appropriats to value reductions in risk from that high
level more highly than equal risk reductions at lower
risk levels. In general, the greater the risk that an
individual bears, the higher will be the

;

jcal studies of risk premiums in high-risk occupations
suggest that reductions in voluntarily assumed high
risks should be valued less than equal risk reductions

Estimates of the value of fatality risks refer only to
changes in an uncertain risk of death. They have no
applieation to the certain prevention of the death of
an identifiable individual.

8. Alternative Methodological Frameworks for Esti-
mating Health and Safety Benefits. Several alterna-
tive ways of incorporating fatality risks into the
framework of benefit-cost analysis may be appropri-
ate. These may involve sither explicit or implicit
valuation of fatality risks.

One acceptable explicit valuation approach would
be for the agency to select a single value for reduc-
tions in fatality risk at ordinary risk levels (below
10~ annually) and use this value consistently for
evaluating all its programs that affect ordinary fatal-
ity risks. Another acceptable explicit valuation ap-
proach would be to use s range of values for redus
tions in fatality risk and apply sensitivity analysis as
with other paramaeters that have alternative plausible
values. The range of alternative values should be a
reasonable one, not one that includes the most ex-
treme upper and lowsr values of fatality risk reduc-
tion that have been estimated. Extreme valuss are
more appropriate for instances of extraordinarily high
risks (above 10~ annually), with the extreme low
values being appropriate where voluntary assumption
of high risk leads to self-selection and the extreme
high values being appropriate where the high riak is
involuntarily assumed.

Where the analysis uses a range of alternative
values for reductions in fatality risk, it may be useful
to calculate break-even values, as in other sensitivity
anslyses. This requires caleulating the borderline
value of reductions in fatality risk at which the net
benefit decision criterion would switch over from
favoring one alternative to favoring another (i.e., the
value of fatality risk at which the net benefits of the
two alternatives are equal). This method will fre-
quently be infeasible because of its computational
demands or because alternatives are continuous
rather than discrete (e.g., alternative stringendies for
exposure levels), but where appropriate, it is a useful
supplement to the sensitivity analysis.
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An implicit valuation approach could entail calculs-
tions of the cost per unit of reduction in fatality risk
(cost per “statistical life saved”), with costa defined as
costs minus monetized benefits. This must be used
with care since there is a serious potential pitfall: It
& not correct to choose between two mutually exclu-
ive alternatives by selecting the alternative with
lowest cost per statistical life saved. The alterpative
with higher cost per life saved may nonetheless be
the alternative with the higher net benefit to society.

The way to avoid this pitfall while retaining the
tmplicit valuation approach is to make all ealcula-
tions of eost per life saved in tarms of increments
between alternatives. Alternatives should be arrayed
tn order of their total reduction in expected fatalities
and the incremental cost per life saved calculated
between each adjacent pair of alternstives. In eon-
trast to explicit valuation approaches, this avoids the
pecessity of specifying in advance a value for reduc-
tions in fatality risks. However, a range of values will
be implied by the final selection of an alternative.
Tais rauge should be consistent with estimated val
ues of reductions in fatality risks calculated according
to the willingness-to-pay methodology.

Another way of expressing reductions in fatality
risks is in terms of life-years saved. For example, if a
regulation protected individuals whose average re-
maining life expectancy was 40 ysars, then a risk
reduction of one fatality would be expressed as 40
life-years saved. Such a refinement may be desirable
for regulations that disproportionately protact young
people (e.g., motor vehicle safety regulations) or el-
derly people (e.g., regulations controlling carcino-
gcua). 2w Szrive the value of a life-year saved from an
estimate of the value of life, first determine the
average remaining life expectancy of the sample pop-
wasion in the study from which the estimats was
drawn. Assuming that the average age of the sample
population is known, the average remaining life ex-
paciancy may be derived from actuarial tables giving
life expectancy in relation to age. Using standard
compound interest tables, the value of a life-year
saved can then be determined as the estimated value
of life annualized over a period equal to the number
ol Jcaud ol nmq_nmg average life expectancy.

