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Regulatory ‘Ijistory and Experimental Support
" of Uncertainty (Safety) Factors'

MICHAEL L. DOURSON AND JERRY F. STARA

U. S. Environmental Protection Agency, 26 West St. Clair, Cincinnati, Ohio 45268
Received April 2, 1983

A synthesis of available literature on uncertainty (safety) factors which are used to estimate
acceptable daily intakes (ADIs) for toxicants is presented. This synthcsxs reveals reasonable qual-
atauvc btoloswd prcmxscs. as well as specific bioforical ~+t~ that = e " DS SRt -
. -, wgestion is made in GfAt . e : &
- . oL i . iainty are also identified. :

INTRODUCTION

Sensible regulation of industrial or agricultural chemicals by governmental agencies
to protect public health demands that all appropriate toxicity data available on a
specific chemical be used to estimate a “safe” environmental or industrial level of
exposure to humans, The scientific support of such public health regulations requires
a two-phased approach by toxicologists: the compilation of adequate dose-response
data, usually from animal experiments, but whenever possible from available human
observations, to obtain “no-effect” levels; and the assessment of these data to provide .
“safe” levels or to define risk levels. For a toxic chemical {i.e., noncarcinogen)? the |
“safe” level for humans is termed the acceptable daily intake (ADI).?> Uncertainty
(also called safety) factors are used extensively with human or animal toxicity data
to estimate these ADIs by the general formula

L I N T

* Although the research (or other work) described in this article has been funded wholly or in part by,
the United States Environmental Protection Agency, it has not been subjected to the Agency’s requited
peer and administrative review and, therefore, does not necessarily reflect the v:ew of the Agency and no
official endorsement should be inferred.
2 In regulatory parlance “toxicants” (i.2., noncareinogenic chemicals) are postulated to exert their toxic E
<! effects by mechanisms which exhibit thresholds. Therefore, derivation of an ADI is appropriate. No such f:
; threshold mechanism has been universally accepted for carcinogens. Therefore, derivation of an ADI for .
; these chemicals has not been recommended. (See text footnote 6.) .
3 An ADI is defined 2s the amount of toxicant in milligrams per kilogram body weight per day (or.in h
milligrams per day for a 70-kg person) which is not anticipated to result in any adverse effects after chronic . . —
I exposure 10 the general population of humans, including sensitive subgroups. Adverse effects are considered -
' as functional impairment or pathological lesions which may affect the performance of the whole organism, off
or which reduce an organism’s ability to respond to an additional challenge (U. S. EPA, [980). Operationall/, fre
ADIs are calculated by dividing a NOEL, NOAEL, or LOAEL derived from human or animal toxicity ob
. ins
224 o
0273-2300/83 $3.00 b
Copyright © 1983 by Acsdemic Press, Inc. - - o ta
All rights of reproduction in any form reserved. ACANEE LY S \ o]
SEP 17 2 {
:
i‘ B
i W[

oy i » . e R LS. TN, i A A St A

RCR00084.001



UNCERTAINTY FACTORS' 225 HE J

*“no-effect” level SR
ADl = ——————, -
uncertainty factor

The purpose of this paper is to present a brief regulatory history of uncertainty
factors and to discuss supporting experimental observations. It is emphasized that
uncertainty factors are adjustments of the NOEL, NOAEL, or LOAEL reported for
small populations of humans or experimental animals in order to estimate the com-
parable NOAEL from chronic contaminant exposure for a large human population
which includes sensitive subgroups (this level being synonymous with an ADI). How-
ever, some of these factors also incorporate a degree of safety. Other recent publications
which discuss uncertainty factors are available (Calabrese, 1982; Food Safety Council,
1982). The former manuscript delves primarily into additional areas of extrapolation
from experimental animals to humans; the latter review also discusses other areas

timate pertinent to food safety.
1 qual-
-hoice

ods in : REGULATORY HISTORY

Scientific guiceinis a0 @2 @oarmliaEiacas i the wse of ADIs have been adopted
by several United States governmental and international bodies such as the U. S. )
Environmental Protection Agency (U. S. EPA), the Food and Drug Administration =

