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Two sets of 65 risk/safety assessments are compared. These BaessIDCDts. ~tly for
pesticide chemicals, were developed by the World Health Orpnization (WHO) and the
U.s. Environmental Protection AlCDCy (EPA) at different times, often with different
toxicity data, and with sliIhtly different methoos. Despite these differem:es, 38 sets of
assessments give values that are within a 3-fold ranae of each other; 18 of these 38 are
essentially identical (when rounded \0 one digit of precision), although not always for the
same reasons. An addiUooal 20 sets give values that lie within a 3O-fold range; 6 sets lie
within a 300-fold raJ\&e; and the bromomethane ADI and RiD are 700-fold apart. In
addition, on averale the EPA values are lower than the WHO numbers.

These comparisons are discussed in relationship to a developinl world-wide consensus
that the methods for evaluatinl the safety/rists from various chemicaJs should be more
consistent and the resultinl assessments should be more comparable. Moreover, we argue
that an established assessment and associated information from one expert ICOUP should
be routinely discussed in the onsoin8 evaluation of a chemical by another expert ICOUP. A
procedure for effectinl nW>re consistency amoDl such expert groups is pIOIx.ed.

INTRODUCTION

Over the last three decades. the U.S. Food and Drug Administration (FDA), the
World Health Organization (WHO), the U.S. Environmental Protection Agency (EPA)
and other health organizations throughout the world developed methods to assess
public health risk from chemical exposures. In 1961, WHO began annual meetings of
experts to assess and reassess food additives, contaminants and pesticides and establish.
where appropriate, ADis (Acceptable Daily Intakes). The inception, evolution and
application of this assessment procedure have been summarized (Lu, 1988) and
critically reviewed (Lu and Sielken, 1991).

Since the 19705, the EPA has been carrying out similar activities involving
pesticides and other chemicals. The EPA procedure involves the selection of a
No-Qmerved-Adverse-Effect Level (NOAEL) for the critical effect, and applying an

I PlCSCntcd in part at the Xllth International Congress on Pharmaoology, Montreal, Canada, July
24-29, 1994.
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uncertainty factor (UF) to obtain the RiD (Reference Dose). Details of this assess-
ment procedure have been presented by Dourson and Stara (1983); and Barnes and
Dourson (1988).

The procedures used by WHO and EPA, while essentially similar, differ in certain
ways, hence there have been differences in the ADIs and RfDs. In a previous paper
(Lu and Dourson, 1992), the guiding principles used by these two grou~ were
examined in connection with :27 pesticides. It was noted that of the 13 pesticides that
-had both ADIs and RfDs, these two sets of values were similar in most cases. But with
DDT, there was a 4(}-fold difference, and somewhat smaller differences between the
values with a few other pesticides.

The purpose of this paper is to extend the work of Lu and Dourson (1992) and
compare 65 pesticides that have both ADIs and RfDs. This comparison demonstrates
the need for re-evaluation of seve.ral of them. More imiX>rtantly, as f!ew scientific
advances occur, more oPiX>rtunities exist for revising risk assessment methods. The
pursuit of these revisions should perha~ be coordinated or unified worldwide. See for
example a recent publication of the International Programme on Chemical Safety
(IPCS) towards this effort of harmonization within its development of environmental
criteria (IPCS, 1994). We also suggest a simple procedure for effecting more consistency
among expert grou~, and motivating international efforts towards harmonization of
the underlying risk assessment methods.

METHODS

Terminology

Below are some common definitions used in noncancer risk assessment. These
definitions are for illustration only. Other terms are used in different organizations and
countries.

Acceptable Daily Intake: The daily intake of a chemical which, during a lifetime,
appears to be without appreciable risk on the basis of all the known information at the
time.

Adverse Effect: A biochemical change, functional impairment, or pathological
lesion which impairs performance and reduces the ability of the organism to respond
to additional challenge.

Critical Effect: A chemical often elicits more than one toxic effect, even in one
species, or in tests of the same or different durations. The critical effect(s) is the first
adverse effect(s) or its known precursor(s) that occurs as dose rate increases. The
critical effect(s) may change among toxicity studies of different durations, may be
influenced by toxicity in other organs, and may differ depending on the availability of
data on the shape of the dose-response curve.