C. Cost Estimates

1. General Considerations. The opportunity cost of
an alternative is the value of the benefits foregone as
a consequence of that alternative. For example, the
opportunity cost of banning a product (e.g., a drug,
food additive, or hazardous chemical) is the foregone
net benefit of that product. It is measured by changes
in producers’ and consumers’ surpluses. (Producers’
surplus is the difference between the amount a

nity cost) of benefits foregons, losses in consumers’ or
producers’ surpluses, discomfort or inconvenience,
and loss of time. A schedule of monetized costs should
be included that would show the type of cost and
when it would occur; the numbers in this table
should be expressed in constant, undiscounted dol-
lars. Any expected incremental costs that cannot be
monetized should be explained. An important ype of
cost that often cannot be quantified is a slow:g in
the rate of innovation or of adoption of new ts 10l
ogy. For example, regulations requiring a cos:. nd
time-consuming approval process for new produ. or
pew facilities may have such costs, as may re
tions setting much more stringent standards for
facilities than existing ones.
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Two accounting cost concepts that should not be
counted as costs in benefit-cost analysis are interest
and depreciation., The time value of money is already
accounted for by the discounting of benefits and costs.
Depreciation is already taken into account by the
time distribution of benefits and costs; the only legiti-
mate use for depreciation calculations in benefit-cost
analysis is to estimate the salvage valus of a capital
investment.

2. Real Costs versus Transfer Payments. An impor-
tant, but sometimes difficult, problem in cost estima-
tion is to distinguish between real costs and transfer
payments. Transfer payments are not genuine costs
but payments for which no real good or service is
received in return. Several examples of problems that
may arise from the confusion betwsen transfer pay-
ments and real costs (or benefits) may help to iden-
tify situstions in which further analysis of the prob-
Jem may be warranted. Monopoly profits, insurance
payments, government subsidies and taxes, and dis-
tribution expenses are four potential problem areas.

(a) Monopoly profits. If, for example, sales of a
competitively produced product were restricted by a
government regulation so as to raise prices to con-
sumers, the resulting monopoly profits are not a
benefit of the rule, nor is their payment by consumers
8 cost. The real benefit-cost effects of the regulation
would be represented by changes in producers’ and
consurners’ surpluses.

(b) Insurance payments. Potential pitfalls in bene-
fit-cost analysis may also arise in the case of insur-
ance payments, which are transfers. Suppose, for
eximple, & worker safety regulation, by decressing
employee injuries, led to reductions in firms’ insur-
ance premium payments. It would be incorrect to
count the amount of the reduction in insurance pre-
miums as & benefit of the rule. The proper measure
of benefits is the value of the reduction in worker
injuries, monetized as described previously, plus any
reduction in real costs of administering insurance
(such as the time of insurance company employees
needed to process claims) due to the reduction in
worker insurance claims. Reductions in insurance
premiums that are matched by reductions in insur-
ance claim payments are changes in transfer pay-
roents, not benefits.

(¢) Indirect taxes and subsidies. A third instance
where special treatment may be needed to deal with
transfer payments is the case of indirect taxes (tariffs
or excise taxes) or subsidies on specific goods or
services. Suppose a regulation requires firms to pur-
chase a $10,000 piece of imported equipment, on
which there is a $1,000 customs duty. For purposes of
benefit-cost analysis the cost of the regulation for
each firm ordinarily would be $10,000, not $11,000,

Y

since the $1,000 customs duty is & transfer paymen;
from the firm to the Treasury, not & real resourey
cost. This approach, which implicitly assumes thy;
the equipment is supplied at constant costs, shoyld
be used except in special circumstances. Where the
taxed equipment is not supplied at constant cost, the
technically correct treatment is to eslculate how
many of the units purchased as a result of the

purchases by other
buyers. The former units would be valued st the price
without the tax and the latter units would be valued
at the price including tax. This caleulation is usually
diffSicult and imprecise because it requires estimates
of supply and demand elasticities, which are often
dificult to obtain and inexact. Therefore, this treat-
ment should only be used where the benefitcost
conclusions are liksly to be sensitive to the treatment
of the indirect tax. While costs ordinarily should be
adjusted to remove indirect taxes on specific goods or
services as described bere, similar treatment is not
warranted for other taxes, such as general sales taxes
applying equally to most goods and services or in-
come taxes.

(d) Distribution expenses. The treatment of distri-
bution expenses is also a source of potential error.
For example, suppose 8 particular regulation raises
the cost of a product by $100 and that wholesale and
retail distribution expenses are on average 50 percent
of the factory-level cost. It would ordinarily be incor-
rect to add a $50 distribution markup to the $100
cost increase to derive a $150 incremental cost per
product for benefit-cost analysis. Most real resource
costs of distribution do not increase with the price of
the product being distributed. In that case, either
distribution expenses would be unchanged or, if they
increased, the increase would represent distributor
monopoly profits. Since the latter are transfer pay-
ments, not real rescurce costs, in peither case should
additiona] distribution expenses be included in the
benefit-cost analysis. However, increased distribution
expenses should be counted as costs to the extent
that they correspond to increased real resource costs
of the distribution sector as a result of the change in
the price or characteristics of the product.

