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Various federal agencies are responsi- 
ble for promulgating regulations and 
standards to protect the public from ex- 
posure to environmental carcinogens. 
Althmgh many factors are considered 
in the decision to regdate a carcinogen, 
one important issue concerns the prob- 
ability that individuals in an exposed 
population will develop cancer. 

What has not been clear, however, is 
the level of cancer risk that triggers 
regulation, or whether there is consist- 
ency withii and between agencies in 
arriving at the risk decisions that under- 
pin regulatory action. We have r&c- 
sptively reviewed the use of cancer 
risk estimates in prevailing federal 
standards and in withdrawn regulatory 
initiatives to determine whether any 
simple patterns emerge to correlate risk 
level with regulatory action. Our 
results show that there are definite pat- 
terns and a surprising degree of consist- 
ency in the federal regdatov process. 

The sources of the data reviewed are 
notices of proposed or f i i  regulations 
found in the Fedeml Register and in 
published and unpublished regulatory 
support documents, all of which are in 
the public domain. Three measures of 
risk are considered: Individual risk is 
measured as an upper-limit estimate of 
the probability that the most highly ex- 
posed individual in a population will 
develop cancer as a result of a lifetime 
of exposure. The size of the population 
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exposed to the hazards is considered. 
F i x  population risk is measured as 
an upper-limit estimate of the number 
of additional incidences of cancer in the 
exposed population. Federal agencies 
compute population risks (as measured 
by the number of cancer deaths per 
year) by one of two methods: by multi- 
plying maximum individual risk by 
population size or by accounting for 
variations in individual exposure levels 
and adding up the resulting figures for 
an entire population. Almost one-thii 
of the population risk estimates re- 
viewed here were calculated using the 
first method, although the second 
method is preferable. 

Knowledge of two additional terms, 
de manifestis and de minimis, is impor- 
tant to understanding the patterns that 
emerge from the data. De manifestis 
risk, literally a risk of obvious or evi- 
dent concern, has its roots in the legal 
definition of an “obvious risk”; one 
that is instantly recognized by a person 
of ordinary intelligence. De minimis 
risk bas been used for a number of 
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years by regulators to define an accept- 
able level of risk that is below regula- 
tory concern. This term stems from the 
legal principle, de minimis non curaf 
lex; “the law does not concern itself 
with trifles.” 

Table 1 lists 132 regulatory decisions 
for which at least one of these measures 
of risk was estimated prior to regulation 
of the substance in question. The meth- 
ods used by federal agencies for esti- 
mating individual risk are generally 
considered to overestimate risk they 
assume maximum exposure and a lin- 
ear no-threshold dose-response func- 
tion. For example, the population risk 
estimate for saccharin (Number 100 in 
Table 1) is listed as 1200 cancer deaths 
annually, although the Food and Drug 
Administration (FDA) states that this is 
an upper-limit risk estimate and the ac- 
tual risk is between zero and 1200. 

The published maximum risk esti- 
mates have been taken at face value; 
any errors in the estimates or inter- 
agency differences in the approach to 
risk analysis are not considered impor- 
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tant for our analysis. All that matters is 
that when the regulatory decision was 
made, risk managers were presented 
with these estimates as the best availa- 
ble upper-bound estimates. 

Categories of risk 
Figure 1 presents preregulatory lev- 

els of maximum individual risk for reg- 
ulatory decisions involving public ex- 
posure to chemical carcinogens. ' b o  
patterns are apparent. First, every 
chemical with an individual risk above 
4 x (four chances in loo0 that a 
chronically exposed individual will de- 
velop cancer) was regulated. Second, 
except for one FDA decision (Number 
44 in Table l), no action was taken to 
reduce individual lifetime risk levels 
that were below 1 x 

The Delaney Clause of the Federal 
Food, Drug and Cosmetic Act Food 
Additives Amendment of 1958 states: 
"No additive shall be deemed safe if it 
is found to induce cancer when ingested 
by man or animal." Despite this, in all 
11 decisions made between 1980 and 
1985 involving indirect carcinogenic 
food additives, FDA set standards but 
did not require existing risk levels to be 
reduced. FDA has recently argued that 
the Delaney Clause permits use of car- 
cinogenic food additives with cancer 
risks below 1 x W; a decision that is 
being challenged in court. Our analysis 
shows that FDA's reasoning is consist- 
ent with historical practice. 