agencies (FDA), the Joint Food and Agricultural Organization/World Health Organization . 3’
ble on a (FAO/WHO) Food Standards Programme (Codex Alimentarius Committee on Food T k '
{ le"d. of Additives), and by the FAO Committee on Pesticide Residues and the WHO Expert % - )
i requires Committee on Pesticide Residues. '* § ¢ J
Tesponse Initial publications in this area of regulation appear to be by Lehman and Fitzhugh il ?"
¢ human (1954) of the Food and Drug Administration. They suggested that ADIs for food ;.,
» provide additives or contaminants be derived from a chronic animal NOEL or NOAEL . i
gen)? the (measured in mg/kg of diet) by dividing by a 100-fold uncertainty factor. These . ; 15
certainty authors reasoned that this factor accounted for several areas of uncertainty: intra- Pk ¥
city data (human) or inter-(animal to human) species variability or intrastrain variability in B E'
response to the toxicity of a chemical, allowance for sensitive human subpopulations J ?;i
. b due to illness as compared to healthy experimental animals, and possible synergistic ; i
;“‘_:::reg action of any one of the many intentional or unintentional food additives or con- - :"
1cy and no taminants in the human diet. R 1
Similar areas of uncertainty have also been addressed by other authors. For example, ) +
their toxic Bigwood (1973) (associated with the WHO/FAOQ) justified the 100-fold uncertainty e i
=. No such factor for food additives on the basis of differences in body size of the laboratory ",
s ADI for animal vs that of man, differences in food requirements varying with age, sex, muscular {l
day (or in expenditure, and environmental conditions within a species, differences in water iy
ter chronic ,f g
:::::;::f studies by onc or more uncertainty factors. These acronyms arc defined as follows. NOEL: no-obscrved- ' 3
rationally, effect level. That dpsc of chemical at which there are no stati_stimlly or biologica:lIy significant increases in : ’
al toxicity frequency or severity of effects between the ex.poscd poPulauon and its ap.pr_opnate cgntn)‘l. NOA:\EF: no- .;
observed-adverse-effect level, That dose of chemical at which there are no statistically or biologically significant ¢
increases in frequency or severity of adverse effects between the exposed population and its appropriate A 3
control. Effects are produced at this dose, but they are not considered 10 be adverse. LOAEL: lowest- H i
observed-adverse-effect level. The lowest dose of chemical in a study or group of studies which produces . f§
statistically or biologically significant increases in frequency or severity of adverse effects between the exposed ’ e

population and its appropriate control.
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226 DOURSON AND STARA

balance of exchange between the body and its environment among species, and

differences in susceptibility to the toxic effect of a given contaminant among species,

A similar approach has been adopted by the WHO Expert Committee for Pesticide

Residues (Lu, 1979). Vettorazzi (1976, 1980) substantiated the use of the 100-fold

uncertainty factor by discussing differences in susceptibility between animals and

humans to toxicants, variations in sensitivities in the human population, the fact that

the number of animals tested is small compared with the size of the human population

that may be exposed, the difficulty in estimating human intake, and the possibility
of synergistic action among chemicals within the human diet.

Although the specific areas of uncertainty described by these authors (Lehman and
Fitzhugh, 1954; Bigwood, 1973; Vettorazzi, 1976, 1980) to support a 100-fold un-
certainty factor differ somewhat, they can be gencrally viewed as due to intra- or
interspecies variability. It has been suggested that two 10-fold uncertainty factors,
one for each type of variability, be used to describe the 100-fold uncertainty factor
in some instances (Bigwood, 1973; Klassen and Doull, 1980; Food Safety
Ty, 1982), - -

e 1A expanded their intis zopioaci in (e donaasian of A0NS #L » Chronic
data were unavailable. In such cases where subchronic animal NOELs or NOAELs
were available in two species the FDA recommended a factor of 1000 instead of 100,
the additional 10-fold was ostensibly due to the added uncertainty when estimating
an ADI from adequate shorter-term toxicity data (Kokoski, 1976). If subchronic data
were available for only one species a 2000-fold uncertainty factor was recommended
as it seemed likely that the extra margin of uncertainty would probably encompass
the range of sensitivity of two species which is normally required (Shibko, 1981). The
National Academy of Sciences (NAS, 1977) recommmended a similar approach to
uncertainty factors when estimating ADIs for pollutants in drinking water. However,
the NAS recommendation differed from the FDA’s in two regards: first, the NAS
suggested that a NOEL or NOAEL be measured in milligrams per kilogram body
weight per day versus milligrams per kilogram of diet, and second, the NAS outlined
the use of a 10-fold uncertainty factor to estimate and ADI if valid experimental
results from studies on prolonged ingestion by man were available. This latter idea
is consistent with the general view that the 100-fold uncertainty factor is composed
of two 10-fold units (v. supra).

The U. S. EPA (1980) recommended unceriainty factors for estimating ADIs of

- pollutants in ambient waters based on the NAS reasoning, The U. S. EPA also
recommended an additional uncertainty factor between 1 and 10 when an ADI was
estimated from a LOAEL (if a NOAEL was unavailable) in order to adjust the LOAEL
into the range of a NOAEL. For example, if an ADI was calculated from an animal
chronic LOAEL (other data being unavailable), an uncertainty factor of between 100
and 1000 would be recommended. Each of these latter recommendations (FDA, NAS,
and U. S. EPA) were based on the 100-fold uncertainty factor, as discussed previously,
when calculating an ADI from a NOEL or NOAEL found in animals.

INTRASPECIES ADJUSTMENT

Figure ! is a plot of frequency versus an intraspecies adjustment factor obtained
by raising 10 to the power (3 < probit, log-dose slope) using 490 individual probit,

o
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FIG. 1. Frequency vs an intraspecies adjustment factor obtained by raising 10 to the power (3 standard
deviations + the probit, log-dose slope). Probit, log-dose slopes are shown within the figure. Adapted from
Fig. 1 (Weil, 1972).

log-dose slopes from Weil (1972). These slopes were for acute lethality and varied
from approximately 1.4 to 65. ’

The adjustment factors of Fig. 1 can be considered as reductions in milligrams per
Lilogram body weight (b.w.) dose needed to scale down a median response (in this
-.5¢ an LDs,) three probits. A three-probit reduction places the median response in
the general range expected for a potential sensitive subgroup of the population under
study {(e.g., LDg,3). Numerical values associated with the frequencies of Fig. 1 are
the slopes from Weil (1972). The most frequently occurring slopes lie within the range
of 6 to 8 (97 occurrences out of 490).