Lowest-observed-Adverse-Effect-Level (LOAEL): The lowest exposure level at
which there are statistically or biologically significant increases in frequency or
severity of adverse effects between the exposed population and its appropriate control
group.

No-Qbserved-Adverse-Effect Level (NOAEL): An exposure level at which there are
no statistically or biologically significant increases in the frequency or severitf of
adverse effects between the exposed population and its appropriate control; some effects
may be produced at this level. but they are not considered as adverse. nor precursors to
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specific ad1'erse effects. In an experiment with several NOAEu, the regulatory focus
is primarily on the NOAEL seen at the highest d~. This leads to the common usage
of the term NOAEL to mean the highest exp>Sure without adverse effect.

Reference Dose (RfD): An estimate (with uncertainty spanning perhaps an order
of magnitude) of a daily exlXJSure to the human IX>pulation (including sensitive
subgroups) that is likely to be without appreciable risk of deleterious effects during a
lifetime.

Uncertainty Factor (UF)/Safety Factor (SF): One of several, generally lo-fold,
factors used in operationally deriving an RID or ADI from experimental data. Among
other things Ufs are intended to account for (i) the variation in sensitivity among the
members of the human IX>pulation; (ii) the uncertainty in extralX>latiog animal data to
the case of humans; (iii) the uncertainty in extralX>lating from data obtained in a study
that is of less-than-lifetime exp>Sure; (iv) the uncertainty in using LOAEL data rather
than NOAEL data; and (v) the inability of any single study to address adequately all
lXJSSible adverse outcomes in man.

Sources 0/ In/ormation

The critical effects, NOAEu (no-observed adverse effect levels), safety factors
(Sfs), and ADis were taken from the relevant WHO ReJX)rts and Monographs. All
pesticides that have been evaluated, along with the year of their evaluation and
reevaluation, and ADls are listed alphabetically in a recent WHO publication (WHO,
1994 ).

The Integrated Risk Information System (IRIS) is a computer data base developed
and maintained by EPA of chronic noncancer and cancer health hazard information
(e.g., RfDs) for over 500 substances (U.S. EPA, 1994). It is the EPA's primary source
for the Agency's consensus risk inforDlation and is available to a wide range of users
including EPA staff, state agencies and the general public.

The latest ADls (WHO, 1994) and RfDs (U.S. EPA, 1994) were compared on the
basis of mg of chemical per kg of body weight per day, and absolute values of the
resulting ratios were determined. No attempt was made to convert or modify the ADI
or RfD on the basis of differences in toxicity data, year of estimation, or underlying
method.

RESULTS

Table I shows the summary information for EPA's RfDs and WHO's ADls for 6S
chemicals, mostly pesticides. This information was obtained from the most recent
sources as specified in the methods. Differences exist in descriptions of critical effects,
judgments of experimental doses, choices of uncertainty (EPA) or safety (WHO)
factors, and year of evaluation. Absolute values of the ratios of ADI to RfD were
determined as specified in methods. In most cases the resulting RfDs and ADIs differ
only slightly; however, on occasion substantial differences exist.

Thirty-eight of 6S ratios fall within 3-fold of each other. Ratios in this range indicate
that the corresponding risk assessment values are relatively close. In 18 cases, they are
I, indicating that the ADI and the RfD are essentially the same value, although not
always for the same reasons.

However, an additional 20 ratios range between 3- and 3(}-fold apart. Six additional
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rat~ lie between 30- and Joo-fold apart. and one ratio is 700-fold apart (for bromo-
methane). This large value reflects a fundamental difference in the approach to the risk
assessment for this chemical. EPA relied on tbe toxicity to bromomethane directly;
WHO considered the toricity to tbe bromide ion.

A number of other analyses could be done with these data. For example, tbe
development of the ADI is older than the correslX>nding RfD in 36 cases; the RfD is
older tban the correslX>nding ADI in 2S cases; and for 4 cases these values are
.developed in the same year. Forty-one RfDs arc lower than correslX>nding ADIs; 6
ADIs are lower than correslX>nding RfDs; and 18 assessments are the same. The
average RfD is lower tban the average ADJ.