Figure 2 presents 58 cases in which 
estimates of both individual risk and 
population size were available at the 
time a regulatory decision was made. 
Estimated exposed populations ranged 

from 9700 to 230 million, the latter for 
the total U.S. population. There does 
not appear to be a strong correlation 
between the size of the population ex- 
posed and the likelihood of regulation. 
This conclusion is contrary to that 
reached by Milvey, who stated that the 
de minimis risk level is a function of 
the size of the population at risk (I). To 
further investimte this auestion, we re- 

manifestis and de minimis risk levels 
because public exposures to carcino- 
genic substances should be regulated at 
least as stringently as occupational ex- 
posures are. 

Line A of Figure 4 defines the de 
manifestis level; above this l ie ,  federal 
agencies always acted to reduce risk. 
For exposures resulting in a small-pop 
ulation risk. the de manifestis level is 

view estimates-of indivfdual and popu- 
lation risk. 

Figure 3 presents decisions for which 
individual and population risk estimates 
were available at the time of regulation. 
Three categories of risk can be identi- 
fied. De manifestis risks are those that 
are so high that agencies almost always 
acted to reduce them, and de minimis 
risks are so low that agencies almost 
never acted to reduce them (2). The 
risks falling into the area between these 
extremes were regulated in some cases 
but not in others. 

Figure 4 shows 19 occupational deci- 
sions that have been added to Figure 3 
to provide data on small populations at 
high individual risk, no other data exist 
for these cases. It is assumed that deci- 
sions to regulate occupational expo- 
sures can be used to aid in defining de 

approximately 4 x IO-'. As population 
risk approaches 250 cancer deaths 
(which could only occur in a population 
the size of the entire United States) the 
de manifestis level drops to about 
3 x l e 4 .  Line B shows the de minimis 
level. Below this line, no action has 
ever been taken to reduce risk. Line B 
indicates that for small-population ef- 
fects, regulatory action was never taken 
for individual risk levels below 1W4. 
For effects resulting from exposures to 
the entire U.S. population, the level of 
acceptable risk drops to 1W6. Line C is 
the area beyond which no data can fall. 
Figure 4 is essentially an analysis of the 
Reagan administration's regulatory de- 
cisions; only six decisions in Figure 4 
occurred before 1980. 

Figure 4 raises two questions. First, 
what justification is given by regulatory 
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FIGURE 4 
Etfectofindhrkl 

agencies for not regnlating chemicals in 

ond, what justification is given for reg- 
ulatory decisions involving chemicals 
in the region between the de manifestis 
and de minimis levels? The primary an- 
swer given by federal agencies to the 
first question, as defined in Figure 4, is 
insignificant population risk. Table 2 
shows those regnlatory deciiions that 
cited insufficient risk as the reason not 
to regulate. EPA’s most explicit state- 
ment on the use of population effects in 
setting acceptable levels of risk is found 
in its decision on radionuclide stand- 
ards (Table 1, Numbers 96-99). 

Indecliningto regulate natural radi- 
nuclide emissions from elemental phos- 
phorus plants (with an individual risk of 
1 x W ) ,  the EPA decision states, “If 
risk to the most exposed individuals 
were the only criterion for judgment, 
this relatively high risk might well have 
led to a decision to regulate. However, 
this risk must be weighted against both 
the low aggregate risk [O.M cancer 
deaths per year] and against other fac- 
tors,” such as cost (5). 