Figure 1 indirectly supports* a 10-fold uncertainty factor to account for intraspecies
variability when estimating an ADI. Approximately 92% of the probit, log-dose slopes
analyzed by Weil (1972) had values of greater than 3; for these chemicals a 10-fold
decrease in dose would drop a median response (e.g., an LDsg) below the general
" nge expected to result in death for only the most sensitive members of this rather
aomogeneous population. For the remaining chemicals (i.e., those with slopes of less
than 3} a 10-fold reduction in dose would not achieve this concurrent reduction in
expected response.

Based on Fig. 1, a 10-fold reduction in milligrams per kilogram b.w. dose for
toxicants to account for intraspecies variability when estimating an ADI at first seems

* The support is indirect because the endpoints (percentage mortality versus 8 NOEL, NOAEL, or
LOAEL) are not strictly comparable.
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228 DOURSON. AND STARA

conservative. The average probit, log-dose slope of 7.8 is associated with only a 2.4 .

reduction in dose to effect a three-probit drop in response. However, these probit,
log-dose slopes are garnered on laboratory rats which are generally expected to be
less heterogeneous in response 10 the toxicity of a contaminant when compared to
the human population. Greater heterogeneity in response is associated with lower
slopes and correspondingly greater dose reductions. Such greater heterogeneity in
humans is supported by Krasovskii (1976) who claimed a 6-fold difference in sensitivity
to the action of fluorine and nitrates in children, and a general 3- to 5-fold difference
in sensitivity between children and aduits. Thus, the intraspecies variability for humans
~ to the toxicity of chemicals might be estimated from these data to be between 138
and 30.

Mantel and Bryan (1961) discussed this issue of probit, log-dose slopes in some
detail and concluded, for purposes of extrapolation for carcinogens, that a slope of
1.0 is likely to be conservative, Such a slope would correspond to a 1000-fold reduction
in dose needed 1o obtain a three-probit drop in response. Other authors have also
discussed this issue of probit, log-dose slones (Munm and Krewski. 1981 f\ser, 1969).

~ymments are addrev, s

svoin this brief presentatxon of daia 1t seems somewnat reasonable w employ a
10-fold uncertainty factor to account for intraspecies variability in lieu of chemical-
specific toxicity data. However, it is also necessary to examine this area of uncertainty
experimentally or theoretically in much greater detail.

INTERSPECIES ADJUSTMENT

Figure 2 is a plot of experimental animal weight (w) versus an interspecies adjustment
factor, calculated as the cube root of the assumed average human body weight
(70 kg) divided by w

. 3 /70
ie., —.
w

These factors account for differences in milligrams per kilogram b.w. doses due to
different body-surface areas between experimental animals and man, based on the
assumption that different species are equally sensitive to the effects of a toxin on a

dose per unit surface area. When this surface area dose is converted to corresponding

units of milligrams per kilogram b.w., species with greater body weight (e.g., humans)
appear t0 be more sensitive to the toxicity of a contaminant than species of smaller
body weight {¢.g., rodents). Dose conversions based on body-surface arca are gencrally
thought to more accurately reflect differences among species in several biological
parameters when compared to conversions based on milligrams per kilogram b.w.
{Mantel and Schneiderman, 1975). For acute toxicity to atkylating agents, equivalent
doses among mammals are more accurately estimated by dose per body-surface area
rather than dose per kilogram b.w. (Rall, 1969; Homan, 1972).

These factors in Fig. 2 can be thought of as reductions in experimental animal
dose (in milligrams per kilogram b.w.) needed to estimate a comparable human
milligram per kilogram b.w. dose, For example, a comparable milligram per kilogram,
b.w. dose for the average person (70 kg) estimated from a rat (0.33 kg) given an
experimental dose of 100 mg/kg b.w. is 17. This human dose is derived by dividing
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FiG. 2. Experimental animal weight (w) vs an interspecies adjustment factor calculated as the cubed root

of the ratio between the assumed average human body weight (70 kg) and w. Enclosed areas along the

mction represent general ranges of average body weights of experimental adult animals. Rabbit values
are represented by the box with solid lines. Values are from Altman and Dittmer (1962).