D. Expenditure Rules .

Regulstions establishing terms or conditions of
Federal grants, contracts, or financial assistance call
for a different form of regulatory analysis than do
other types of regulation. In some instances, s full-
blown benefit-cost analysis may be appropriste @
inform Congress and the President more fully about
the desirability of the program, but this would not
ordinarily be required in a Regulatory Impact Analy-
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gis. The primary function of the RIA for this type of
regulation should be to werify that the terms or
eonditions are the minimum necessary to achieve the
purposes for which the funds were appropriated.
They should not contain conditions in pursuit of goals
that are not germane to the purpose for which the
funds were authorized and appropriated. Beyond con-
trols to prevent abuse and to ensure that funds
appropriated to achieve a specific purpose are chan-
peled eficiently toward that end, maximum discre-
tion should be allowed in the use of Federal funds,
particularly when the recipient is a State or local

government.

IV. RATIONALE FOR CHOOSING THE
PROPOSED REGULATORY ACTION

The RIA should include an explanation of the
reasons for choosing the selected regulation. Ordinar-
fly, the regulatory alternative selected should be the
one that achieves the greatest net benefits. 1If logal
constraints prevent this choice, they should be identi-
fied and explained, and their net cost should be
estimated.

Where uncertainties are substantial or a large
proportion of benefits cannot be monetized, other
methods of summarizing the benefit-cost analysis
may sometimes be appropriste. When alternative
forms of presentation are used, the objective must
continue to be the maximization of net bepefits (ex-
eept where prohibited by law). Alternative criteria
must be used with care because of the potential for
erTOrs OT misinterpretation. '

Agencies need not calculate the internal rate of
return for a regulation. The internal rate of return is
often difficult to compute and is problematical when
multiple rates exist. It must not be used as a crite-
rion for choosing between mutually exclusive alterna-
tives. As a criterion for choosing between alternatives
that are not mutually exclusive, it has no advantages
ever the criterion of maximizing the present valus of
pat benefits.

Benefit-cost ratios, if used at all, must be used with
eare to avoid & common pitfall. It is a mistake to
thoose among mutually exclusive alternatives by se-
lecting the alternative with the highest ratio of bene-
fits to costs. An alternative with a lower benefit-cost
ratio than another may have the higher net benefits.
Whether a regulation’s benefits are greater (or less)
than its costs can be determined by whether its
benefit-cost ratio is greater (or less) than one. The
benefit-cost ratio may be used as a very simplified
indicator of the likely sensitivity of the result: If the
benefit-cost ratio is much grester than one, the con-
¢clusion that the regulation’s benefits exceed its costs

probably is not sensitive to likely alternative param-
ster values. If the ratio is only slightly greater than
ons, the conclusion probably is sensitive. The benefit-
cost ratio may sometimes be acceptable as a

substitute for genuine sensitivity analyzis where it i
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The RIA should include a statement of determina-

‘tion and explanation that the propossd regulatary

action is within the agency’s statutory authority.

Further Reading

Edith Stokey and Richard Zeckhauser, A Primer for
Policy Analysis. Chapters 9 and 10 provide a good
introduction to basic concepts.

E. J. Mishan, Economics for Social Decisions: Ele-
mants of Cost-Benefi! Analysis. Assumes some knowl-
odge of economics. Chapters 5-8 should be helpfu!
the important subjects of producers’ and consume
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surpluses (not discussed extensively in this guidance
document).

W. Kip Viscusi, Risk By Choice. Chapter 6 is » good
starting point for the topic of valuing health and
safety benefits. Other more technical sources are

‘ven in the bibliography.

Robert Cameron Mitchell and Richard C. Carwon,
Using Surveys to Volue Public Goods: The Contingent
- Valuation Method. Provides a valuable discussion on

the potential] pitfalls associated with the use of con.
tingent-valuation methods.

V. Karry Smith, Ed., Advances in Applied Micro-
economics: Risk, Uncertainty, and the Valuation of
Benefits and Costs. .

Judith D. Bentkover, Vincent T. Covello, and Jery!
Mumpower, Eds., Benefits Assessment: The State of
the Art.
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