DISCUSSION

The majority of rati~ of ADI to RfD (i.e., 38 out of 65) are similar, that is within
3-fold. This is not unexpected. Extx:r1 groups often are reviewing the same underlying
toxicity data and the methods that WHO and EPA use to estimate their respective
values are similar. Another 20 comparisons of ADI to RfD lie between 3- and 3O-fold
of each other. Such differences are not large but may be of some concern. However,
seven comparisons are beyond a Jo-fold range in value, suggesting differences that
warrant investigation.

One reason for these large differences may be that a number of organoph~phate
pesticides were evaluated based on the acetyl cholinesterase inhibition in humans.
WHO and EPA have stated that wherever adequate human data are available, they
should be used. Furthermore, acetyl cholinesterase inhibition is a sensitive, reversible,
biochemical indicator of exposure which justifies the use of a smaller safety factor in
the opinion of WHO (1990), but not necessarily EPA. These principles were applied in
[he evaluation of ADls for dichlorvos, dimethoate, malathion, methamidophos, methyl
parathion and pirimiph~-methyl. With malathion and piriph~-methyl, EPA also used
human data, hence the RfDs are similar to the corresp>nding ADls. With the others,
EPA used animal data resulting in much smaller RfDs.

DDT (a 4(}-fold difference in ADI to RfD) is another case where WHO used a
smaUer SF than EPA based on the choice of a long-term exposure of large numbers of
humans without any observable adverse effects. EPA's RfD was based on chronic
animal toxicity data and used a corresp>ndingiy larger UF. However, a recent rep>r1
(Wolf el al., 1993) of possible risk of increased breast cancer among women with higher
levels of DDT in the body might suggest that DOT should be reevaluated when this
question is resolved.

With bromomethane, there is a 700-fold difference between the ADI and the
RfD. WHO (1966) evaluated this fumigant on the basis of four studies in rats, and
one each in rabbits and dogs. AU animals were given feedstuffs fumigated with
bromomethane at different concentrations. No treatment-related effects were seen.
The ADI was based on bromide ion (the breakdown pnxluct of this fumigant) which
had an ADI of I mg/kg (WHO, 1966). On the other hand, EPA used the findings
of hyperplasia in the forestomach of rats given the chemical by gavage. This
remarkably large difference between ADI and RfD det"mitely merits re-evaluation:
WHO might look into possible reaction pnxlucts between this fumigant and food-
stuffs; EPA might look into the relevance of epithelial hytx:rplasia of the foresto-
mach in rats given an irritant chemical by gavage. WHO stated in its document
(1990) that "severe local effects may interfere with the interpretation of data, e.g.,
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the production of forestomach epithelial hyperplasia and papilloma formation fol-
lowing administration of gastric irritants."

As with any endeavor based on expert judgment, differences may exist solely due to
different judgment. This should be expected and perhaps desirable, since such judg-
ments are complex and much room exists for individual interpretation and emphasis.
However, as organizations strive to harmonize risk assessment methods during the next
decade, it will be necessary to more closely scrutinize each others' assessments. Large
differences in assessments should be questioned. For example, from our analysis, we
would suggest that EP A investigate WHO's assessment of methamidiphos. WHO's value
is more recent and is based on human information. Likewise, WHO should look into
EPA's assessment for bromomethane. EPA's value is more recent and is based on the
"parent" compound.

We recognize that these evaluations of WHO and EPA (and their associated
justifications and caveats) are often only one starting point in the development of a
comprehensive risk assessment. Sometimes, however, these evaluations and those of
other health organizations are used in absentium of other critical information, such as
exposure assessment or effects on other nonhuman systems. Moreover, it is important
to understand differences in these ADIs and RfDs when they exist and to make sure
that such differences are based on objective scientific judgments and not the lack of
appropriate and relevant data.

As a proactive way to avoid such differences in the future, expert review groups
could easily choose to read other existing evaluations ahead of their assessment
meetings, and notify the other expert groups afterwards of a different judgment if
it occurs. Such proactive practice occurs to some extent during current WHO
meetings. However, as the number of scientists with risk assessment expertise grows
and countries strive to develop their own capabilities, more not less disagreement
may occur.

Computerized information systems, such as EPA's IRIS, may make this proactive
review task somewhat easier, since EPA's latest evaluations are all in one location and
the data base is relatively accessible. WHO and other expert review groups might
consider the construction of computer systems similar to EPA and make them readily
available to each other. This would assure better understanding of evaluations among
groups, and perhaps lead to more consistency in these important risk assessment
evaluations.
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