the animal dose, 100 mg/kg b.w., by an interspecies adjustment factor of about 6.0
{i.c., the cube root of the expression: 70 kg/0.33 kg). The enclosed areas along the
function represent ranges of average adult weights for different experimental animals
(Altman and Dittmer, 1962).
Figure 2 can be construed as support of a 10-fold uncertainty factor to account
for interspecies variability to the toxicity of a chemical when estimating an ADI from
‘nimal doses measured in milligrams per kilogram b.w. The NAS (1977) confirms
this contention by stating that man is generally more vulnerable than experimental
animals on the basis of body weight by a factor between 6 and 12, but displays no
supporting data. Evans et ol (1944) found that humans were more sensitive on a
milligrams per kilogram b.w. basis than rats to a number of metallic poisons. Ratios
of toxic doses between rats and humans varied between 2.5 and 152, with a geometric
mean of approximately 12, Hayes (1967) compared either the smallest acute dose
(milligrams per kilogram b.w.} with serious effects or the largest acute nonfatal dose
for six pesticides between rats and humans. Ratios varied from 1.9 to 100 with a

o~
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230 DOURSON AND STARA

geometric mean of approximately 11. Six comparisons of chronic doses which yielded
similar effects varied from 0.58 to 9.4 with a geometric mean of approximately 2.9,
The ratio between a 70-kg person and a 0.33-kg rat described in Fig. 2 is approximately
6.0. Evans et al. (1944) also described ratios of maintenance doses of vitamins between
rats and humans. Such ratios varied between 2.6 and 12.9, with a geometric mean
of 4.3. Lehman and Fitzhugh {1954) mention that humans were 4 or 10 times as
sensitive to arsenic or fluorine in their diet as dogs or rats, respectively. These latter
doses, however, were not measured in milligrams per kilogram b.w. Apparently little
additional quantitative work has been done comparing the toxicity of chemicals
between animals and humans, at least for the purpose of estimating safe ambient
exposures. Publications in the area of estimating therapeutic doses for antineoplastic
agents are available (Goldsmith et al., 1975).

However, a 10-fold uncertainty factor based on these discussions to account for
interspecies extrapolation appears fo incorporate a margin of safety if the underlying
assumption of dose equivalence among species per unit of surface area is correct.
For instance, with raost #xperimental animals 2 10-f0!4 reduction in milligrame re-
Lilogram €.~ <ivw wousd ipdersuimma. 37 A3 o, . r50t0r between 1 and 145 { oz
Fig, 2). With mice this 10-foid dose reduction would actually predict a higher ADI.
Therefore, it might be more accurate to replace this 10-fold factor with a dose ad-
justment between the experimental animal and man, as in Fig. 2.

In contrast, Hoel e al. (1975) feel that the quantitative extrapolation in the area
of chronic toxic effects (ostensibly carcinogenesis) from animal to human should
include both an adjustment factor based on body weight as in Fig. 2, and another
factor determined by information on the contaminant and species and strain of the
test animal. These authors support their suggestion by a discussion on the expected
larger differences in response within the population of humans as compared to the
test animal because of the heterogeneity of the human population, in addition to the
differences in response among humans and animals due to different body-surface -
areas. However, Hoel et al. do not display any supporting data, and their discussion
appears similar to those evoked by Lehman and Fitzhugh (1954), Bigwood (1973),
or Vettorazzi (1976, 1980) for the use of a 100-fold uncertainty factor (v. supra).
Thus, the Hoel er al. (1975) proposal, while perhaps reasonable for carcinogenesis,
lacks specificity when estimating ADIs for toxicants. This weakness is especially evident
when the available toxicity data on a contaminant are sparse.

Although data exist to support the contention that a 10-fold decrease in milligrams
per kilogram b.w. animal dose is adequate to adjust to humans when chemical-specific Fic
data are not available, this area of uncertainty could profit from additional investigation. comg

SUBCHRONIC TO CHRONIC EXPOSURE ADJUSTMENT =ffec

was
Figure 3 is a plot of frequency versus ratios of subchronic to chronic exposure for after
cither NOAELs, LOAELSs, or their combination. These frequency plots are derived obse
from a series of toxicity experiments for various compounds compiled by Weil and a val
‘McCollister (1963). The subchronic exposures reported by these authors varied between Fi
30 and 210 days; the mean value was 92 days. The chronic exposures were all 2 from
years. All effect levels (i.e., NOAELs or LOAELs) were determined for rats or dogs. the a
These experimentally determined ratios can be considered as reductions in sub- indic
chronic NOELs, NOAELs, or LOAELs in order to yield the corresponding chronic fan
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FI1G. 3. Frequency vs the ratio of subchronic to chronic exposures for either NOAELs, LOAELS, or

composite NOAEL-LOAEL values. Adapted from Table ! (Weil and McCotlister, 1963).

2ffect level. For example, a ratio of 5.0 indicates that the chronic NOAEL or LOAEL

-as 5-fold less than the corresponding NOAEL or LOAEL for the given chemical
after subchronic exposure. It is evident from Fig. 3 that for more than half of the
observed chemicals ratios are 2.0 or less. Approximately 96% of these ratios are below

a value of 10.

Figure 3 supports a 10-fold uncertainty factor to account for estimating an ADI
from a subchronic effect level for a chemical if a chronic level is unavailable. However,
the average subchronic to chronic NOAEL or LOAEL ratio is approximately 2, which
indicates that this uncertainty factor also incorporates a margin of safety. For example,
if an uncertainty factor of 1000 is used to estimate an ADI from a subchronic animal
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232 DOURSON AND STARA

NOAEL, the ADI will be underestimated by 5-fold in over half the cases when
compared to using the average ratio of 2. [An uncertainty factor of 1000 (i.e, 10,
X 102 X 103) as compared to 200 (ie., 10, X 10, X 2) in the denominator.]®

McNamara (1976) reported the frequency of experimentally determined ratios of
subchronic te chronic exposure for NOAELSs on a different series of chemicals. Values
of 1.0 or less were reported in 34 of 41 ratios; the remaining ratios were all less than
3.0. His compiled data suggest that dose reductions of 3.0 or less will be adequate
to estimate a chronic NOAEL from a corresponding subchronic NOAEL.