Only two deciiions in the de minimis 
region of Figure 4 consider factors 
other than small-population risk. Ar- 
senic emissions from zinc smelters and 
benzene emissions frmn storage vessels 
are regulated by Section 112 of the 
Clean Air Act, the enforcement of 
which is heavily influenced by availa- 
ble technology. At the time of regula- 
tion, these two mrces were already 
controlled with the best available tech- 
nology (BAT), and funher regulation 
could have multed in shutdown of the 

the de minimis category of risk? sec- 

iadustry (4.5). 

Analysis of regulatory decisions in- 
volving chemicals in the region be- 
tween the de manifestis and de minimis 
levels indicates that cost effectiveness is 
the primary determinant of regulation. 
Figure 5 shows the cost effectiveness 
(cost per life saved) of regulating expo- 
sures to 23 chemicals vs. their DIWXU- 

agreed that the de minimis risk was 1W6 
per lifetime risk, regardless of popula- 
tion. Figure 4 indicates that for small- 
population risks, the de minimis risk is 
now considered to be a 1W’ lifetime 
risk. However, every decision in the de 
minimis region of Figure 4 was made 
after 1983. 

latory individual lifetime risk. &b- 
stances with individual risks above the 
de manifestis level were regulated re- 
gardless of cost. 

In the region between the de manifes- 
tis and de minimis levels, substances 
with risk reduction costs of less than 
=million per life saved were regu- 
lated; substances that cost more were 
not regulated. This conclusion is based 
on limited data, but it is consistent with 
EPA guidance suggesting that regula- 
tion is warranted if the cost per life 
saved does not exceed $1.5 million (6). 

The two major factors that influence 
the magnitude of cost, and by extension 
the deciion to regulate, are the avail- 
ability of substitutes (for example, deci- 
sions 8 and 30) and whether emissions 
currently are controlled by BAT (for 
example, decisions 9-13 and 19-21). 

In reviewing the regulatory decisions 
of the past decade, two trends are. a p  
parent. First, there is an increased use 
of quantitative risk analysis, which ex- 
trapolates animal data to humans. Be- 
tween 1976 and 1980, quantitative risk 
analysis was used in regulatory deci- 
sions involving only eight chemicals; 
from 1981 to 1985 the number of deci- 
sions increased to 53. Second, there are 
indications that the d e f ~ t i o n  of de 
minimis is changing. 

Prior to 1980, it was generally 

Regulatorygui- 
The Environmental Protection 

Agency has specifically requested as- 
sistance in developing a quantitative 
rule for incaporating population risk 
into the deciiion-making process (7). 
EPA has suggested a de minimis indi- 
vidual lifetime risk level of lW5 to le4 
for small populations and l W 7  to 1W6 
for large populations. Although no such 
explicit standard has been developed, 
we can see that there are simple rules 

cisions. These guidelines incorporate 
individual risk, population risk, and 
cmt effectveness into a single frame- 
work, wen though it is recognized that 
no absolute rules are possible. 

Goideline 1. There is a de manifestis 
individual lifethe risk level that is a 
iimction of population risk, as shown in 
Line A of Figure 4. Above this level, 
regulatory action should be taken to re- 
duce risk. 
Guideline 2. There is a de minimis 

individual lifetime risk level that is a 
function of papulation risk, as shown in 
Line B of Figure 4. Below this line, 
regulatory action generally need not be 
taken. 

Guideline 3. In the region between 
the de manifestis and de minimis levels, 
regdatory action should be taken if the 

that canbe used to guide regulatory de- 
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Perhaps the most surprising aspect of 
our study is the consistency found 
among federal agencies’ methods in the 
use of cancer risk estimates for regula- 
tory decisions. With the possible ex- 
ception of FDA decisions concerning 

deciiion making indicates that all agen- 
cies are fairly consistent in their im- 
plicit def~tions of de manifestis and de 
minimis levels of risk. If the above 
three guidelines were adopted explic- 
itly, consistency with past decisions 
would be maintained and the process of 
~gulatory deciiion making would be 
simplified considerably. 

de minimis risks, the history of federal 
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