The State of Michigan (1981} recommends a dose reduction of approximately 4.8
in order to adjust 2 mammalian subchronic NOAEL to a corresponding chronic
NOAEL. This recommendation is based on a percentile-rank analysis of selected data
from Weil and McCollister (1963). The NAS (1965) recommends 5% of an ADI
(established by a NOAEL from a 90-day feeding study and a 100-fold uncentainty
factor) as a negligible-residue level for pesticides in foodstuffs. Assuming contaminated
foodstuﬁ‘s wnl! be consumed over a lifetime this recommendation can be seen as -
b MY st Frasihasr o NG 1Y . observed after suBchonde by e
(60 s ;.-) te ihal *:_pecwd afiesr chrofud exposure. McNamara (1976) suggests a lO-
fold reduction in dose to adjust a 3-month (subchronic) no-effect dose (NOAEL} to
an expected lifetime NOAEL based on both his work and Weil and McCol-
lister (1963). _

These recommendations indicate that unless contaminant-specific data are available,
it seems reasonable 1o employ a 10-fold uncertainty factor to account for differences
between subchronic and chronic effect levels. Based on Fig. 3 such ratios are likely
to be less than 10, 96% of the time.

rane s

LOAEL TO NOAEL ADJUSTMENT -

Figure 4 is a plot of frequency versus ratios of LOAEL to NOAEL for either
subchronic or chronic exposure, or their combination. The data for this figure are
also adapted from Weil and McCollister (1963). These experimentally determined
ratios can be thought of as reductions in a LOAEL found after subchronic or chronic
exposure in order to yield the corresponding NOAEL. For example, a ratio of 3.0
indicates that the NOAEL found after subchronic or chronic exposure is 3-fold less

than the corresponding LOAEL for a particular chemical. It is evident from Fig. 4 -

that all chemicals have values of 10 or less. Of these ratios 96% have valucs of 5 or
less.
Figure 4 supports an uncertainty factor between 1 and 10 to account for estimating

an ADI from a LOAEL if a NOAEL is unavailable. These data prompted Weil (1972)

to suggest an additional 5-fold reduction in dose when estimating a corresponding
maximum no-ill-effect level (or NOAEL) from a2 minimum effect level (or LOAEL).
The U. S. EPA (1980) recommends that this variable uncertainty factor reflects a
scientific judgment of the difference between the observed LOAEL and the hypothesized
NOAEL. This difference will not necessarily be the same from experiment to exper-
iment (as is apparent from the ratios in Fig. 4). In practice the value for this variable

uncertainty factor has been chosen by the U. S. EPA (1980) from values among |

through 10 based on the severity of the adverse effect of the LOAEL. For example,

* * Subscripts on 10°s refer to Guideline Nos. ! through 3. See Table 1.
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FIG. 4. Frequency vs the ratic of LOAEL to NOAEL after cither subchronic, chronic, or composite

subchronic and chronic exposurcs. A ratio of 1.0 or less is not allowable (N.A.) by definition. Adapted
from Table | (Weil and McCollister, 1963),

'f the LOAEL represents liver cell necrosis, a higher value is suggested for this un-
-ertainty factor (perhaps 10). If the LOAEL is fatty infiltration of the liver, then a
lower value is suggested (perhaps 3). The hypothesized NOAEL should be closer to
the LOAEL showing less severe effects, o

This concept of using variable uncertainty factors based on the severity of the
observed effects if firmly established in deriving threshold limit values (TLVs) for
industrial chemical exposures (Stokinger, 1972). This experience, in conjunction with
the experimental data (Fig. 4) indicates that it is reasonable to employ a variable
uncertainty factor between | and 10 when estimating an ADI from s LOAEL, in
lieu of chemical-specific data.
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DISCUSSION

As summarized in Table 1, scveral uncertainty factors are currently recommended
to estimate ADIs for toxicants depending on the available human or animal toxicity
3 data. These factors are 10, 100, or 1000 (U. S. EPA, 1980; NAS, 1977). However a
21 perusal of the literature that discusses these factors indicates that 10, 100, and 1000
generally represent different categories resulting in multiples of 10 (i.e., 10, 10; X 10,,
10, X 10; X 105)* applied to the type of available data used for the extrapolation,
For example, an uncertainty factor of 10 is used to estimate ADIs with appropriate
chronic human data and reflects intraspecies variability to the adverse effects of a
chemical (i.e., 10;). An uncertainty factor of 100 is used to estimate ADIs with
sufficient chronic animal data (supported by fragmentary human data). It accounts
for both intra- and interspecies variability (i.e., 10, X 10;). An uncertainty factor of
B 1000 is used to estimate ADIs with satisfactory subchronic animal data (if chronic
% data are unavaxlable) It mcorporates the uncertainty in extrapolp’-ng dara f'vv"v ew-l-
i - e ce, 10g), aswell aste: ™ oo L0
i /o Valialie Luertahny Ia(,u.u between | and 10 is appited tu &sumate ADls usmg
LOAELSs (if NOAELs are unavailable). This uncertainty factor reduces the LOAEL
into the range of a NOAEL.

In cases where data do not completely fulﬁll the conditions for a category of
uncertainty factors (either 10, 100, or 1000), or appear to be intermediate between
two categories, intermediate uncertainty factors can be used to estimate the ADL
This approach is discussed by the U. S. EPA (1980). Such intermediate uncertainty
factors may be developed on a logarithmic scale (e.g., 33 being haifway between 10
and 100). This modification of the NAS (1977) approach allows scientists to judge
whether, for example, dog is a more appropriate species than mouse to extrapolate
to man in case of a particular chemical, and on that basis to assign an intermediate
uncertainty factor instead of 2 uniform 10 for interspecies variability (i.e., 10;).

Furthermaore, intimate knowledge of a chemicals mechanism of toxicity, critical
effect and/or pharmacokinetics in humans and experimental animals allows for the
use of smaller uncertainty factors. For example, U. S. EPA (1981) suggests a 10-fold
uncertainty factor to calculate an ADI for cholinesterase-inhibiting insecticides when
adequate human dose-response data are available on blood cholinesterase inhibition
regardless of the length of exposure. This recommendation is based on the extensive
knowledge on the mechanism of toxic action and critical effect of these insecticides.
U. S. EPA (1980) does not use the “no effect”/uncertainty factor approach in estimating
environmental exposures when sufficient data are available on a chemical’s critical
effect and human pharmacokinetics, These latter procedures, however, can be used
for only a few chemicals because a fairly complete data base is required.

A possible modification to the standard approach would be to present a range for
the ADI rather than one value. The range could be based at the high end on the
average reductions in dose needed to estimate the ADI (from Figs. 1 and 3) and the
body-surface area ratio (Fig. 2), and at the low end on the standard 10-fold reductions
(i.e., 10y, 102, 105). As an example, an ADI estimated from a subchronic mouse
NOAEL of 100 mg/kg/day would range from 0.10 to approximately 1.6 mg/kg/day
{or 7.0 to approximately 110 mg/day for a 70-kg person). In this case the value 0.10
is equal to: 100 mg/kg/day + (10; X 10, X 105); whereas the higher value of 1.6
represents: 100 mg/kg/day + (2.4 X 13.3 X 2.0). In this latter calculation 2.4 is the
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TABLE |
GUIDELINES, EXPERIMENTAL SUPPORT, AND REFERENCES FOR THE USE OF UNCERTAINTY (SAFETY) FACTORS®
Guidelines® Experimental support References
XA
(1) Use a 10-fold factor when extrapolating from valid experimental results from studies on  Log-probit analyr" ~.og probit Mantel and Bryan, 1961; Weil,
profonged ingestion by man. This 10-fold factor protects the sensitive members of the analysis; Comyp:: * human 1972; Krasovskii, 1976

human population estimated from data garnered on average healthy individuals senstivity

(2) Use a 100-fold factor when extrapolating from valid results of long-term feeding studies  Body-surface arez ~ v equivalence;  Rall, 1969; Evans et al., 1944

c

Z

on experimental animals with results of studies of human ingestion ntot available or Toxicity comg: n between and Hayes, 1967; Lehman Q
scanty (e.g., acute exposure only). This represents an additional 10-fold uncertainty humans and ra:;; - between and Fitzhugh, 1954 3
factor in extrapolating data from the average animal to the average man. humans and ra:z, o E

(3) Use a 1000-fold facter whea extrapolating from less than chronic results on Subchronic/chrop'-: 7 DJAEL McNamara, 1976; Weil and :i
experimental animals with no useful long-term or acute human data. This represents an comparison; S McCollister, 1963 -
additional j0-fold uncertainty factor in extrapolating from less than chronic to chronic NOAEL or LO 151 comparison 5
exposures. o

(4) Use an additional uncertainty facter of between 1 and 10 depending on the seasitivity of LOAEL/NOAEL :¢vw:parison Weil and McCollister, 1963 &

the adverse effect when deriving an ADI from a LOAEL. This uncertainty factor drops
the LOAEL into the range of a NOAEL.

“These factors ate to be applied to the highest valid NOAEL or NOEL which does not have a valid LOAEL =7 1o or below it, in caiculating an ADI when no
indication of carcinogenicity of a chemical exists. :
® Guidelines are in bold print. Guidelines | and 2 are supported by the FDA and the WHO/FAO deliberations (L. :»
1976, 1980); Guidelines 1--3 have been established by the NAS (1977) and are used in a similar form by the FDA §
the U, 5. EPA (1980).

<22 and Fitzhugh, 1954; Bigwood, 1973; Vettorazzi,
oski, 1976); Guidelines !-4 are reccommended by
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reduction in dose based on the average probit, log-dose slope of 7.8 (Fig. 1), 13.3 is
the mouse to human reduction in dose based on the interspecies adjustment factor
in Fig. 2 (mouse weight assumed to-be 0.03 kg), and 2.0 is the assumed average
subchronic to chronic ratio (Fig. 3).
Uncertainty factors have generated much discussion because they have been used
10 estimate ADIs for toxicants whose data bases vary widely in both completeness
and discrepancy. Several reports have been critical. For instance, Golberg (1975) .
asserts that agreement over the’issue of uncertainty factors is tantamount to an . "
admission of lack of essential information for risk assessment. Unfortunately, such
lack of essential information is commonplace for many of the chemicals in our
environment, and yet regulatory decisions on these chemicals are necessary.
Munro and Krewski (1981) criticize the uncertainty factor approach to human ALT,
health risk estimation first on the grounds that the NOEL will depend on sample Fe
size, and second that it does not account for the slope of the dose-response curve. B";;
This latter criticism is also discussed by Oser (1969). As an example of this latter : CaLs
cmxclsm a 10-fold uncertainty factor may provide a reasnnah‘e 2p rﬂxrnanr— e Eva:
: --nsitive individual37 (i proot; 150 LN E SRR
CCaistvaLYe il et stope is steeper and nut proicctu ve enough if the slope is shaﬂower ' 37
(see also previous discussion unider Intraspecies Adjustment). ‘ F O\?vd
The first criticism is somewhat mitigated by requiring statistically or biologically . Gm;
significant differences (or lack of) when determining NOELs, NOAELs or LOAELs, GoLr
but as Munro and Krewski (198}) indicate 0/10 and 07100 still have different inter- hur
pretations. The U. S. EPA (1980) outlines in some detail the proper choice of an Have
effect level when faced with. several, but the outline still does not completely address Hé:g
this first criticism. : Esti
The second criticism, that uncertainty factors do not account for the slope of the Homa
dose-response curve, raised by both Munro and Krewski (1981) and Oser (1969}, agen
has not been addressed in any systematic way. Perhaps this should not be expected, - Kiaas
Chronic and subchronic toxicity tests are seldom conducted with a sufficient number Ké&g
of closely spaced doses such that a probit, log-dose slope can be determined, unless and -
such tests are for carcinogenicity.’ Thls area of uncertainty could use much additional KRASO
investigation. Persy
However, scientists associated with the WHO/FAO (Bigwood, 1973; Vettorazzi, * LEHMA
1976, 1980), the FDA (Lehman and Fitzhugh, 1954; Kokoski, 1976), the NAS (1977), LU”';_{’-l
the U. S. EPA (1980), and independent groups such as the Food Safety Counc@l be a
(1982) have endorsed the use of uncertainty factors. Moreover, the data discussed in 315
this paper suggest that these factors are not arbitrary as is commonly perceived, MANTE;
although several of them incorporate a margin of safety that may vary. 4554
Thus, as long as toxicant-specific human health data are meager or nonexistent, M;NSTE;
or comparable pharmacokinetic studies in humans and animals have not been con- ,m; o
ducted, uncertainty factors seem necessary for estimating ADIs of toxicants for long- Conce,
term, low-level exposure. Their use in schemes for estimating acceptable intakes for Hemis
; . Munro,
i Toxice
| $ Uncertainty factors have not been recommended with carcinogenesis data (U. S. EPA, 1980; NAS, National
' 1977; Mantel and Schneiderman, 1975; State of Michigan, 1981), Weil (1972) suggested, however, the use Washix
of a 5000-fold uncertainty factor when estimating a safe fevel of exposure to a carcinogen from a minimum National
' effect level (i.e., a LOAEL). This factor incorporates the standard 100-fold factor for chronic animal data OSER, B.
@i.e., 10, X 10y), a S-fold factor because the extrapolation starts from a LOAEL (as discussed in the text) Rair, D,

. and an additional {0-fold factor because of the general irreversibility of the mechanisms of carcinogenesis. ~ Enviroy
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exposures of shorter duration, or of multiple chemicals are also being investigated.
The lack of data on chemical toxicity is even more apparent in these areas.

ACKNOWLEDGMENTS

The authors acknowledge the typing and editorial assistance of Patricia A, Daunt and Annette T.-Pressley
in the preparation of this document, and the helpful discussion of Dr. Linda S, Erdreich on scientific issues.

REFERENCES

ALTMAN, P. L., AND DITTMER, D. 8. (1962). Growth including mproducuonand morphological development,
Fed. Proc. 337~366.
BiawoaD, E. J. (1973). The accepiable dally intake of food additives. CRC Crit. Rev, Toxicol, June, 41-
93.
CALABRESE, E. J. (1982). Principles of Animal Extrapolation. Wiley, New York.
Evans, R. D, HARRIS R S.. AND BUNKER, J. W. M {1044), Radium metabolism in rats. “o! the
: Jisoumg. Amer. J. Roen:y o

pro Pen R gz ARG, oy NG R
37

Food Safety Council (1982). 4 Proposed Food Safety Evaluation Process. The Nutrition Foundation, Inc.,
Washington, D. C.-

GOLBERG, L. (1975). Safety evaluation concepts. J. Assoc. Off. Anal. Chem. 58, 635-644.

GOLDSMITH, M. A,, SLAVIK, M., AND CARTER, S. K. (1975). Quantitative prediction of drug toxicity in
humans from toxicology in small and large animals. Cancer Res. 38, 1354-1364.

HAYES, W. 1. {1967). Toxicity of perticides to man: Risks from present levels. Proc. Roy. Soc. London 167
(1007), 101-127,

HOEL, D. G., GALYLOR, D. W., KiRSCHSTEIN, R. L., SAFFIOTTI, U,, AND SCHNEIDERMAN, M. A. (1975).
Estimation of risk of irreversible, delayed toxicity. J. Toxicol. Environ. Health 1, 133-151.

Homan, E. R. (1972). Quantitative relationships between toxic doses of anti-tumor chemotherapeutic
agents in animals and man. Cancer Chemother. Rep. 3, 13-19.

Kraassen, C. D., AND DOULL, J. (1980). Evaluation of safety: Toxicological evaluation. In Toxicology
(C. D. Klaassen and M. O. Amdur, eds.), p. 26. MacMillan, New York.

Kokoski, C. J, (1976). Written testimony of Charles J. Kokoski, Docket No. 76N-0070. DHEW, Food
and Drug Administration, Washington, D. C,

{rAsOVSK, G. N, 1976), Extrapolation of experimental data from animals to man. Environ. Health
Perspect. 13, 51-58,

LEHMAN, A. L, AND FITZHUGH, O, G. (1954). 100-Fold margin of safety. Assoc. Food Drug Of. U. 5. Q.
Bull. 18, 33-35.

Lu, B, C. (1979). Assessments at an international level of health hazards to man of chemicals shown to
be carcinogenic in laboratory animals. In Regulatory Aspects of Carcinogenesis (F. Coulston, ed.), pp.
315-328. Academic Press, New York.

MANTEL, N., AND BRYAN, W. R. (1961). “Safety™ testing of carcinogenic agents. Nat. Cancer Inst. 27,
455-470.

MANTEL, N., AND SCHNEIDERMAN, M. A, (1975). Estimating ““safe” levels, a hazardous undertaking. Cancer
Res. 35, 1379-1386.

ICNAMARA, B. P. (1976). Concepts in health evaluation of commercial and industrial chemicals. In New
Concepts in Safely Evaluation (M. A. Mehiman, R. E. Shapiro, and H. Blumenthal, eds.), pp. 61-140.
Hemisphere, Washington, D. C.

MUNRO, L. C., AND KREWSKI, D. R.'(1981). Risk assessment and regulatory decision making. Food Co.rmet.
Toxicol. 19, 549-560.

National Academy of Sciences (1965). Report of the Pesticides Residues Committee, pp. 10 and 12. NAS,
Washington, D. C.

National Academy of Sciences (1977). Drinking Water and Health. NAS, Washington, D, C.

OsER, B. L. {1969). Much ado about safety. Food Cosmet. Toxicol. 1, 415-424,

RaLL, D, P, (1969). Difficulties in extrapolating the resulis of toxicity studies in laboratory animals to man.
Environ. Res. 2, 360-367,

o

oS saoy i T

! h :W,"’

VAT AT

-

e e,

A
3

4]
i
|

¢

e

A I
pacinas o

"

RCR00084.014

oy

e



238 DOURSON AND STARA ' REGU

SHIBKO, S. 1981, Memorandum to M. L. Dourson, U. §. EPA, Cincinnati, Ohio, December 24. Food and .
Drug Administration, Washington, D. C.

State of Michigan (1981). Proposed Surface Water Quality-Based Efftuent Limitation Derivation Procedure
Jor Organic Substances. Draft. Department of Natural Resources, Lansing, Mich.
STOKINGER, H. E. (1972) Concepts of thresholds in standard setting. Arch. Environ. Health. 25, 153-157,
UJ. S. Eavironmental Protection Agency (1980). Guidelines and methodology used in the preparation of
health effects assessment chapters of the consent decree water quality criteria. Fed. Regist. 45, 79347~
79357,
U. 8. Environmental Protection Agency (1981). Tolerances and exemptions from tolerances for pesticide CP(
chemicals in or on raw agricultural commeodities: Aldicarb. Fed. Regist. 46, 57047.
YETTORAZZI, G. (1976). Safety factors and their application in the toxicological evaluation. In The Evaluation
of Toxicalogical Data for the Protection of Public Health, pp. 207-223, Pergamon, Oxford.
VETTORAZZ!, G. (1980). Handbook of Mtemational Food Regulatary Toxicology, Vol. I: Evaluations, pp.
66-68. Spectrum, New York. _
- WENL, C. S. (1972). Statistics versus safety factors and scientific judgement in the evaluation of safety for
man, Toxicol. Appl. Pharmacol. 21, 454-463. E
WEeiL, C. S, AND McCOLUSTER, D. D. (1963). Relationship between short- and long-term feeding studies rece
in desigpine an effective toxicity test, 4evie Froo' Chers, Y1, 170407, .. ) -,

. ' pha.f;
of bi.
wher
be ;1
tumoa
can a
caa it

Anims
drugs, an
biological
nutrition:
:Reddy, |
and inten
one of the¢
The ob
(o

and
{(2) &t
DIET
Skin. In
tumor grov
' Presented :

RCR00084.015



